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Preface

In 1981, under the directing of the great Scientist Xuesen Qian, an integrated
frontier science—Man-Machine-Environment System Engineering (MMESE)—
came into being in China. Xuesen Qian gave high praise to this emerging science.
In the letter to Shengzhao Long, he pointed out, “You are creating this very
important modern science and technology in China!” in October 22, 1993.

In the congratulation letter to the commemoration meeting of 20th anniversary of
establishing the Man-Machine-Environment System Engineering, the great
Scientist Xuesen Qian stated, “You have made active development and exploration
in this new emerging science of MMESE, and obtained encouraging achievements.
I am sincerely pleased and hope you can do even more to make prosper devel-
opment in the theory and application of MMESE, and make positive contribution
to the progress of science and technology in China, and even in the whole
world ” in June 26th, 2001.

October 22, which is the day that the great Scientist Xuesen Qian gave high
praise to MMESE, was determined to be Foundation Commemoration Day of
MMESE by the second conference of the 5th MMESE Committee on October 22,
2010. On this very special day, the great Scientist Xuesen Qian pointed out in the
letter to Shengzhao Long, “You are creating this very important modern science
and technology in China!”

The 20th International Conference on MMESE will be held in Zhengzhou,
China, on October 24–26 of this year; hence, we will dedicate Man-Machine-
Environment System Engineering: Proceedings of the 20th International
Conference on MMESE to our readers.

Man-Machine-Environment System Engineering: Proceedings of the 20th
International Conference on MMESE is the academic showcases of the 20th
International Conference on MMESE joint held by MMESE Committee of China
and Beijing KeCui Academe of MMESE in Nanjing, China. The Man-Machine-
Environment System Engineering: Proceedings of the 20th International
Conference on MMESE consisted of 123 more excellent papers selected from more
than 500 papers. Due to limitations on space, some excellent papers have been left
out, we feel deeply sorry for that. Crudeness in contents and possible incorrectness

xi



are inevitable due to the somewhat pressing editing time and we hope you kindly
point them out promptly, and your valuable comments and suggestions are also
welcomed.

Man-Machine-Environment System Engineering: Proceedings of the 20th
International Conference on MMESE will be published by Springer-Verlag,
German. Springer-Verlag is also responsible for the related matters on index of the
index to EI, so that the world can know the research quality and development trend
of MMESE theory and application. Therefore, the publication of Man-Machine-
Environment System Engineering: Proceedings of the 20th International
Conference on MMESE will greatly promote the vigorous development of MMESE
in the world and realize the grand object of “making positive contribution to the
progress of science and technology in China, and even in the whole world”
proposed by Xuesen Qian.

We would like to express our sincere thanks to Springer-Verlag, German, for
their full support and help during the publishing process.

Beijing, China
July 2020

Professor Shengzhao Long

xii Preface
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Research on the Integrated Situation
Analysis of Ship Mariners Team

Kun Yu

Abstract The situation of mariners team has an important influence on the ship
operation. The decrease of the integrated situation of ship mariners team will affect
the safety and efficiency of ship operation. The integrated situation analysis model
of ship mariners team is researched in this paper, established based on hierarchical
architecture, indexes, weight, data, and mapping relation. According to the compo-
sition of SHEL model, the architecture of situation analysis for mariners team is
established, covering liveware and software of ship mariners team. The architecture
validation method is constructed to test the completeness and the redundancy, and to
test the necessity, identification, and feasibility of mariners team indexes in architec-
ture construction. The analysis indexes of integrated situation analysis for mariners
team is established, which can provide specific feedback on the situation information
of mariner individual, mariners team, management, culture, and other aspects. The
research results are significance for the analysis and understanding of situation of
ship mariners team.

Keywords Ship mariners team · Situation · SHEL model · Analysis indexes

1 Introduction

The ship is a complex integration of command, operation andmonitoring, navigation,
management, and other functions. Moreover, the working environment in ship is
different from that on land in terms of swing, jolt, and closure. In ship system,
the ship mariners team is the most positive factor, but also the most unstable and
difficult to control influence factor. Mistakes or unsafe behaviors of the mariners
team usually lead to ship accidents [1]. The statistics and analysis of ship accidents’
causes show that human causes accounted for an important proportion. In 2009, a
domestic shipping company made a statistical analysis of ship accidents from 2003
to 2008, shown that 86% of the accidents involved human causes, and 95% were
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caused by human causes [2]. The actual situation proves that more attention should
be paid to the mariners team in ship. In recent years, management, organization, and
cooperative relationship of ship mariners team have been researched to maximize
team performance [3]. Typical important research projects include the ship SRDs
system set up by British ministry defense and theMARs project plan, sorting out and
integrating various issues involved in ship, and taking human research as an important
link in ship system design, to improve the priority of human factors in ship projects
[4]. Research and analysis of ship mariners team identifies the integrated situation
and existing problems and defects. Scientific and reliable integrated situation analysis
results can effectively assist to make reasonable decisions for ship mariners team and
can provide reliable basis data to improve and optimize the ship mariners team.

2 Situation Analysis Model for Ship Mariners Team

The integrated situation model of ship mariners team includes five basic elements:
hierarchical architecture, indexes, weight, data, and mapping relation. The mathe-
matical model is expressed in (1).

S = f (H, I,W, D) (1)

In which, H is the hierarchical architecture of integrated situation, I is the indexes
system in architecture construction of shipmariners team,W is theweight of indexes,
D is the analysis data, and f is the mapping relationship of H, I, W, D of integrated
situation model for ship mariners team.

3 Architecture of Situation Analysis for Mariners Team

3.1 Architecture Based on SHEL Model

The SHELmodel is proposed to summarize the research scope of human factor prob-
lems in complex systems. The name is composed of the first letter of four words:
Hardware, Software, Environment and Liveware [5]. In SHEL model, “liveware”
refers to the mariners team members, including the captain, deputy chief officer,
helmsman, bell operator, etc., who conduct command, management, and specific
equipment operation; “software” refers to organization management, specification,
culture, value, etc. Therefore, Fig. 1 shows the architecture construction of situation
analysis for ship mariners team based on SHEL model. Research results on the rela-
tionship between psychosomatic diseases and psychological stress of ship mariners
team members show that the incidence of psychological diseases of team members
is as high as 49.9% [6]. Therefore, it should be to ensure the mariner’s mental health
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Architecture of Situation Analysis of Ship Mariners Team
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Fig. 1 Architecture construction of situation analysis based on SHEL model

by evaluating cognitive ability, perceptual ability, emotional state, and others. The
advantage of the team is that it can respond to tasks quickly and collaboratively, pool
wisdomofmembers through the exchange of information, knowledge and experience
[7]. Team capability refers to the ability of the team to allocate, organize, and coor-
dinate resources and achieve the goals, which involves the basic profession ability,
information ability, planning and execution ability, resource coordination and alloca-
tion ability, etc. [8]. Team performance refers to the team’s task execution efficiency,
team task goal consistency, and result quality.

In which, organizational management is the leadership and management of
the team, mainly including organizational management, resource management,
consulting, and training system. Organizational culture, morale, image, and value
idea belong to the humanities software: Organizational culture is all the team
members formed in work and life of the tradition, habit and atmosphere, reflected in
the team, care about each other, mutual respect, love, team identification and willing
to work in team, team reputation, attract and acceptance to the individual, and the
team together for the whole goals and tasks, etc. The value concept is the value idea
that the team follows personally, behavior way, establish correct, outstanding team
value concept, can enhance cohesive force, enhance the team’s professional ethics,
make up the shortage of material incentive, and enhance team’s job satisfaction.
Organizational image is the overall impression and evaluation of an organization.
The morale of the organization reflects the mental state of the whole organization in
carrying out tasks, which is reflected by the concerted efforts of the team.
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3.2 Validation Method

The validation method mainly used to test the advantages and disadvantages of the
architecture construction of situation analysis for shipmariners team. For the analysis
of architecture construction, the completeness test is mainly to check whether the
architecture construction covering the factors that need to be analyzed and whether
there are any omissions or not considered. The redundancy test means to check
whether the content of the analysis factors of the architecture construction is dupli-
cated. The test of completeness and redundancy is to seek the balance between
completeness and simplicity. Set up its analysis factors set T ′ = {

t ′1, t ′2, · · · , t ′m
}
;

set up the integrated indexes system to analysis factors set T = {t1, t2, . . . , tn}. The
completeness coefficient A of architecture construction is shown in (2). In which,
correspondence model f is correspondence model. When the corresponding rela-
tionship between analysis factors and indexes, C(ti , t

′
j ) = 1; when there is no

correspondence, C(ti , t
′
j ) = 0.

A = 1

m
f (T → T ′) , f (T → T ′) =

m∑

j=1

n∑

i=1
C(ti , t ′j ) (2)

In the practical integrated analysis, the completeness coefficient of architecture
construction needs to meet A ≥ 1, to demonstrate that the integrated analysis
architecture covers the factors that need to be analyzed.

The redundancy test of the integrated architecture construction is carried out
by using the statistical method of repeatability between analysis factors. Establish
the corresponding overlap matrix R of the analysis factors. When elements ti is
completely related to tj, rij = 1.0; when there is no overlap between ti and tj, rij
= 0. The redundancy coefficient C of architecture construction is shown in (3). In
principle, require C < nρ, ρ is the test coefficient. When the C is closer to 0, the
redundancy of architecture construction is lower.

C =
n∑

i=1

Ci , Ci = 1

n − 1

⎛

⎝
n∑

j=1

ri j − 1.0

⎞

⎠ (3)

The necessity, identification, and feasibility of mariners team in architecture
construction need to be tested. There are n analysis indexes and p evaluators partic-
ipate in evaluation. Five grades k = 1, 2, 3, 4, 5 represent the indexes necessity.
Necessity degree is to test the purpose and necessity of indexes, and to verify the
necessity degree from concentration degree and dispersion degree [9]. Combined
with the concentration degree and dispersion degree, the necessity degree coeffi-
cient Vi of the ith analysis index is shown in (4). Fi is the concentration of evalua-
tors’ comments on necessity of the ith analysis index. The smaller the δi , the more
concentrated the judgment.
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Vi = δi
/
F , Fi = 1

p

5∑

k=1
Ek Pik, δi =

(
1

p−1

5∑

k=1
Pik(Ek − Fi )2

)1/2

(4)

Identification refers to the ability of indexes to distinguish certain features and
values of the analyzed object. A high degree of identification means that the analysis
index has a good effect on the description of the analysis object, while a low degree of
identification will make it impossible to judge the advantages and disadvantages. The
identification coefficient Bi of the ith index is shown in (5). The bk is the necessary
degree of grade k of the ith index. It requires Bi ≥ 3,which indicates that the index
has high identification.

Bi = 1

p

5∑

k=1

bk Pik (5)

Feasibility is based on whether the analysis data can be correctly obtained, some
indexes that cannot obtain accurate data, or the acquisition cost of analysis data
is significantly greater. Value analysis method is used to judge and compare the
relationship between input and output effects to determine the feasibility of the
analysis indexes. The feasibility coefficient Ui of the ith index is shown in (6). The
Ti is input value of the ith index, Si is revenue value of the ith index.

Ui =
p∑

j=1

Si Pik

/
p∑

j=1

Ti Pik (6)

In principle, it requires Ui > 1.0, which indicates that the ith analysis index is
feasible.WhenUi ≥ 1.25, it indicates that the ith analysis index has higher feasibility.

4 Analysis Indexes of Situation Analysis for Mariners Team

The situation analysis indexes system is the premise and basis of effective integrated
analysis. There are many indexes and a complex hierarchical structure. It is impos-
sible to obtain integrated and reasonable result. Integrated analysis requires accu-
rate aggregation of multi-level, multi-indexes, and group analysis opinions, and the
weight distribution of analysis. The method is proposed to calculate the comprehen-
sive clustering coefficient of the integrated evaluation value. The integrated analysis
result σ k

i is shown in (7). The η j is the clustering weight of index.

σ k
i =

m∑

j=1

f kj (xi j )η j (7)



8 K. Yu

The initial situation analysis indexes system is established based on the architec-
ture. The psychological traits as an example include team perception ability, thinking
ability, language ability, self-discipline, and so on. Psychological traits contain 15
initial analysis indexes: perception (1), memory (2), thinking ability (3), language
skills (4), self-discipline (5), hostility (6), relationships (7), emotional stability (8),
terrorism (9), focus (10), the self-confidence (11), job satisfaction (12), nervous state
(13), self-harm and self-abuse (14), and symptoms of psychosis (15). Qualitative
method is adopted to test the necessity, identification, and feasibility. The initial situ-
ation analysis indexes of the psychological traits contain 15 initial analysis indicators.
The necessity, identification, and feasibility of initial situation analysis indexes of the
psychological traits were evaluated by ten evaluators. Table 1 shows the necessary
and identification appraisal value of initial indexes for psychological traits. Table 2
shows the input and income appraisal value of initial indexes for psychological traits.

According to the above formula and data, the concentration vector of the staff
opinion of indexes necessity F , dispersion vector δ, necessary degree coefficient
vector V are as follows:

F = [4.0, 3.8, 3.6, 4.0, 4.2, 1.8, 4.0, 3.8, 1.9, 4.0, 4.1, 4.2, 4.0, 1.6, 4.2]
δ = [0.67, 1.03, 0.69, 0.82, 0.92, 0.79, 0.47, 1.03, 0.73, 0.47, 0.74, 0.79, 0.67, 0.84, 0.63]
V = [0.17, 0.27, 0.19, 0.20, 0.22, 0.44, 0.12, 0.27, 0.39, 0.12, 0.18, 0.19, 0.17, 0.53, 0.15]

Set boundary value of Fi is 2, the limitVi ≤ 0.63
/
2 = 0.315.V6 = 0.43 > 0.315,

V9 = 0.39 > 0.315, V14 = 0.53 > 0.315.
The identification coefficient vector B:

Table 1 Necessary and identification appraisal value of initial indexes for psychological traits

1 2 3 4 5 6 7 8 9 10

1 (4,4) (5,5) (4,3) (3,4) (4,4) (4,5) (4,3) (3,5) (4,5) (5,5)

2 (5,5) (3,5) (3,4) (3,3) (5,3) (4,4) (5,5) (2,5) (4,4) (4,4)

3 (4,3) (4,4) (4,3) (3,4) (3,4) (5,3) (3,3) (3,2) (4,3) (3,5)

… … … … … … … … … … …

15 (5,3) (3,4) (5,5) (4,5) (4,4) (5,3) (4,3) (4,3) (4,3) (4,5)

Table 2 Input and income appraisal value of initial indexes for psychological traits

1 2 3 4 5 6 7 8 9 10

1 (3,5) (3,3) (2,4) (4,5) (3,5) (2,3) (1,3) (4,4) (4,5) (3,4)

2 (2,4) (3,4) (4,4) (5,5) (3,4) (2,4) (1,2) (3,4) (3,4) (3,5)

3 (2,3) (3,3) (2,2) (4,4) (2,4) (1,2) (2,2) (3,4) (3,3) (3,4)

… … … … … … … … … … …

15 (2,4) (4,4) (3,5) (2,4) (4,4) (2,4) (3,4) (5,4) (3,4) (4,4)
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B = [4.3, 4.2, 3.4, 3.5, 4.0, 3.7, 3.6, 3.2, 3.5, 4.3, 3.8, 3.6, 3.5, 4.1, 3.8]

The feasibility coefficient vector U :

U = [1.41, 1.38, 1.24, 1.16, 1.29, 1.38, 1.27, 1.44, 1.33, 1.52, 1.71, 1.4, 1.31, 1.37, 1.28]

Theelements inU are all greater than1, andmost of themare greater than1.25.The
statistical benefits are basically greater than the statistical costs, indicating that the
indexes are highly feasible and the data can be obtained correctly. In V , V6, V9, V14 >

0.315, hostile psychology and terrorist activities are rare among the psychological
characteristics. The necessary degree coefficients of hostility (6), terrorism (9), and
self-harm and self-abuse (14) of mariners team are excluded. Finally, the determined
analysis indexes of psychological traits for mariners team are shown in Table 3.

5 Conclusion

The integrated situation analysis model of ship mariners team is researched in
this paper. First, the established integrated situation model of ship mariners team
has a systematic structure, which can comprehensively cover the situation analysis
elements and guide the integrated situation analysis. Second, architecture of situation
analysis for mariners team is constructed based on SHELmodel, which can compre-
hensively cover the four aspects of mariner: individual, mariners team, management
and human culture, and describe the relationship between mariners, team members,
and the working environment of team members. Third, the architecture validation
method can be used to systematically test the completeness and the redundancy of
architecture of situation analysis, and to test the necessity, identification, and feasi-
bility of mariners team indexes in architecture construction. Fourth, the analysis
indexes of integrated situation analysis for mariners team can provide specific feed-
back on the situation information ofmariner individual, mariners team,management,
culture, and other aspects.
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An Investigation on the Demand
of Psychological Data Collection
in Military Pilots

Yang Liao and Huamiao Song

Abstract To investigate the demand of psychological data collection in military
pilots, questionnaire investigation was implemented and included demographic data
and rank of psychological indicators. Four kinds of psychological indicators, such as
personality trait, cognitive ability, emotional state, motivation, were ranked among
1–4 in four different application scenarios. The demands of psychological data collec-
tion were different among different application scenarios. Personality trait was the
most important indicators in psychological selection and psychological appraisal.
Emotion state was the most important indicators in mental training andmental health
service. Cognitive ability was played an important role in all the four application
scenarios. These results suggest that psychological data collection should be specific
for the particular application scenarios and then the collected data would maximize
its reference value.

Keywords Psychological data · Demand of collection · Psychological selection ·
Mental training · Psychological appraisal ·Mental health service

1 Introduction

With a high-performancefighter aircraft equipped the air force, themechanical equip-
ments were more complex and manoeuvrability of aircraft was increasing, excellent
cognitive ability and steady psychological quality became essential to pilot. To ensure
the pilots’ ability fulfil the needs, psychologist should construct an efficient psycho-
logical indicator system for evaluation. Based on multidimensional data, we can
then clarified how to select a suitable person to be pilot cadet and learned ways
to assessment train effectiveness [1]. Additionally, with increased training time and
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intensity, military pilots facedmultiple stressors.Mental issues and psychiatric disor-
ders among military pilots have become growing challenges; accurate and sufficient
data are necessary for quantized psychological appraisal and mental health service.

Psychological data are multidimensional, such as personality and mental health
scale data, cognitive data, electrophysiological data, neuroimagingdata andbiochem-
ical data et al. [2–4]. Without screen out appropriate indicators, the collection and
analysis of psychological data among military pilot would be difficult and useless.
Indeed, base on specific needs of different application scenarios, identify which
indicators are important and select particular psychological indicators for evaluation
seemed to be the appropriate solution.

In the current study, questionnaire investigation was implemented which includes
demographic data and rank of psychological indicators. The importance of four kinds
of psychological indicators (personality trait, cognitive ability, emotional state and
motivation) was ranked among 1–4 in four different application scenarios (psycho-
logical selection,mental training, psychological appraisal andmental health service).
The results would clarify which psychological data would be useful for the particular
application scenarios and then the collected data wouldmaximize its reference value.

2 Method

2.1 Participants

The systematic sampling methods were used. 57 participants, who were engaged in
psychosocial service for military pilots, were recruited among different branches of
air force. Three unfinished questionnaires were excluded, 54 questionnaires were
effective and the effective rate was 94.74%. The duration of psychological service
among the participants ranged from 1 to 18 years, average at 3.83 ± 3.96 years.

2.2 Tools

Self-made scale was used to investigate the demand of psychological data collec-
tion among military pilots. Four main application scenarios were selected, such as
psychological selection, mental training, psychological appraisal and mental health
service. Based on the result of competency research of military pilot, the psycho-
logical indicators were classified into four kinds in general, for instance, personality
trait, emotion state, cognitive ability and motivation. Participants required to rank
the importance of the four kinds of psychological indicators among 1–4 in each
application scenarios.
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Table 1 Comparison of importance ranks of four kinds of psychological indicators in psychological
selection

Personality trait Emotion state Cognitive ability Motivation

N Pct
(%)

N Pct
(%)

N Pct
(%)

N Pct
(%)

Rank 1 27 50.0 4 7.4 12 22.2 11 20.4

Rank 2 16 29.6 8 14.8 21 38.9 9 16.7

Rank 3 9 16.7 21 38.9 12 22.2 12 22.2

Rank 4 2 3.7 21 38.9 9 16.7 22 40.7

Mean
rank

67.5 140.5 99.5 126.5

2.3 Statistics

Ranks were analysed with Kruskal–Wallis test by SPSS 20.0 version, and the
significant levels are P < 0.05.

3 Results

3.1 The Importance Ranks in Psychological Selection

As shown in Table 1, the importance rank of four kinds of psychological indicators
in psychological selection arranged from high to low as: personality trait, cognitive
ability, motivation, emotion state. Kruskal–Wallis test shown that H = 45.86, P
< 0.01, which indicated that there was significant difference between these ranks.
Pairwise comparison shown that the mean rank of personality trait was significant
higher than the mean rank of emotion state (P < 0.01, adjusted), cognitive ability (P
< 0.05, adjusted) and motivation (P < 0.01, adjusted). The mean rank of cognitive
abilitywas significant higher than themean rank of emotion state (P <0.01, adjusted).
There was no significant difference between other indicators in pairwise comparison.

3.2 The Importance Ranks in Mental Training

As shown in Table 2, the importance rank of four kinds of psychological indicators
in mental training arranged from high to low as: emotion state, cognitive ability,
personality trait, motivation. Kruskal–Wallis test shown that H = 35.92, P < 0.01,
which indicated that there was significant difference between these ranks. Pairwise
comparison shown that the mean rank of emotion state was significant higher than
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Table 2 Comparison of importance ranks of four kinds of psychological indicators in mental
training

Personality trait Emotion state Cognitive ability Motivation

N Pct
(%)

N Pct
(%)

N Pct
(%)

N Pct
(%)

Rank 1 11 20.4 25 46.3 12 22.2 6 11.1

Rank 2 8 14.8 17 31.5 20 37.0 9 16.7

Rank 3 13 24.1 7 13.0 16 29.6 18 33.3

Rank 4 22 40.7 5 9.3 6 11.1 21 38.9

Mean
rank

127.5 73.5 97.5 135.5

the mean rank of personality trait (P < 0.01, adjusted) and motivation (P < 0.01,
adjusted). The mean rank of cognitive ability was significant higher than the mean
rank of motivation (P < 0.01, adjusted). There was no significant difference between
other indicators in pairwise comparison.

3.3 The Importance Ranks in Psychological Appraisal

As shown in Table 3, the importance rank of four kinds of psychological indicators
in psychological appraisal arranged from high to low as: personality trait, cognitive
ability, emotion state, motivation. Kruskal–Wallis test shown that H = 44.48, P
< 0.01, which indicated that there was significant difference between these ranks.
Pairwise comparison shown that the mean rank of personality trait was significant
higher than the mean rank of emotion state (P < 0.01, adjusted), cognitive ability
(P < 0.01, adjusted) and motivation (P < 0.01, adjusted). There was no significant
difference between other indicators in pairwise comparison.

Table 3 Comparison of importance ranks of four kinds of psychological indicators in psychological
appraisal

Personality trait Emotion state Cognitive ability Motivation

N Pct
(%)

N Pct
(%)

N Pct
(%)

N Pct
(%)

Rank 1 34 63.0 4 7.4 7 13.0 9 16.7

Rank 2 7 13.0 14 25.9 24 44.4 9 16.7

Rank 3 9 16.7 21 38.9 14 25.9 10 18.5

Rank 4 4 7.4 15 27.8 9 16.7 26 48.1

Mean
rank

64.5 128.5 106.5 134.5
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Table 4 Comparison of importance ranks of four kinds of psychological indicators inmental health
service

Personality trait Emotion state Cognitive ability Motivation

N Pct
(%)

N Pct
(%)

N Pct
(%)

N Pct
(%)

Rank 1 15 27.8 24 44.4 11 20.4 4 7.4

Rank 2 10 18.5 14 25.9 22 40.7 9 16.7

Rank 3 15 27.8 13 24.1 16 29.6 10 18.5

Rank 4 14 25.9 3 5.6 5 9.3 31 57.4

Mean
rank

110 76.90 97.05 150.06

3.4 The Importance Ranks in Mental Health Service

As shown in Table 4, the importance rank of four kinds of psychological indicators in
mental health service arranged from high to low as: emotion state, cognitive ability,
personality trait, motivation. Kruskal–Wallis test shown that H = 42.16, P < 0.01,
which indicated that there was significant difference between these ranks. Pairwise
comparison shown that the mean rank of emotion state was significant higher than
the mean rank of personality trait (P < 0.05, adjusted) and motivation (P < 0.01,
adjusted). The mean rank of cognitive ability was significant higher than the mean
rank of motivation (P < 0.01, adjusted). There was no significant difference between
other indicators in pairwise comparison.

4 Discussion

Select suitable candidates into training could reduce the grounding rate of pilot cadet
and save training costs. According to the result in the current study, assessment of
personality trait is the primary goal of psychological selection, which could help to
screen out candidates with mental disorder tendency. Based on personality trait data
form scale, projective test or interview, abnormal individual could be recognized.
Apart from screen out standards, inclusion criteria are also necessary for selection.
Competency, especially cognitive competence, is another focus. According to the
previous studies of pilot selection, assessment of cognitive ability is an important
part of pilot psychological selection [5]. The cognitive ability tests always include
single items, such asmemory task, spatial cognition task,motor control.Additionally,
multitasking tests are indispensable now, and to assess situation awareness under
dynamic environments are more close to actual flight activity.

On account of the result of the current study, assessment of pilots’ emotion state is
of great importance during mental training. Quantified data about emotional arousal
or emotional stability could help to learn pilots’ emotion state and its influence on
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behaviour in facing stressors during flight. This assumption was supported by the
previous studies about pilots’ emotion [6].Military flight as a high intensity and stress
occupation, pilot needs to keep clam when incidents happen during flight training
or combat. Overstrain or fear-induced to pilots would cause negative effect to flight
safety and combat effectiveness [7]. Thus, the evaluation of emotion state plays a
key role during pilots’ mental training. Moreover, the assessment of the cognitive
ability is necessary in mental training scenarios. Cognitive ability is not only part of
content of mental training, but also an important indicator to evaluate training effect
[8]. Previous cognitive training study carried out by US Air Force had found that
transcranial direct current stimulation could improve pilots’ cognitive ability, which
shown that assessment of cognitive ability is an inseparable part of pilots’ mental
training [9].

Psychological appraisal is key part to assess whether a pilot is suitable to continue
his flight occupation. The result of current study indicated that assessment of person-
ality trait is a chief part in psychological appraisal [10]. To evaluate the integrity
of personality would help to decide whether a pilot should be grounded. Pilot with
personality disorder could cause disasters to flight safety affairs. Several recent inves-
tigations afterwards flight accidents of civil aviation had found that involved pilot
always had abnormality in personality, which could highlight the importance of
personality assessment in psychological appraisal of pilot [11].

According to the result of current study, emotion state data is most needed in
mental health service scenarios.Abnormality in emotion is a high incidence symptom
in most of the mental disorders. Data about emotion state could help doctor to learn
the recovery progress and adjust the dosage of medicine. Besides, cognitive and
personality data are also needful in mental health service. Based on cognitive data,
doctors could assess whether pilots’ performance had been damaged. Personality
data could provide information about personality integrity. All these data would help
doctors to evaluate treatment progress when offer mental health service to pilots.

5 Conclusion

The demands of psychological data collection were different among different appli-
cation scenarios. Personality trait was the most important indicators in psychological
selection and psychological appraisal. Emotion state was the most important indi-
cators in mental training and mental health service. Cognitive ability was played
an important role in all the four application scenarios. These results suggest that
psychological data collection should be specific for particular application scenarios
and then the collected data would maximize its reference value.

Compliance with Ethical Standards The study was approved by the Logistics Department for
the Civilian Ethics Committee of Air Force Medical Center.

All subjects who participated in the experiment were provided with and signed an informed
consent form.
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All relevant ethical safeguards have been met with regard to subject protection.
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Chinese Drivers’ Preferred Posture
for Sedans’ Seat Ergonomic Design

Jiaxun You, Lipeng Qin, Peiwen Zuo, Xuelei Wang, and Chao Zhang

Abstract This study collected data concerning preferred driving postures for sedans
of Chinese driving population, aiming for investigating the relationships between
drivers’ joint angles and their gender, region and anthropometry, and also finding
observed optimum driving postures for Chinese drivers. Nine joint angles were
measured in preferred postures to more completely describe driving postures, as
were the perceptual response, with 1861 subjects. A subset of preferred joint angle
range was identified through a filtering mechanism that ensured desired levels of
perceptual response. It is found that gender and region both have a significant effect
on all angles except torso angle. Stature, weight and sitting acromion height all
have effects on different joint angles. The recommended range of 9 joint angles of
preferred driving postures is obtained, and the analysis on differences between this
study and the previous studies, and on reasons for those differences was conducted.

Keywords Sedan seat comfort · Preferred driving postures · Sedan · Perceptual
response

1 Introduction

Specifying comfortable driving postures is essential for ergonomic design and
evaluation of a driver workspace. Traditionally, vehicle designers use SAE’s two-
dimensional accommodation tools to design the cockpit. The anthropometric char-
acteristics of Chinese adults are different from Europeans’, not only in stature but
also in segment portion based on the survey conducted by Rebiffé et al. [1].

The factors affecting preferred driving postures were stated in previous studies.
Park et al. [2] andHanson et al. [3] both investigated the effects from gender, and they
drew contradictory conclusions. Hanson et al. [3] and Kyung and Nussbaum et al.
[4] both discussed stature’s influence on the driving postures and came to reverse
results.
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Table 1 Observed information and measured anthropometric data of subjects

Anthropometric
measurements

Overall Gender Region

Male Female North South

Mean (SD)

STA (mm) 167.02(7.74) 170.40(6.24) 159.66(5.15) 168.28(7.58) 165.55(7.69)

WEI (kg) 71.92(14.76) 76.47(13.92) 62.04(11.31) 75.27(15.29) 68.02(13.09)

SST (mm) 90.90(4.23) 92.64(3.47) 87.11(3.12) 91.64(4.34) 90.05(3.94)

TRH (mm) 82.22(4.75) 83.87(4.21) 78.62(3.76) 82.17(4.59) 82.27(4.94)

SAH (mm) 60.66(3.57) 61.97(3.17) 57.80(2.56) 61.78(3.40) 59.35(3.30)

ATO (mm) 31.07(2.12) 31.91(1.83) 29.25(1.50) 31.20(2.16) 30.92(2.07)

The objective of this study is to investigate the relationships between preferred
driving postures and gender, age, region, target sedan and anthropometric measure-
ments, and to identify the key factors affecting the postures, as well as to specify
the recommended ranges of male and female drivers through perceptual response
filtering, which will facilitate ergonomic design and evaluation of a driver workspace
and sedan seat.

2 Experiment Methods

2.1 Participants

One thousand and eight hundred and sixty-one subjects are selected from 6 cities
of China which were divided into 2 regions: north and south, as the anthropometric
measurement data of drivers varies between the two regions. The subjects include
1287 males and 574 females, which is in accordance with the gender proportion of
overall drivers in China. The subjects, whose age ranges from 25 year to 60 year, are
all passenger sedan drivers and have driving experience for more than 1 year.

The anthropometric measurements include: stature (STA), weight (WEI), sitting
height (SST), trochanter height (TRH), sitting acromion height (SAH), acromion to
olecranon length (ATO), as shown in Table 1.

2.2 Experiments

Previous studies used different experiment methods to collect the preferred driving
postures. Electromyography by Hose et al. [5] and goniometer by Porter and Gyi [6]
were used to gather data; however, more studies used cameras to record the driving
posture. 3-D scanner is adopted in this study, as Fig. 1a shows.
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Fig. 1 a Scanning rig for sitting posture, b point cloud and landmarks of sitting posture, c joint
angle definitions. All angles shown are positive. •, joint centers defined by a surface landmark. ◯,
joint centers determined by spatial relationships between landmarks

Each participant was involved in three sedans, which were selected according to
the scores of China Automotive Consumer Research and Testing Center (CCRT for
short) in 2018. The three sedans are numbered as S1, S2 and S3.

Each participant entered every sedan driver workspace after landmarks were fixed
on the joint points, as shown inFig. 1b. Theywere guided to put their hands onwheel’s
sides laterally, leave foot on rest pedal and right foot on the acceleration pedal with
position in the 1/3 travel, and adjust seat to the best position they feel. Participants’
postures are recorded by the cameras after all these procedures.

Perceived comfort was measured with a rating scale ranging from 1 to 10 in
Table 2, after the participants stayed on seats for 20 min. The filtering based on the
subjective evaluation excluded the participants who rated 1–4.

The joint angles are calculated based on the scanned files as Fig. 1b shows. Nine
joint angles were discussed in this study, as shown in Table 3 and Fig. 1c.

3 Data Analysis—Results and Discussion

Whether the postural data is distinct in gender (male/female), region (north/south)
and target sedan (S1/S2/S3) was explored using repeated measures ANOVA. The
Bonferroni correction was adopted to make multiple comparisons among different
factors to investigate the simplemain effect of one factor in different levels of another
factor if interaction effect exists between the two factors. Effects were considered as
“significant” when p < 0.05.

The stepwise regression model was used to explore the relationships between
the postural data and the age and anthropometric measurements of the participants.
Define the entry and removal of using probability of F as 0.05 and 0.1, respectively.

Finally, the 95% reference range of joint angles was calculated as the recom-
mended ranges. The calculation equation is shown as follows:

95% reference range = µ± 1.96 s (1)

where µ is sample mean value and s is sample standard deviation.
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3.1 Effects on Postural Angles from Gender, Region
and Target Sedan

As shown in Table 4, gender has effects on almost joint angles, except torso angle
A1, knee angle A3 in S3 sedan and ankle angle in S2 and S3 sedans. Region makes
impact on knee angle A3, ankle angle A4 in S1 and S3 sedans, shoulder angle A5,
elbow angle A6, wrist angle A7 with male subjects. Target sedan has significant
effects on nearly all the postural angles, which indicates that a different seat design
contributes postural angles, even for same type of vehicles.

Table 4 ANOVA results for the effects on joint angles from gender, region and sedan

Postural
angles

Significance

Gender Region Target sedan

A1 0.392 0.275 <0.001

A2 <0.001 0.423 <0.001

A3 S1 <0.001 <0.001 <0.001

S2 <0.001

S3 0.054

A4 S1 0.003 S1 0.022 0.069

S2 0.500 S2 0.354

S3 0.528 S3 0.010

A5 <0.001 <0.001 S1 versus
S2

S1 versus
S3

S2 versus
S3

North <0.001 <0.001 0.058

South 0.379 0.416 1.000

A6 <0.001 <0.001 North <0.001 <0.001 <0.001

South <0.001 0.605 <0.001

A7 North <0.001 Male <0.001 <0.001

South 0.002 Female 0.184

A8 <0.001 0.108 <0.001

A9 <0.001 >0.05 S1 versus
S2

S1 versus
S3

S2 versus
S3

North <0.001 0.240 <0.001

South <0.001 0.261 <0.001
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3.2 Effects on Postural Angles from Anthropometric
Measurement and Age

Just as the above description states, target sedan is making an impact to all postural
angles from A1 to A9 generally; therefore, it is necessary to discuss the effect on
angles from anthropometric measurement and age based on each target sedan.

In the next, the standardized regression coefficientswere obtained through another
regression process after standardization process on data, which is shown as the
following, to compare the contribution of each factor’s effect to postural angles.

x̃i = (xi − x̄i )/sxi (2)

ỹi = (yi − ȳi )/syi (3)

where xi is each of anthropometric measurements and age and yi is each postural
angle.

The absolute values of standardized regression coefficients were obtained and
drew a radar map with all three target sedans’ coefficients for each postural angle,
shown in Fig. 2.

The common influential factors for all three sedans are WEI, which makes a
negative effect on torso angle A1. As for hip angle A2, the main factor to make an
effect is STA, whose increase causes descending of the hip angle, which is consistent
with the research of Park’s. In the case of knee angle A3, what affects it most is
TRH. Knee angle (A3) shows a reducing tendency as the TRH increases. There is
little consistency for the affecting factor on ankle angle for three target sedans. For
shoulder angle A5, it is the WEI that has the biggest effect positively while it affects
torso angle A1 negatively. Elbow angle (A6) is affected mainly by SAH positively.
SAH is also the main factor affects wrist angle (A7) most, but negatively. No single
one factor was found to have a main effect on heel angle (A8) as the main influential
factor for three sedans. It is obvious that thigh angle (A9) is affected by STAmost, and
that taller drivers have bigger thigh angle. Based on the above analysis, it might be
inferred that Chinese drivers with a bigger body size and stature are inclined to have a
more upright and a tighter sitting posture. That obvious effects on the driving posture
have been stated clearly in previous studies; however, the different and interesting
findings come up with by the research.

Significant effects are found existing on almost all 9 angles except torso angle
(A1) from gender. The previous studies have also explored the same question and
have drawn different and even contradictory conclusions. Hanson et al. [3] found
no significant difference existing between male and female subjects. Park et al. [2]
maintained that a significant difference exists in elbow, shoulder and foot-calf angles,
but not in torso angle. Porter and Gyi [6] and Kyung and Nussbaum [4] also found
the difference between male and female, which is consistent with this current study.

It is found in this study, shown in Fig. 3, that female’s hip (A2), knee (A3), wrist
(A7) and heel angles (A8) are bigger that male’s, and are smaller in ankle, shoulder,
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Fig. 2 Radar maps with all three target sedans’ coefficients for each postural angle (blue, red and
green are S1, S2 and S3 sedan, respectively)
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Fig. 3 Difference of joint angles between male and female

elbow and thigh angles. It indicates that the female tends to adopt more forward and
upright posture than the male in order to reach and operate acceleration and brake
pedals.

That knee angle (A3), shoulder angle (A5) and elbow angle (A6) of drivers in
north areas are bigger that the ones of drivers in south areas are found in this study.
South drivers’ wrist angle (A7) is in turn bigger than north drivers’ which tells that
north drivers incline to take a more open posture than the south, as Fig. 4 shows.
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Fig. 4 Difference of joint angles between north and south region

3.3 Recommended Joint Angles for Sedan

The 95% reference range of preferred postural angles for sedan is calculated and
contrasted to the previous studies which rarely involved driving postures based on
Chinese population anthropometric characteristics, as Fig. 5 shows.

Drivers’ seated postures were defined and measured in this study using 9 joint
angles, whereas a relatively limited set of joint angles has been included in previous
studies, ranging from two (Dupuis [7]) to 10 (Hanson et al. [3]). The current study
adopted torso angle, heel angle and thigh angle, which has not been used in previous
studies, to define the preferred driving postures.

Somedifferences can be foundbetween the current study and previous ones,which
are mainly caused by the following facts: First, an inherent difference in anthropo-
metric measurements and driving habits exists between the Chinese population and
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Fig. 5 Comparison of recommended joint angles among current study and previous ones [8–11]
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the European and American ones. Secondly, it plays a key role in results that whether
a subjective evaluation method was adopted to filter real preferred and comfortable
postures. Thirdly, different sedans were selected to collect data and even seating
bucks were used in previous studies.

4 Conclusion

This study collected 9 driving joint angles of Chinese drivers through scanning
measurement and filtered the real preferred and comfortable postural data by percep-
tual evaluation. The key factors influencing driving postural angles, including sedan
type, areas, ages and anthropometricmeasurements, are identified usingANOVAand
stepwise regression analysis methods, which is expected to facilitate to use DHMs
or HPMs in seat comfort and driver workspace design.

Finally, the recommended ranges of driving joint angles for both male and female
are compared with those in previous studies.

The study was approved by the Logistics Department for Civilian Ethics
Committee of China Automotive Technology and Research Center Co., Ltd. All
subjects who participated in the experiment were provided with and signed an
informed consent form. All relevant ethical safeguards have been met with regard to
subject protection.
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The Effect of Osteoporosis on Spine
Following Osteotomy

Tianhao Wang, Chenming Li, and Yan Wang

Abstract Objective To analyse the effect of osteoporosis on spine following
osteotomy.Methods The basic finite element model was constructed by CT scanning
images of a male volunteer of 34 years old who underwent spinal osteotomy and
long-segment fixation. Material parameters were set according to previous studies
to simulate normal bone mass osteoporosis. Loads were acted to the upper endplate
of the top vertebrae of model to simulate axial compression, flexion, extension and
lateral bending. Results The peak stress on osteotomy site was reduced in mild osteo-
porosis model compared with normal bone mass. Under axial compression, screws
and rods suffered higher pressure level in osteoporosis.When conducting flexion and
lateral bending conditions, it was found that the peak stress on screwswas greater than
normal bone mass, while the peak stress on rods was less. Severe osteoporosis made
the stress concentration more obviously. Conclusions The distribution patterns of
stress on the models were similar under different degrees of osteoporosis. However,
osteoporosis can be regarded as one of risks of fracture and instrumentation failure.

Keywords Osteoporosis · Spine · Osteotomy · Internal fixation · Finite element
analysis

1 Introduction

Osteoporosis is one of the common diseases of the elderly and even middle-aged
people [1]. It is accepted that osteoporosis is caused by the hormonal imbalances,
leading to the decline of bonemass and quality, which is most common in the elderly.
In order to maintain reliable spinal instrumentation and to achieve solid fusion, rod
screw system is used most commonly [2, 3]. In clinical, in addition to fractures,
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loosening and pullout of screws were also observed in patients with osteoporosis
following osteotomy and fixation of the spine, so revision surgery was needed [4].
In this study, FE models of osteotomized and fixed spine of different degrees of
osteoporosis were established and the biomechanical responses were analysed.

2 Methods

2.1 Basic Finite Element Model of Spine

The DICOM data postoperative CT scanning images of spine of a 34-year-old male
patient with kyphosis were used to reconstruct three-dimensional point cloud data.
Then, the geometricmodels of spinewere established andmeshed by hexahedral unit.
The model of screw was meshed by ICEM-CFD. The model of rod was established
as a 5.5-mm diameter cylinder. The model of osteotomized and fixed spine is shown
in Fig. 1.

2.2 Parameters of Vertebral Material

The material properties of basic FE model were set according to previous studies
[5–7]. According to previous study [8], osteoporosis only affects elastic modulus
of vertebral endplate, but has no obvious effect on other material parameters. The
thickness of cortical bone in the lower thoracolumbar vertebrae did not change signif-
icantly [9]. The elastic modulus under different degrees of osteoporosis is listed in
Table 1 [8, 10].

2.3 Validation

We selected segments of L2-S1 of the intact model for simulation to validate the FE
model. 10 Nm was applied at the upper surface of L2 to simulate extension, flexion
andbending [11, 12]. The results of simulationwere comparedwith referencemodels.
The differences between the results were less than 10%. Therefore, this model was
reliable to reflect actual biomechanical responses of postoperative spine.
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Fig. 1 Basic FE model of osteotomized and fixed spine

Table 1 Elastic modulus under different degrees of osteoporosis

Normal (MPa) Mild osteoporosis (MPa) Sever osteoporosis (MPa)

Cortical bone 1200 8040 5030

Cancellous bone 100 34 16.5

Endplate 1000 670 420

2.4 Loading Conditions

To simulate the condition of axial compression, a load of 300 N was applied to the
upper surface of the most proximal vertebra of the model, T1 [5]. In order to simulate
various conditions, including flexion–extension and lateral bending, a 1 Nm amount
was acted from different directions to T1 upper endplate [5].
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3 Results

Under the axial compression load, the stress level of osteoporosis model and normal
bone model is the highest (Fig. 2). The simulation results showed that the level of
peak stress of normal bone mass model was higher than that of osteoporotic model,
but lower than that of the screw and rod. With the increase of osteoporosis, the stress
level of screw and rod increased.

Under flexion loading, the peak of screw stress appeared on the screw in allmodels
including osteoporosis and normal (Fig. 3). The results showed that the stress level of
the vertebrae and screws was, respectively, 2.03% and 4.39% in the mild and severe
osteoporosis model, and it was, respectively, 0.95% and 1.90% lower than that in the
normal bone mass model. Furthermore, the peak stress on rods noticed an increase
following the increased severity of osteoporosis.

Interestingly, under extension load, the stress level at the screw is the highest
in osteoporosis model, but not the highest in model of normal bone mass (Fig. 4).
With the severity of osteoporosis increasing, the vertebrae stress of mild osteoporosis
model decreased from 47.11 to 29.78 MPa, and decreased to 24.79 MPa in severe
osteoporosismodel. The same resultswere observed. The screw stress of osteoporosis
model was 39.49 and 47.51 MPa, which was higher than that of normal bone model
(35.38 MPa).

The vertebrae of osteoporosis model and normal bone model showed the highest
stress level under lateral bending (Fig. 5). By comparing the models, it is noticed that
the stress level of vertebrae and screws in mild osteoporosis model decreased, the
stress level of rods increased from41.88 to 47.72MPa, and the stress level of vertebrae
and screws in severe osteoporosis model increased from 48.12 to 48.12 MPa. With
the increase of osteoporosis, the stress level of the proximal vertebral body decreased.

Fig. 2 Peak stress of models under axial compression
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Fig. 3 Peak stress of models under flexion

Fig. 4 Peak stress of models under extension

4 Conclusions

By using three-dimensional finite element method, this study simulated the effect of
osteoporosis on spine which underwent osteotomy and long-segment instrumenta-
tion. The bone mass does not obviously affect stress distribution pattern of vertebra
and internal fixations. The parts of strength concentration in osteoporosis model are
same with model of normal bone mass. Under various conditions, the peak stress of
vertebrae and internal fixation in osteoporosis model was lower and higher than that
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Fig. 5 Peak stress of models under lateral bending

in model of normal bone mass, respectively. As a result, the risk of internal fixation
failure may increase.
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Study on Human Factor Evaluation
of Aviation Maintenance During Flight
Test

Haijing Song, Kai Feng, and Yuqi Zhang

Abstract Human error is one of themain factors leading to flight accidents. Previous
human factor analysis in aviation maintenance mainly focused on qualitative eval-
uation with subjective results. Combined with the actual maintenance work during
flight test, the paper proposed a comprehensive evaluation method including modi-
fied analytical hierarchy process, expert evaluation and grey relational analysis, fully
considering the inevitable fuzziness and subjectivity of human factors. Then, the
influencedegrees of human factors on aviationmaintenancewere analyzed and recog-
nized quantitatively for the specific accidents based on the huge data during flight
test, and the corresponding risk management tips and other prophylactic measures
were raised. Finally, this model was applied in one real test aircraft, and the results
proved the validity of this study.

Keywords Human factor · Aircraft maintenance · Flight test · Grey relational
analysis · Influence factors · Risk management

1 Introduction

As we all know, aircraft maintenance is an important means to ensure the inherent
reliability of aircraft. However, with the highly integrated aircraft system equipment,
aviation safety is under great pressure. According to the statistics of the United States
Boeing Company, 70% of global civil aviation jet plane accidents were caused by
human factors. It can clearly be seen that in aviation accidents, human factor is
the main cause of aircraft maintenance failure [1, 2]. For the flight test aircraft, the
maintenance object of aircraft maintenance is advanced with new system equipment,
and the maintenance effect relies on the knowledge and work experience of aircraft
maintenance technicians. It is especially important to evaluate how to deal with
human factor during aircraft maintenance. This article studies how to objectively
and scientifically analyze and identify the most important human error causes and
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influencing factors in accidents in order to take measures in advance and prevent
accidents effectively. By summarizing a large number of previous troubleshooting
examples of similar aircraft in the flight test phase, the human–equipment–environ-
ment and other influencing factors in aircraft maintenance errors were quantified and
sorted, and the main set of influencing factors for human errors was found, so that
countermeasures can be taken according to the degree of relevance of influencing
factors to reduce and control the occurrence of human errors.

2 Comprehensive Evaluation Method for Human Factors
of Aircraft Maintenance

This article proposes a comprehensive evaluation system of human factors that inte-
grates improved expert scoring, three-scale analysis, and grey relational analysis. The
evaluation system was validated, and the effectiveness of this method was proved.

2.1 Determine the Human Error Influence Factor Set

Traditional human factors analysis often invites experienced aircraft maintenance
technicians, relying on their rich experience and intuitive feelings, to evaluate it with
some vague concepts and comprehensive judgments in practice [3, 4]. Therefore, the
actual work often lacks a certain degree of scientificity, comprehensiveness and stan-
dardization. This article introduces expert consensus and expert self-confidence to
improve the expert scoring method to build a multi-level set of human error influence
factors, including the following steps:

1. Establishing coordination group. The coordination group shall consist of 5
persons, including 1 researcher, 2 senior engineers and 2 engineers. The
main tasks include designing theme, identifying expert consultants, redacting
consultation forms, organizing consulting work and processing statistical data.

2. Identifying expert consultants. Experts who are willing to participate and have
rich practical experience and certain expertise in human factor analysis should
be selected. This method stipulates that the selected maintenance experts should
have aircraft maintenance experience (more than 5 years), and the number of
experts should be 10–30 people.

3. The first round of expert consultation. Based on the preliminary set of human
error influence factors Uk , the consensus of experts was introduced to formulate
the first round of expert consultation form. Each expert was required to judge
the importance of each influencing factor. The 5-point Likert scale was used to
classify the degree of influence [5]. The expert consensus here is defined as:
no less than 2/3 of the expert judgment results are better than “important” (The
responding notes P33) [6].
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4. The second round of expert consultation. Experts are required to give the confi-
dence level when judging the importance of human error factors, with the Group
Confidence Ranking (GCR). A 5-point scale is used to divide the confidence
level, including “very low,” “low,” “normal,” “high” and “very high.” The data
show that [7], when the average confidence level (GCR) of the expert group is
not less than 3, the consultation result is closer to the “real” situation of subjec-
tive judgment. After two rounds of screening, the human error influence factors
system for aviation maintenance was determined, as shown in Fig. 1.
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Fig. 1 Human error influence factors system for aviation maintenance
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2.2 Determine Weight Coefficient of Influence Factor

In order to determine the probability of accidents caused by various factors and their
impact on the severity of the accident, this article introduces the “three-scale” prin-
ciple to improve the AHP analysis [8, 9], reduce the number in pairwise comparisons
of indicators and meet the requirements of consistency. It includes the following four
steps:

1. Establishing the judgment matrix C (obtained by experts)

Ci j =
⎧
⎨

⎩

1 Indicator i is more severe than indicator j
0 Indicator i is same severe as indicator j
−1 Indicator i is less severe than indicator j

∀i, j (1)

2. Calculating the optimal transfer matrix based on the judgment matrix D

di j = 1

m

m∑

k=1

(cik − c jk) ∀i, j m is the order of C (2)

3. Determining the consistency matrix Q

qi j = exp(di j ) ∀i, j (3)

4. Finding the maximum eigenvalue corresponding to the characteristic vector of
Q, The unitized characteristic vector is the relative weight of each index ai .

In actual evaluation, in order to give a more accurate and objective judgment
matrix, at least d(d > 1) experts can be hired to compare and judge the same influ-
encing factors at the same time, and determine the impact level SP of each factor
on the severity of the accident, causing the probability of an accident SS, and then
perform a gray correlation calculation to “synthesize” a better result.

2.3 Ranking Influencing Factors Based on Grey Relational
Analysis

Grey relational analysis calculation is proposed in this article as the following three
steps [10, 11]:

1. Building the raw data matrix R

According to the analysis of human error causes in various types of aircraft during
flight test, the corresponding influencing factors were classified into human factors
u(1), equipment u(2), management organization u(3), environment u(4) and other
first-level indicator layers together form the raw data matrix R.
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2. Normalization of raw data matrix R

In order to eliminate the impact of the dimension,R is normalized to obtain thematrix
RI . According to the characteristics of human error influencing factors, they are all
“positive indicators” (the larger the value, the better).

3. Calculating the grey correlation degree

Based onRI, the optimalmother sequence Y0 = (y0( j)) ( j = 1, 2, 3, 4, 5) according
to the optimal normalized evaluation index of V. At this time was obtained, y0 is
the reference sequence and the yi (i = 1, 2, 3, . . . ,m) is comparison sequence. The
correlation coefficient ϕi ( j) of y0 and yi is calculated as follows:

ϕi ( j) = mini min j |y0( j) − yi ( j)| + ρ maxi max j |y0( j) − yi ( j)|
|y0( j) − yi ( j)| + ρ maxi max j |y0( j) − yi ( j)| (4)

where ρ is the distinguishing coefficient, ρ ∈ [0, 1], often taken 0.5. Correlation
degree Gi can be calculated from correlation coefficient ϕi ( j),

Gi = 1

5

5∑

j=1

δ jϕi ( j) (5)

Among them, δ j represents the weight coefficient, which means the impact
severity and probability by each factor on the accident.

3 Example Application

This article uses a certain type of aircraft appearing fire alarm in the third engine. The
main instrument indications were disordered, the throttle was not operated, the crew
extinguished and stop the engine, and the aircraft had to early return to the ground.
After investigation, the causes of human error this time were as follows:

1. The aircraft maintenance technicians incorrectly disconnected the tee valve pipe
connection of thrust reverser and forgot to recover.

2. Aircraft maintenance technicians misunderstood the maintenance work instruc-
tions during execution.

3. The aircraft maintenance technicians were overconfident and did not conduct
inquiries, exchanges, or reports.

4. On the day, six members of aircraft maintenance technicians did the third engine
troubleshooting. The squadron leader did not organize the division of labor.

5. Due to the tight requirements of the flight nodes, the troubleshooting staff did
work with a lot of time pressure and work tension, which induced human error.

6. High-temperature operation at the airport, the physical and mental working
conditions of the aircraft maintenance technicians were affected by environment.
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7. The aircraft preparations work at noon in summer. The sunlight was too strong,
which also induced aircraft maintenance error.

8. The aircraft maintenance technicians did not sign as required after performance,
and the inspector did not correct it, so there was opportunity to review the work
and remedy the mistake.

9. In accordance with the relevant requirements of the maintenance work docu-
ments, the implementer must be signed after completing the work.

From the above analysis, the main reasons for the accident are problems with the
management organization, such as insufficient planning supervision, flawed mainte-
nance data and failure to work according to procedures. Based on the model in Fig. 1
and analyzing the results of the accident investigation, the structure of the factors
affecting human error in this accident can be obtained, as shown in Fig. 2.

In response to the accident analysis, 25 aircraft maintenance experts were invited
to discuss and confirm the factors affecting the human error accident, and the expert
scoring results by formula (3)were analyzed, so that we get the statistical results. And
then, we combined with the actual historical data of human errors from four flight
aircrafts, the original data matrix R is obtained by statistics, and it is standardized to
RI:

R =

⎡

⎢
⎢
⎣

10 7 5 4
6 4 3 7
2 3 4 6
5 5 2 3

⎤

⎥
⎥
⎦ RI =

⎡

⎢
⎢
⎣

1 1 1 0.25
0.5 0.25 0.333 1
0 0 0.667 0.75

0.375 0.5 0 0

⎤

⎥
⎥
⎦

Since the optimal normalization index of the decision objects V is 1, determine
the optimal mother sequence Y0 = {1, 1, 1, 1, 1}, according to RI and Y0, and use
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Fig. 2 Hierarchy framework for influence factors in example analysis
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Table 1 Weight coefficient for evaluation indexes during aviation maintenance safety analysis

First-level index SP SS Second-level
index

SP SS Gi Level

Individual
factor

0.3563 0.3141 C11 0.2345 0.2197 0.7065 Gi ≥ 0.7

C12 0.2455 0.3101 0.587 Gi ≥ 0.4

C13 0.2500 0.2489 0.8176 Gi ≥ 0.8

C14 0.2700 0.2233 0.7443 Gi ≥ 0.7

Management
factor

0.3310 0.2874 C21 0.3698 0.4120 0.7182 Gi ≥ 0.7

C22 0.2900 0.2005 0.6175 Gi ≥ 0.6

C23 0.4412 0.3975 0.8275 Gi ≥ 0.8

environmental
factor

0.1007 0.1980 C31 0.5642 0.5435 0.6727 Gi ≥ 0.6

C32 0.4358 0.4565 0.4539 Gi ≥ 0.4

Organizational
factor

0.2120 0.2105 C41 0.3055 0.3608 0.7273 Gi ≥ 0.7

C42 0.2678 0.3577 0.8075 Gi ≥ 0.8

C43 0.4267 0.2815 0.8253 Gi ≥ 0.8

Notes SP is accident probability weight; SS is severity impact weight; Gi is gray correlation degree

the Formula (4) to calculate the gray correlation coefficient. Bring the correlation
coefficient into the Formula (5) to get the corresponding gray correlation degree. The
calculation results are listed in Table 1.

According to the calculation results, it can be seen that the insufficient supervision
of the plan, communication, plan implementation and inadequate maintenance data
are highly correlated and are serious influencing factors, followed by operational
fatigue, incompletemaintenance procedures and inappropriate operations. The expert
team carried out a risk analysis for this type of accident prevention and proposed
four types of risk avoidance tips and measures:

1. The work should fully consider the maintenance ergonomics, such as technical
workload, environment and so on. The corresponding emergency plan should be
programed in advance;

2. Implementing full supervision and inspection to prevent lax management and
unclear duties of the monitoring staff;

3. Improving the accuracy and clarity ofmaintenancemanuals description andmake
comments and discussion in places where ambiguities are likely to occur;

4. Strengthening the communication between aircraft maintenance members, the
training of team spirit and overcoming personal cognitive preferences.
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4 Conclusions

1. Combined with the actual aircraft maintenance of the flight test phase, the
expert consensus and self-confidence were introduced. After two rounds of index
screening, the scientificity of the construction results was obviously enhanced;

2. Considering the ambiguity of human factors concept and the differences in
expert recognition, the three-scale and gray correlation algorithms are integrated
to realize the quantification of the qualitative evaluation, and the persuasive
classification indicates the reason of human errors more efficiency.

3. The human factors are classified into four categories based on the ranking set of
correlation degree. The main influencing factors of human error are identified,
and the risk warning and avoidance management measures have been applied to
multiple models during the test flight maintenance work, the effect was good.

4. The results of application show that the comprehensive evaluation method of
human error influencing factors proposed in this paper, combined with improved
expert scoring method, three-scale analysis and gray correlation calculation, has
improved the accuracy and operability of human factor influence analysis to a
certain extent. This method can be further extended to other complex systems.
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The Effect of Music Relaxation Training
on Relieving the Psychological Fatigue
After Simulated Flight

Yan Zhang, Liu Yang, Yang Liao, Yishuang Zhang, Fei Peng,
and Huamiao Song

Abstract Objective: To explored the effect of music relaxation training on relieving
the psychological fatigue after simulated flight. Methods: The experiment object
was divided into the music relaxation group and deep breath relaxation group. After
completing the simulated flight mission, electroencephalogram (EEG), the heart rate
variability (HRV), andmental state indexeswere collected before and after relaxation
training. Results: After training, compared with those in the deep breath relaxation
group, there were much more indexes of EEG, HRV, and mental state in the music
relaxation group which were improved significantly and thoroughly. Conclusion:
Music relaxation training can more effectively relieve the psychological fatigue after
simulated flight.

Keywords Music relaxation · Psychological training · Simulated flight · UAV
operator

1 Introduction

Fatigue can reduce the ability and efficiency of flight work and seriously threaten
flight safety. It has become a common sense of the aviation community at home
and abroad [1, 2]. As a new force in modern warfare, the unmanned aerial vehicles
(UAV) will enable its operators to experience flight without undergoing incident
physical challenges and the risk of injury. The characteristics of this position make
UAV operators will often need to work long hours and maintain high vigilance and
attention, which will cause a high incidence of psychological fatigue. Psycholog-
ical fatigue is mainly a sense of uneasy fatigue caused by intense brain work. It
lays particular stress on mental and emotional performance and emphasizes more
on central fatigue [3]. The inherent characteristics of music make it possible to be
used to affect people’s emotions and cause various physiological reactions, signifi-
cantly promoting the homeostasis of the human body, reducing tension and anxiety,
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and promoting relaxation. Therefore, this research aimed at the characteristics of
psychological fatigue and adopted music relaxation training methods to evaluate
the effectiveness for mitigating psychological fatigue after simulated flight, so as to
conduct a preliminary research on the appropriate psychological training method of
the UAV operators.

2 Object and Method

2.1 Object

14 volunteers are taken as the experiment object, including 5 female and 8 male.
All these people have right-handedness, and they are aged 19–40. All experimental
subjects have no history of cardiovascular disease, have not taken any medications
recently, and had no complaints. The day before the experiment everyone had an
adequate sleep, did not drink any tea, coffee, or any other beverage, food, or medi-
cation that stimulated the central nervous system, and did not exercise vigorously
before the experiment.

2.2 Method

2.2.1 Psychological Fatigue Model

The flight fatigue model was constructed by simulating the flight operation task.
The task contents include single task (single-axis operation), triple task (pitch–yaw–
tilt operation), and quadruple task (additional mental arithmetic and pitch–yaw–tilt
operation). The duration lasted for 2 h.

2.2.2 Training Method

The smart music relaxation system (including the tablet and somatosensory music
cushion) was used as the training tool. The device played the standard relaxation
training instructions through a tablet computer and was complemented by envi-
ronmental sound effects and background music on the object at the same time.
At the same time, the low-frequency signal from 16 to 150 Hz in the music was
converted into vibrations throughphysical energy conversion and transmitted through
the somatosensory music cushion on the targeted object.
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2.2.3 Collection Index

1. EEG index: The present study used the neuroflight cognitive assessment and
training analysis system developed by Beijing Yiran Sunshine Technology Co.,
Ltd. The EEG indexes being collected include alpha (α), beta (β), and theta (θ ).

2. HRV index: The present study adopted the physiological coherence and
autonomous balancing system developed Beijing Haofeng Co., Ltd. The time-
domain indexes being collected include successive heartbeat interval standard
deviation (SDNN), standard deviation of adjacent successive heartbeat interphase
difference value (SDSD),mean square root of adjacent successive heartbeat inter-
phase difference (RMS-SD), the proportion of the difference value of adjacent
successive heartbeat interphase difference greater than 50 ms (PNN 50). The
frequency domain indexes include: general frequency spectrum (TF), extreme-
low-frequency power (VLF), low-frequency power (LF), high-frequency power
(HF), ratio between the low-frequencypower andhigh-frequencypower (LF/HF),
corrected low-frequency power (LFnorm) and corrected high-frequency power
(HFnorm).

3. Psychological status index: The present study adopted “mental status scale”
[4], including fatigue feeling, excitability (irritability), and calmness (relaxation
status). A higher score represents a higher level ofmeasured psychological index,
in which fatigue feeling component is from “Profile of Mood States (POMS)
Scale” [5], excitability and calmness (relaxation status) component scale is from
“BFS (Befindlichkeitsskalen) mood scale” [6].

2.2.4 Experiment Process

The single factor (training method) and two levels (music relaxation, deep breath
relaxation) were conducted with the repeated measurement and design within the
subjects. The experiment objects were divided into the music relaxation group (MG)
and deep breath relaxation group (DG).After the simulated flightmissions, all objects
were collected of the HRV, EEG, and psychological status indexes. Afterward, the
MG performed the 30-min music relaxation training, and the above physiological
and psychological indexes were collected once again. The DG was collected of the
same indexes after 30min of deep breath relaxation training. In order to eliminate the
sequence error, the two training methods were conducted with the Latin party design
to make the sequence balanced. In other words, each subject was randomly divided
into two sequential groups, and each sequential group conducted experiments of two
training methods in different sequences.

2.2.5 Statics Analysis

The present study adopted the SPSS19.0 statistical software for data processing. The
experimental results were represented by (x ± s), and the index comparison adopted
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Table 1 Comparison of EEG indexes (x ± s)

Music relaxation group (MG) Deep breath relaxation group (DG)

Before training After training Before training After training

α 28.04 ± 2.04 32.20 ± 2.90** 27.85 ± 0.96 28.62 ± 1.54

β 27.36 ± 1.1 23.01 ± 2.84** 26.88 ± 0.80 26.19 ± 1.17

θ 9.99 ± 0.46 8.37 ± 0.88** 10.31 ± 1.03 9.60 ± 0.75

Note Comparison before and after training: *p < 0.05, **p < 0.01

the pairing t inspection. Taking p < 0.05 as the difference is considered statistically
significant.

3 Result

3.1 Comparison of EEG Index Results

In the MG, after training, compared with before training, the α index increased
significantly, and the β and θ index decreased significantly (p < 0.01). The index was
no statistically significant change in the DG (p > 0.05) (Table 1).

3.2 Comparison of HRV Time-Domain Index Results

After training, compared with before training, all indexes of the MG significantly
increased (p < 0.01, p < 0.05). The SDSD of the DG after training was significantly
higher than that before training, and the difference was statistically significant (p <
0.05). The other indexes had no statistically significant change (p > 0.05) (Table 2).

Table 2 Comparison of HRV time-domain indexes (x ± s)

Music relaxation group (MG) Deep breath relaxation group (DG)

Before training After training Before training After training

SDNN 78.71 ± 24.91 123.74 ± 49.23** 82.39 ± 23.76 118.38 ± 68.24

RMS-SD 65.52 ± 27.90 128.93 ± 69.28** 62.82 ± 20.34 120.28 ± 102.91

SDSD 46.45 ± 19.84 102.08 ± 64.18** 42.66 ± 16.62 101.41 ± 105.01*

PNN50 29.80 ± 16.93 45.81 ± 13.70* 32.38 ± 16.14 33.89 ± 15.57

Note Comparison before and after training: *p < 0.05, **p < 0.01
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Table 3 Comparison of HRV frequency domain indexes (x ± s)

Music relaxation group (MG) Deep breath relaxation group (DG)

Before training After training Before training After training

TP 667.47 ± 370.50 1401.58 ± 1022.31* 765.95 ± 523.45 1269.14 ± 1033.30

VLF 218.72 ± 158.57 441.08 ± 384.96 268.56 ± 242.61 424.34 ± 373.32

LF 381.06 ± 203.61 708.73 ± 529.15* 431.60 ± 270.52 700.84 ± 590.19

HF 67.05 ± 44.91 251.76 ± 242.02** 65.80 ± 53.97 143.96 ± 120.78*

LF/HF 6.47 ± 3.04 3.41 ± 2.05** 7.26 ± 2.18 5.50 ± 2.76

LFnorm 85.06 ± 4.63 74.58 ± 7.05** 87.01 ± 3.74 82.78 ± 5.41*

HFnorm 14.94 ± 4.63 25.42 ± 7.05** 12.99 ± 3.74 17.22 ± 5.41*

Note Comparison before and after training: *p < 0.05, **p < 0.01

3.3 Comparison of HRV Frequency Domain Index Results

In theMG, after training, comparedwith before training, the TP, LF, HF, andHFnorm
were significantly increased (p < 0.01, p < 0.05), and the LF/HF, LFnorm were
significantly decreased (p < 0.01). By making a comparison of the situation before
and after training of the DG, the HF and HFnorm were significantly increased (p
< 0.05), the LFnorm was significantly decreased (p < 0.05), and the other indexes
variation had no significant significance (p > 0.05) (Table 3).

3.4 Comparison of Psychological Status Index Results

After training, compared with before training, the calmness of the MG was signifi-
cantly increased (p < 0.05), and the fatigue and excitability of the MG were signifi-
cantly reduced (p<0.01, p<0.05). Comparedwith before and after training, the calm-
ness of DG increased significantly (p < 0.05), and other indexes had no statistically
significant changes (p > 0.05) (Table 4).

Table 4 Comparison of psychological status indexes (x ± s)

Music relaxation group (MG) Deep breath relaxation group (DG)

Before training After training Before training After training

Fatigue 14.00 ± 7.26 7.07 ± 2.30** 13.37 ± 6.66 9.57 ± 3.80

Calmness 13.79 ± 5.95 18.64 ± 4.52* 12.64 ± 4.52 16.79 ± 3.91*

Excitability 9.21 ± 4.53 5.86 ± 0.95* 10.50 ± 5.20 7.71 ± 2.73

Note Comparison before and after training: *p < 0.05, **p < 0.01
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4 Discussion

The music relaxation training is a systematic intervention process. On the one hand,
through the regular rhythm change, it affects the cerebral cortex, so as to improve
emotion and relieve tension. On the other hand, through the physical effect of music,
the vibration generated by the music will have resonance with the human body,
enabling the human body to secret a kind of physiological activator to regulate blood
flow and central nervous [7, 8]. In particular, it integrates the emerging somatosen-
sory vibration audio technology, which can transfer the 16–150 Hz low-frequency
signal with the consistent inherent frequency of human body and the deepest and
most comfortable feeling into vibration through physical energy conversion, thus
activating brain pivot in a short time, so that people will obtain high-quality mind
and body relaxation and pleasure. Therefore, music relaxation training has good
psychological regulation effect [9, 10]. The research has verified that the college
students with exercise fatigue can shorten the reaction time, improve the calculation
ability, reduce the subjective fatigue feeling through music relaxation. Moreover, the
regulation and control of relaxationmusic can promote the recovery of the short-term
mental fatigue [11–13].

The UAV operators usually work in shifts, and they will probably work for the
whole night, or/and for a long time. Although they might experience several hours of
low-level activities, they are required to be self-discipline andmaintain vigilant. Their
works are interspersed with very nervous and pressured activities in the meanwhile,
namely, they usually have to perform several tasks at the same time. There is a lot of
information exceeding one channel to be noticed and disposed [14]. The simulated
flight task adopted to construct the psychological fatigue model is similar to the
working scene of the UAVoperator. In other words, in the entire simulated flight task,
the long-period single-shaft pitching, deflection, and inclined tracking operations
were accompanied by the rather difficult triaxial comprehensive tracking operation
and additional calculation combined multiple task operation alternatively.

HRV refers to the phenomenon that the instantaneous heart rate fluctuates contin-
uously between successive heartbeats. Through analyzing the changes of the succes-
sive heartbeat cycles, the relevant information on the control of the heart rhythm can
be obtained, so as to distinguish the respective activities of the sympathetic nerve and
the parasympathetic nerve. It can better reflect the activity of autonomic nerve func-
tions than traditional physiological indexes such as breathing and heart rate [15, 16].
The results show that the changes of each time-domain indexes of theMG before and
after training have significant change, in which SDNN reflects the overall condition
of the autonomic nerve function, SDSD mirrors the sympathetic nerve value, both
RMS-SD and PNN 50 show the pneumogastric nerve tension, indicating that the
overall level of the automatic nerve function of the MG increases after training, and
the function of the pneumogastric nerve is relatively superior. However, the DG only
had the significant increased SDSD, showing that the sympathetic nerve is relevantly
dominant, prompting that the body status of the MG is more relaxed than the DG.
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In terms of frequency domain index, TF represents the overall variability of
frequency, VLF mainly reflects the functional level of the sympathetic nerve, LF
mainly mirrors the dual influence of sympathetic nerve and pneumogastric nerve, HF
reflects the functional level of pneumogastric nerve, and LF/HF reflects the balancing
between sympathetic nerve and pneumogastric nerve [17, 18]. The correction units
LFnorm and HFnorm indicate the proportion of each power component in the TP
minus the VLF component and emphasize more the relationship between sympa-
thetic and parasympathetic nerve functions [19]. The result shows that, except for
VLF, all other indexes of the MG have significant changes before and after training
in the MG. As to the DG, only HF and HFnorm increased significantly, and LFnorm
decreased significantly, and the amplitude of change was smaller than that in theMG,
indicating that the music relaxation training can better enhance the activity of the
pneumogastric nerve, balance functions of the sympathetic nerve and pneumogastric
nerve, thereby improving the level of autonomic nervous regulation.

EEG is the aggregate performance of spontaneous and rhythmic electrophysio-
logical activities of neurons in the skin of the head, and it can directly reflect the
activities of the cerebral nervous system. Different EEG signal characteristics can
reflect different psychological, physical, and mental states of humans [20, 21]. When
the cerebral cortex is awake and quiet, α wave is more active. When the brain is in
a state of excitement, alertness, and tension, β wave activity is more intense. When
the brain is in a low-wake state, the individual is in a fatigue state, or the cerebral
nervous system is in a suppressed state, the θ wave is more obvious [22, 23]. The
experimental results show that before and after training, the α wave index of the
MG is significantly increased, and the β wave and θ wave index are significantly
reduced. By making a comparison before and after self-training, the EEG indexes
of the DG have no significant changes. It prompts that the brain activity of the MG
is more calm, quiet, and relaxed than that of the DG after music relaxation training,
and the fatigue level is decreased significantly. On the other hand, the psychological
status index result shows that various indexes of the MG have significant changes
after training. The DG only has significant rise in the calmness index, indicating that
the initiative feeling of fatigue and excitability of the MG is significantly lower than
that of the DG.

5 Conclusion

The present study preliminary explores the effects of music relaxation training
methods on psychological training after performing simulated flight missions. From
the perspective of the results, compared with the traditional deep breath relax-
ation training, music relaxation training has significant psychological and physical
changes, which can more effectively alleviate psychological fatigue. In addition,
it has the characteristics of high acceptability, unrestricted venue, easy promotion,
and so on. It will lay a sound foundation for further establishing the psychological
training system for UAV operators in the future.
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Compliance with Ethical Standards The study was approved by the Logistics Department for
the Civilian Ethics Committee of Air Force Medical Center.

All subjects who participated in the experiment were provided with and signed an informed
consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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Study on the Airworthiness Certification
of Human Factor in Flight Test for Civil
Aircraft

Haijing Song, Li Han, and Hongjiao Wu

Abstract With the development of system reliability for aircraft, human error is
becoming one of themain factors that leading to flight accidents,which has been a key
and difficult challenge for the design and airworthiness authorized departments. This
paper analyzes the airworthiness certification process based on CCAR 25, including
the selection of regulations relevant to human factor based on SHELL model and
T.E.S.T matrix, the means of compliance verification for experimental aircraft based
onMOC5 andMOC6; the compliance test program is determined, and a data analysis
example based on fuzzy evaluation method is shown. The thought for airworthiness
certification of human factor and verification method proposed in this paper has been
applied preliminarily in ARJ21-700, and it can provide the technical support for the
design and airworthiness certification of human factor for other civil aircraft such as
C919.

Keywords Human factor · Airworthiness certification · Compliance test · Flight
test method · Fuzzy evaluation method

1 Introduction

Boeing’s survey shows that 10% of air accidents involve aircraft system failures, and
70–80% of flight accidents are related to human errors [1]; human factor gradually
becomes the key to aviation safety and draws the design and airworthiness certifi-
cation departments’ attention [2, 3]. At present, human factor has been treated as an
independent system for certification, and the relevant regulations are being revised
abroad [4, 5]. But domestic research on human-oriented airworthiness certification is
still at the very beginning. Thus, civil human factor is becoming the focus in aviation
efficiency evaluation and airworthiness certification.

So how to verify whether the human factor meets the requirements of the rele-
vant airworthiness? This paper analyzes the specific requirements of the relevant
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provisions of CCAR 25 on human factor based on the “SHELL model”, deter-
mines the authorization basis of human factor based on the analysis of regulation
suitability (25.1302 and 25.1523), and proposes the evaluation thought based on
“T.E.S.T matrix.” Furthermore, the compliance verification method (MOC5 and
MOC6) which is suitable for the application in flight test phase is put forward.
Combining with the flight test of ARJ21-700, this paper gives examples of data
analysis, which can provide technical support for the follow-up aircraft design and
airworthiness certification of C919, MA700, and other civil aircraft products.

2 Human Factor Airworthiness Certification Regulation

2.1 The Regulation Selection and Adaptability Analysis
Related to Human Factor Based on SHELL Model

According to the SHELL model [6–8] in the ICAO Safety Management Manual,
the model mainly includes software, environment, hardware, Livewire, and their
respective functional interfaces and interrelationships. Based on the specific elements
of the SHELL model, the regulations in 25 serial related to human factor are as
follows:

General performance rules, controllability and maneuverability, design and struc-
ture, accessibility measures, control system, pilot tiredness device operability, pilot
view, etc.

The analysis of the adaptability of the regulations shows that they are based on
specific system validation and are not specific to the validation of human factor, and
most of them are generally broad and difficult to verify.

2.2 Identification of Human Factor Certification Regulations
Based on the “T.E.S.T Matrix”

According to the analysis above, we can see that there are two regulations which
require the validation of human factor and special test flight, namely the minimum
flight crew regulation which considers the workload and the system safety regula-
tion for reducing human error, so this article determines them as the basis for the
airworthiness assessment of human factor. Considering the real work in flight test, the
author and the French Academy of Aeronautics and Astronautics Professor Frederic
Dehais proposed “T.E.S.T” matrix model based on the task analysis as the guiding
ideology of airworthiness certification of civil aircraft human factor, shown in Fig. 1.

In the above T.E.S.T matrix model, the row and column coordinates can be
expressed as T.E.S.T, but the meaning is different. The specific column coordinates
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Fig. 1 Thought of T.E.S.T
matrix

T.E.S.T mean: T: flight mission; E: human error; S: system conflict; and T: the threat
of flight safety.

And the specific row coordinates “T.E.S.T” mean:
T: flight mission; E: flight environment; S: the subject is the pilot; and T: flight

training.
Among them, the column coordinate indicates that the pilot will make mistakes

under the specific flight mission which must be considered in the airworthiness
validation process of human factor, and the interaction between man and machine
also must be considered, while the row coordinate indicates that four factors must
be considered in the airworthiness of human factor.

Therefore, the column coordinates represent the pilot error, and the corresponding
regulation is term 25.1302; then, the row coordinate considers the pilot workload,
and the corresponding is airworthiness regulation 25.1523.

2.3 Certification Method for Human Factor in Flight Test

This paper analyzes the specific contents of 25.1523 and 25.1302, and provides the
evaluation module, the specific engineering verification method, and the technical
means used. The concrete frame of the validation method of human factor in flight
test phase is shown as follows (see Fig. 2).

From the figure, we can see in this paper the regulation verification is divided
into five modules before the airworthiness certification of human factor, and then
we provide the verification method for engineering application stage, determine the
technical means for achieving the result and data processing methods, and finally
achieve the verification results.
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Fig. 2 Method framework for airworthiness certification of human factor during flight test phase

3 Human Factor Airworthiness Certification Method
in Flight Test

3.1 Matrix Design of Flight Test Verification

Based on the minimum crew workload verification subjects, the special flight test
verification subjects for human factors in the cockpit comprehensively consider the
systems and equipments which must be used by the crew to complete relevant tasks
and related to crew procedures, as well as the urgency, frequency, and duration of
crew’s operation to determine the flight test scenario.

The verification subjects of human factors in the cockpit include special flight
tests and combined flight tests. Special flight tests include 16 subjects such as manual
flight, departure of standard instruments, and precise approach,while combinedflight
tests mainly use the compliance verification results of over 30 articles related to
human factors (except 25.1523 and 25.1302) sorted out in the first part of the paper
to analyze the impacts on man-machine interface, workload, and pilot situational
awareness.
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3.2 Scenario Design of Flight Test Verification

Three cameras which are installed on the left and right side of the rear end of the
cockpit top panel and above the cockpit door are used to record the captain’s hand
perspective, copilot’s hand perspective, and front panoramic perspective, respec-
tively, in the process of validation test. Human physiological data acquisition device
is equipped to collect the pilot’s heart rate data. Eye movement tracker is equipped
to record the pilot’s eye movements during a flight test.

3.3 Data Acquisition of Flight Test Verification

The verification data of special test flight mainly includes airborne equipment data,
physiological and psychological data of pilots, flight comments of pilots in special
test flight subjects, assessment table ofBedford aircrewworkload,NASA-TLX rating
table, and other relevant data.

The verification data of combined test flight mainly consists of two aspects. On
the one hand, it includes the human-machine interface, workload, and situational
awareness issues reflected in the validation of human factor articles. On the other
hand, the assessment of daily subjects on each system and data of special verifica-
tion are also required, including: a comprehensive daily use review based on cockpit
interface;man-machine interface verification based on normal flight operation proce-
dures; man-machine interface verification combined with typical flight test subjects;
special verification of man-machine interface based on cockpit display security; and
special test verification based on dynamic task scenario design.

4 An Example for Flight Test Data Analysis

Taking quantifying the qualitative evaluation for ARJ21-700 aircraft cockpit man-
machine interface as an example, the evaluation system forms are as follows:

Comment level: V = { v1, v2, v3, v4, v5 } = {excellent, good, medium, bad,
awful}, and the specific adjustment level and the comment meaning are in Table
1.

Evaluation index set: U = { u1, u2, u3, u4, u5 } = {workload, comfort, pilots’
self-perception, display efficiency, control efficiency}.

Fuzzy weight vector set: = {0.27, 0.3, 0.2, 0.1, 0.13}.
Evaluation matrix:
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Table 1 Specific adjustment level and meaning of cockpit interface

Level V Score Comment meaning

Excellent v1 90–100 Very satisfied, achieve satisfactory performance and no additional
compensation is required

Good v2 70–90 With negligible defects, achieve satisfactory performance without
additional compensation from pilot or maintainer

Medium v3 50–70 With moderately unsatisfied defects, achieve satisfactory performance
with moderate compensation from pilot and maintainer

Bad v4 30–50 With intensely unsatisfied defects, achieve satisfactory performance
with intense compensation from pilot and maintainer

Awful v5 0–30 With defects, some necessary operation cannot be achieved

R =

⎡
⎢⎢⎢⎢⎢⎣

r11 r12 r13 r14 r15
r21 r22 r23 r24 r25
r31 r32 r33 r34 r35
r41 r42 r43 r44 r45
r51 r52 r53 r54 r55

⎤
⎥⎥⎥⎥⎥⎦

=

⎡
⎢⎢⎢⎢⎢⎣

0.45 0.45 0.15 0.05 0.05
0.2 0.45 0.125 0.125 0.125
0 0.35 0.35 0.2 0.1
0.1 0.45 0.3 0.1 0.05
0 0.05 0.4 0.4 0.4

⎤
⎥⎥⎥⎥⎥⎦

Qualitative analysis: B = A · R = (
0.1915 0.3375 0.23 0.153 0.088

)
;

The comment level corresponding to 0.3375 membership rating is good, so
ARJ21-700 cockpit man-machine interface level can be set as good. And the evalu-
ation value is W = B · V T = 3.3915 through quantitative analysis, so the cockpit
man-machine interface overall evaluation value is 3.3915.

The cockpit interface assessment example is part of the data processing in the
process of human factor verification. In the practical operation, the subordinate
indexes of each evaluation index are evaluated firstly and the weights are given. The
display effectiveness indexes, such as the display device layout, colour and comfort,
were given weights for data processing [9, 10]. The evaluation is integrated from the
lowest level indicators to the next level; in the process, the low-score indexes are fed
back, and then the problems are found.

Through analyzing the results, we can see that the workload and the spatial layout
both get high scores; that is, the pilots and maintenance personnel are satisfied; and
the display interface has the glare, the manipulation position gets a low score, and
the performance is poor, which means there are moderate defects which catch the
crew and maintainers’ more attention. The evaluation results have been confirmed
with the ARJ21-700 aircraft test crew and design department to verify the objective
authenticity of the evaluation results. And, it can provide the basis for the follow-up
design changes, improve the man-machine interface problems, and finally improve
the interface efficiency for the finalized aircraft.
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5 Conclusion

This paper puts forward the “SHELL model” and “TEST matrix” to airworthiness
certification of human factor in the flight test phase, and determine the basis of airwor-
thiness certification of human factor, considering the fuzziness of the definition of
man-machine interface and the subjectivities in experts’ knowledge propose compli-
ance verificationmethod based on combinedMOC5 andMOC6which is practicality,
and propose the flight test data processing method based on that integrated expert
estimation, analytic hierarchy process, and fuzzy evaluation, realize the quantitative
evaluation of man-machine interface, and the problems of cockpit interface can be
explained more persuasively. In short, the study in this paper provides the method of
airworthiness certification and comprehensive assessment of cockpit man-machine
interface for civil aircraft and can provide the technical support for airworthiness
certification of human factor for other civil aircraft such as C919 and MA700 as
well as fills the blank of the engineering application of human factor airworthiness
certification and the evaluation of interface effectiveness in the flight test phase,
and provides the basis for the design changes of man-machine interface efficiency
indexes for various aircraft.
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Study on Autonomic Nervous Stability
Training of Military Pilots

Yishuang Zhang, Yan Zhang, Fei Peng, Yang Liao, Xueqian Deng,
Huamiao Song, Duanqin Xiong, Juan Liu, and Liu Yang

Abstract Objective—to study the methods and procedures of autonomic nervous
stability training for military pilots, then provide effective training program recom-
mendations for all the training departments to organize and carry out autonomic
nervous stability training for pilots. Methods—a total of 101 military pilots were
studied, based on the three-step method, a three-stage autonomic nervous stability
training was conducted for pilots by the physiological coherence and autonomic
balance system (SPCS), the data of “0.1 Hz index” before and after each stage
of training were collected and marked in chronological order as R1/2/3/4/5/6. Then
analyze and evaluate the training effect. Results—there was a significant difference
in the 0.1 Hz index before and after the pilot training, the post-training data R2/4/6,

and the pre-training data R3/5 were significantly higher than R1; R3/5 is significantly
lower than R2/4/6; there was no significant difference between R2, R4 and R6, or
between R3 and R5. Conclusion—the three-stage pilot autonomic nervous stability
training scheme, both in and without the system have remarkable effects. And the
two trainings can be combined with each other.

Keywords Autonomic nervous stability · Training · 0.1 Hz index ·Military pilots

1 Introduction

Military pilots often face with multiple physical and psychological challenges due
to the particularity of their profession. On the one hand, the overload caused by high
intensity and long-time training mission, as well as various environmental factors
like high altitude hypoxia, acceleration, noise, radiation and others; for another,
the higher requirements for the combat training of pilots results by the constantly
improving fighter performance [1], all abovemaking them suffer more psychological
stress. According to the Yerkes–Dodson Law, work stress and work performance
show an inverted u-curve, either too high or too low stress levels are detrimental to

Y. Zhang · Y. Zhang · F. Peng · Y. Liao · X. Deng · H. Song · D. Xiong · J. Liu · L. Yang (B)
Air Force Medical Center, Fourth Military Medical University, 100142 Beijing, China
e-mail: yangliuhenry@aliyun.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer
Nature Singapore Pte Ltd. 2021
S. Long and B. S. Dhillon (eds.), Man-Machine-Environment
System Engineering, Lecture Notes in Electrical Engineering 645,
https://doi.org/10.1007/978-981-15-6978-4_8

67

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_8&domain=pdf
mailto:yangliuhenry@aliyun.com
https://doi.org/10.1007/978-981-15-6978-4_8


68 Y. Zhang et al.

optimal performance. Therefore, it is of great significance to study how to reduce
the stress level of pilots through psychological training to improve their operational
psychological effectiveness.

Autonomic nerve stability training refers to enhancing autonomic nerve regulation
ability through active training, so that one canmaintain a stable and coordinated state.
Previous studies have shown that the enhancement of autonomic nervous stability
may strengthen individual functions of cardiovascular, endocrine and gastrointestinal
tract, meanwhile relieve anxiety, depression and other emotional problems [2], to
maintain psychosomatic health and help individuals maintain the best work perfor-
mance [3]. Previous studies by Yang Liu et al. have proved that the autonomic
nervous stability training can effectively regulate the balance of autonomic nervous
function ofmilitary pilots andmaintain their excellent flight combat effectiveness, but
the practical applicability of the training methods and training procedures involved
remains to be further studied and improved [4]. This paper will further explore the
autonomic nervous stability training methods and procedures for pilots.

2 Objects and Methods

2.1 Objects

The study involved 101military pilots recently trained in aviation medical identifica-
tion. The general condition of the subject: all male; average age 33.70 ± 9.34 years
(range 22 –57 years); average flight time 2670.87 ± 2069.93 h (range 120–1110 h).

2.2 Methods

2.2.1 Autonomic Nervous Stability Training Equipment

The tool for training and data collection is self-generate physiological coherence
system (SPCS) developed by Beijing Haofeng Technology Company. The system
records the indicators of heart rate variability (HRV) by means of the ear-wearing
information collector. In addition, the changes in HRV indicators during training will
be fed back through SPCS, so that the subjects can feel the changes in autonomic
nerve activities and learn to adjust them consciously.

2.2.2 Three Steps for Autonomic Nervous Stability Training

Step 1: Focus on the heart. Imagine the heart as a command center, issuing commands
to the brain and other organs of the body. Step 2: Breathe evenly through the heart,
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keep focusing on the heart, breathe out—imagine draining excess air from the heart,
breathe in—imagine oxygen filling the heart, and your mind getting clearer, pay
attention to the rhythm between exhale and inhale, and keep breathing evenly and
deeply; Step 3: Keep in good condition as in the first two steps, to experience positive
emotions and the joy of good feelings with heart.

2.2.3 Training Steps

Each subject was required to complete three stages of autonomic nervous stability
training, and relevant data indicatorswere collected before and after training. Specific
implementation steps are as follows:

(The first stage)

1. Inform the subjects of the training principle, guide them to watch the video
teaching of “three steps for autonomic nervous stability training” in SPCS, and
learn the training method;

2. The subjects were equipped with ear-wearing information collector, sit down and
relax, with their arms lying naturally on both sides of the body, trying to keep a
clear mind, without considering anything, and keep natural breathing. The state
of the subjects before training was detected for 3 min in the state assessment
interface, and the result was recorded as R1;

3. Enter the training center then guide the subjects to carry out the three times
trainings for easy–medium–difficult by the training module of “Bodhi tree”;

4. Return to the state assessment interface and conduct the subjects’ state test again
for 3 min according to the method just learned. The result is recorded as R2;

(The second stage)
5. On day 2, repeat the 2 –4 process, during the pre-training state assessment, the

subjects were prompted to recall the training methods learned on day 1, and the
result was recorded as R3. The state assessment result after training in this stage
is recorded as R4;

(The third stage)
6. On day 3, repeat the 5 process, the state assessment result before training in this

stage was recorded as R5, and which after training was recorded as R6.

2.2.4 Collecting Indicators

Total power (TP): The total power spectrum is a frequency-domain indicator of HRV
automatically collected by the system, which reflects the overall functional level
and running state of the autonomic nervous system. In the data collection of this
experiment, the power spectrum in frequency domain is divided into 64 data points
tomaximize the accuracy of frequency resolution. Number the 64 data points in order
and indelicate as PWRn (n = 1, 2, …, 64), then,
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TP =
64∑

n=1

PWRn (1)

0.1 Hz index (R): refers to the ratio of power around 0.1 Hz to the total power,
reflecting the stable state of autonomic nerves. In this study,

R =
8∑

n=6

PWRn/TP (2)

2.3 Statistical Processing

Preprocess data With EXCLE preprocessing data, and calculating the participants R
withEXCLEvalue, then use PASW18 statistical software for data analysis.Measure-
ment data was expressed as x ± s, Friedman test and Wilcoxon test were used for
results comparison, while p < 0.05 was considered statistically significant.

3 Results

3.1 Overall Effect of Autonomic Stability Training

The 0.1Hz index of subjects before and after trainingwas tested by Friedman, and the
results are shown in Table 1, which showed that there was a statistically significant
difference in the 0.1 Hz index before and after training (p < 0.01).

Table 1 Friedman test results of 0.1 Hz index before and after the three-stage training (x± s)

0.1 Hz index χ2 value p value

Before the first training stage (R1) 0.2074 ± 0.1166 105.55 0.00

After the first training stage (R2) 0.4689 ± 0.2278

Before the second training stage (R3) 0.3960 ± 0.2367

After the second training stage (R4) 0.4976 ± 0.2453

Before the third training stage (R5) 0.4213 ± 0.2316

After the third training stage (R6) 0.4756 ± 0.2485
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Table 2 Results of Wilcoxon test in different stages (Z value)

Before the first
training stage (R1)

After the first training
stage (R2)

After the second
training stage (R4)

Before the first
training stage (R1)

–

After the first training
stage (R2)

**−7.881a –

After the second
training stage (R4)

**−7.673a −0.556a –

After the third
training stage (R6)

**−6.839a −0.203a −1.055b

Note *p < 0.05, **p < 0.01, abased on negative ranks, bbased on positive ranks

3.2 Staged Effect of Autonomic Nervous Stability Training

In order to further analyze the source of the difference and study the training effect
of each stage of autonomic nervous stability training, the nonparametric signed rank
difference test (Wilcoxon test) was performed on the baseline index before training
(R1) and the index after three-stage training (R2/4/6). The results are shown in Table
2. Results of R2/4/6 were significantly higher than R1, while there was no significant
difference between R2, R4 and R6.

3.3 Effect of Autonomic Nervous Stability Training Based
on Recalls

The collecting indicators before the second stage of training (R3) and the third stage
of training (R5) were all 0.1 Hz index when the subjects conducted without SPCS
training by means of recall. To study the actual effect of training based on recalls,
the 0.1 Hz index collected before and after the three-stage training was compared
(by Wilcoxon test), and the results are shown in Table 3. The results of R3/5 were
significantly higher than R1, and R3/5 was significantly lower than R2/4/6, while there
was no significant difference between R3 and R5.

4 Discussion

In recent years, psychological training has been regarded as the key to improve
the psychological performance of military personnel in combat, which is being
taken seriously by the armed forces of developed countries such as Britain and the
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Table 3 Wilcoxon test results of 0.1 Hz index before and after three-stage training (Z value)

Before the
first training
stage (R1)

After the first
training stage
(R2)

Before the
second
training stage
(R3)

After the
second
training stage
(R4)

Before the
third training
stage (R5)

Before the
first training
stage (R1)

–

After the first
training stage
(R2)

**−7.881a –

Before the
second
training stage
(R3)

**−6.500a **−2.959b –

After the
second
training stage
(R4)

**−7.673a −0.556a **−3.722a –

Before the
third training
stage (R5)

**−7.219a *−2.053b −1.076a **−2.673b –

After the third
training stage
(R6)

**−6.839a −0.203a **−2.846a −1.055b *2.346a

Note *p < 0.05, **p < 0.01, abased on negative ranks, bbased on positive ranks

USA. Aerospace medicine is also focusing on how to improve the combat psycho-
logical effectiveness of pilots through psychological training. In our army, how to
combat psychological stress and optimize military performance through psycholog-
ical training has also become a research hotspot. So it is of great military significance
to study and popularize the method of autonomic nervous stability training, which
is suitable for all training departments.

The level of autonomic nervous stability is an effective indicator to evaluate the
degree of individual stress, the training method of which has been widely concerned
at home and abroad. Available techniques include breathing training, cooling water
training [5], aerobic exercise [6], floating relaxation feedback training [7], relaxation
training [8], etc. Among them, the self-balancing three-step method proposed by
the American Heart Math institute is a simple and effective way of training, which
help improve the pilot psychological coherence state, the sympathetic and parasym-
pathetic nerve activity to achieve a balance in this state. In other words, the pilots’
autonomic nervous function will be “mobilized” to the appropriate height, entering
the best psychological energy area (excited but not tense), and the pilots should
achieve the best performance in flight operation [4]. The studies have shown that
when the body is in the state of autonomic nervous coherence, the heart rate is close



Study on Autonomic Nervous Stability Training of Military Pilots 73

to the sinusoidal waveform, and the HRV power spectrum will change significantly,
adjusting to the resonance frequency of the pressure-sensitive feedback loop (about
0.1 Hz) [9], which is shown in this paper as an exponential increase of 0.1 Hz.

The effect of pilot autonomic stability training also depends on the training
program design. In this study, based on the full investigation of the pilot selection
training procedure, taking into account the location, time and equipment configu-
ration of the pilot training, and referring to other physiological indicators training
standards, the period of completing the medical identification is set as the training
period, and the training program is designed into three stages. It can be seen from the
research results that, (1) after the end of the first stage of training, the 0.1 Hz index of
subjects were significantly increased, indicating that the autonomic nervous stability
was significantly enhanced and the training method was effective; (2) the autonomic
nervous stability level after the second and third stages of training was similar to that
after the first stage (no statistical differences), and 0.1 Hz index after three stages
of training were much higher than before, improve rate (R2/4/6-R1)/R1*100% have
reached more than 110%, indicating that in the three-stage training, the autonomic
nervous stability training method based on the guidance of the software is easy to
master and has a good effect. The subjects may master the basic methods in just
one stage of training; (3) the autonomic nerve stability level of the subjects before
the training in the second and third stages was similar and significantly higher than
the baseline level. The improvement rate of the training results in the two stages
(R3/5-R1)R1*100% both reached more than 90%, reflecting that after the study of the
first stage of training, the subjects could still achieve a good-enough training effect
by only memory, without the help of software guidance. However, due to the forget-
ting effect, relying on memory can only achieve part of the training effect. Software
exercises should be used as often as possible to make the training permanent.

In conclusion, it is considered to set the pilot autonomic nervous stability training
mode as the combination of in-software training and without-software training. The
training process is divided into at least three stages: the first stage is the “learning
stage”, and the second and third stages are the “consolidation stage.” All the training
stages should be completed with the help of equipment and application system, the
interval of each training stage shall not be less than one day, but not more than three
days. And the pilots are recommended to extend the consolidation stage according to
his own training conditions. During the extended practice days, they can also choose
without-software training method.

Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Air Force Medical Center, PLA.

All subjects who participated in the experiment were provided with and signed an informed
consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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Research on Recognizable Physiological
Signals of Workers Working at Heights

Guilei Sun, Fangming Pang, Qi Liu, Yun Lin, Luyao Xu, and Yanhua Meng

Abstract In order to reduce the accident rate of workers working at heights, state
identification is very important for the workers. VR technology was used to simulate
operations and environment at heights, and man-machine-ring synchronization plat-
form was used to collect six kinds of physiological signal data in the scenes, which
are working on the ground, 4 m high, and 8 m high. SPSS was used to analyze the
data. The results show that operators at different heights have a significant effect on
the time domain of the skin electrical signal, but do not have a significant correlation
with the time domain of other physiological signals. A formula, IEDA = 0.0284H2

+ 0.7377H + C (C is the correction constant), was given for personal test. Then,
EDA can be used as a judgment basis for workers at heights, and it can be used as a
manager’s monitoring for workers’ states at heights, thereby reducing the occurrence
of high-altitude operating accidents.

Keywords Working at heights · Physiological signals · Virtual reality (VR) ·
Electrodermal activity (EDA) · Quadratic polynomial correlation

1 Introduction

Work at heights is a very high-risk operation activity. Among all types of accidents,
height fall accident has the highest incidence and the greatest risk [1]. Every year,
the proportion of high falling is about 50% of all types of accidents. At present,
the management of high-place workers mainly depends on training and wearing
personal protective equipment, while the recognition of human physiological state
is currently in the development stage of wearable body area network products. Since
2013, the health monitoring system of wearable sensors has gradually developed
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in the biomedical field, which will integrate heart rate and respiratory rate to judge
the physiological state of human body [2]. Singh et al. [3] collect skin resistance
signal and pulse wave signal to classify the pressure level of drivers through wear-
able sensors. Kavsaoğlu et al. [4] use pulse wave signal to classify and predict the
hemoglobin level of human body through machine learning. Li et al. [5] used the
method of support vector machine (SVM) to classify the pulse wave signals and
determine whether the human body is in the state of sinus bradycardia. Lee et al.
[6] used the EMG signal, pulse signal, and inertial sensor signal collected by wear-
able sensors to classify the driver’s emotional state. Egger et al. [7] studied people’s
emotions through pulse wave signals. Wu et al. [8] studied the injury and influencing
factors of repetitive ipsilateral lifting on the erector spine muscle by EMG detec-
tion. Hu et al. [9] used the measured EEG signals to carry out driving simulation
experiments to get the safest driving state.

At present, physiological signals have not been used for detection at China and
abroad. In view of the high risk and accident rate of work at height, the research is
based on virtual reality. At the same time, six physiological indexes of the subjects
were collected by using the human-machine-environment synchronous platform to
analyze the correlation with the high-place work, in order to identify the high-place
work. Through physiological signal recognition, using wireless detection technology
to detect real time the working status of operators is of great significance to prevent
falling accidents.

2 Experimental Design

2.1 Experiment Scheme

Vizible software was used to set up three groups of test scenes: “ground”, “work
at 4 m high from the ground”, and “work at 8 m high from the ground”. “Painting
work” was set as the type of operation. Six kinds of data, including electrocar-
diograph (ECG), electromyogram (EMG), photoplethysmographic (PPG), respire
(RESP), electrodermal activity (EDA), and skin temperature (SKT), were inter-
cepted in the virtual reality experiment in three experimental scenarios by using
the human-machine-environment synchronous platform. The questionnaire survey
and physiological signal analysis were analyzed by SPSS.

2.2 Subjects

According to the questionnaire, the ratio of male and female was set as 8:2. And in
the VR experiments, 30 subjects, healthy, were selected. All of the subjects attending
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Fig. 1 Experimental scene

a. a subject enters the work site              b. a subject is operating

the experiments were voluntary and had no other emotional impact. The experiment
was shown in Fig. 1.

3 Data Statistics and Analysis

3.1 Questionnaire Analysis

3.1.1 Analysis of Questionnaire Before Experiment

An electronic questionnaire was designed and distributed to the workers on site to fill
in. A total of 239 questionnaires were received, including 228 valid ones. According
to the questionnaire, 78.9% of the workers were male, mainly aged 20–35 years old.
The data shows that 60.6% of the workers have been engaged in work at heights, and
the proportion of the workers who have had dangerous conditions is as high as 55%,
of which more than half suffer from the risk of falling from height. The statistical
data is shown in Fig. 2.

For work at heights, it is of fundamental significance for management to find the
physiological signals that change obviously when the construction workers are in
danger.

3.1.2 Subjective Questionnaire Survey After the Experiment

Using psychological ruler, as shown inFig. 3, 30 subjectswere surveyed and analyzed
for risk perception at different heights. The results were described statistically with
the ruler length as the standard by subjective measurement. The average ruler length
at a height of 4 m was 3.9875 cm long; the average length at the scene of 8 m high
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Fig. 2 Proportion of
construction accident types

Fig. 3 Risk-subjective measurement scale

was 5.9375 cm, whereas on the ground value, it was 0. Correlation analysis was
only performed on paired samples with a height of 4 and 8 m, and the correlation
coefficient was 0.907, which shows a very strong correlation. The data was tested
for normality, and the test results were shown in Table 1. The data shows a normal
distribution. Therefore, the data was subjected to a paired sample t-test. The results
were shown in Table 2.

Table 2 shows that at different heights, the subjective feelings of the subjects
also showed statistical significance at a statistical level of 0.05, indicating that the
difference in height affects the subjective feelings. It can be seen from Fig. 4 that the
higher the distance from the ground, the more obvious the subjective feeling of the

Table 1 Tests of normality

Height (m) Shapiro–Wilk

Statistic Sig.

4 0.914 0.381

8 0.962 0.832

Table 2 Paired sample t-test for questionnaire

Comparison Paired differences t Sig.
(two-tailed)Mean Std.

deviation
Std.
error
mean

95% confidence
interval of the
difference

Lower Upper

8 m versus
4 m

1.95000 1.02678 0.36302 1.09159 2.80841 5.372 0.001
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Fig. 4 Subjective scoring of
risk

0 2 4 6 8
0

1

2

3

4

5

6

Su
bj

ec
tiv

e 
Sc

or
e

Height/m

operator, but the increase from the ground to 4 m high is greater than the increase
from 4m high to 8 m high. It indicates that as the distance from the ground increases,
this growth rate gradually slows down.

3.2 Physiological Signal Analysis

In order to conduct a more objective analysis of the subjects, wireless test method
for physiological signals was used to extract six types of physiological signals of 30
subjects at work. Preliminary analysis revealed that two person’s data was abnormal.
One of themhad abnormal data collection, and the others’ datawasmore than twice of
standard deviation (|Z| > 2). After removing the abnormal data, Pearson’s correlation
analysis was performed on the mean of all data. The results are shown in Table 3.

From the correlation analysis, among the six physiological signals, only the EDA
time-domain mean and SKT showed statistical significance at the test level of 0.05.

Table 3 Correlation analysis of time-domain mean of physiological signals

Comparison 0 m versus 4 m 0 m versus 8 m 4 m versus 8 m

EDA Pearson’s correlation 0.64 0.594 0.898

Sig. (two-tailed) 0 0 0

EMG Pearson’s correlation 0.204 0.192 0.419

Sig. (two-tailed) 0.279 0.311 0.021

PPG Pearson’s correlation 0.059 −0.251 0.026

Sig. (two-tailed) 0.756 0.181 0.892

SKT Pearson’s correlation 0.497 0.732 0.882

Sig. (two-tailed) 0.005 0 0

RESP Pearson’s correlation 0.29 −0.014 0.539

Sig. (two-tailed) 0.12 0.842 0.002

ECG Pearson’s correlation 0.33 0.282 0.137

Sig. (two-tailed) 0.075 0.13 0.47
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If physiological signals are used as the methods for measuring the status of workers,
then based on statistical significance, the three correlations need to be further studied.
However, from the data itself, the correlation of physiological signals between 4 m
high and ground should be greater than 8 m high and ground as the group of subjects
was the same. EDA meets the requirements, while SKT has the opposite. Therefore,
the height recognition of work at heights cannot be calibrated using the time-domain
value of SKT. Further analysis was performed on the EDA time-domain average
value (synthesized from the average value of tonic data, phase data, and SC signal to
indicate the skin electrical signal), and Shapiro–Wilk was used to perform normality
test. The results are shown inTable 4,which shows that the data conform to the normal
distribution.

Figure 5 shows the relationship between themean of theEDA time-domain param-
eters and the height. It shows that the increase inEDA in thefigure gradually decreases
as the height is same, which is consistent with the trend of subjective scores. And
it also illustrates the effectiveness of using EDA to analyze operators at heights. A
binomial fit of the data is given,

Mean = −0.0284H2 + 0.7377H+ 5.5264, R2 = 1 (1)

Table 4 Paired sample t-test

Comparison Paired differences t Sig.
(two-tailed)Mean Std.

deviation
Std.
error
mean

95% confidence
interval of the
difference

Lower Upper

0 m versus
4 m

2.49679 3.06997 0.58017 1.30638 3.68720 4.304 0.000

0 m versus
8 m

4.08536 3.49368 0.66024 2.73065 5.44006 6.188 0.000

4 m versus
8 m

1.58857 1.86642 0.35272 0.86485 2.31229 4.504 0.000

Fig. 5 Correlation between
mean and height in EDA
time domain
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The relationship between the EDA mean and height is parabolic. In order to
calculate for each subject’s data, the personal basic state constant C is introduced to
modify the parameters, that is, the value of the constantC is obtained after measuring
the value of the individual when on the ground. Then, Formula (1) is modified as:

IEDA = −0.0284H2 + 0.7377H+ C (2)

This formula can be used to calculate the data of each worker to measure whether
theworker has entered theworking state at heights and further estimate to the position
of the worker.

4 Conclusions

1. In the time-domain analysis of physiological signals for subjects at different
heights to the ground, the mean value of EDA shows significant differences at
different heights; therefore, EDA signal can be used as a physiological signal for
identifying the persons who works at heights.

2. Whenworking at heights, themeanofEDAof individual andworkposition height
have the relationship of quadratic nonlinearity: IEDA = 0.0284H2 + 0.7377H
+ C (C is a correction constant), and the increase of IEDA decreases with the
increase in height.

3. There is no significant correlation between the time domains of the five physio-
logical parameters, EMG, PPG, SKT, RESP, and ECG, and the height for workers
at heights.
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A Study on the Construction of Mental
Fatigue Model and the Change
of Psychological Efficacy

Liu Yang, Yishuang Zhang, Yan Zhang, Yang Liao, Duanqin Xiong,
Rong Lin, Jian Du, and Xichen Geng

Abstract Objective The mental fatigue model was constructed to explore the
dynamic characteristics of psychological efficacy such as emotion, cognition and
simulated flight mission (SFM) performance. Methods A total of 37 healthy male
subjects were recruited in this study. The mental fatigue model was constructed by
using 40 h sleep deprivation. The body emotion state, alertness, risk decision-making
and SPF performance were collected at 15 time points, respectively. The dynamic
changes were studied by psychophysiological interaction and correlation analysis.
Result Compared with the baseline, the subjects’ (1) fatigue, drowsiness and nega-
tive emotion increased significantly; (2) attention decreased, risk decision-making
was impaired; (3) SFM performance decreased; (4) SFM performance decreased the
earliest, followed by emotion, attention and risk decision-making; (5) there was a
positive correlation between anger and the performance impairment of SFM.Conclu-
sion The model of mental fatigue was successfully constructed, and the dynamic
changes of various behavioral indicators and their correlationwere analyzed in detail,
which provided a reliable basis for the follow-up study.

Keywords Mental fatigue · Psychological efficacy · Emotion · Attention · Risk
decision-making · Simulated flight mission

1 Introduction

With the acceleration of the modernization of the Chinese army, a large number
of high-performance fighters have gradually become the main equipment. The high
performance improves the reliability and automation of the aircraft, and the pilot’s
control load is greatly reduced. However, due to the increase of information equip-
ment and the change of display mode, pilots need to process a lot of information
data timely and accurately. All of these make the pilot’s cognitive load extremely
heavy, which is easy to lead to mental fatigue. When the pilots suffer from mental
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fatigue, they will become slow in response, lose situational awareness and weaken
in emotional regulation, which will lead to the decline of flight ability and serious
accidents. According to a survey in the USA, 93% of pilots have experienced flight
fatigue. 10–54% of all combat casualties are caused by fatigue, so mental fatigue in
flight is a common and important aviation hygiene support issue. In this background,
it has become an important research direction in modern military medicine to study
the negative effects of mental fatigue on human body and the countermeasures to
ensure the operational effectiveness of military personnel.

It is one of the key issues to effectively induce mental fatigue and build a reliable
model in the laboratory. At present, sleep deprivation (SD) is often used to build
mental fatigue model. According to the degree of sleep deprivation, it can be divided
into total sleep deprivation (TSD) and partial sleep deprivation (PSD). TSD refers
to complete no sleep for at least 24 consecutive hours, and PSD refers to the daily
sleep amount less than 50% of the normal sleep amount. In the study in military
personnel, it is found that SD can seriously damage the combat effectiveness of
military personnel and the whole team, especially the impact on important positions
such as fighter pilots, which require a higher level of sustained attention and more
stringent error tolerance [1]. It can be seen that SD is not only a reliable means to
induce mental fatigue in the laboratory, but also a reality of military personnel in the
battlefield environment, which has good scientific and application value. Therefore,
in this paper, we use the method of TSD to build a mental fatigue model and study
the dynamic changes of mental functions.

2 Subjects and Methods

2.1 Subjects

The subjects were 37 volunteers, all of whom were young healthy men from
universities in Beijing, aged 21–25 (average 23.1 ± 1.9) years old.

2.2 Methods

2.2.1 Experimental Design

The experiment was designed with self-control and repeated measurement. All
subjects were deprived of sleep for 40 h, and the whole experiment was completed
within two months.
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Table 1 Experimental data collection schedule

Serial number Day Time Collection project Experiment point of time (h)

01 D1 08:00 Enrollment registration

02 09:00 �SFM 1

03 10:00 �PVT �GDT �Scale 2

04 15:00 �SFM 7

05 16:00 �PVT �GDT �Scale 8

06 20:00 �SFM 12

07 23:00 �PVT �GDT �Scale 15

08 D2 02:00 �Scale 18

09 04:00 �PVT �GDT �Scale 20

10 06:00 �Scale 22

11 08:00 �SFM 24

12 09:00 �PVT �GDT �Scale 25

13 15:00 �SFM 31

14 16:00 �PVT �GDT �Scale 32

15 20:00 �SFM 36

16 21:00 �PVT �GDT �Scale 37

2.2.2 Experimental Process and Schedule

Take 08:00 on the day of experiment (D1) as the starting point, and its acquisition
time point is transformed into TSD time point, as shown in Table 1.

2.3 Data Statistics

During the whole experiment, there was no loss of samples. SPSS statistics 20.0
software package (IBM Corporation) was used for the statistical analysis of all data.
Repeated measurement, Spearman correlation and other statistical methods were
used to analyze data results. Bonferroni method was used for multiple comparisons
to correct P value, and all significance α value was set as 0.05.
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3 Results

3.1 Results of Physical and Emotional Status Assessment
Questionnaire

See Table 2 for the results of each index

3.2 PVT Results

See Table 3 for the results

3.3 GDT Results

See Table 4 for the results of each index

3.4 SFM Performance Results

See Table 5 for the results

3.5 Correlation Between Scale and SFM Performance

As shown in Fig. 1, through correlation analysis, we found that there was a significant
negative correlation between angry state (37 h) and SFM performance (36 h) after
sleep deprivation (r = −0. 285, P < 0.05). The results showed that the higher the
anger state, the worse the SFM performance (Fig. 1).

4 Discussion

Different studies have shown that SD has a great difference in the impact on the
body’s subjective feelings, but most of the results still show that TSD will lead to the
deterioration of the body’s subjective feelings, such as decreased physical strength,
increased fatigue and drowsiness disorder [2, 3]. Our research results also show that
with the progress of SD, the subjective body feelings such as pressure, fatigue and
drowsiness are constantly increasing, among which the time point of drowsiness
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Table 5 SFM performance results (n = 37, x̄ ± s)

Serial
number

TSD experiment point of time

Baseline 7 h 12 h 24 h 31 h 36 h

1–21 5.76 ± 0.25 5.64 ± 0.24 3.98 ± 0.25** / / 4.42 ± 0.23**

21–37 5.59 ± 0.22 / / 3.5 ± 0.3** 3.86 ± 0.27** 4.88 ± 0.18*

Note *P <0.05; **P <0.01

Fig. 1 Correlation between
anger state and SFM
performance

anger 

SF
M

  p
er

fo
rm

an
ce

rising is the earliest (15 h), and the pressure and fatigue appear later (18 h), which is
also consistent with the previous research findings.

Research shows that emotion is easily affected by SD, and significant changes
in emotion may occur before affecting work performance [4]. In our study, POMS
was also used to evaluate the emotional changes of the subjects. The results showed
that in the early stage of TSD (18 h), negative emotions such as anger, depression
and tension increased significantly, while positive emotions such as energy and self-
esteem decreased significantly. Moreover, positive emotion changes occurred earlier
than negative emotions; especially, self-related emotions (such as self-confidence and
self-control) decreased significantly at the beginning of the experiment (8 h). This is
also consistent with Lieberman’s research on the emotional changes of soldiers after
SD. This study also found that POMS had similar changes in depression, confusion,
fatigue, anger and energy after SD [5].

It is believed that the decline of cognitive performance after SD is only due to the
decrease of general arousal and alertness, that is to say, sleep loss affects almost all
cognitive abilities by reducing alertness and alertness [6]. Alertness is continuous
attention, the ability of an individual to pay attention to the same stimulus for a long
time [7]. PVT is a measure of mental reaction speed, which can accurately reflect
the individual’s attention persistence ability with ms time resolution. It has become
a gold standard to evaluate the impact of sleep loss on alertness, and also an effective
detection method of flight fatigue. In our study, the results showed that TSD had
a significant effect on PVT, and its response time increased significantly at 20 h,
and all subsequent time points were higher than the baseline value. This shows that
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alertness of cognitive function has been significantly impaired, which is consistent
with the previous conclusions [8].

SD can cause a wide range of effects on cognitive function, but for complex cogni-
tive abilities such as decision-making, it seems to be relatively small and inconsistent
[9]. In this study, we used a computerizedGDTprogram to test the subjects and found
that with the prolongation of SD duration, there were significant changes in the net
score, risk choice times and safety choice times at the 32 h. The risk choice timeswere
significantly higher than the baseline, while the net score and safety choice times
were significantly lower than the baseline, which was consistent with the previous
studies. It shows that long-termSDmakes the subjects prefer to take risks in decision-
making and give up safe and reliable choices. Finally, the decreases in the net score of
GDT suggested that the risk decision-making is significantly impaired. In our study,
the subjects’ response time of PVT increased significantly at 20 h, while the three
indicators of GDT changed at 32 h, which was significantly later than the former. It
also suggests that attention impairment caused by SD is not the whole reason for the
reduction of risk decision-making, which may play a greater role in the trade-off of
risk–benefit ratio and the modification of decision-making strategies.

In terms of military flight, it is a common technical means to evaluate the real
occupation load and mental fatigue by SFM [10]. The SFM used in this study has
very good fidelity and actual validity. The results showed that compared with the
baseline, the performance of SFM in the 12 h of SD began to decline significantly
and continued to decline with the extension of time. It recovered at the end of the
experiment, but it did not reach the baseline level. It suggested that SD might cause
damage to the subjects’ ability to perform complex tasks, which can reflect the
change of real professional ability. We also found that the decline time point of SFM
performance in SD was 12 h, much earlier than PVT (20 h) and GDT (32 h). This
also showed that using simulated real occupational tasks can reflect the changes of
mental fatigue more timely and accurately, and it is more suitable to evaluate and
predict the changes of occupational-related abilities after mental fatigue than other
simple cognitive tasks. We also found that there had been a significant correlation
between the subjects’ physical emotional feelings and cognitive task performance in
SD. For example, anger was negatively correlated with SFM performance, indicating
that there was an interaction between the subjective feelings and cognitive ability in
SD.

In this paper, we build a mental fatigue model and use a variety of techniques to
analyze the dynamic changes of various behavioral indicators in detail, as well as the
correlation between them, so as to provide a comprehensive perspective for a better
understanding of the impact of mental fatigue on the body.

Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Former Army General Hospital. All subjects who participated in the
experimentwere providedwith and signed an informed consent form.All relevant ethical safeguards
have been met with regard to subject protection.
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Research on Psychological Management
Problems of Military Cadets Under
the Angle of Group Psychology

Peng Gong, Ye Tao, Huiyong Wang, Kun Cao, and Yuxi Peng

Abstract Under the information zed condition, the outcome of a war will depend
on competition of human talents to larger degree. Military academy is the foun-
dation, base and cradle in which our army cultivates human talents. Compared to
other general objects, military cadets can show more group psychological character-
istics in practical psychological management. From the angle of group psychology,
the essay analyzes the three characteristics of group psychology for military cadets
and sums up the four types of psychological management for the current military
cadets, and finally, combined with management reality of military academy, the
essay puts forward the three countermeasures—that is, firstly, we should grasp inter-
nally psychological regularity and reinforce the scientific nature of psychological
management; secondly, we should enhance personal charm and improve effective-
ness of psychological management; thirdly, we should create better psychological
atmosphere and intensify permeability of psychological management.

Keywords Group psychology ·Military cadets · Psychological management

Military academies are the base and cradle of human talents, with constant deep-
ening of economic globalization, profound transformation of social living patterns
and frequent improvement ofmilitary reform theymust havemuch greater innovation
on military cadet’s management. The most important core factor is human manage-
ment in management; as long as we innovate human management pattern, we can
basically promote management level for controllers and further develop manage-
ment efficiency. In them, psychological management is the basis by which good
management is conducted to human. From the angle of psychology, compared to
management concerning the students from local colleges and universities and other
general objects, military cadets can showmore group psychological characteristics in
practical management. Thus, as long as we really analyze their group psychological
characteristics, we can conduct pertinent psychological management, practicably
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improve management level of controller and further promote cultivating quality of
human talents [1].

1 Characteristics of Group Psychology for Military Cadets

Group psychology of military cadets is the psychological process and characteristics
which are produced and can influence separately personal feeling, thoughts and
behavior when military cadets with different backgrounds and different personalities
work together for a common goal. French scholar, Gustave Le Bon, described the
group psychology, “no matter who constitute the special group and no matter how
different they are in the living ways, professions, personality or intelligence, this is a
fact that they have formed a special group, group life makes them acquire the group
psychology in which their feelings, thoughts and behaviors are greatly different from
those when they are alone. If the group is not formed some ideas and feelings can’t
be produced at all or can’t be converted into action.” At present, the characteristics
of group psychology for military cadets include the following three points.

1.1 Fading Individual Consciousness

Gustave Le Bon said, “Unconscious phenomenon plays a completely overwhelming
role not only in the lives of the organic body but also in the intelligent activities.”
After the cadets from different places assemble together, the feelings about “over-
whelming with numerical strength” are inevitably emerging because the number of
cadets is increasing. Some intention constrained in their minds can be put into effect
by instinct, after all the idea that “the law can’t be enforced when everyone is an
offender” is always embodied in individual mind of the whole group. Thus, their
self-consciousness is gradually fading, and group psychology will be in the leading
position; some incredible phenomena seem to appear. For example, after arriving at
the academy, some cadets who performed very well in the field forces loosen their
requirements and violate regulations and rules, even rush into risk. What is more,
these phenomenamay not exist only in individuals; they can be scaled up by invisible
effect and directly influence individual consciousness [2].

1.2 Weak Logic Reasoning

Gustave Le Bon still stressed, “Group is usually in the expecting state for attracting
attention, so they are easily subject to hint, the initial hint can quickly enter into
the human brains of the group by the process of mutual transmission.” After the
individuals are integrated into the group, they are extremely subject to intimation
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and emotional impact from surrounding situation and suggestion from others, their
self-logic reasoning may be weakened, on general issues they have been softheads,
some phenomenon on “swimming with the stream” is relatively apparent in their
mind. For instance, when postgraduate group has got a hint that “the major work for
postgraduates is to write essays and they must never mind other matters.” Then the
hint quickly has been personal idea and is rapidly transmitted to other cadets. The
idea makes most of cadets not to focus on improvement of military quality but to
attach importance to professional knowledge [3]. From the angle of logic reasoning,
the idea is untenable: after all postgraduates will serve field forces after graduation, if
they only have professional knowledgewithout bettermilitary quality, it is impossible
for them to perform their missions. The simple truth cannot be understood for the
whole group, or it is ignored or excluded by instinct.

1.3 Extremalization of Group Feeling

Gustave Le Bon thought, “the group only know simple and extreme feeling; they
either fully accept all kinds of advice, ideas andbelieves offered to themor completely
reject them; thus, these advice, ideas and believes are considered as absolute truth
or fallacy.” Under the real background of military management, it is much more
difficult for the cadet group to arrive at the level of irrationally accepting education.
They are often moved by simple but extreme feeling; in the meantime, it is more
difficult for them to accept complicated ideas and thoughts. So, it is notmuch difficult
to understand some problems in political work for military cadets. When a careful-
thinking speech with logical rigor is put in front of him, he can really read and benefit
from it. However, when the speech was delivered by the administrator in public, he
may be dozing and cannot concentrate on the speech; finally, copying the notes is
only the last resort; however, when a high-spirited administrator with distinct attitude
delivers the speech, it is much easier to arouse their feelings regardless of illogic of
the contents and the leak of the thinking ways. This will show that if the feeling is
not expressed very well the terrible result will be emerging.

2 Psychological Management Types for Military Cadets

The book named Psychology of Modern Management thoughts, “psychological
management is a kind of detailed methods which integrated the related contents of
many subjects such as psychology, education, politics and management to manage
human. It regards human as the objects, researches their psychological characteris-
tics, grasps their psychological laws, purposefully arouses human subjective initiative
with intent depending on a variety of media, and makes human keep a good psycho-
logical state to realize common aims.” From the present management situation of
military cadets, psychologicalmanagementmainly includes the following four types.
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2.1 Unconsciously-Typed Psychological Management
(Surface Management)

Unconsciously-typed psychological management mainly embodies in administra-
tive management. That is, administrators themselves are not aware of conducting
psychological management; however, they can interact with subordinates by way of
all kinds of media in management process and influence their psychological state.
These media may be tangible such as issuing instructions, distributing papers and
laying down plan, and they may also be intangible such as personal charm of admin-
istrators, level of thoughts, working style; anyway, they may play a certain psycho-
logical influence on subordinates. From certain sense, unconscious psychological
management is an appendage in administrative management.

2.2 Empirically-Typed Psychological Management
(Junior-Level Management)

Empirically-typed psychological management is that administrators themselves are
aware of the importance of psychological management and also understand the
expected result psychological management requires, but they cannot effectively
conduct psychological management scientifically because of lack of theoretical guid-
ance and knowledge accumulation; they can only analyze and summarize gains or
losses in practice according to their past experience; based on these conditions, they
improve and enrich their management patterns.

2.3 Actively-Typed Psychological Management (Middle-Level
Management)

Actively-typed psychological management is that under the guidance of scientific
theory, administrators follow the laws of psychological activities, precisely grasp
psychological state of subordinates; basedon theprinciple of classifiedguidance, they
manage subordinates from person to person in accordance with their aptitude, fully
arouse their enthusiasm and subjective initiative and inspire their inner potential. The
types ofmanagement emphasize less obedience butmostly can inspire self-awareness
and innovation of military cadets, and these can make them accept education and
guidance from administrators in a pleasant way and fully develop their intelligence.
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2.4 Culturally-Typed Psychological Management
(Senior-Level Management)

Culturally-typed psychological management is that based on actively-typed psycho-
logical management, administrators borrow and abstract all kinds of brilliant culture
essence, create uniquely special culture of the working units, develop the functions
of soul casting from advanced culture, lead and cultivate outlook on life and the
world of military cadets and finally form common value pursuits of the cadet group
in accordance with historical heritage, brilliant tradition and the characteristics of
the cadets.

3 Countermeasures by Which Psychological Management
of Military Cadets Is Strengthened

Grassroots cadres are the direct implementers of psychological management to mili-
tary cadets. They must intensify their psychological self-management ability; partic-
ularly, they should study the related theory on psychology, grasp general process
and laws of their psychological activities, hold the inner requirement of psycholog-
ical management and transform from unconsciously-typed and empirically-typed
psychological managements to actively-typed and culturally-typed ones.

3.1 Grasping the Inner Psychological Regularity, Improving
Scientificalness of Psychological Management

Firstly, we should hold the pulse of the questions. We must really analyze the forma-
tion and development of group psychology and find out the best opportunity to
conduct psychological management. After the cadets who have different personali-
ties from different places are put into a group, individual awareness may be weak-
ening and group psychological awareness apparently begin to emerge, however,
group psychology can’t be formed at one stroke, it need experience a process step
by step. Implementing psychological management can achieve the best result just
before military cadets adapt the surrounding situation and group psychology isn’t
yet formed, otherwise more efforts will be further made. So, just after the cadet’s
admission, they should be intensified in the following aspects including educa-
tional management, strict disciplines and requirements; their awareness of discipline,
safety, law and regulation should be really reinforced so as to build a good fundament
of thoughts for regularized construction of military cadets [4]. Secondly, we should
find specific ways. When conducting psychological managements to the cadets, we
must consider the factors of group psychology and cannot analyze the psychological
state of the cadets only from an individual’s perspective; otherwise, some seemingly
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good remedy for questions cannot achieve ideal effect. For example, if we want to
make the cadets abide by all regulations and rules purposefully, we may adopt the
pattern on “one forum for everyone,” and we separate the cadets from the group and
take the opportunity to get rid of some worse group psychological idea that “law
can’t be enforced when everyone is an offender” or “overwhelming with numer-
ical strength.” Finally, from the bottom of or hearts, we agree with and abide by
psychological management consciously.

3.2 Reinforcing Personal Charm and Progressing
Effectiveness of Psychological Management

“The key to psychological management is tomake subordinates sense the respectable
personality, good character and substantial ability of administrators through their
words and deeds, not only through their wonderful speech. That many excellent
administrators have lofty image in theminds of themasses lies not in their ranks, but in
their personal charm.The power is huge andmakes people respect andmiss them for a
long time.” So,management cadres in grassroots unitsmust enhance personal cultiva-
tion and influence the group of the cadets through teaching by their example aswell as
verbal instruction under the stronger personal charm. Thus, their ideas will be agreed
and influenced mutually; in the meantime, some worse thoughts can be stopped to
spread in the group. One is to firm ideals and beliefs. Grassroots management cadres
should enhance study on political theory, firmly build communism believes, forge
steely will by way of firm belief and take the opportunity to show special personal
charm. Two is to improve humanistic literacy. There is an old saying, “wisdom in
hold, elegance in mold.” Management cadres must read a lot of good books and
are diligent in thinking and researching. As long as they continuously absorb all
sorts of cultural knowledge and promote the depth and breadth in thinking level they
can reinforce personal cultivation. Three is to reinforce working style cultivation.
As administrators, they must consider regulations, rules and doctrines as manage-
ment criterion, leave no loopholes for subordinates to exploit and not turn a blind
eye to the mistakes of the subordinates; they influence the group of the cadets and
further improve effectiveness of psychological management by an excellent working
style [5].
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3.3 Creating Better Psychological Atmosphere
and Intensifying the Permeability of Psychological
Management

Just like some scholars pointing out, “psychological atmosphere is a kind of compre-
hensive psychological state. It derives and develops from interaction among adminis-
trators, subordinates andmanaging environments, it is composed of common attitude,
dominantly emotional state of most people in the group. The atmosphere is a kind
of psychological background to show human working state. It influences human
psychological health and working emotion.” Creating better psychological atmo-
sphere is the best way to inspire the warmth of the group, accept ideas and thoughts
of administrators and consciously put into practice. There are a variety of ways to
create better psychological atmosphere, combined with some psychological charac-
teristics like extremalization of group feeling several advice that grassroots cadres
accept political education is put forward [6].

Firstly, emotion should be involved. When educators give their lessons, they
should be flexible and cannot only read the prepared speech word by word, but also
read wonderfully with a silver voice and deep feeling and win the cadets’ acknowl-
edgment through emotional influence. Secondly, language should be concise. When
talking to subordinates, administrators try their best to avoid detailed explanation and
deep analysis to the ideas and directly express their ideas using simple but imaginable
language; only in thisway, can the emotion of the group be inspired. Thirdly, the ideas
should be repeated. From the angle of psychology, frequent repeating can produce
a kind of special power to human brains; “in the long run, frequently repeating can
enter into unconsciously deep area in our mind, just here our behavioral motivation is
formed.” Thus, when conducting political education, administrators must repeatedly
talk if possible; only when the ideas are rooted in human brains, can they be changed
into instinctive habits.

Compliance with Ethical Standards The study was approved by the Logis-
tics Department for Civilian Ethics Committee of Artillery and Air Defense Forces
Academy (Zhengzhou Campus).

All subjects who participated in the experiment were provided with and signed
an informed consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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Research on the Effects of Pilots
Psychological Trainings Based
on Different Military Application
Purposes

Yishuang Zhang, Yan Zhang, Fei Peng, Yang Liao, Huamiao Song,
Xueqian Deng, Duanqin Xiong, Juan Liu, and Liu Yang

Abstract Objective To explore the effects of pilot psychological trainings based
on different military application purposes, in order to provide evidence for carrying
out all-round psychological training in the future. Methods A total of 101 military
pilots were trained in three-stage autonomic nervous stability training, and their
HRV indexes before and after were compared, then compared these indexes data
to the stress protection training to study the different effects. Results 1. After auto-
nomic nervous stability training, the overall level of autonomic neurological function
increased, and the balance of sympathetic and parasympathetic functions signifi-
cantly enhanced; 2. HRV power spectrum adjusted to low frequency; 3. Stress level
of pilots after flight mission is higher than their daily lives; 4. After the stress protec-
tion training, the stress level of pilots decreased obviously and they were in the state
of relaxation, while after autonomic nervous stability training, the stress level of
pilots was mobilized to a more suitable working state. Conclusion The psycholog-
ical training of pilots based on different military application purposes has gained
prominent and targeted effects.

Keywords Autonomic nervous stability · Stress protection · Training · Heart rate
variability

1 Introduction

Military psychological training, which is considered to be an important means to
improve the military’s ability to complete combat tasks, to enhance the combat effec-
tiveness and recover quickly, has been concerned since the birth of the army. In recent
year, some developed countries pay attention to the psychological training to improve
the military operation efficiency of soldiers [1]. Military pilots as special operation
soldiers who always in special situations. The effect of psychological training will
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directly affect the function of the role, which is related to flight safety and combat
effectiveness.

At present, the researches on the purpose of military pilots’ psychological training
show that hot spots mainly focus on: (1) pre-adaptation of the special environment;
(2) counteract and reduce stress response; (3) improve the psychological efficiency
of combat. Because of the different purposes, the selections of training effect eval-
uation indexes are also different. Generally, most of them take the ways such as
psychological scale, physiological index, subjective evaluation, Yoshihara et al. [2].
Among them, heart rate variability (HRV), which can reflect the level of autonomic
nerve function, is a recognized and objective evaluation index. The research shows
that autonomic nerve function is connected to psychological stress and work perfor-
mance [3, 4]. In research of Yang L., Song H. and Zhang Y., the differences of
key indicators in HRV before and after psychological training were observed [5,
6], and the actual effect such as the stress protection training on pilots after flying
was verified, which provide effective methods and data supports to pilots psycholog-
ical training [7]. This article will observe the effect of autonomic nervous stability
training based on HRV, then comparing to the previous research data to study the
different effects of pilots’ psychological training on two different purposes, in order
to provide all-round psychological training reference scheme for the future combat
training in high-tech war.

2 Objects and Methods

The study was divided into two training groups: autonomic nervous stability training
and stress protection training after flight. The experimental scheme of stress protec-
tion training after flight has been introduced in detail in the previous literature [7].
This part only reported the content about autonomic nervous stability training.

2.1 Objects

A total of 101 male pilots who were taking part in aviation medical identification
training were researched. The general condition of the subject is as follows: average
age 33.70 ± 9.34 years (range 22–57 years) and average flight time 2670.87 ±
2069.93 h (range 120–1110 h). Equilibrium test results show that it is balanced with
the work stress protection group in age, education background, flight time, training
experience, training level, etc. (p > 0.05).
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2.2 Methods

2.2.1 Experimental Equipment

The tool for training and data collection is self-generate physiological coherence
system (SPCS). The system records the indicators of heart rate variability (HRV)
by means of the ear-wearing information collector. In addition, the changes in HRV
indicators during training will be fed back through SPCS, so that the subjects can
feel the changes in autonomic nerve activities and learn to adjust them consciously.

2.2.2 Training Method

The three-stage autonomic nervous stability training was carried out with the help
of SPCS. The details are as follows:

(The first stage) 1. Guide the subjects to learn “three steps for autonomic nervous
stability training.” Step 1: Focus on the heart. Imagine the heart as a command
center, issuing commands to the brain and other organs of the body. Step 2:
Breathe evenly through the heart, keep focusing on the heart, breathe out—
imagine draining excess air from the heart, breathe in—imagine oxygen filling
the heart, and your mind getting clearer, pay attention to the rhythm between
exhale and inhale, and keep breathing evenly and deeply. Step 3: Keep in good
condition as in the first two steps, to experience positive emotions and the joy of
good feelings with heart.
2. The subjects were equipped with ear-wearing information collector, sit down
and relax, with their arms lying naturally on both sides of the body, trying to keep
a clear mind, without considering anything, and keep natural breathing. Using the
“state assessment” module for 3 min, the system will automatically collect the
HRV indicators of the subjects as the baseline data;
3. Enter the training center and then guide the subjects to carry out the three times
trainings for easy–medium–difficult by the training module of “bodhi tree”.
4. Return to the “state assessment” module and instruct the subjects to recall and
use the training method in the assessment, and then, tell them how well they’ve
done.
(The second stage) 5. On day 2, repeat 2–4 processes, and during the pre-training
state assessment, the subjectswere prompted to recall the trainingmethods learned
on day 1.
(The third stage) 6. On day 3, repeat the fifth process. The HRV indexes after
training in this stage were collected as training effect data.
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2.2.3 Research Design

The effect of autonomic nervous stability training was analyzed by self-comparison
before and after, and then compared training results with the data in the previous
research ‘Empirical study of psychological stress protection training for the flight
over sea,’ to study the differences of psychological training effects under two different
purposes.

2.2.4 Collecting Indicators

The following indicators will be collected:

Time domain indexes Standard deviation of NN intervals (SDNN): affect the
general condition of autonomic nerve function; standard deviation of successive
difference between adjacent NN intervals (SDSD); reflect the activity of sympa-
thetic nerve; root mean square of successive difference between adjacent NN
intervals (RMS-SD): reflect the activity of parasympathetic nerve; proportion of
NN50 in total NN intervals (PNN50): also reflect the activity of parasympathetic
nerve.
Frequency domain indexes Total power (TP): reflect the overall level of neuro-
logical function; very low frequency (VLF): reflect the level of para-sympathetic
nerve; low frequency (LF): reflect the dual effects of sympathetic and parasympa-
thetic nerves; high frequency (HF): reflect the level of parasympathetic function;
LF to HF ratio (LF/HF): reflect the balance of sympathetic and parasympathetic
functions; normalized LF (LFnorm) and normalized HF (HFnorm): reflect the
coordinated state of mental energy.

2.3 Statistical Processing

Use PASW18 statistical software for data analysis.Measurement data was expressed
as x̄ ± s. Wilcoxon test was used for self-comparison. The independent two-sample
test (Mann Whitney test) was used to compare with the training data of stress
protection training after flight. The difference was statistically significant when p
< 0.05.
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Table 1 Change of HRV time domain indexes before and after autonomic nervous stability training
on 101 pilots (x̄ ± s)

Indexes Pre-training Post-training Z value p value

SDNN (ms) 73.62 ± 40.90 82.41 ± 47.91 −1.682a 0.093

RMS-SD (ms) 69.10 ± 50.89 63.44 ± 67.27 −1.980b 0.048

SDSD (ms) 55.10 ± 45.54 48.93 ± 60.01 −1.980b 0.048

PNN50 (%) 19.24 ± 15.06 18.22 ± 14.08 −0.801b 0.423

Note aBased on negative ranks, bBased on positive ranks

3 Results

3.1 The Change of HRV Time Domain Indexes Before
and After Autonomic Nervous Stability Training

From Table 1, after autonomic nervous stability training, the data of RMS-SD and
SDSD decreased significantly (p < 0.05), with no significant difference seen in other
indexes.

3.2 The Change of HRV Frequency Domain Indexes Before
and After Autonomic Nervous Stability Training

In frequency domain indexes, except the index HF was no significant different, TP,
LF, LF/HF, LFnorm indexes significantly increased (p < 0.01), and HFnorm, VLF
indexes significantly decreased (p < 0.01, p < 0.05). The above results are shown in
Table 2.

Table 2 Change of HRV frequency domain indexes before and after autonomic nervous stability
training on 101 pilots (x̄ ± s)

Indexes Pre-training Post-training Z value p value

TP (ms2) 626.47 ± 916.93 922.73 ± 1146.45 −3.538a 0.000

VLF (ms2) 198.06 ± 375.94 141.91 ± 207.92 −2.078b 0.038

LF (ms2) 328.73 ± 442.41 679.12 ± 851.16 −5.229a 0.000

HF (ms2) 99.68 ± 167.41 101.70 ± 239.93 −0.842b 0.400

LF/HF 5.97 ± 4.55 20.00 ± 21.63 −6.215a 0.000

LFnorm 78.58 ± 13.72 88.01 ± 12.15 −4.924a 0.000

HFnorm 21.42 ± 13.72 11.99 ± 12.15 −4.924b 0.000

Note aBased on negative ranks, bBased on positive ranks
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3.3 Comparison of Psychological Training Effects Based
on Different Training Purposes

From Table 3, before the psychological training, the data of SDNN, RMS-SD, SDSD
and HF in autonomic nervous stability training group were higher than stress protec-
tion training group (p < 0.05). After the training, the difference of SDNN between
the two groups was more significant (p < 0.01). TP, LF, LF/HF, LFnorm indexes of
autonomic nervous stability training group were higher, while HFnorm indexes of
autonomic nervous stability training group were lower than stress protection training
group (p < 0.01).

4 Discussions

The most fundamental goal of China’s military flight psychological training is to
improve the psychological function of flight personnel to ensure their normal actions
in high-tech warfare through training; therefore, their operational capabilities can be
maximized. In modern air combat, pilots stay in the air longer, fly intensity harder,
and the pilots would psychologically feel more shocking and destructiveness. This
requires the pilot not only to have the better stress recover ability, but also to have the
ability which can keep a good working condition under great pressure and timely to
make correct operational judgment. Stress protection training after flight and auto-
nomic nervous stability training are the training means to achieve the two goals,
respectively.

HRV refers to small differences between the interval of successive heartbeats
which can appraise the indices of sympathetic and parasympathetic activity. HRV
refers to the continually modified phenomenon in the RR interphase of successive
heartbeat (instantaneous heart rate), which can reflect the comprehensive regula-
tion of the sympathetic nerve and parasympathetic nerves of the heart in actual
time. When individuals are stimulated by stressors, parasympathetic nerve activity
is weakened, the sympathetic nerve activity is relatively enhanced, that will lead
to some cardiovascular response such as rapid heartbeat and elevated blood pres-
sure, while the individual would have conversely response when he is in relaxation.
Therefore, the change of HRV index can reflect individual stress level. The prelim-
inary research results showed that after the stress protection training, pilots’ stress
level has decreased significantly which was achieved the corresponding training
objectives [7].

Autonomic nervous stability training aims to regulate and control the sympathetic
and parasympathetic functions in a psychological coherence state through certain
methods. The research shows that when someone’s body is in a state of autonomic
nerve coherence, his heart rate will close to the sinusoidal waveform, and the sympa-
thetic & parasympathetic nerve activity achieves a balance that the autonomic nerve
function of pilot was mobilization to the right height into the best mental energy area
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(exciting but not nervous), and flight operations can achieve the best performance
[8]. In this study, the indexes of TP, LF, HF and LFnormwere significantly increased,
while HFnorm was significantly decreased, which reflects the pilot overall level of
neurological functionwas increased, the balance of sympathetic and parasympathetic
functions and the coordinated state of mental energy were significantly enhanced.
According to previous research, when someone reached the physiological coherence
state, HRV power spectrum would change significantly, adjusting to the resonance
frequency (about 0.1 Hz) of the feedback loop of baroreceptors [9]. This is consis-
tent with the results that the very low frequency (bands 0.003–0.04 Hz) and high
frequency (bands 0.15–0.4 Hz) significantly decreased and the low frequency power
(bands 0.04–0.15 Hz) significantly increased in the study. In the later research, we
will further discuss the changing situation of frequency power near 0.1 Hz band.

The before–after comparison of the two types training results clearly shows that
psychological state differences of pilots after different psychological training. When
the pilot just finished the flight, he was in a higher stress state with significantly lower
indicators of overall level of neurological function (SDNN, HF) and of activity of
parasympathetic/sympathetic nerve (RMS-SD, SDSD). After the stress protection
training, the pilots’ high-frequency power (HF) increased significantly and the pilot
was in rest state; after the autonomic nervous stability training, pilots’ frequency
domain indexes concentrated on the low frequency (LF), whereas the high frequency
(HF) is significantly lower than the stress protection training level. That reminds us
the pilot’s stress level is mobilized to a certain height. Combined with the results of
its overall level of neurological function rising faster, we can analyze that the pilot
might in a better operating state, which is also consistent with the Yerkes–Dodson
law, which means that the operating stress and operating performance were inverted
u-shaped curve—too high or too low stress level will go against to the best operating
performance.

In conclusion, the psychological training of pilots based on different military
application purposes has gained prominent and targeted effects. Among them, stress
protection training which can help pilots to relax quickly is suitable for pilots who
have just finished their mission, while autonomic nervous stability training is suit-
able for pilots on mission, which should be helpful for them to maintain the best
working condition, and help pilots to play the best operation level. It will plan to
further standardization study these methods and eventually form mature training
subjects and evaluation standards in the future, in order to guide and evaluation
pilots’ psychological training under the new combat training mode better.

Compliance with Ethical Standards
The study was approved by the Logistics Department for Civilian Ethics Committee
of Air Force Medical Center, Fourth Military Medical University.

All subjects who participated in the experiment were provided with and signed
an informed consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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Human Factor Analysis on the Effect
of Pilot’s Interpretation of Airborne
Radar Warning Information

Juan Liu, Shuang Bai, Jiabo Ye, Lin Zhang, Jian Du, Wei Pan, Yubin Zhou,
Qiming Cheng, Liu Yang, and Duanqin Xiong

Abstract Objective—This paper summarizes and sorts out existing deficiencies of
the human–computer interaction interface design of the current mainstream aircraft
airborne radar warning system, and further puts forward the principle of optimization
design, in order to shorten pilot’s reaction time in “dangerous target identification”
and “dangerous target locking and disposal.” Methods—The methods of literature
analysis, questionnaire survey and expert interviewwere used to complete the human
factor analysis. A total of 40 pilots were recruited to participate in this study, and
each pilot completed one-on-one interview according to the established outline, then
finished a questionnaire survey. The interview lasted for 60min. Results—This study
completed the analysis of the existing deficiencies of the current mainstream aircraft
airborne radar warning system, putting the emphasis on the human–computer inter-
face design. On this basis, this study further puts forward the design principles from
four aspects. Conclusions—The designers need to give priority to the problems that
the information presentationmode takes up toomuch cognitive resource of the pilots,
which may cause pilots to miss information, or fail to obtain information in time,
and fail to operate effectively.

Keywords Human factor analysis ·Warning · Human–machine interface · Threat
perception · Visual coding · Visual search

1 Introduction

Pilots need to obtain and maintain the global awareness of the air situation timely
during flight. The most important task for pilots is to find out the threat in time,
determine the direction of the threat source and evaluate its threat level. Therefore,
threat perception is an important psychological ability for pilots. On the one hand,
the level of threat perception ability depends on the pilot’s innate cognitive ability
and motion perception ability. On the other hand, it largely depends on the warnings
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of the alert system on the airborne radar. The on-board radar measures and analyzes
the radar signals reflected by the carrier to prompt the pilot the direction, type and
working status of the threat in a concise and easy-to-read manner. Therefore, the
design of the human–machine interface of the airborne radar warning system is very
important. It is very necessary to conduct human factors investigation and analysis on
the human–machine interface of Chinese current mainstream aircraft airborne radar
warning system, so as to find out the problems existing in the actual use of pilots.

2 Materials and Methods

2.1 Research Objectives

Research objectives: The radar screen presents a large amount of information and
updates extremely fast, having a high timeliness. Therefore, pilots take a lot of effort
to read the information and often worry about some important information missing.
This research aims to analyze and sort out the existing problems in the human–
machine interface design of the current mainstream aircraft airborne radar warning
system, then propose optimization design principles to shorten the time for pilots to
complete “dangerous target identification” and “target locking” during the mission.

2.2 Research Method

The methods of human factor analysis, including literature review, questionnaire
survey and expert interview, were used.

2.3 Research Participants

A total of 40 male pilots were recruited to participate in the interview. The driving
grade and age distribution of the participants are provided in Table 1.

Table 1 Characterization of
participants

Driving grade Number Average age (years)

Aircraft commander 20 47.90 ± 4.96

Co-pilot 20 34.80 ± 4.49
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2.4 Contents of Human Factors Investigation

The interview content includes the following five aspects, and the summary is listed
in Table 2.

Question 1 When the radar catches the dangerous target, can the pilot detect it in
time? What kind of warnings does the radar system give? Can the pilot
identify the target quickly and accurately?Howdo pilots prioritizewhen
selecting targets? Do pilots select priority target depending on their own
judgment or through the automatic warnings of the radar system?When
the radar detects multiple targets, how are the multiple targets arranged
on the Head Up Display (HUD)? How does the radar system inform the
pilot when it automatically selects priority targets?

Question 2 What manual operation steps do pilots need to take to complete “Dan-
gerous Target Lockout”? What signs will appear on the radar screen
after the target is locked? Under what circumstances is the “locking
action” performed automatically by the radar system, and under what
circumstances is it manually operated by the pilot?

Question 3 When the target is locked, when does the pilot determine to take action?
What steps are required to complete the operation?What kind of prompt
messages will be displayed on the radar screen during this process?

Question 4 In the target recognition phase and target lock phase, what kind of
information does the radar system give? What is the effect of prompt
information? Do you have any advice or suggestions on the content and
presentation mode of the existing prompt messages?

Question 5 Studies have shown that somatosensory cues can shorten the pilot’s
response time and improve the accuracy rate. What is the feasibility of
improving the human–machine interface of the radar warning system

Table 2 Summary of interview content

No. Interview question Content outline

1 Question 1 Understanding the basic characteristics of the existing radar
warning man–machine interface

2 Question 2 In the process of locking the dangerous target understanding the
content and mode of the human–computer interaction of the radar
warning system

3 Question 3 In the process of handling the dangerous target, understanding the
content and mode of the human–computer interaction of the radar
warning system

4 Question 4 Understanding the suggestions of the pilots on the improvement of
the current interface

5 Question 5 Proposing the optimization scheme of adding body sense cues in
radar warning human–computer interaction, ask for the opinions of
pilots
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based on this research results? What are the merits and disadvantages?
The vibration intensity of the cabin itself is very strong, if there is more
vibration cue under the seat, will the vibration cue be effective? Where
the vibration sensor should be placed to be more easily detected by
pilots?

3 Analysis of Human Factor and Optimization Design
Principle

3.1 Human Factor Analysis of Radar Interface Information
Processing

3.1.1 Problem of Mismatch Between Task Demand and Cognitive
Ability

Some studies confirm that the cognitive load from visual and auditory channels has
exceeded the psychological and physiological limits of pilots. This phenomenonmay
lead to mental overloading and human error increasing, which may lead to efficiency
decreasing and safety reduction of man–machine system [1]. When pilots encounter
flight special situations in the air, the current traditional human–computer interaction
mode mainly composed of visual and auditory channels can hardly meet the needs
of information exchange between pilots and airplanes.

James Reason, a psychologist at University of Manchester, believes that human
error is related to the response of human information processing system to various
human–computer factors. The possible phenomenon is that the demand of the system
does notmatch the ability of human beings. The external influencing factors that have
a great influence on human errors include three categories: unfamiliar scenarios,
excessive workload and ongoing tasks disturbed. Workload is the most important
environmental factor which includes physical load and cognitive load. Pilots need to
paymore attention to cognitive load. Generally, the bottleneck of cognitive resources
(attention, memory, judgment, analysis ability, etc.) can cause the increase of cogni-
tive load [2]. In a certain period of time, there is a limit to the number of characters
the pilot can read and the speed of eye tracking. If the limit is exceeded, it will lead
to wrong operation.

3.1.2 Problem of Limitations of Vision

The physiological and psychological load of pilots is increasing due to the increase
of flight altitude, speed, cruise time, and the highly intelligent aircraft display and
operation system. Ergonomic design is becoming one of the main problems affecting
flight safety. Therefore, human–machine interface design is very important. As we
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all know, vision is an important channel for human to obtain information. About
80–90% of information comes from vision channel. During the flight, the pilots’
central nervous system and visual organs are always in a state of intense attention:
constantly collecting and analyzing information, making judgments, giving instruc-
tions, etc. Therefore, when designing the cockpit interface, we should go deep into
the characteristics of visual cognition of pilots. In flight activities, besidesmonitoring
the changes of the external environment, the pilot also needs to know the situation
of his own aircraft and the threat to himself. Because most of the working condition
parameters and external input parameters of the aircraft are transmitted to the pilot
by display instrument, the pilot needs to scan the dashboard at all times and process
the provided information, and then control the aircraft. The pilot has limited time to
scan the instrument panel, and they cannot always scan the information. Time limit
and search difficulty of scanning the dashboard will increase the pressure of pilots,
which will affect the physiology and psychology health of pilots.

Airborne radar warning system mainly brings two kinds of visual limitations:
keyhole effect and position sense disappearing.

(1) Keyhole effect
The information displayed by the airborne radarwarning system is distributed on
several different screens, mainly on the head-up display and a small part on the
down-view display. The pilot’s line of sight needs to switch between different
screens, which make it possible that they cannot grasp the overall situation.
The meaning of keyhole effect is that when people view information through
the display, if the information needs to be displayed across pages, viewing a
computer screen is like viewing an object from the keyhole. Because most of
the information is hidden from the pilot’s view, they will be forced to memorize
a lot of information.More concretely, the pilotmust rememberwhat information
is in the computer system, and they also need to think about where and how
to find those information. These cognitive processes greatly increase pilot’s
cognitive load and reduces the efficiency of information processing.

(2) Position sense disappearing
The disappearance of the sense of position will lead to pilot’s inability to obtain
effective information from the radar screen. The pilot is easily lost in the messy
information due to the excessive information. The pilot will not be able to
continuously and skillfully understand the logical relationship of the information
provided by the radar display screen. So the pilot is usually unable to judge the
change of the current situation in time and does not know what to do next. This
will lead to a decrease in pilot capacity. The disappearance of position sense
will cause more cognitive resources to be occupied.
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3.2 Design Principle of Radar Display Interface Based
on Visual Search

3.2.1 The Highlight Way of Visual Coding

The meaning of visual coding is to code information with visual stimuli such as
color, number, letter and figure. Visual coding is divided into single-dimension and
multi-dimension visual coding. Single-dimension visual coding is to encode infor-
mation with one kind of visual stimulus; correspondingly, multi-dimension visual
coding is to combine two or more kinds of visual attributes. With the development
of science and technology, complex man–machine system appears constantly. Under
these circumstances, the visual display interfaces of single element have gradually
decreased, and the multiple visual display interfaces have gradually increased. In the
multi-visual display interfaces, the visual information is not only displayed through
a variety of elements, but also with integrated information of various sources, which
will help the observer make a judgment on the overall state of the system. Multi-
graphics visual display is a kind of visual display which takes graphics as the display
mode and integrates multiple graphics elements. In the process of pilot’s operation, it
is difficult for the operator to obtain comprehensive information from multiple inter-
faces at the same time. Some researches on visual search have proved that brightness,
flicker, color and other display methods can significantly reduce visual search time.
Flicker is the best mode among the three prompt methods of color, brightness and
flicker [3].

3.2.2 Graphic Display and Recognition

Under the condition of multi-interface and multi-task, the observer needs to allocate
attention well. For the display and recognition of graphics, in order to improve the
detection rate of visual search, we must pay attention to the following ergonomic
design principles:➀Triangle is themost ideal target shape coding in interface design;
square and circle are only suitable for target shape coding when necessary. And the
correct recognition rate of triangle is the highest regardless of task weight; ➁ Green
and red are most suitable for target color coding no matter what the task weight is;
blue is only suitable for target color coding with high task weight when necessary,
and blue is not suitable for target color coding with low task weight; ➂ human’s
recognition ability of targets at different positions is affected by the influence of
task weight. In the human–computer interaction interface, the task weight should be
fully considered in the arrangement of the target position. Task weight means the
importance of a task.
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3.2.3 Digital Display and Recognition

Previous studies have suggested that the length of digital presentation time has a
great influence on the accuracy of the operator’s judgment. When the information
needs to be presented to the observer through the computer screen, in order to ensure
the accuracy, the screen time change of digital information should be controlled
within 1500–2000 ms. According to this standard of screen display time, the display
of digital parameter information is designed, which is helpful for the operator to
observe and complete the relevant operation correctly.

3.2.4 Text Display and Recognition

Location coding is related to the field of vision and attention allocation strategy.When
it is in the center, the recognition efficiency is higher thanwhen the text information is
on the edge; and when the text information is on the left, the recognition efficiency is
higher than when it is on the right. The recognition efficiency of Chinese information
is better than that of English information. The features of native language should
be taken into account in the practical application of display interface. In cognitive
science, the theory of feature integration holds that the processing of characters by
visual system is a bottom-up process from extracting local features to obtaining
overall features [4]. Chinese and English belong to two different symbol systems,
respectively. English words are linear strings arranged from left to right, which is not
easy to form the integrity of perception; Chinese characters are square characters,
which are concentrated in one square,matching the focuswidth of the central fovea of
retina, and easy to form the integrity of perception. Human processing of information
can be divided into automatic processing and control processing. When people are
familiar with information in a certain field, they often use automatic processing.
Automatic processing does not need a lot of attention, so automatic processing speed
is faster. Therefore, when the presentation time of Chinese characters is the same as
that of English characters, the recognition accuracy of Chinese characters is higher
and the response time is shorter.

4 Discussion and Conclusion

The radar screen has a large amount of information and a fast update speed, and
most of the radar information is currently displayed through the visual channel.
There are few auditory cues of pure tone signals. The current way of presenting
radar information leads to laborious interpretation by pilots. There are concerns
about information missing and not being able to obtain in a timely manner for pilots’
effective manipulation. The pilots invited to the interview made it clear that the
human–machine interface of the radar warning system was ought to be optimized
urgently. If there is information omission, it will lead to serious consequences and
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even directly to threat safety, which will cause greater psychological pressure on the
pilots. The optimization of the radar warning human–machine interface will greatly
enhance the pilots’ cognitive efficiency.

The ergonomic design of the cockpit information display system is an important
foundation in determining whether the aircraft can perform their task efficiently.
This article analyzes the deficiencies of the human–machine interface design in the
current mainstream aircraft airborne radar warning system and proposes optimized
design principles based on visual search. In the next step, it is urgent to take the
mission demand as the practical guidance of scientific research, and to carry out
exploratory research on pilots’ threat perception improvement. Finally, this article
proposes a multi-channel interaction technology that integrates vision, hearing and
tactile perception in order to provide theoretical basis and technical support for the
design of the radar warning system. This intelligent radar warning system is expected
to reduce pilots’ cognitive load and accelerate pilots’ response speed.

Compliance with Ethical Standards
The study was approved by the Logistics Department for Civilian Ethics Committee
of Air ForceMedical Center of FourthMilitaryMedical University. All subjects who
participated in the experiment were provided with and signed an informed consent
form. All relevant ethical safeguards have been met with regard to subject protection.
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Abstract Objective—When the pilot’s function status is low, he can’t complete
the task effectively, which may cause the whole system to malfunction or even
cause serious accidents. So, in order to provide scientific basis for maintaining and
improving pilot functional state, this paper studies the concept, connotation and influ-
encing factors of pilot’s functional state. Methods—Qualitative research methods
were used, including literature analysis, questionnaire survey and expert interview.
And 30 pilots were recruited to an in-depth interview. Results—There are three main
factors that affect pilots’ functional status: special flying environment, physiological
factors and psychological factors. Among these three factors, the perception ability,
information processing ability, comprehensive cognitive ability and social psycho-
logical state of psychological factors are particularly important for flight function.
Conclusions—The pilot’s functional state directly affects flight safety. It is neces-
sary to pay attention to the factors that may affect flight functional state, and to
monitor the characterization of functional state regularly. Therefore, corresponding
preventive measures can be formulated to reduce the potential risk of threat to flight
safety.

Keywords Qualitative analysis · Pilot · Pilot functional status · Psychological
factors

1 Introduction

The pilot’s functional state refers to the integration of physiological function and
cognitive ability required to complete the flight mission. It can be regarded as the
unity of pilots’ physiological state, psychological state and working state. It focuses
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on the maintenance of workability. The high level of functional status means that the
pilot can work continuously and efficiently and keep appropriate vigilance during
the whole process of work. In flight, the pilot’s functional state will be affected
by many factors. When the pilot flying in the air focuses on one or more tasks for
a long time, the risk of neglecting some important information will increase. In
addition, as the flight gets longer, the pilot is increasingly prone to inattention and
slow response, which will further lead to sharp decline in cognitive ability, including
a decline in operational skills, decision making, analytical and judgment abilities,
fracture ability and monitoring ability [1]. These are the signs of a low function
state. The pilot’s functional state is closely related to flight safety. According to the
statistics of flight accidents from the Federal Aviation Administration (FAA) and
the National Aeronautics and Space Administration (NASA), 52,000 of the 261,000
flight accident reports submitted toNASAby2010were causedby the poor functional
status of pilots, accounting for 21% of the total. The analysis of flight accidents in
the past 20 years shows that with the progress of aviation technology, the proportion
of accidents caused by mechanical factors in all accidents is decreasing. And the
opposite of that is the proportion of accidents caused by human factors in all accidents
is increasing year by year, reaching about 80% [2]. Therefore, it is helpful to reduce
the risk of flight safety by studying pilot function status in depth and mastering its
changing rule accurately. The purpose of this study is to explore the factors that
influence the functional status, especially by integrating analysis of the views of
experienced pilots, so as to provide references for maintaining and improving the
functional status of pilots.

2 Materials and Methods

2.1 Research Objectives

This paper expounds the concept and connotation of pilot functional state and puts
forward the operational definition of pilot functional state. On this basis, this paper
summarizes the main factors affecting the functional state of pilots from the aspects
of physiological factors, psychological factors and flight environment factors, and
focuses on the study of the psychological influencing factors. This study provides an
entry point for the monitoring and maintenance of pilot functions, which will further
guarantee flight safety.

2.2 Research Method

The methods of qualitative analysis, literature review, questionnaire survey, and
expert interview were used.
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Table 1 Characterization of participants

Type of airplane Number Average age (years)

Fighter pilot 15 42.10 ± 5.03

Transport pilot 15 46.78 ± 3.19

Table 2 Summary of interview content

No. Interview question Content outline

1 Question 1 From the perspective of senior pilots, what are the connotations and
concepts of pilot functional status

2 Question 2 Understanding the experience of senior pilots on different levels of
functional status and their judgment criterials

3 Question 3 Collecting the factors that senior pilots think can affect the functional
status, and which factor can be improved by training

2.3 Research Participants

A total of 30 senior pilots were interviewed, and their general information is shown
in Table 1.

2.4 Contents of Investigation

The subjects were interviewed in a semi-structured way. Before the formal interview,
the researchers made an interview outline based on literature review and previous
research. The interview summary is listed in Table 2. The main content of the inter-
view includes three questions: (1) What do you think of the pilot function state
includes and what are the main points of its definition? (2) Please describe in detail
when you have better functional status? When do you have poor functional status?
And what are your subjective and objective criteria for functional status? (3) What
factors do you think can affect pilot function status? And which of these factors can
be improved by pilot training?

3 Main Factors Affecting Pilot’s Functional Status

3.1 Physiological Factor

Healthy physiological state is the first condition to achieve a high level of functional
state. To be able to successfully complete the mission, the pilot needs the body’s
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various systems towork together, especially the eyes, ears, vestibular, skeletalmuscle
system, central nervous system, cardiovascular system, etc. The health of every organ
in the body may directly affect the function of various systems, such as the eyes,
which affect visual and cognitive functions, and finally affect the completion quality
of the flight task. The maintenance of good physiological status needs to meet certain
standards in nutrition, sleep, comfort, health and other aspects; otherwise, it will lead
to the rapid decline of the ability of pilots to complete tasks. In addition, the skeletal
muscle system is the physiological basis of the pilot’s body movement and various
control actions. The flying environment has put forward clear requirements for the
pilot’s body shape, range and intensity of joint motion. Human body measurements
and skeletal muscle condition of the pilot must be mastered, which is the basis of
cockpit layout design and aircraft pilot equipment size design.

3.2 Psychological Factor

3.2.1 Cognitive Ability

1. Perceptual ability

Perceptual ability is an important condition for pilots to complete flight tasks. The
sensory and perceptual system is the basic structure for human body to receive
external stimulation and produce sensation. The input of various senses (vision,
hearing, balance sense, tactile sense, proprioception, etc.) is the basis for pilots to
complete aircraft control tasks timely, accurately, safely and effectively. When flying
in the air, environmental stimuli such as low air pressure, hypoxia, acceleration
overload, vibration and high noise have a great impact on human perception ability,
which interferes with the functions of various sensory channels. As a result, pilots
are prone to spatial disorientation, visual degradation and motor dysfunction.

2. Information processing capacity

With the development of aircraft manufacturing technology, aircraft system design
has been highly informationized and automated, which makes the pilot gradually
become a monitor and operator of a complex system. That is to say, the pilot needs
to quickly make accurate situation analysis and make timely decisions when they
are overloaded with information. Massive multi-channel information input, multi-
task parallel processing, complex decision-making environment and time pressure
bring great challenges to the cognitive ability of pilots [3, 4]. The pilot’s ability
of information processing, such as vision, hearing, spatial cognition, continuous
attention and attention distribution, and accurate response operation, is the key ability
needed to complete the mission.
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3. Comprehensive cognitive ability

Through the analysis of pilots’ work tasks, the Royal Air Force (RAF) puts forward
fivekinds offlight abilities: attention capacity, logical thinking ability, thinking speed,
reasoning ability and spatial orientation ability. From these five aspects, a complete
set of pilot selection and assessment system has been developed. The system has been
used in all air force pilot selection in the UK since 1997. A survey of a large number
of flight instructors conducted in Russia determined that the most important abilities
of pilots were: wide attention span, fast attention transfer, high stability of attention,
fast and long memory, high spatial and temporal capacity, fast reaction speed, wide
range and high perceptual accuracy. In the field of civil aviation, Deutsche Lufthansa
summarized the essential skills of a pilot as follows: language expression, mathe-
matical thinking and reasoning, memory, perception, attention, spatial positioning
and psychological movement. In cooperation with the Psychological Department
of the German Aerospace Center, Lufthansa has jointly developed a psychological
selection system for pilots. According to the theory of psychology and the content of
flight training, Chinese scholars divide flight ability into two aspects: general ability
and special ability. These abilities can be subdivided into: (1) good spatial orienta-
tion ability; (2) good attention; (3) sensitive perception and observation ability; (4)
quick thinking ability; (5) fast and accurate memory; (6) flexible adaptability; (7) fast
and accurate action response ability; (8) strong creativity; (9) high emotion control
ability; (10) good organization and management ability.

3.2.2 Social Psychological State

Social psychological state not only affects the cognitive ability, but also has an
important impact on the decision-making stability of pilots.

1. The influence of emotion on cognition and decision

In recent years, researchers pay more and more attention to the influence of emotion
on human cognitive process, especially the influence of emotion on decision making.
Among them, the phenomenon that anxiety affects decision making has become a
research hotspot in thefield of decisionmaking because of its outstanding universality
and practical significance. Anxiety is the most common negative emotional state of
modern people. When people are faced with uncertain situations, they subjectively
feel anxious, nervous and troubled.Meanwhile, the autonomic nervous system is acti-
vated to dealwith potential threats. Anxiety has a profound impact on human decision
making and behaviors—the most prominent performance is that the improvement
of anxiety level makes decision makers tend to avoid risks and make conservative
choices.
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2. The influence of personality on decision making

Personality is a person’s stable attitude to the real world and the habitual way of
behaviors based on his attitude. It is an outstanding aspect of human’s psycholog-
ical outlook, and its structure is multi-level, usually including the realistic attitude
characteristics of personality, the will characteristics of personality, the emotional
characteristics of personality and the rational characteristics of personality. For
example, carefulness, dogmatism, firmness and decisiveness, arbitrariness and calm-
ness, which are embodied in personality differences, will bring different effects to
decision making. Generally speaking, positive personality traits are conducive to
decision-making optimization, while negative personality traits greatly hinder the
best decision making.

3. The influence of team compatibility on team performance

Team conflict has a very important impact on team performance. Team conflict can
be divided into relationship conflict and task conflict. Relationship conflict always
plays a negative role, which arouses hatred and hostility among members, leading
to the degradation of decision quality. Task conflict has both positive and negative
effects: On the one hand, task conflict can increase the exchange of information,
stimulate new ideas and improve the quality of decision making; on the other hand,
with the strengthening of task conflict, the harmonious relationship of the teamwill be
destroyed, which may cause relationship conflict, and then have a negative impact on
the quality of decisionmaking. Therefore, to explore the impact of teamcompatibility
on team decision-making performance, we should focus on task conflict. It should
be explored in depth how to play a positive role of task conflict in decision-making
quality and how to minimize its possible negative effects.

3.3 Influence of Flight Environment on Function State

When flying in the air, pilots need to suffer from low air pressure, lack of oxygen,
acceleration overload, vibration and high noise, and sometimes fatigue and sleep
deprivation, or sometimes have to fly in the dark with limited vision. These environ-
mental factors have a huge negative impact on the functional status of pilots, which
will damage their cognitive function and operational ability of pilots. According to
the research of theUSArmyResearch Institute, fatigue and sleep deprivation can lead
to the decline of soldiers’ work performance; acceleration overload can sometimes
lead to “black vision” in pilots, and short-term “black vision” can lead to the decline
of visual sensitivity and tracking ability,messymind, amnesia, nausea, vertigo (dizzi-
ness or sense of rotation) and disorientation. The brain tissue of pilots suffering from
acceleration overload for a long time may be permanently damaged, and their vision,
memory, cognitive function may correspondingly decline. In addition to acceleration
overload, low air pressure and hypoxia can also cause pilots’ headache, dizziness,
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panic, and shortness of breath, nausea, vomiting and other symptoms, which have a
negative impact on the cognitive function of pilots. The negative influence of extreme
flight environment on pilot’s functional state is an important bottleneck to limit pilot’s
operational ability. At present, the principle of reducing the negative impact of flight
environment to the pilot’s functional state is not completely clear. In the future, it
is necessary to deeply study the law of the pilot’s cognitive decision-making ability
from the perspective of brain operation mechanism and analyze the changes of brain
in the flight environment, so as tomaintain the pilot’s air functional state. On the other
hand, it is necessary to establish an effective, reliable and sensitive pilot functional
state monitoring technology [5], in order to grasp the changes of pilot’s functional
state during the mission, and effectively discover the signs of accidents to ensure
flight safety.

4 Discussion and Conclusion

This study synthesizes the views of all invited interviewed pilots. The functional
status of pilots is affected by many factors, among which the most important safety
factor is the pilot. The pilot is the most active factor in the aviation man–machine
system [6], and the pilot is also themost vulnerable factor in the system. The working
ability of the pilot is limited by the physiological limit and the consciousness limit,
and is also easily affected by the environmental or equipment factors. In short, pilot
functional state has a great impact on flight safety. Pilot functional state is affected by
many factors, including workload and pilot internal state. Workload mainly includes
the task requirements and environmental requirements of human–aircraft system
for pilots; the internal state is affected by comprehensive factors, such as cognitive
ability, psychological load, physiological state, working environment, personality
traits, psychological sensitivity and work experience. In addition to routine physical
examinations, pilots also need to check their functional status before performing
major missions. Flight surgeons should not only pay attention to the physical condi-
tions of pilots, but also evaluate their functional state. By judging the physiological
and psychological conditions of the pilot, it can be inferred whether the pilot is fit
to perform a certain task, so as to make a comprehensive judgment. The compre-
hensive evaluation of the pilot’s function state before flight is helpful to improve the
scientificity of the flight control decision. The internal state of pilots is an impor-
tant factor that affects their functional state. And the internal state is not static, so
it requires close attention and regular monitoring by flight surgeons. According to
its characteristics, pilot functional state may have the following six manifestations:
(1) a quiet state of active preparation; (2) a state of nervous and emotional stress;
(3) a state of comfort and relaxation; (4) an overly emotional state of tension; (5)
a state of depression after a long monotonous flight; (6) a state of fatigue or over
fatigue. The over fatigue state is the extreme of the development and change of the
pilot’s functional state, and it is also an important subject of aviation health protec-
tion. Although it cannot be absolutely considered that fatigue will certainly lead to
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the decline of flight performance, but in the fatigue state, the consumption of energy
resources of pilots can further reduce their physiological and psychological reserves,
weaken their anti hypoxia and acceleration capacity. In such cases, if an accident or
emergency occurs, improper handling and flight accidents are likely to occur.

Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Air Force Medical Center of Fourth Military Medical University. All
subjects who participated in the experiment were provided with and signed an informed consent
form. All relevant ethical safeguards have been met with regard to subject protection.
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Study on Sensory Evaluation of Instant
Rice by Fuzzy Mathematics Method

Huiling Mu, Peng Du, Longmei Fang, Shuang Bai, Ximeng Chen, Peng Liu,
and Ruoyong Wang

Abstract Objective: To study the sensory quality of six kinds of instant rice by fuzzy
mathematicsmethod.Methods:Adopted themethodof fuzzymathematicswith color,
status, smell, texture and taste as evaluation factors and carried out fuzzymathematics
judgment of the sensory quality of six kinds of instant rice: rice, five grains rice, coix
seed rice, mung bean rice, highland barley rice and black rice. Results: The fuzzy
comprehensive sensory evaluation scores of six kinds of instant rice from high to
low were black rice, coix seed rice, five grains rice, mung bean rice, highland barley
rice and rice. Conclusions: The fuzzy mathematics method can reflect the sensory
quality of military instant rice objectively, which provided a reference method for
the comprehensive sensory quality evaluation of military food.

Keywords Instant rice · Sensory evaluation · Fuzzy mathematics method

1 Introduction

Instant rice is a kind of staple instant food that can be industrialized and mass
produced. The color, texture, taste and other sensory quality of instant rice are basi-
cally the same as the fresh rice [1]. It can be eaten directly or after simple heating.
Because it is easy to eat and carry and can meet people’s traditional eating habits and
nutritional needs, it brings us a lot of convenience in our life. Military instant rice
is a part of long duration flight food, which is a kind of food developed for pilots to
eat on airplanes in order to carry out long-distance flight missions [2]. It belongs to
military food, and its shelf life usually needs to be more than 2 years or even longer,
which also puts forward higher requirements for the acceptability of sensory quality
of military food.

At present, fuzzy mathematics method had been widely used in food sensory
evaluation [3–11]. However, it had not been reported in the comprehensive sensory
evaluation of military food. Therefore, comprehensive fuzzy mathematics evaluation
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Table 1 Main raw materials proportion of six kinds of military instant rice

Sample code Product The main raw materials proportion

S1 Rice 100% rice

S2 Five grain rice 60% rice, 20% corn, 10% millet, 5% glutinous rice, 5%
wheat

S3 Highland barley rice 60% brown rice, 20% corn, 10% millet, 10% highland
barley

S4 Mung bean rice 80% rice, 10% mung bean, 10% millet

S5 Black rice 75% rice, 15% black rice, 10% millet

S6 Coix seed rice 85% rice, 10% coix seed, 5% yam

of six kinds ofmilitary instant ricewas carried out, which selected color, status, smell,
texture and taste as the evaluation factors of sensory quality of military instant rice in
this study, in order to evaluate the sensory quality of military instant rice objectively
and fairly, and provide a reference method for the comprehensive sensory quality
evaluation of military instant rice.

2 Materials and Methods

2.1 Preparation of Military Instant Rice

Military instant rice was made of rice as the main raw material, with or without
all kinds of edible raw grains such as millet, corn, highland barley and so on. It
was processed by raw grain processing, flour mixing, molding, maturing, cooling,
packaging and other processes. It can be eaten after being soaked in hot water (above
90 °C) for 10 min.

Six kinds of military instant rice were rice, five grain rice, coix seed rice, mung
bean rice, highland barley rice and black rice, respectively. The main raw materials
proportion of the products was shown in Table 1.

2.2 Sensory Evaluation

Forty-five male fighter pilots with an average age of (34.2± 6.9) years were selected
for sensory evaluation of six kinds of military instant rice samples. According to
personal preferences, they evaluated the color, status, smell, texture and taste of the
instant rice by the nine-point system and the sensory evaluation criterion of military
instant rice (Table 2). The nine-point system included nine levels: extremely like
(nine points), very like (eight points), like (seven points), a little like (six points),
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Table 2 Sensory evaluation criterion of military instant rice

Indicator Criterion Preference Score

Color (15%) The color of rice should be bright and
luster

like–extremely like 7–9

The color of rice is normal and
slightly glossy

less like–a little like 4–6

The color of rice is abnormal and
lusterless

extremely dislike–not like 1–3

Status (15%) The structure of rice is compact, and
the integrity of rice grains is good

like–extremely like 7–9

Most of the structure of rice is
compact and complete

less like–a little like 4–6

Rice burst extremely dislike–not like 1–3

Smell (20%) With the unique aroma of rice, which
is strong

like–extremely like 7–9

With the unique aroma of rice, which
is fragrant

less like–a little like 4–6

With the unique aroma of rice, which
is not obvious

extremely dislike–not like 1–3

Texture (25%) The rice is chewy, moderate in
hardness, not sticky

like–extremely like 7–9

The rice is a little bit chewy, feels a
little hard or soft and basically does
not stick to teeth

less like–a little like 4–6

The rice feels dross, very hard or soft,
sticky

extremely dislike–not like 1–3

Taste (25%) Strong fragrance and sweet taste
when chewing

like–extremely like 7–9

Light fragrance and sweet taste when
chewing

less like–a little like 4–6

No fragrance and sweetness when
chewing

extremely dislike–not like 1–3

general (five points), less like (four points), not like (seven points), very dislike (eight
points) and extremely dislike (one point); the more you like, the higher the score is.

Before sensory evaluation, the evaluators should be trained to understand the
meaning and scoring standards of various sensory evaluation indexes. Each evalua-
tion should be recorded by each evaluation personnel independently, without contact
and communication with each other, and each sample evaluation should be rinsed
with water.
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2.3 Establishment of Fuzzy Mathematical Model

1. Determined the factor set. The color, status, smell, texture and taste were selected
as evaluation factors, U1, U2, U3, U4 and U5 represented color, status, smell,
texture and taste, respectively. The factor set U = {U1, U2, U3, U4, U5}.

2. Determined the comment set V = {V 1, V 2, V 3, V 4, V 5, V 6, V 7, V 8, V 9}, where
V 1 meant extremely like (nine points), V 2 meant very like (eight points), V 3

meant like (seven points), V 4 meant a little like (six points), V 5 meant general
(five points), V 6 meant less like (four points), V 7 meant not like (three points),
V 8 meant very dislike (two points) and V 9 meant extremely dislike (one point).

3. Determined the weight set W = {W1, W2, W3, W4, W5}. This experiment was
based on sensory evaluation criteria of military instant rice (Table 2): color 15%,
status 15%, smell 20%, texture 25% and taste 25% as the distribution basis of
weight coefficients. The weight coefficients of color, status, smell, texture and
taste were 0.15, 0.15, 0.20, 0.25 and 0.25, respectively, and the total was 1, the
weight setW = {0.15, 0.15, 0.20, 0.25, 0.25}.

4. Determined fuzzy relation comprehensive evaluation set. The comprehensive
evaluation set of fuzzy relation is Y = W ·R, where Y is the comprehensive
evaluation set,W is the weight set, and R is the fuzzy evaluation matrix.

3 Results and Analysis

3.1 Sensory Evaluation Results

According to the sensory evaluationmethods and criteria, six kinds ofmilitary instant
rice were evaluated. The results were shown in Table 3.

3.2 Establishment of Fuzzy Comprehensive Evaluation Set

Divide the data in Table 3 by the total number of evaluators (45) to get six fuzzy
evaluation matrices:

R1 =
(
ri j

)
5×9 =

∣∣∣
∣∣∣∣∣
∣∣

14/45 1/5 13/45 1/15 4/45 1/45 1/45 0 0
2/5 1/9 11/45 4/45 1/9 1/45 1/45 0 0
4/15 7/45 13/45 1/9 2/15 1/45 1/45 0 0
2/9 14/45 11/45 2/45 4/45 1/15 1/45 0 0
8/45 17/45 2/9 1/15 4/45 2/45 1/45 0 0

∣∣∣
∣∣∣∣∣
∣∣
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Table 3 Sensory evaluation results of six kinds of military instant rice (n = 45)

Sample code Indicator Score

9 8 7 6 5 4 3 2 1

S1 Color (U1) 14 9 13 3 4 1 1 0 0

Status (U2) 18 5 11 4 5 1 1 0 0

Smell (U3) 12 7 13 5 6 1 1 0 0

Texture (U4) 10 14 11 2 4 3 1 0 0

Taste (U5) 8 17 10 3 4 2 1 0 0

S2 Color (U1) 12 18 5 8 2 0 0 0 0

Status (U2) 16 11 11 3 4 0 0 0 0

Smell (U3) 10 14 12 6 3 0 0 0 0

Texture (U4) 8 16 11 7 3 0 0 0 0

Taste (U5) 8 17 12 5 3 0 0 0 0

S3 Color (U1) 12 11 6 13 3 0 0 0 0

Status (U2) 14 12 8 6 5 0 0 0 0

Smell (U3) 9 14 8 11 3 0 0 0 0

Texture (U4) 10 13 10 5 7 0 0 0 0

Taste (U5) 7 14 14 5 5 0 0 0 0

S4 Color (U1) 12 12 10 5 6 0 0 0 0

Status (U2) 14 13 6 5 7 0 0 0 0

Smell (U3) 8 18 9 8 2 0 0 0 0

Texture (U4) 6 13 20 3 3 0 0 0 0

Taste (U5) 6 17 11 8 3 0 0 0 0

S5 Color (U1) 22 9 10 2 2 0 0 0 0

Status (U2) 20 9 9 3 4 0 0 0 0

Smell (U3) 17 13 6 7 2 0 0 0 0

Texture (U4) 15 12 13 2 3 0 0 0 0

Taste (U5) 13 15 11 3 3 0 0 0 0

S6 Color (U1) 14 17 8 4 2 0 0 0 0

Status (U2) 14 15 9 3 4 0 0 0 0

Smell (U3) 14 13 6 9 3 0 0 0 0

Texture (U4) 10 14 13 5 3 0 0 0 0

Taste (U5) 10 15 14 3 3 0 0 0 0

R2 =
(
ri j

)
5×9 =

∣∣∣∣∣
∣∣∣∣∣

4/15 2/5 1/9 8/45 2/45 0 0 0 0
16/45 11/45 11/45 1/15 4/45 0 0 0 0
2/9 14/45 4/15 2/15 1/15 0 0 0 0
8/45 16/45 11/45 7/45 1/15 0 0 0 0
8/45 17/45 4/15 1/9 1/15 0 0 0 0

∣∣∣∣∣
∣∣∣∣∣
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R3 =
(
ri j

)
5×9 =

∣
∣∣∣∣∣∣
∣∣∣

4/15 11/45 2/15 13/45 1/15 0 0 0 0
14/45 4/15 8/45 2/15 1/9 0 0 0 0
1/5 14/45 8/45 11/45 1/15 0 0 0 0
2/9 13/45 2/9 1/9 7/45 0 0 0 0
7/45 14/45 14/45 1/9 1/9 0 0 0 0

∣
∣∣∣∣∣∣
∣∣∣

R4 =
(
ri j

)
5×9 =

∣∣
∣∣∣∣∣∣
∣∣

4/15 4/15 2/9 1/9 2/15 0 0 0 0
14/45 13/45 2/15 1/9 7/45 0 0 0 0
8/45 2/5 1/5 8/45 2/45 0 0 0 0
2/15 13/45 4/9 1/15 1/15 0 0 0 0
2/15 17/45 11/45 8/45 1/15 0 0 0 0

∣∣
∣∣∣∣∣∣
∣∣

R5 =
(
ri j

)
5×9 =

∣∣∣
∣∣∣∣∣∣
∣

22/45 1/5 2/9 2/45 2/45 0 0 0 0
4/9 1/5 1/5 1/15 4/45 0 0 0 0
17/45 13/45 2/15 7/45 2/45 0 0 0 0
1/3 4/15 13/45 2/45 1/15 0 0 0 0
13/45 1/3 11/45 1/15 1/15 0 0 0 0

∣∣∣
∣∣∣∣∣∣
∣

R6 =
(
ri j

)
5×9 =

∣∣∣∣
∣∣∣∣∣∣

14/45 17/45 8/45 4/45 2/45 0 0 0 0
14/45 1/3 1/5 1/15 4/45 0 0 0 0
14/45 13/45 2/15 1/5 1/15 0 0 0 0
2/9 14/45 13/45 1/9 1/15 0 0 0 0
2/9 1/3 14/45 1/15 1/15 0 0 0 0

∣∣∣∣
∣∣∣∣∣∣

rij indicates the degree of subordination from the evaluation indexes of military
instant rice to the evaluation results of the indexes.

The comprehensive membership degree of samples was calculated by using
matrix multiplication [9–11]. The result vector of the comprehensive sensory quality
evaluation of military instant rice was as follows:

Y1 = W · R1 = {0.15, 0.15, 0.20, 0.25, 0.25}
∣∣∣∣∣
∣∣∣∣∣

14/45 1/5 13/45 1/15 4/45 1/45 1/45 0 0
2/5 1/9 11/45 4/45 1/9 1/45 1/45 0 0
4/15 7/45 13/45 1/9 2/15 1/45 1/45 0 0
2/9 14/45 11/45 2/45 4/45 1/15 1/45 0 0
8/45 17/45 2/9 1/15 4/45 2/45 1/45 0 0

∣∣∣∣∣
∣∣∣∣∣

Among them, y11 = 0.15 × 14/45 + 0.15 × 2/5 + 0.20 × 4/15 + 0.25 × 2/9 +
0.25× 8/45= 0.260, y12 = 0.15× 1/5+ 0.15× 1/9+ 0.20× 7/45+ 0.25× 14/45
+ 0.25 × 17/45 = 0.250.

Similarly, y13 = 0.254, y14 = 0.073, y15 = 0.101, y16 = 0.039, y17 = 0.022, y18 =
0, y19 = 0. Therefore, Y 1 = {0.260, 0.250, 0.254, 0.073, 0.101, 0.039, 0.022, 0, 0}.

Similarly,



Study on Sensory Evaluation of Instant Rice by Fuzzy … 133

Y2 = {0.227, 0.342, 0.234, 0.130, 0.067, 0, 0, 0, 0}
Y3 = {0.221, 0.289, 0.216, 0.168, 0.107, 0, 0, 0, 0}
Y4 = {0.189, 0.330, 0.266, 0.130, 0.086, 0, 0, 0, 0}
Y5 = {0.371, 0.268, 0.223, 0.076, 0.062, 0, 0, 0, 0}
Y6 = {0.267, 0.326, 0.233, 0.108, 0.067, 0, 0, 0, 0}

The comprehensive scores of each sample were calculated according to the
comprehensive score formula 1:

Hi =
n∑

j=1

jYi (1)

H1 = 9× 0.260+ 8× 0.250+ 7× 0.260+ 6× 0.089+ 5× 0.0.068+ 4× 0.016
+ 3× 0+ 2× 0+ 1× 0= 7.29. Similarly,H2 = 7.53,H3 = 7.35,H4 = 7.41,H5 =
7.81, H6 = 7.62. Therefore, the sensory quality of six kinds of military instant rice
from high to low was S5 > S6 > S2 > S4 > S3 > S1. Sensory evaluation results showed
that the sensory quality of black rice samples was the best, and the sensory quality of
rice samples was the worst. The comprehensive scores of black rice, coix seed rice
and five grains rice are between 7 and 8, close to 8, which indicates that the three
kinds of rice preferred to very like between like and very like. The comprehensive
scores of mung bean rice, highland barley rice and rice were between 7 and 8, close
to 7, which indicates that the three kinds of rice preferred to like between like and
very like.

4 Conclusions

At present, the sensory evaluation of military food in our army is using the nine-point
system. This evaluation method can fully reflect the personal preferences, but there is
subjectivity. The individual differences of the evaluation personnel will significantly
affect the evaluation results. Therefore, in this study, the sensory quality of six kinds
of instant rice was evaluated by fuzzy mathematics sensory evaluation method with
color, status, smell, texture and taste as evaluation factors. The results showed that the
fuzzy comprehensive sensory evaluation scores of six kinds of instant rice from high
to lowwere black rice, coix seed rice, five grains rice,mung bean rice, highland barley
rice and rice. Fuzzymathematicsmethodovercame the influenceof subjective factors,
can reflect the sensory quality of military instant rice objectively and accurately and
provided a reference method for the comprehensive sensory quality evaluation of
military food.
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Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Air Force Medical Center. All subjects who participated in the exper-
iment were provided with and signed an informed consent form. All relevant ethical safeguards
have been met with regard to subject protection.
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Study on the Workload of 12 h Simulated
Flight Continuously Across Day
and Night

Feng Wu, Dawei Tian, Hua Ge, Shuang Bai, Andong Zhao, Ruoyong Wang,
Yanpeng Zhao, Quan Wang, and Lue Deng

Abstract Objective: To investigate the workload of 12 h simulated long-haul flight
continuously across day and night. Methods: Six healthy male young volunteers,
aged from 19 to 21 years, were trained in simulated flight and skilled in operating
flight simulation software before the experiment. Subjects began the simulated flight
every day at 20:00 and lasted for 12 h that ended at 8:00. Subjects flew for three
consecutive days and slept at least 6 h during the day.Workload evaluation indicators
were tested before and after simulated flights on the first, second, and third days,
respectively. Reaction time (RT), motion time (MT), critical flicker fusion frequency
(CFF), Stanford Sleepiness Scale (SSS), and rating of perceived exertion scale (RPE)
were measured. Results: RT increased after simulated flights on the second and third
days, but there was no significant difference between before and after flights. MT
increased after the first and second days of simulated flight, but the difference was
statistically significant only after the first day of flight. There was no significant
difference in CFF between before and after three consecutive days of simulated
flight. SSS and RPE scores were significantly increased after 12 h simulated flight
for three consecutive days.Conclusions: 12 h simulated long-haul flight continuously
across day and night could aggravate the flight workload and heavy fatigue.

Keywords Simulated flight · Long-haul flight · Fatigue ·Workload

1 Introduction

The physical and mental loads of military pilots are different with the different time
schedule of flight mission and the interval of repeating flight mission. Generally
speaking, the longer the duration of flight, themore obvious the impact on the physical
and mental functions of the pilots is. Flying at night or across the day and sudden
emergencies has a greater impact on the physical and mental functions of pilots than
flights in daytime and routine missions. Long-haul continuous flight or cross time
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zone flight will disturb the normal work and rest rules of pilots, resulting in sleep
rhythm disorder, and the adverse effects on mental status and cognitive performance
of pilots are more obvious. The research on the prevention and control measures
of long-haul flight fatigue has become a hot issue in aviation medicine research [1,
2]. In this paper, from the perspective of workload, the effects of 12 h simulated
flight continuously across the day and night on body and mind were studied, the
characteristics of psychological and physiological changes of long-haul pilots were
discussed, and effective long-haul flight supportmeasureswere developed to improve
combat capability of military pilots.

2 Methods

2.1 Subjects

Six healthy young male volunteers, aged from 19 to 21 years, with height of (171±
1.7) cm and weight of (68.7 ± 7.1) kg, were all right-handed, had no hobbies such
as smoking and drinking, no habits such as drinking strong tea and coffee, life rules,
no self-reported sleep disorders, and no medication history and history of neurology
and psychiatry.

2.2 Methods and Steps

Subjects were trained in simulated flight before the experiment and skilled in oper-
ating flight simulation software (Lock On Flaming Cliffs 3). Subjects were allowed
to work and rest normally 1 week before the experiment, and smoke, alcohol, tea,
coffee, and other drinks were prohibited. Subjects are prohibited from using central
excitatory or inhibitory drugs to avoid strenuous exercise. Subjects began the simu-
lated flight every day at 20:00 and lasted for 12 h that ended at 8:00. Subjects flew
for three consecutive days and slept at least 6 h during the day. Workload evaluation
indicators were tested before and after simulated flights on the first, second, and third
days, respectively.

2.3 Parameters and Equipments

1. Reaction Time (RT), Motion Time (MT)

Reaction time and motion time tester (BEIDA JADE BIRD BD-II-513) was used.
The stimulation mode was simultaneous presentation of sound and light stimulation,
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and the number of experiments was 10. The measurements were repeated three times
before and after 12 h flight, and the average values were obtained.

2. Critical Flicker Fusion Frequency (CFF)

Window flicker meter (BEIDA JADE BIRD BD-II-118) was used. Red spot was
selected, light intensity was 1/2, bright black ratio was 1: 1, and the background light
intensity was 1/16. According to the order of “raise, cut,” recording a total of two
frequency values takes the arithmetic mean as one result. Repeat measurements three
times before and after flight to get the average value.

3. Stanford Sleepiness Scale (SSS) and Rating of Perceived Exertion Scale (RPE)

SSS is divided into seven grades, from “awake and alert” for 1 score to “almost fall
to sleep” for 7 scores. RPE is used to evaluate fatigue autonomously according to
0–10 points, 0 points are no fatigue, 1–4 points are relatively light fatigue, 5 points
are a little heavy fatigue, 6–9 points are heavy fatigue, and 10 points are very heavy
fatigue.

2.4 Statistical Analysis

SPSS18.0 statistical software was used for paired sample T-test analysis, with P <
0.05 as the difference was statistically significant.

3 Results

As shown in Fig. 1, RT increased after simulated flights on the second and third
days, but there was no significant difference between before and after flights. MT
increased after the first and second days of simulated flight, but the difference was
statistically significant only after the first day of flight (P < 0.05).

There was no significant difference in CFF between before and after three
consecutive days of simulated flight (P > 0.05), as shown in Fig. 2.

As shown in Fig. 3, SSS and RPE scores were significantly increased after 12 h
simulated flight for three consecutive days (P < 0.01 or P < 0.05).

4 Discussion

Military pilots who perform long-haul flight tasks are prone to flight fatigue, which
seriously affects performance and even causes flight safety problems. Continuous
long-haul flight across the day and night will cause disturbance of circadian sleep
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Fig. 1 Reaction time and motion time of subjects during 12 h simulated flight for three consecutive
days (Note *P < 0.05, **P < 0.01 compared with preflight)

rhythm, increase fatigue and sleepiness, and decrease cognitive ability [3]. Workload
evaluation is an important research tool to improve work efficiency, prevent fatigue,
and maintain the physical and mental health of pilots.

CFF and reaction time and motion time measurement are commonly used physi-
ological and psychological indicators of fatigue. In the results of this study, although
only the first 12 h of simulated flightmotion time increased significantly, but the reac-
tion time and motion time also increased after the second 12 h simulated flight. CFF
changed before and after three consecutive days of simulated flight, but there was no
significant difference. This indicates that the simulated flight workload increases and
fatigue occurs in 12 h across the day and night, but because the subjects may produce
adaptability for three consecutive days of simulated flight, the indicator difference is
not significant. In addition, the subjects slept at least 6 h during the day after the end
of each day’s flight in the experiment, which alleviated sleep deprivation and adjusted
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Fig. 2 CFF of subjects during 12 h simulated flight for three consecutive days (Note *P < 0.05,
**P < 0.01 compared with preflight)

the sleep rhythm during the day and night flights. This may also be the reason why
there is no significant difference in RT and MT and CFF between before and after
three consecutive days of simulated flight. Studies have shown that sleep less than
6 h before the task 24 h will lead to impaired operational ability and increased error
rate [4]. Dawson and McCulloch suggested that 6 h sleep was obtained 24 h before
the task could be used as a threshold for assessing increased fatigue risk [5]. Six-hour
sleep can be used as an important reference to improve the sleep rhythm disorders
of long-haul flight in the future.

Since people have a certain perception ofworkload, subjective evaluation ofwork-
load can be judged by subjective scale. In this study, 12 h of simulated flight across
the day and night caused a significant increase in subjective fatigue and sleepiness.
The evaluation of simulated long-haul flight workload is of great significance to
flight training and formulation of aviation health support measures [6]. This study
only preliminarily explores the evaluation indicators of long-haul flight workload. In
the subsequent experiments, we should continue to improve the evaluation method
to provide the basis for the development of long-haul flight support measures.
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Fig. 3 SSS and RPE of subjects during 12 h simulated flight for three consecutive days (Note *P
< 0.05, **P < 0.01 compared with preflight)
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Study on Nutritional Status
and Changing Trend of Air Force Pilots

Peng Du, Huiling Mu, Shuang Bai, Longmei Fang, Ximeng Chen,
Hongjiang Jing, Feng Li, Peng Liu, Lili Zhang, and Ruoyong Wang

Abstract Objective To understand the nutritional status of air force pilots and
explore its changing trend, so as to provide scientific basis for guiding reasonable
nutrition and improving operational performance of the air force pilots. Methods
125–147 male pilots were included in the study. The energy intake was estimated
by weighing method. The energy consumption was assessed by life observation
method. The body mass index (BMI) was calculated by height and weight. Serum
total cholesterol (TC) and triglyceride (TG) were determined by double reagent
enzyme method. The results were compared with that of nutrition survey for air
force pilots in 1997 and 2007. Results The average daily energy intake and consump-
tion was 3375.2 kcal and 3091.5 kcal, respectively. Protein, fat, and carbohydrate
provided 17.4%, 43.9%, and 38.7% of the daily energy intake, respectively. The inci-
dence of underweight, overweight, and obesity was 4.8%, 16.8%, and 4.0%, while
the prevalence of hypertriglyceridemia and hypercholesterolemia was 31.2% and
36.1%, respectively. The nutritional status of air force pilots changed a lot compared
with that of 1997. However, the situation seemed to be improved compared with
that of 2007. Conclusions The dietary pattern of air force pilots was not reasonable
and the incidence of overweight, obesity, and dyslipidemia was high. Nutritional
intervention and guidance should be strengthened.

Keywords Pilots · Nutritional status · Nutrition evaluation · BMI

1 Introduction

The incidence of overweight and obesity in air force pilots is increasing as well as
the incidence of chronic non-infectious diseases closely related to nutritional status
in recent years, posing a serious threat on the health of the pilots [1, 2]. Therefore,
this study investigated the nutritional status of the air force pilots and compared
the results with those of 1997 and 2007, exploring the development trend, so as to
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provide scientific basis for guiding reasonable nutrition and physical fitness of air
force pilots.

2 Subjects and Methods

2.1 Subjects

125–147 male air force pilots were included, with an average age of (36.9 ± 6.3)
years, an average height of (174.4 ± 4.7) cm, and an average weight of (74.8 ± 8.5)
kg.

2.2 Methods

2.2.1 Energy Indexes

Energy intake was estimated by weighing method for 3 consecutive days, including
one flight day. The energy intake and the energy supply ratio of the three major
nutrients were calculated. The data of the food composition used was from “2018
China food composition tables-standard edition (6th Edition)” [3]. Life observation
method was used for the energy consumption survey. 12 pilots with representative
height and weight were selected as the survey subjects, and their 24-h activities were
recorded for 3 consecutive days. The daily energy consumption of each person was
calculated according to the energy consumption rate of various activities.

2.2.2 BMI

The height and weight of the pilots was measured. BMI was calculated according
to Eq. (1). According to the criteria of “Evaluation of nutritional status for air force
pilots,” the normal range of BMI was 20–26. If the BMI was lower than 20, it was
underweight. If BMI ≥26, it was overweight. If BMI ≥28, it was obesity.

BMI = Weight(kg)

Height2
(
m2

) (1)
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2.2.3 Serum Lipid

Serum TG and TC were detected by Roche C501 automatic biochemical analyzer.
TC and TGwere evaluated by the criteria of “Guidelines for prevention and treatment
of dyslipidemia in Chinese adults (2016 Revision)” [4].

2.3 Statistical Analysis

SPSS 18.0 was used for statistical analysis. The data were compared between the
two groups by t test and χ2 test, with p < 0.05 as the statistically significant.

3 Results and Analysis

3.1 Energy Indexes

The results were shown in Tables 1 and 2. The average daily energy consumption of
air force pilots was 3375.2 kcal, which decreased compared with that of 1997 and
2007 survey. The average daily energy consumption was 3091.5 kcal, which was
lower than that of 1997, but higher than that of 2007. The difference of 2018 between
energy intake and energy consumption was close to that in 1997, but significantly
lower than that of 2007. Compared with 1997 and 2007, the ratio of energy provided
by protein was on the rise. The ratio of energy provided by fat was higher than that
of 1997 but lower than that of 2007. The ratio of energy provided by carbohydrate
was lower than that of 1997 but higher than that of 2007.

Table 1 Average daily energy intakes and expenditures for air force pilots (kcal)

Year Energy intake (x̄ ± s) Energy expenditure (x̄ ± s) Difference value

2018 3375.2 ± 347.5 3091.5 ± 283.5 283.7

2007 3 412.6 ± 363.7 2 995.1 ± 237.6 417.5

1997 3908.2 ± 298.5 3633.5 ± 185.1 274.7

Table 2 Energy supply ratios of protein, fat and carbohydrate for air force pilots (%)

Year Protein Fat Carbohydrate

2018 17.4 43.9 38.7

2007 16.4 45.7 37.9

1997 15.6 36.3 48.1
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Table 3 Evaluation of BMI for air force pilots

Year N Underweight Normal Overweight Obesity

2018 125 6(4.8%)** 93(74.4%) 21(16.8%)** 5(4.0%)*

2007 212 4(1.9%)## 164(77.4%) 32(15.1%)## 12(5.7%)##

1997 163 42(25.8%) 112(68.7%) 8(4.9%) 1(0.6%)

The results of 2018 compared with the results of 1997, *p < 0.05,**p < 0.01. The results of 2007
compared with the results of 1997, #p < 0.05, ##p < 0.01

3.2 BMI

The resultswere shown inTable 3. Six of the 125 pilotswere underweight, accounting
for 4.8% of the total. Ninety-three pilots were in normal weight, accounting for
74.4% of the total. Both of them were significantly lower than that of 1997 (p <
0.01). Twenty-one pilots were overweight, accounting for 16.8% of the total, which
was significantly higher than that of 1997 (p < 0.01). Five pilots were obese, which
was higher than that of 1997 (p < 0.05). Compared with the results of 1997, the trend
of 2007 was the same as that of 2018. There was no significant difference between
the survey results of 2018 and 2007 (p > 0.05).

3.3 Serum Lipid

The results were shown in Table 4. The prevalence of hypertriglyceridemia was
31.2%,whichwas significantly lower than that of 2007 (p < 0.01). The average serum
TG level also decreased compared with that of 2007. The prevalence of hypercholes-
terolemia was 36.1%, which was significantly higher than that of 2007 (p < 0.01).
The average serum TC level increased compared with that of 2007.

Table 4 Analysis of serum lipid for air force pilots

Year Total
number

Hypertriglyceridemia Hypercholesterolemia

N Ratio
(%)

x̄ ± s (mmol/L) N Ratio
(%)

x̄ ± s (mmol/L)

2018 147 46 31.3** 1.65 ± 1.03 53 36.1** 4.95 ± 0.92

2007 186 89 47.8 2.07 ± 0.97 33 17.7 4..60 ± 0.86

1997a – – – – – – –

aThe data of 1997 was missing. Compared with the results of 2007, *p < 0.05, **p < 0.01
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4 Conclusions

The nutritional status of the air force pilots was closely related to physical fitness,
which was directly related to the health status and the operational performance of the
air force pilots. Several large-scale nutrition surveys had been carried out in recent
years. This study summarized some results of the latest nutrition survey in 2018 and
compared themwith those in 1997 and 2007. All the indexes listed in this paper were
determined by the same method, which ensured the scientificity and comparability
of the research.

The results showed that in the past 20 years, the energy intake of pilots has been
decreasing year by year and the energy consumption was also significantly lower
in 2018 than that of 1997 but a little bit higher than that of 2007. The difference
between energy intake and energy consumption in 2018 was also significantly lower
than that of 2007. In recent years, the air force pilots gradually realized the impor-
tance of reasonable nutrition and balanced diet. The exercise and training intensity
was also strengthened in recent years. That maybe the reason for the change of
energy intake and consumption. However, the dietary pattern of the air force pilots
deviated a lot from the recommended standard. It was recommended that the energy
provided by protein, fat, and carbohydrate should be 12%–15%, 20%–30%, and
55%–65%, respectively while the actual distribution ratio was 17.4%, 43.9%, and
38.7%, showing a “high protein, high fat, and low carbohydrate” pattern. The air
force pilots took in too much fat while the carbohydrate was not enough. The unbal-
anced dietary pattern may be one of the important reasons for the high incidence
of overweight, obesity, and nutrition-related chronic diseases [5]. It was suggested
that pilots should adjust their dietary pattern, increase their effective exercise thus
building up their health.

BMI was a combination of height and weight used to determine whether the
human body was overweight or not. In 2003, the Cooperative Meta-Analysis Group
of China obesity task force suggested that the normal range of BMI for chinese
adults should be 18.5–23.9. If BMI ≥ 24, it is overweight. If BMI ≥ 28, it is obesity
[6]. Considering the strong figure of the pilots, the normal BMI range of the pilots
was defined as 20.0–26.0. According to the standard, the overweight proportion of
the pilots was on the rise in the past 20 years, but the rising speed had slowed down
significantly in the past 10 years, and the proportion of obesity also slightly decreased
compared with that of 2007, suggesting that the pilots gradually realize the harm of
overweight and obesity and start weight control. However, the effect and measures
need to be further strengthened.

The incidence rate of dyslipidemia in air force pilots was high. The incidence of
hypertriglyceridemia and hypercholesterolemia was 36.1% and 31.2%, respectively.
The incidence of hypertriglyceridemia was lower than that of 2007. However, the
incidence of hypercholesterolemia increased significantly, which was almost 2 times
of that of 2007. The mechanism for it was not clear and needed further study. In
addition, the incidence of hypertriglyceridemia and hypercholesterolemia in chinese
general populationwas 18.9%and 28.9%, respectively [7]. It can be seen that not only
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the incidence of dyslipidemia for air force pilots was high, but also the composition
of lipidemia spectrum was quite different from that of the general population, which
was consistent with the investigation results of Zhang et al. [8]. In addition to dietary
factors, it may also be related to special aviation environment such as hypoxia,
acceleration, radiation, and psychological stress Savransky et al. [9].

In conclusion, the nutritional status of pilots has changed greatly in the past
20 years. Although the energy intake showed a downward trend, the energy consump-
tion was also declining, and the dietary pattern has changed from carbohydrate based
to fat based, which may be an important reason for the increase of the incidence of
overweight, obesity, and dyslipidemia. But generally speaking, the nutritional status
was better than that of 2007, suggesting that with the improvement of living stan-
dards and the development of nutrition science, the pilots gradually realized the
importance of reasonable nutrition and has started to imporve it. The nutritional
status of the pilots was related to the maintenance of the operational performance of
the pilots [10], which should highly emphasized and corresponding measures should
be taken, such as dietary pattern adjustment, sports strengthening, to actively prevent
and control the occurrence and development of overweight, obesity, and the chronic
non-infectious diseases related to nutritional status of the air force pilots.

Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Air force Medical Center of FMMU. All subjects who participated
in the experiment were provided with and signed an informed consent form. All relevant ethical
safeguards have been met with regard to subject protection.
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Simulation and Verification
of a Vestibular Perception Model

Cong Wang, Dalong Guo, Hongbo Jia, Yuliang Li, Fang Su, Yuanjing Zheng,
Yao Liu, Chenlong Jia, and Qi Zhang

Abstract Objective To develop a vestibular perception model for human space
orientation and to verify the effectiveness of the model through simulation exper-
iments. Methods Based on the theory of the multisensory modeling for human
space orientation, aMATLAB/Simulink based vestibular perceptionmodel including
otoliths, semicircular canals and their interactions was developed. By inputting the
motion stimuli including linear acceleration and angular velocity into the model,
simulation experiments of Coriolis effect and somatogravic illusion were performed.
Results The model outputs of linear acceleration, angular velocity, Euler angle and
gravity were in good agreement with the results of relevant research or analysis. The
perception model could simulate human vestibular perception function and predic-
tive responses on vestibular flight illusion accurately. Conclusions It proves that the
perception model presented in this paper has a high credibility. It would contribute
to the study on flight orientation and flight illusion.

Keywords Perception model · Vestibular model · Space orientation · Flight
illusion

1 Introduction

The spatial orientation in flight refers to the perceptual process of pilots for the
position, motion or attitude of airplanes in the earth-fixed coordinate system [1].
It develops based on the integration of the visual, vestibular and proprioceptive
information the pilot received by the basic sensory systems [2].

Visual information is the most important sensory information in flight [3, 4]. The
vestibular organs, including otolith and semicircular canal, can feel gravity as well
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as the linear acceleration and angular acceleration motion of human body in three-
dimensional space [5]. The proprioception refers to the kinanesthesia of muscles,
tendons, joint capsules and the touch–pressure sensation of body surface skin. It
generally does not play a supporting role in spatial orientation.

For decades, some scholars have developed different perception models [6, 7]
of spatial orientation with cybernetics and estimation theory based on vestibular
physiology study, such as observer model [8], Kalman filtering model [9]. These
models can be used to predict spatial orientation perception of human body according
to the known dynamic and motion sensory information.

In this paper, based on the modeling theory of observer model, the
MATLAB/Simulink software was used to develop a spatial orientation perception
model of human body with the multisensory channel. The prediction effect of the
model was verified by vestibular function and flight illusion simulation tests.

2 Vestibular Perception Model

2.1 Otolith Model

Otolith includes utriculus and sacculus, mutually perpendicular to each other. They
are responsible for feeling the linear accelerationmotion and gravity at the horizontal
plane and sagittal plane, respectively. The function threshold of otolith is between
0.001 and 0.05 g [1]. Its response characteristics can be expressed by the following
transfer function [10].

H(s)oto = Koto(1+ T1s)

(1+ T2s)(1+ T3s)
(1)

The input of the transfer function is the specific force, or the vector sum of the
linear acceleration and the gravitational acceleration of the human body. The output
is the specific force perceived by the otolith where Koto is the model coefficient with
a value of 0.4. T 1, T 2 and T 3 are the time constants with the values of 10, 5 and
0.016, respectively.

2.2 Semicircular Canal Model

The semicircular canal consists of three pipelines with an orthogonal arrange-
ment. The appropriate stimulus of the semicircular canal is the angular acceleration.
Usually, the angular velocity is taken as the input and output of the transfer function
of semicircular canal [11]. The average value of function thresholds of semicircular
canal is 0.5°/s2 [1]. Its transfer function can be expressed as:
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H(s)scc = Ksccs2

(1+ T1s)(1+ T2s)
(2)

where K scc is the coefficient of the model with a value of 1. T 1 and T 2 are the long
and short time constants with the values of 80 and 5.73, respectively.

2.3 Vestibular Perception Model

The sensory information of angular acceleration or linear acceleration is detected
by the semicircular canal or otolith, respectively. The two kinds of sensation are
integrated into spatial orientation perception of human body in central vestibular
system.

On the basis of the theory of observer model, the vestibular perception model
is built, and its schematic diagram [8] is shown in Fig. 1. In the vestibular percep-
tion model, the inputs are linear acceleration a and angular velocity ω as well as
the outputs are linear acceleration aest, angular velocity ωest, gravity gest and attitude
angleAngleest, perceived by human body. The above variables are three-dimensional
vectors in the coordinate system of the human head, and the subscript est represents
the estimated value of the motion sensation by the internal model of the central
nervous system. f is the specific force, f = a − g. g(ω) refers to the gravity direc-
tion update by angular motion in the coordinate system of the human head, and the
formula is dg/dt = g × ω. H(S)oto and H(S)scc are the transfer functions of otolith
and semicircular canal, respectively. Furthermore, H(S)oto_est and H(S)scc_est are the
transfer functions of their internal models, respectively. GIF_Err module is used to

Fig. 1 Diagram of the vestibular perception model
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correct the vertical direction of subjective gravity in the internal model by calcu-
lating the rotation error between the vector vestibular estimated value and the central
estimated value of specific force. Ka, K fa, Kw, Kfw and Kwf are the parameters of
feedback loops in the internal model.

3 Simulation Test Results

Based on the above principle of vestibular perceptionmodel, theMATLAB/Simulink
software was used to develop the vestibular perception simulation model of spatial
orientation. The numerical solution algorithm of 4–5-order Runge–Kutta method
with a variable step size was used. And the time step of simulation was 0.01 s.

3.1 Vestibular Coriolis Effect Simulation Test

The test conditions are set as follows. Under an initial state in the vertical direction,
the human body counterclockwise rotated for 120 s with a 57.3°/s angular velocity.
At the 70th seconds, the head rolled around the X-axis with a speed of 60°/s. After
0.5 s, the head swung 30° to the right and then kept about 50 s. During the test process,
the angular velocity motion curves of the head in three axial directions are shown in
the upper image of Fig. 2. The lower image of Fig. 2 shows the prediction results
of angular velocities around three axes for the vestibular Coriolis effect by model.

Fig. 2 Model predictions on angular velocity for Coriolis effect
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Fig. 3 Model predictions on pitch angle for Coriolis effect

Obviously, before the 70th second, the angular velocity aroundZ-axisωz_est gradually
decreased from 57.3°/s to nearly 0. At the 70th second, the head swung around X-
axis, as well as the anterior semicircular canal and the horizontal semicircular canal,
was stimulated by angular motion at the same time. And, there would generate a
cross-couple, that is, Coriolis force. It acted on the posterior semicircular canal, thus
making human body generate a rotation sensation around the third axis (Y-axis).
ωy_est gradually decayed to 0 after rapidly reaching a maximum of about 27.5°/s.

The prediction results of pitching angle perception by model are shown in Fig. 3.
At the 70th second, the head swung toward the right, there would generate a bending
down sensation around Y-axis. Moreover, this sensation would gradually decrease
to disappearance within 50 s.

3.2 Somatogravic Illusion Simulation Test

According to the mechanism of Somatogravic illusion, the test conditions are set
as follows. The airplane is accelerated to 1G linear acceleration along the X-axis
at the horizontal plane with a linear acceleration growth rate of 0.5 G/s. Holding
for 20 s, the acceleration decreased to 0 with a linear acceleration growth rate of −
0.5G/s. Then, after 15 s, the acceleration increased to 3G linear velocity along X-axis
with a linear acceleration growth rate of 1.5 G/s. Holding for 20 s, the acceleration
decreased to 0 with a linear acceleration growth rate of−1.5 G/s. The upper image of
Fig. 4 displays the inertial acceleration curves along three axial directions of model
input. The simulated inertial accelerations are equal to the actual linear acceleration
in size but opposite to the actual linear acceleration in direction. Furthermore, the
sensory perception of pilot on the inertial acceleration predicted by model is shown
in the lower image. It can be seen that the pilot would take the direction of resultant
force of inertia force ax and gravity g as the vertical direction of gravity. Therefore,
as the airplane accelerates along the X-axis, the pilot generates a misperception of
rotation of gravity direction around Y-axis, thus feeling a pitching motion with a tilt
angle of θ.
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Fig. 4 Model predictions on inertial acceleration for Somatogravic illusion

θ = arctan

(
ax
g

)
(3)

In addition, the sensory perception of pilot on the tilt angle relative to the vertical
direction of gravity predicted by model is shown in Fig. 5. During the periods of 1G
and 3G constant acceleration, the tilt angle sensations predicted by model are 45°
and 72°, respectively, consistent with the theoretical calculation results of Formula
(3).

4 Discussion

Compared with the single sensory organ model, the vestibular model can simulate
the spatial orientation perception function of human body more completely and
accurately. The results of Coriolis effect simulation test are basically consistent with
those of Coriolis effect vector test or calculation of Newman [11]. This verifies the
accuracy of prediction results by the model. The results of Somatogravic illusion
simulation successfully predicted the tilt perception of human body in the linear
acceleration process, as well as the predicted tilt angle was consistent with that of
the theoretical analysis. It is proved that the model can simulate the physiological
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Fig. 5 Model predictions on pitch angles for Somatogravic illusion

characteristics of otolith system, that is, with a difficulty in distinguishing between
the inertia force of acceleration and gravity.

The model developed in this paper is a spatially oriented perception model based
on the vestibular sensory information. It can predict some vestibular function test
results and vestibular flight illusion well. However, the visual information plays a
very important role in the formation of spatial orientation perception of pilots in the
actual flight. In the following work, it is needed to increase the visual organ model
and visual–vestibular interaction model so as to expand the simulation efficiency of
the model as well as the scope of research and application.

5 Conclusions

In this paper, the MATLAB/Simulink software was used to develop a vestibular
perceptionmodel for human space orientation based on the theory of observermodel.
The results of simulation tests show that themodel can simulate the vestibular percep-
tion function of human body more accurately, and it can predict the vestibular flight
illusion such as Somatogravic illusion, etc. The model proposed in this paper can be
used to study the spatial orientation in flight and flight illusion analysis.
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Analysis of Man’s Role in Unmanned
Operations

Hongjun Cheng, Huifang Wang, and Yinxi Yang

Abstract Unmanned operations have changed the patterns of war, which also
enlightens people to understand some recognized war ethics in a new sight of view.
Man is both of the designer and beneficiary of unmanned operations. However,
faced with abuse of force, the risk of weapons out of control, weakening morals, to
some extent, man is also the victim of unmanned operations. Man is the designer
of unmanned operation methods. Therefore, man should keep unmanned equipment
under good control and avoid the abuse of unmanned equipment, making full use of
advantages of unmanned operations. In this thesis, a deep analysis is made on the
four roles of man in unmanned operations.

Keywords Unmanned operations · Role · Analysis
With the rapid development and wide application of modern technology, in which
information technology is the core, weaponry and equipment are becoming informa-
tionized, intelligent, and unmanned.The intelligent unmannedoperation in battlefield
is beginning to emerge and showing vitality. The changes in the form of war and
the style of operations are, in a sense, the result of long-term efforts of man and an
important manifestation of the development of human civilization. The emergence
of unmanned operations has led to a re-understanding of some recognized war ethics.
It is worth of deep reflection and research what role man plays in unmanned warfare.

1 Man Is the Designer of Unmanned Operations

To conduct unmanned operations, the first and foremost factor is whether various
types of applicable unmanned weapons and equipment can be developed and
produced [1]. Since the 1980s, under the joint promotion of high-tech groups such
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as new material technology, new energy technology, information technology, and
automation technology, the military of countries around the world have increased
the research and development of unmanned weapon systems and made great
progress. Some unmanned aircraft, self-homing warheads, unmanned submarines,
and unmanned vehicles have been successfully developed, and some have even begun
to enter actual combat.Man–machine combined operations, drone swarm operations,
and other operation methods have been successively put into practices.

1.1 Man Is the Designer of Unmanned Equipment

The cruel nature of the battlefield environment of modern warfare, the danger of
operations, and the huge cost of war have become increasingly prominent, forcing
people to seek ways to keep combatants away from the battlefield and to decrease
casualties. Due to its advantages, the emergence and development of unmanned
weapon systems have become a logical necessity.

It is theUSmilitary that earliest applied unmanned technology tomilitary purposes
[2]. On the Vietnam battlefield in the 1960s, the US military often used night-vision
robots for guard in case of a surprise attack by the Vietnamese army. After the Gulf
War, with the development of sensor and computing processor technologies, the
performance of unmanned systems has become more and more powerful. In 1995,
unmanned systems and Global Positioning System (GPS) were combined, and the
development of unmanned systems really ushered in a magical moment. Pentagon
policymakers are increasingly realizing the superiority of unmanned systems in the
military. In 2004, the US military had 150 robots on the Iraqi battlefield, and a year
later, this number increased to 2400. By the end of 2008, nearly 50 types and 12,000
robots had carried out various military tasks on the Iraqi battlefield. At present,
unmanned weapon systems are everywhere from the air to the ground, from land to
sea. They are widely used to replace or assist man in tasks such as reconnaissance,
defense, alert, demining, bait, relay, and transportation.

1.2 Man Is the Designer of Unmanned Operation Method

Unmanned operation method is the study of ways to use unmanned weapon systems
to achieve combat objectives. It is both of a new combat theory and an inheritance and
development of traditional operation methods. In the future unmanned operations, it
requires man planning and organization and the adoption of strategic, tactical, and
operational methods to find how to combine man and unmanned combat equipment
best, how to maximize the effectiveness of unmanned combat equipment, and how
to achieve superiority over the enemy.

Specifically, it is necessary to combine the characteristics of unmanned combat
forces, pay attention to giving play to their advantages, organize reasonably the
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combat forces, determine the timing of operations, select strike opportunities and
targets, use innovative operation methods and styles, design various specific actions,
and to be able to use strategies and tactics flexibly in changing moments of offensive
and defensive operations, based on objective conditions of operation objectives,
strengths, operation time and space, and battlefield environment, so as to achieve
operational purposes. For example, the swarm tactics proposed by the US military
is a new type of operation developed on the basis of its swarm concept. The main
method is to use a large number of low-cost drones to carry out saturated attacks on
combat targets and strive to achieve greater combat effectiveness at small cost.

2 Man Is the Beneficiary of Unmanned Operations

The USA has deployed a large number of unmanned combat systems in the battle-
fields of Iraq and Afghanistan, which has produced significant combat effectiveness.
These combat practices have demonstrated to the world the great military value of
unmanned systems. In some sense,men are the beneficiaries of unmanned operations.

2.1 Get Rid of Physical Restraints

For manned operation platforms, physical limits are an important consideration,
which is always the prerequisite and basis which influence the choice of operation
patterns andmethods. Thewidespread use of unmanned equipment has freed combat-
ants from a large amount of intense, tense, and dangerous physical labor, and to some
extent, freed them from simple and boring mental labor, which allows them spending
more time engaging in more important, more complex battlefield control, strategic
thinking, and tactical confrontation [3]. In an unmanned battlefield, the physical and
psychological qualities of soldiers are still important, but these qualities are mainly
used in the field of intelligent confrontation. Unlike in previous wars, soldiers need
to have comprehensive physical fitness, skills, and intelligence.

2.2 Reduce Own Casualties

With the development of society, countries can bear less and less casualties in wars.
Casualties in wars will bring tremendous political pressure, and the psycholog-
ical trauma and incidental compensation caused by wars are also difficult to esti-
mate. Therefore, the zero-casualty war has become an ideal for military experts
and commanders. In previous wars, siege and taking up positions require a lot of
manpower and material resources, at the cost of big soldier casualties. The military
experts and commanders pursued the principle of operations with the primary goal of
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eliminating the living force of the enemy, which manifested the cruelty of war. The
unmanned operation system can effectively reduce the direct involvement of combat-
ants in high-risk battles. Due to the unmanned platforms, combatants have become
system operators, being freed from the front-line battlefield. The stress and injuries
caused by high-intensity and precise fire–electricity confrontation to be impacted on
combatants would also be reduced.

3 Man Is the Victim of Unmanned Operations

3.1 Man Is Faced with Abuse of Force

Huge casualties of soldier have always been an important factor that stops the occur-
rence of war. Due to the extensive use of unmanned systems, in the future unmanned
battlefields, casualties will mainly be the loss of intelligent machines that have no
life and can be quickly produced in large numbers. The cost of war will be greatly
reduced, and it is possible to achieve zero casualty for our combatants. The political
and diplomatic risks of war will be significantly reduced. It may lower the threshold
of war decision making due to less war concerns and stimulate the arbitrariness of
military powers in the use of force. As a result, the outbreak of war or conflict is
much easier and more frequent, leading to the use of force from being the last choice
to being the preferred means [4]. In May 2013, when explaining the US military
armed drone policy, then-President Obama stated that the use of conventional mili-
tary means to enter other countries to fight terrorists would be considered a territorial
invasion, which actually implied that if drones were used, there would be no problem.
Unmanned operation technology will lower the threshold for use of violent forces,
just as explosives invented by Nobel. It will only lead to opposite effects to reduce
bloodshed and innocent casualties through the development of new weapons.

3.2 Man Is Faced with the Risk of Weapons Out of Control

The higher intelligent the weapon is, the larger andmore complex the internal control
software and hardware will be, and the probability of malfunctions will increase
accordingly. In a complex battlefield environment, intelligent unmanned operation
systems are very likely to have identification errors, degraded communications, or
even to be counterattacked by enemy magnetic jamming or cyberattack. In military
applications, the intelligent weapons will even bring hidden dangers, such as indis-
criminate killings and system out of control. Data show that a U.S. Air Force drone
suddenly fired missiles at an important facility on the ground, and the cause of the
accident was a malfunction of the aircraft’s fire control system. If the unmanned
operation system is given the power of life and death and completely replace man to
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conduct operations, and the robot proxy war is implemented, as the British physicist
Hawking said, autonomous robots will hurt man like that man accidentally steps on
one ant [5].

3.3 Man Is Faced with Weakening Morals

Many studies by psychologists have shown that being out of the scene makes it
easier for people to commit atrocities such as murder and abuse. The operator of the
unmanned system is far behind, spatially separated from the unmanned operation
platform, which makes the operator stay away from danger and other emotions and
therefore does not cause his emotions to get out of control, so as to easily take action
as planned. However, the long-range killing without physical contact not only makes
combatants faced with almost no life danger, but also makes them have no direct
perception of the battlefield. Their sense of cruelty of war will be decreased, and the
psychological and moral obstacles during the killing will also be weakened. This
would further weaken the binding force of man on war, resulting in unlimited attacks
and killings. An Air Force lieutenant colonel who commanded the Predator drone
said, “When you command them to control a drone, you often can’t help but say,
‘Kill this, don’t kill that’” [6].

4 Man Is the Controller of Unmanned Operations

Whether artificial intelligence and unmanned operations will bring threats or devel-
opment is up to man how to use them. As the main body of the war loop, man must
firmly grasp the open-fire right of future intelligent wars.

4.1 Man Is the Monitor of Unmanned Equipment

Before the advent of intelligent weapons, if people wanted to effectively control
conventional weapons and equipment, they could only directly contact them through
their limbs. The giants of conventional artillery, tanks, and warships cannot be inde-
pendent from the direct control of human limbs. However, in the unmanned battle-
field, man implants programs in the machine, which “clone” human thoughts, and
equipment is given “ears and eyes” and “brains,” People can control equipment
through information without relying on the mechanical movement of human limbs
to control. Unmanned operation systems with different functions and various forms
will either autonomously complete tasks assigned to them by man, or be controlled
by personnel outside the battlefield. In this way, the weapons confronting enemy on
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the battlefield and the combatants can achieve relative separation in space, and the
“machine army” becomes a loyal subordinate to perform various operation missions.

4.2 Man Is the Main Control Platform of Unmanned System

At present, various types of unmanned operation platforms are mainly under the
control of personnel in the back of battlefield, performing tasks in a semi-autonomous
mode individually or in small numbers. However, with the large-scale adoption of
unmanned operation forces, this model will be difficult to cope with the complex
and changing battlefield, and it is easy to miss fighting opportunities and will restrict
the effectiveness of operations. Highly intelligent unmanned operation system with
high autonomy will be an inevitable choice of historical development. However,
no matter how intelligent the unmanned weapon system is, man must always have
the methods to control it and retain the right to plug off its power in the end, in
case of unauthorized actions and attacking friendly forces because of errors in the
procedure. Now, when the US military develops an autonomous weapon system,
in order to prevent accidental engagement due to its failure, it is required that the
system should be designed to allow commanders or operators to exercise judgment
of appropriate levels before it comes into effect, and to activate or deactivate some
system functions when necessary.

5 Conclusion

In the future, unmanned operation systems will largely replace man combat forces
to undertake various combat tasks, but man will not be bystanders and outsiders
of unmanned operations. On the contrary, unmanned operations will still be “man-
oriented.”
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An Experimental Study of the Effects
of Subliminal Stimulation on Attention
Perception

Juan Liu, Wei Pan, Duanqin Xiong, Rong Lin, Jian Du, Jiabo Ye,
Yubin Zhou, Qiming Cheng, Liu Yang, Yishuang Zhang, and Shuang Bai

Abstract Objective: To investigate the effect of task difficulty and dual channel
subliminal stimulation on people’s attention perception.Methods: 24 college students
were recruited to participate in the experiment. The experimental program was
compiled by E-Prime software on the basis of the paradigm of attention span. The
experimental task was to determine the number of red pentagram stars presented on
the computer screen quickly and accurately. Two factors mixed design was used in
this experiment. Task difficulty and subliminal stimulation are the two independent
variables, each of which contains three levels. When the number of pentagram stars
to be judgedwas 5–9, it was of low difficulty; correspondingly, 10–14was ofmedium
task difficulty, and 15–19 was of high task difficulty. The three levels of subliminal
stimulation are as follows: “no subliminal stimulus”, which can be regarded as a
control group, “auditory subliminal stimulus” and “audiovisual subliminal stimu-
lus”. In order to avoid the effect of experimental sequence, the order of subjects
participating in the experiment was balanced in advance according to the indepen-
dent variable of the type of subliminal stimulation. Results: The main effect of task
difficulty on perception was significant (p < 0.001); the main effect of subliminal
stimulation on perception was not significant (p > 0.05); the interaction between
task difficulty and subliminal stimulation was not significant (p > 0.05). Conclu-
sions: With the increase of task difficulty, the error of perceptual judgment increases,
that is, the accuracy decreases. Subliminal stimulation designed in this paper has
no obvious effect on perceptual judgment, but from the mean of the absolute value
of perceptual error, it can be seen that judgment bias in the comprehensive inter-
vention group of “audiovisual subliminal stimulation” has a downward trend, which
shows that subliminal stimulation can improve the accuracy of attention cognition
to a very small extent. The research direction of this experiment is worth further
exploration. In future experiments, it is necessary to personalize the intensity and
duration of subliminal stimulation according to the definition of sensory threshold,
so as to enhance its effect.
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Keywords Subliminal stimulation · Audiovisual, · Attention span · Perceptual
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1 Introduction

Perception is the key feeling to keep information input between human and surround-
ings,which is the source of all human experience. In daily life,when people perceive a
thing, they need to firstly feel effective stimulation through visual, auditory, olfactory
and other sensory channels, and then everyone’s brain starts to interpret these sensory
inputs to explain and reconstruct the whole feeling. Complete perception cannot be
produced before these sensory inputs become meaningful information coding. To
form complete and correct perception is the premise of people’s complex psycholog-
ical processes such as judgment, memory, thinking and imagination [1]. Therefore,
how to speed up the perception speed and improve the accuracy is a problem that
cognitive psychology needs to explore. In order to provide a breakthrough point for
the research of perceptual enhancement technology, this study applies the experiment
paradigm of attention span and introduces subliminal stimulation as intervention
materials to investigate the effect of audiovisual subliminal stimulation on percep-
tual judgment [2]. Subliminal perception has a “subtle” effect on human cognition
and behaviour. Compared with the conscious stimulus, the unconscious stimulus has
a greater influence on some psychological features, such as emotions [3]. Therefore,
it is of great practical significance to study the effect of subliminal perception on
cognition.

2 Materials and Methods

2.1 Research Participants

Twenty-four college students were recruited to participate in the experiment, half
male and half female. The corrected visual acuity of all subjects was above 1.0, and
their hearingwas normal. All the subjects did not participate in the similar experiment
and were tested separately during the experiment.

2.2 Experimental Materials

All the visual stimuli in the experiment were displayed on a 17 inch LCD, and the
responses of the subjects were collected by a standard keyboard. The experimental
program was written by E-Prime software. Different numbers of red pentagram stars
are the experimental materials for perceptual judgment in this experiment, which
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Fig. 1 Schematic diagram
of visual stimulation effect

will be quickly displayed on the computer screen. The number of red pentagram
stars presented per screen varies from 5 to 19, and the specific number is randomly
assigned by the experimental program. The schematic diagram of visual stimulation
effect is shown in Fig. 1.

2.3 Experimental Design

This experiment uses two factors mixed design, containing two independent vari-
ables, namely task difficulty and types of subliminal stimulation. Task difficulty is
divided into three types, which are represented by the number of red pentagram stars.
When the number of pentagram stars to be judged was five to nine, it was of low
difficulty; correspondingly, 10–14 was of medium task difficulty, and 15–19 was of
high task difficulty. There are three levels of subliminal stimulation: “no subliminal
stimulus”, which can be regarded as a control group, “auditory subliminal stimu-
lus” and “audiovisual subliminal stimulus”. In the “auditory subliminal stimulus”
group, the subjects will be presented with auditory stimulation below the threshold
level through earphones during the experiment, the content of which is the sound
files of red pentagram actual number, half male voice and half female voice. In the
“audiovisual subliminal stimulus” group, the subjects will be presented with visual
and auditory stimuli below the threshold level at the same time. The content and
presentation mode of subliminal auditory stimuli are the same as “auditory sublim-
inal stimulus” group. The content of subliminal visual stimuli is the actual number
of red pentagrams, which will be presented in a fixed position in the centre of the
screen through the 17 inch LCD. The presentation time of subliminal visual stimu-
lation is about 5 ms. In order to avoid the effect of experimental sequence, the order
of subjects participating in the experiment was balanced in advance according to the
independent variable of the type of subliminal stimulation.
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2.4 Experimental Process

Set the computer screen background colour to black and the target colour to red.
When the experiment began, the red pentagram stars were distributed on the screen
continuously, and the presentation locations and specific quantities were randomly
assigned by the experiment program. The number of red pentagram stars presented
each time was 5–19, and each quantity repeated six times according to the random
principle, presenting 1200 ms each time. The subjects were asked to enter the corre-
sponding number through the keypad as soon as possible. After inputting the number,
the subjects needed to press enter to start the next trial. The computer automatically
recorded the participants’ input value and response time.The subjectswore earphones
during the whole process of the experiment, through which the light music “spring”
above the hearing threshold and the auditory subliminal stimulation were simultane-
ously played. Everyone had four practice opportunities before the formal experiment.
Each experiment included 270 trials, and the subjects rested for 1–2 min every 90
trials to ensure sufficient energy. The whole experiment lasted about 23 min.

3 Results

The results of perceptual judgment under different levels of subliminal stimulation
and task difficulty were recorded. Table 1 listed the perceptual judgment error, and
Table 2 listed the absolute values of perceptual judgment error. The calculation
formula of perceptual judgment error determined in this experiment was as follows:

Table 1 Descriptive statistics of perceptual judgment error (N = 24)

Type of SS Low difficulty (5–9) Medium difficulty
(10–14)

High difficulty (15–19)

Mean SD Mean SD Mean SD

No SS 0.0597 0.1192 0.2083 0.8186 −0.7000 2.0584

A SS 0.0931 0.1981 0.2333 1.0473 −0.9972 2.7377

AV SS 0.0058 0.1520 -0.1058 0.5196 −1.4696 0.9887

Table 2 Descriptive statistics of absolute value of perceptual judgment error (N = 24)

Type of SS Low difficulty (5–9) Medium difficulty (10–14) High difficulty (15–19)

Mean SD Mean SD Mean SD

No SS 0.1536 0.1696 1.1000 0.5718 2.4778 0.8772

A SS 0.2014 0.2197 1.0417 0.8140 2.7056 1.6126

AV SS 0.1458 0.1203 0.9377 0.3893 2.2290 0.7214
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Fig. 2 Perceptual judgment
errors under different
conditions

Estimated marginal means of response(difference)

Number of stimuli

perceptual judgment error= the number entered by the subjects—the actual number
of red pentagrams displayed on the screen.

For the dependent variable of perceptual judgment error, the results of ANOVA
showed that: the main effect of task difficulty was significant (p < 0.001); the main
effect of subliminal stimuli was not significant (p > 0.05); the interaction between
task difficulty and subliminal stimuli was not significant (p > 0.05). The perceptual
judgment errors of the subjects are shown in Fig. 2.

For the dependent variable of absolute value of perceptual judgment error, the
results of ANOVA showed that: the main effect of task difficulty was significant (p
< 0.001); the main effect of subliminal stimuli was not significant (p > 0.05); the
interaction between task difficulty and subliminal stimuli was not significant (p >
0.05). The absolute value of perceptual judgment errors of the subjects is shown in
Fig. 3.

4 Discussion and Conclusion

In recent years, awareness has become one of the most challenging research fields in
the life sciences. Accordingly, subliminal perception is an important psychological
issue recently. In this paper, the effects of task difficulty and subliminal stimulation
on perceptual judgment were studied. The experiment shows that task difficulty has
a significant impact on perceptual judgment. With the increase of task difficulty,
the error of perception of attention span increases, that is, the accuracy decreases.
Subliminal perception is a kind of unconscious psychological process. People cannot
consciously detect the existence of subliminal stimulus, but can affect people’s
psychological process. At present, the basic consensus in academia is that subliminal
stimulation can trigger low-level cognition processing [4, 5]. In Western countries,
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Estimated marginal means of response(difference)

Number of stimuli

Fig. 3 Absolute value of judgment errors under different conditions

subliminal stimulation has been widely used in advertising, political campaigns and
other fields, in order to “unconsciously” change the attitude and behaviours of the
target audience [6]. In this paper, the experimental paradigm of attention span was
used to study the effect of subliminal stimulation on perceptual judgment. The results
showed that there was no significant effect of subliminal stimulation on perceptual
judgment. The reason may be that the intensity or duration of subliminal stimulation
was not enough. It should be noted that from the mean value in Table 2, it can be
seen that compared with the control group, the absolute value of the judgment error
of the number of red pentagram stars in the comprehensive intervention group of
“audiovisual subliminal stimulation” has a downward trend. This trend reminds that
subliminal stimulation has a certain role to improve the accuracy of attention percep-
tual to a very small extent. The research direction of this experiment is worth further
exploration. In future experiments, it is necessary to personalize the intensity and
duration of subliminal stimulation according to the definition of sensory threshold
[7, 8], so as to enhance its effect.
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Civilian Ethics Committee of Air Force Medical Canter of Fourth Military Medical University. All
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3D Head Anthropometry
for Head-Related Transfer Function
of Chinese Pilots

Xiaochao Guo, Yu Bai, Qingfeng Liu, Duanqin Xiong, Yanyan Wang,
and Jian Du

Abstract The 3D head anthropometry of 69 Chinese male pilots was tested in order
to buildChinaAir Force head-related transfer function (HRTF) database, i.e. CHNAF
HRTF Database in abbreviation. There were totally 93 anthropometric landmarks
defined according to principles of physical acoustic reflection and refraction. All
the landmarks were measured in sitting with (x, y, z) coordinate system to get 2D
dimensions in GB/T 5703/ISO 7250-1 andGJB 4856 and 3D descriptions of the head
with polar coordinate transformation in (r,φ, θ ). The test results of the 3D descriptors
showed the 3D positions of anatomical mediators between the outer acoustic signal
and pilots’ auditory spatial localization, in which there were 50 landmarks about ears
or auricle, 33 landmarks about skull, eyes, face and noses and 10 about neck and
shoulders. Therefore, the CHNAF HRTF Database could provide about 150 items
of anthropometric measurements for HRTF and its personalization especially with
focus on the role of ears.

Keywords Head · Ear · Auricle · Pinna · Anthropometry · Landmark ·
Head-related transfer function (HRTF) · Pilots · 3D audio · Ergonomics · Human
factors · CHNAF HRTF database · Anatomy

1 Introduction

Thehead-related transfer function (HRTF) is the kernel of 3Daudio displays in virtual
reality. The HRTFs depended mainly on the anthropometric parameters with sound
reflecting, refracting, dispersing or shadowing in the unique style of the listener [1],
and the HRTF personalization could be done by HRTF database matching [2] on the
hypothesis of the same anthropometric parameters producing the same HRTF given
by Zotkin et al. [3] with works of Katz [4, 5]. It is a key to measure head parameters
of anthropometry sufficient for HRTF with limited cost. For examples, there were
27 items of anthropometric parameters for 45 subjects in CIPIC HRTF Database
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[6]. In China, only four anthropometric parameters were measured by Professor Xie
et al. with 52 university subjects [7] while there were 67 anthropometric parameters
reported with CHNAF HRTF Database [8, 9].

Human body measurements were defined by landmarks in anthropometry [10].
The adequate head parameters could be attained when the landmarks were correctly
identified and measured in 3D coordinates as presented in this paper.

2 Method

2.1 Landmarks of 3D Head Anthropometry for CHNAF
HRTF Database

Therewere totally 93 anthropometric landmarks ormark points defined in accordance
with GJB 4856 [11, 12] or derived from CIPIC HRTF Database [6] and anatomical
book [13] as showed in Fig. 1 and Table 1 in view of principles of physical acoustic
reflection and refraction. The landmarkswere coded asE1–E25 for right ear andE26–
E50 for left ear in present paper with opposition relationship of E1–E26, E2–E27
and so on. The sequence guided the test process.

2.2 3D Probe in (x, y, z) Coordinates for the Landmarks
and Presentation with Polar Coordinates

All the 93 landmarks were tested in sitting by ROMER absolute arm, in which the
(x, y, z) coordinate system was set with the origin (0, 0, 0) at midpoint of bitragion on
the Frankfurt plane, i.e. the ohr augen ebene (OAE) in anthropometry. The (x, y, z)
values of the landmarks could be turned into polar coordinates, in which the vectors
from the origin to the landmarks described 3D head structures by the distance (r) in
mm, the elevation angle (φ) and Azimuth angle (θ ) in degree.

2.3 The Pilots as Participators

There were 69 Chinese male pilots participating in HRTF data collection who aged
33.89 ± 3.17y with flight experiences in 1913.92 ± 932.29 h totally.
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(E1~E25 for right ear and E26~E50 for left ear) 

a

Fig. 1 a Ninety-three landmarks of 3D head anthropometry on human body—ears. bNinety-three
landmarks of 3D head anthropometry on human body—head. c Ninety-three landmarks of 3D head
anthropometry on human body—neck and shoulders

3 Results

The results of 3D head anthropometry were in Table 1 as an example of single pilot
with polar coordinates. The results of 2D dimensions or anthropometric parameters
were seen in reference [8].
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(All pictures were from Internet dotted by the authors) 

b

c

Fig. 1 (continued)

4 Discussions

4.1 Focus on the Role of the Ears for 3D Audio Localization

The human ears are very important listening devices in daily life to auditory spatial
localization. The pinna shape could influence on HRTF [14], and the more numbers
of anthropometric parameters entered into HRTF, the better of HRTF personalization
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Table 1 Ninety-three landmarks of 3D head anthropometry for CHNAF HRTF database

Name of landmark Code Position in (r, φ, θ) Code Position in (r, φ, θ)

r φ θ r φ θ

Ears Tragion E1 80.18 0.69 88.20 E26 80.18 −0.69 268.20

Otobasion
superius

E2 85.69 12.79 87.09 E27 87.41 13.22 266.96

Otobasion
inferius

E3 78.11 −21.21 82.27 E28 78.92 −19.77 275.63

Helix anterior E4 92.34 10.12 91.62 E29 96.31 9.17 264.04

Supra-auricular
point

E5 99.45 12.80 97.69 E30 99.09 11.70 258.73

Retroaurale E6 96.74 4.62 105.34 E31 97.65 3.04 249.89

Helix median E7 90.39 −5.66 105.81 E32 95.00 0.53 252.99

Infero-auricular
point

E8 83.03 −23.72 88.53 E33 86.21 −23.49 269.68

Lobule lateral E9 83.41 −19.08 89.33 E34 86.62 −16.12 269.58

Scapha fossa
superius

E10 92.30 9.46 101.18 E35 92.71 5.20 253.94

Scapha fossa
median

E11 89.83 −0.02 103.86 E36 92.81 −3.90 255.39

Scapha fossa
inferius

E12 90.25 −7.28 101.63 E37 91.72 −10.43 259.27

Crura of
antihelix
superius

E13 86.94 9.20 95.22 E38 92.35 6.20 258.42

Triangular fossa E14 81.14 7.98 93.98 E39 86.02 6.68 263.04

Crura of
antihelix inferius

E15 82.02 4.23 93.40 E40 83.65 3.54 266.02

Crura of
antihelix apex

E16 86.64 3.43 97.39 E41 91.29 2.18 261.78

Crmba of
auricular concha

E17 74.48 −0.14 98.47 E42 76.56 0.88 261.22

Crus of helix
median

E18 75.07 −4.07 96.13 E43 78.47 −4.23 263.84

Cavity of
auricular concha

E19 69.86 −8.81 96.32 E44 70.51 −9.20 266.40

Antihelix
median

E20 90.66 −5.77 99.48 E45 95.12 −6.15 260.74

Antihelix
inferius

E21 86.94 −8.67 97.93 E46 88.35 −10.87 263.55

Antihelix
superius

E22 79.86 −8.75 91.41 E47 84.88 −9.18 267.52

(continued)
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Table 1 (continued)

Name of landmark Code Position in (r, φ, θ) Code Position in (r, φ, θ)

r φ θ r φ θ

Intertragic notch E23 76.79 −13.40 83.81 E48 82.54 −12.48 275.11

Tragus posterior E24 77.83 −7.70 87.14 E49 84.25 −6.49 272.84

Auricle lateral E25 90.77 −8.74 99.80 E50 104.74 6.90 259.10

Head Vertex H51 132.01 85.24 213.59

Trichion H52 129.25 47.45 355.58

Glabella H53 112.00 19.68 357.57

Sellion H54 106.48 11.45 357.66

Pronasale H55 128.68 −7.90 358.18

Subnasale H56 116.66 −14.24 357.88

Alare H57 116.25 −10.75 7.02 H58 116.54 −11.44 347.79

Cheil-angle
point

H59 115.18 −29.43 10.62 H61 114.09 −28.81 341.41

Stomion H60 125.06 −26.65 357.66

Pogonion H62 135.06 −38.47 356.43

Gnathion H63 133.45 −47.09 356.54

Supraorbital
point

H64 112.31 18.32 15.59 H69 110.81 16.00 339.19

Orbitale H65 100.10 −0.88 16.54 H70 101.65 −1.10 338.55

Ectocanthion H66 97.00 6.78 30.51 H71 99.87 6.08 327.14

Eye protaberane H67 103.32 5.76 18.16 H72 105.58 7.30 339.96

Entocanthion H68 97.58 7.04 8.45 H73 99.31 6.86 349.61

Frontotemporale H74 101.14 23.80 42.53 H78 105.09 25.29 311.30

Zygion H75 104.28 −8.83 33.46 H79 107.21 −7.32 323.16

Gonion H76 105.55 −44.20 44.17 H80 97.10 −42.78 291.52

Euryon H77 89.35 30.88 80.81 H81 99.71 27.19 272.21

Opisthocranion H82 74.69 22.56 194.87

Inion H83 65.24 9.64 195.75

Neck Larynx point B84 137.55 −65.36 351.04

Fossa jugularis B85 194.76 −79.72 323.54

Neck lateral B86 157.16 −67.88 109.53 B91 153.40 −59.71 252.99

Lateral neck root
point

B87 172.71 −61.25 109.63 B92 172.59 −55.22 252.37

Acromial point B88 273.70 −46.44 90.64 B93 289.80 −39.08 265.13

Larynx dorsal
point

B89 129.98 −61.60 191.90

Cervicale B90 158.28 −58.90 189.07
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were by HRTF database matching [9], so it is necessary to measure the pilot’s ears
in much details for CHNAF HRTF Database.

There were 50 items such as E1–E25 for right ear and E26–E50 for left ear
with polar coordinates listed in Table 1, and more than 18 additional items of 2D
anthropometric parameters about the pilot’s ears derived from the measured values
of the landmarks in (x, y, z) coordinates, which could be used to build HRTF.

4.2 Describing 3D Head Structures with Polar Coordinates

The descriptions of adult headforms were popular in (x, y, z) coordinates such as
GB/T 23461 to give the 3D positions of the landmarks measured and some 2D
dimensions about the subtypes of the headforms [15]. In these cases, the origin (0, 0,
0) was set at the vertex coded as H51 in present paper, and the layered descriptions of
the headforms were made by 2D popular coordinates built in the planes paralleling
the Frankfurt plane with the origin of the popular coordinates’ own. This method
might be suitable to technological design such as helmet, mask and so on to ensure
harmony between pilots’ head shape and personal products [16], but it is difficult to
show directly the relationship of the pilots’ head to the outer acoustic signal/target
reported with (r, φ, θ ) data in practical flight tasks.

4.3 To Explore the Valid Representation of 3D Head

Personalization of HRTF is essential to the better 3D audio displays. Good 3D head
representation will require the fittest features to be identified. Its potential is to find
more better representation of head-related structural characteristic from the pool of
3D head anthropometry in CHNAF HRTF Database because of about 150 items of
anthropometric measurements more than that in CIPIC database.

5 Conclusions

Measuring is the most direct method to obtain user’s head-related transfer function
(HRTF), and HRTF personalization for incomer is also relied on the capacity of
HRTF database in existence. In the development of China Air Force head-related
transfer function (HRTF) database, i.e. CHNAF HRTF Database, there were totally
93 landmarks defined according to principles of physical acoustic reflection and
refraction for 3D head anthropometry of Chinese male pilots. All the landmarks
were measured in sitting with (x, y, z) coordinate system and transformed into polar
coordinates of (r, φ, θ ) which were the distance (r) inmm, the elevation angle (φ) and
azimuth angle (θ ) in degree. The vectors from the origin to the landmarks gave the
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3D positions of anatomical mediators between the outer acoustic signal and pilots’
auditory spatial localization and described 3D head structures. The partial results of
69 pilots were reported here. Some influences and applications were discussed.
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The Mental Health and Correlated
Factors of Medical Team Members
in an Aerospace Medical Unit Before
Conducting Non-war Military
Operations

Yang Liao, Yishuang Zhang, Yan Zhang, Xueqian Deng, and Liu Yang

Abstract To investigate the mental health and correlated factors of medical team
members in an aerospace medical unit before fight COVID-19 pneumonia, which
would provide quantitative data to help keeping mental health. Cluster sampling
methodwas used and 193medical teammembers were engaged. Eysenck personality
questionnaire, symptom checklist-90 and self-made scale were used to evaluate the
medical team members’ personality, mental health level, personal protection and
risk of infection. The levels of personal protection and risk of infection may have
an influence on medical team members’ mental health. Medical team members with
low personal protection may more likely to be obsessive-compulsive (t = 3.20, P
< 0.01), anxiety (t = 2.00, P < 0.05). Medical team members with high risk of
infection may have multiple types of mental problems. Medical team members with
higher introversion, higher psychoticism and neuroticism characteristics were more
likely to be in low level of mental health. These results could help us to find out the
target population of mental protection before military operations other than war.

Keywords Medical team members · Eysenck personality questionnaire ·
Symptom checklist-90 · Mental health

1 Introduction

With the increased demand of quick response ability to aerospace medical unit,
the organization of aviation medical team is needed. Except battlefield medical treat-
ment during war, aviation medical teamwould also play an important role in military
operations other than war, such as medical assistance after the disaster and control
of major epidemic diseases. In fact, the military medical team always is the premier
emergency rescue force deployed to the frontline [1, 2]. Due to the strike of disas-
ters and unpredictable security risk, stress reaction would happen to medical team
members, which may in turn induce negative emotion such as anxiety, depression
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and fear. To some extent, the continuous stress event may induce serious psycholog-
ical problems and mental diseases among medical team members during performing
military operations other than war [3]. In order to sustain medical team members’
working performance in a normal level, mental health service during the mission
period is of great importance. Additionally, psychological screening before mission
is indispensable. Using psychological scales, to investigate the mental health levels
and influence factors amongmedical teammembers could help to identify the person
with overstress reactions. The target of mental health service would emerge and the
direction of mental protection would then show. These quantitative data could help
to maintain medical team members’ mental health and normal performance.

In the current study, Eysenck personality questionnaire, symptom checklist-90
(SCL-90) and self-made scale were used to evaluate the medical team members’
personality, mental health level, personal protection and risk of infection, which may
provide reference data for mental protection.

2 Method

2.1 Participants

The cluster samplingmethodswere used. 193medical teammembers in an aerospace
medical unit who prepared for fighting COVID-19 pneumonia were engaged. All
questionnaires were completed, no sample was excluded. There were 31 males and
162 females. The average age was at 34.66 ± 3.6.88 years.

2.2 Tools

Eysenck personality questionnaire (EPQ) was developed by a British psychologist
named Eysenck in 1975 [4]. The questionnaire was based on personality type theory,
included four dimensions as introversion-extroversion, psychoticism, neuroticism
and validity. There were 88 items, participants required to rank whether the symptom
described in each item was occurred on him. The version of the questionnaire used
in the current study was adult version, which had been confirmed to have high
reliability and validity in previous study by other researchers. Symptom checklist-90
was developed by L. R. Derogatis in 1975 and included 90 items [5]. There were nine
factors, such as somatizaiton (SOM), obsessive-compulsive (OBS), inter-personal
sensitivity (INT), depression (DEP), anxiety (ANX), hostility (HOS), phobic anxiety
(PHOB), paranoid ideation (PAR) and psychoticism (PSY). Participants required to
rank the level of their symptoms in the lasted week from 1 to 5 point. 1 refers to
none, 2 refers to mild, 3 refers to medium, 4 refers to mild severity and 5 refers to
great severity. The global severity index (GSI) ≥ 160, positive symptom total (PST)
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Table 1 Comparison of personality between participants with high and low level of personal
protection

Introversion-extroversion Psychoticism Neuroticism

Low personal protection 48.76 ± 10.94 38.00 ± 5.45 44.42 ± 11.74

High personal protection 56.07 ± 10.26 37.17 ± 6.26 37.35 ± 10.97

≥ 43 or any of the nine factors≥ 2, and then the participant’s result is positive, which
mean his mental health level is low. Previous study had indicated SCL-90 got a high
reliability and validity [6]. Additionally, self-made scale was used to evaluate the
medical team members’ personal protection and risk of infection.

2.3 Statistics

Data were analysed with independent sample t-test and Pearson correlation coeffi-
cient by SPSS 20.0 version, the significant levels is P < 0.05.

3 Results

3.1 The Personality and Mental Health Difference Between
Participants with High and Low Level of Personal
Protection

As shown in Table 1, compared with medical team members with high personal
protection, medical team members with low personal protection were more introver-
sion (t = −3.06, P < 0.01) and neuroticism (t = 2.77, P < 0.01).

As shown in Table 2, medical team members with low personal protection had
higher score than medical teammembers with high personal protection in obsessive-
compulsive (t = 3.20, P < 0.01), anxiety (t = 2.00, P < 0.05).

3.2 The Personality and Mental Health Difference Between
Participants with High and Low Risk of Infection

As shown inTable 3, comparedwithmedical teammemberswith low risk of infection,
medical team members with high risk of infection were more introversion (t = −
2.69, P < 0.01) and higher neuroticism (t = 2.93, P < 0.01).
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Table 2 Comparison of
mental health between
participants with high and low
level of personal protection

Low personal protection High personal protection

SOM 1.18 ± 0.19 1.13 ± 0.30

OBS 1.51 ± 0.49 1.23 ± 0.37

INT 1.25 ± 0.35 1.15 ± 0.33

DEP 1.26 ± 0.41 1.13 ± 0.34

ANX 1.30 ± 0.33 1.15 ± 0.32

HOS 1.18 ± 0.26 1.12 ± 0.30

PHOB 1.16 ± 0.36 1.15 ± 0.29

PAR 1.11 ± 0.30 1.07 ± 0.21

PSY 1.10 ± 0.22 1.08 ± 0.22

GSI 112.24 ± 26.44 102.56 ± 25.20

PST 15.76 ± 13.41 9.51 ± 16.11

Table 3 Comparison of personality between participants with high and low level of risk of infection

Introversion-extroversion Psychoticism Neuroticism

High risk of infection 53.90 ± 10.13 37.33 ± 6.50 39.32 ± 12.21

Low risk of infection 58.46 ± 9.52 36.95 ± 5.23 34.63 ± 7.80

As shown in Table 4, medical teammembers with high risk of infection had higher
score thanmedical teammemberswith low risk of infection in somatizaiton (t = 2.96,
P < 0.01)、obsessive-compulsive (t = 3.10, P < 0.01), inter-personal sensitivity (t =
3.30, P < 0.01), depression (t = 3.18, P < 0.01), anxiety (t = 2.91, P < 0.01), phobic
anxiety (t = 2.39, P < 0.05), paranoid ideation (t = 2.61, P < 0.01), psychoticism (t
= 2.54, P < 0.05), global severity index (t = 3.18, P < 0.01), positive symptom total
(t = 3.28, P < 0.01).

Table 4 Comparison of
mental health between
participants with high and
low level of risk of infection

High risk of infection Low risk of infection

SOM 1.16 ± 0.32 1.06 ± 0.12

OBS 1.31 ± 0.45 1.14 ± 0.24

INT 1.21 ± 0.39 1.07 ± 0.15

DEP 1.18 ± 0.38 1.05 ± 0.11

ANX 1.20 ± 0.36 1.08 ± 0.15

HOS 1.14 ± 0.34 1.07 ± 0.17

PHOB 1.18 ± 0.33 1.08 ± 0.20

PAR 1.09 ± 0.26 1.02 ± 0.08

PSY 1.10 ± 0.24 1.03 ± 0.11

GSI 106.36 ± 28.53 96.46 ± 10.82

PST 12.05 ± 18.08 5.36 ± 7.79
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Table 5 Correlation with
personality and mental health
level among medical team
members in an aerospace
medical unit

Introversion-extroversion Psychoticism Neuroticism

SOM −0.24 0.30 0.56

OBS −0.38 0.32 0.69

INT −0.34 0.38 0.69

DEP −0.37 0.39 0.71

ANX −0.36 0.38 0.72

HOS −0.33 0.38 0.64

PHOB −0.27 0.39 0.65

PAR −0.24 0.38 0.64

PSY −0.25 0.37 0.60

GSI −0.36 0.39 0.73

PST −0.33 0.40 0.74

3.3 The Relationship Between Personality and Mental Health
Level Among Medical Team Members in an Aerospace
Medical Unit

The score of introversion-extroversion dimension ofmedical teammembers’ person-
ality had significant correlationswith their scores in the nine factors in SCL-90, global
severity index and positive symptom total (P < 0.01), the correlation coefficientswere
between −0.24 and −0.38. The score of psychoticism dimension of medical team
members’ personality had significant correlations with their scores in the nine factors
in SCL-90, global severity index and positive symptom total (P < 0.01), the corre-
lation coefficients were between 0.30 and 0.40. The score of neuroticism dimension
of medical team members’ personality had significant correlations with their scores
in the nine factors in SCL-90, global severity index and positive symptom total (P
< 0.01), the correlation coefficients were between 0.56 and 0.74, as shown in Table
5.

4 Discussion

In the current study, we found that medical team members with low self-protection
were relatively in a low level of mental health, and they were more likely to be
obsessive and anxiety. The level of self-protection reflects one’s ability in medical
protection against pneumonia in the current study, which could been look as a protec-
tive factor for sustaining mental health level. The result indicated that the training of
protection strategies before mission in of great importance, it may increase the self-
protection ability among medical team members in the aerospace medical unit. And
it may play a role in decrease the occurrence rate of obsessive and anxiety problems.
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Result from the previous study had shown similar evidence. Fan et al. found that
medical staff who had been trained with emergency rescue course were more likely
to handle with multiple stressors in a right way, which could indicate the positive
effect of targeted training related to mission on sustaining mental health [7].

The result of the current study indicated that the risk of infection was an important
influence factor for mental health among medical team members who were prepared
to carry out a military operation other than war. Previous study about rescuers after
earthquake has shown similar evidence. Zhang et al. found that rescuers in epicentre
area had higher scores than those rescuers in peripheral areas in nine factors and
global severity index in SCL-90 [8]. Rescuers in epicentre area faced more stressors,
such as aftershock, sever damage environment, insufficient logistics support and so
on, which may damage mental health.

The score in all the nine factors, global severity index and positive symptom
total were all significant correlated with any of the three dimensions in EPQ, which
indicated that personality could be used as an important predictor for mental health.
Based on data of personality, wemay seek out the target groups for mental protection
before mission. The high correlation between personality and mental health had also
been found in the previous study in a different population, Wei et al. found that the
introversion-extroversion score was positive correlated to any of the nine factors in
SCL-90 [9]. According to the evidence of the current study, the correlation coefficient
between neuroticism and factor scores of SCL-90 was the highest among the three
dimensions of EPQ, which indicated that emotional stability was effective predictors
for mental health. Thus based on the data of neuroticism in EPQ, we could screen out
the individual with low emotional stability and diminished the risk of mental health
problems during mission.

5 Conclusion

Medical team members with low self-protection and high risk of infection may have
multiple types of mental problems. Medical teammembers with higher introversion,
higher psychoticism and neuroticism characteristics weremore likely to be low levels
ofmental health. These results could help us to find out the target population ofmental
protection before military operations other than war. Due to the limitation of cross-
section study, the predictor found in the current study still needs to be verified in
further longitudinal tracking study.

Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Air Force Medical Centre.

All subjects who participated in the experiment were provided with and signed an informed
consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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Research on the Construction of Ship
Operator’s Cognitive Behavior Model

Weiming Fang, Shuqin Zhao, Jun Peng, and Chuan Wang

Abstract The establishment of the cognitive model is beneficial to the identifica-
tion of the operator’s cognitive error model and its cognitive stages and causes, so
as to provide the corresponding basis for the design of the ship’s human–machine
interface and the training of the operator. This paper studies the construction of a
cognitive behavior model for ship operators, and results show that the behavior of
ship control system operators is mainly manifested as cognitive behavior, including
monitor/discover, state evaluation, response plan, response execution. The threemain
feedbacks (state evaluation, response plan, response execution) in the cognitivemodel
can be seen as a series of cognitive cycles, each providing information for the next
stage.

Keywords Ship · Operator · Cognitive behavior model

1 Introduction

In the complex society-technology system, human error has become one of the main
causes of accidents [1]. The construction of the cognitive model is conducive to
identify the operator’s cognitive error mode and the cognitive stage and root of the
occurrence so as to provide the corresponding basis for designing the ship human–
machine interface and training the operator.However, all existing individual cognitive
error models are based on assumptions and experience, and they cannot enough
understand the operator’s complex cognitive process, nor reflect the characteristics
of the operator’s cognitive behavior in the ship control system.
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2 Overview of Cognitive Behavior Model

Rasmussen [2] combined and integrated the human information processing stage
with human practical skills and knowledge proficiency into a model as shown in
Fig. 1.

He divided human organizational form of knowledge into a skill level, a rule
level‚ and a knowledge level. At the skill level, it is highly controlled by the skillful
practice and experience, the individual’s perceived information, motor nerves‚ and
muscle action are processed automatically, and the operator performs his familiar
state. His state features are very consistent with the preset action sequence storing
memory, and human’s attention resource is hardly consumed. At the rule level, a
large number of automatic behavior modes are integrated into a new behavior mode
by using the existing rules as well as being limited and influenced by the rules. After
target determination, it is required to keep the original action or perform another
action. Therefore, it is necessary to make choices at key points according to the
rules, and such behaviors need intention control. At the knowledge level, such infor-
mation processing mode occurs when the operator faces a novel situation or has
no experience of the situation. Therefore, the operator must rely on information
processing for reasoning, calculation, etc., but due to the inherent limitation of the
human information processing system, the knowledge-based reasoning may lead to
misinterpretation and other errors, while the deductive reasoning needs to strengthen
cognitive efforts, thus, the time to find the solution to the problem is prolonged.

Recognition Identify 
tasks Design routine

Knowledge type

Know State/task 
to contact

Stored task 
rules

Rule type

Characteristic 
composition

Automatic sensory 
motor mode

Skill type

Fig. 1 Rasmussen’s three levels of error model
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3 Ship Main Control Room Operator’s Cognitive Behavior
Model

Human operation response behaviors are performed in specific scenarios. Due to
the development of technology and the improvement of automation, the operator’s
main task in the complex system of ships is cognitive tasks which mainly include
(1) monitoring and detection, (2) state evaluation, (3) response plan and (4) response
execution [3, 4], as shown in Fig. 2.

The control room operator monitors and controls the system with the human–
machine interface. When the system state is abnormal, the system will alarm and
shows the abnormality in the display through sensors. The operator can get the
system state information from the human–machine interface through the display
system, and evaluate the current system state on this basis. Then, the operator can
determine the abnormal state according to the evaluation and diagnosis results, select
the operation program and route, and execute and control the response task at last.
All kinds of cognitive and behavior errors may occur in every stage above.

With the development of cognitive engineering, it is recognized that the human
cognitive process does not handle continuously by stages, for example, when dealing
with complex events, the human decision-making and interpretation are carried out
simultaneously. Therefore, the human cognitive process can be described by cogni-
tive domain [5], namely, the operator’s cognitive domain can be divided into four parts
which are monitoring and detection, state evaluation, response plan and “response
execution”. However, the operator needs to assist the first kind of tasks by executing
and the second kind of taskswhile executing the first kind of tasks (themain cognitive

Monitor/
discover

State 
evaluation

Response 
plan

Response 
execution

Displayer Controller

Transducer Control/protective  
system

Ship condition

Transducer

Abnormal 
condition

Abnormal 
condition

Information

Operator

Human-
machine 
interface

Instrument 
and control 

system

Fig. 2 Ship operator’s operation processes
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behaviors). The second kind of tasks generally refers to interface management tasks,
i.e., screen configuration, navigation, screen adjustment, query‚ and shortcut, etc.
Therefore, integrating the cognitive models of the first kind of tasks and the second
kind of tasks can describe the ship’s main control room operator’s main cognitive
behaviors, as shown in Fig. 3.

However, the above-sequential cognitive process does not describe the dynamic
and real-time features of human cognition, and each of the four cognitive stages can
be embedded with the cognitive functions of monitoring/detection, state assessment,
response plan, response execution, etc., such as an IDAC embedded in the IDAC
(information processing, decision-making and execution) model [6], as shown in
Fig. 4. It is true‚ in fact. Although it is the high automated behavior in the monitoring
stage, it is also necessary to identify the collected information and decide how to

A task

Monitor/disc
over

State 
evaluation

Response 
plan

Response 
execution

Ship/environment 
state

B task

Navigation Picture 
adjustment

Enquiry/
query ShortcutConfiguration

Fig. 3 Cognitive behavior model of ship main control room operator

Fig. 4 Cognitive functions IDA is embedded in IDAC model
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deal with this information, such as by screening, retention and reorganization, in the
monitoring stage. In addition, it is necessary to constantly monitor, explain and select
procedures and steps in the state evaluation stage. Therefore, the human cognitive
mechanism is very complex. In order to clarify the cognitive process, it is necessary
to analyze the specific task and cognitive function requirements in detail and expand
the human cognitive behavior model, which is conducive to the in-depth under-
standing of the cognitive mechanism. Therefore, based on Rasmussen’s three-level
error model (i.e., skill-level model, rule-level model‚ and knowledge-level model),
this paper expands the sequential cognitive behavior model (monitoring/detection,
state evaluation, response plan‚ and response execution) so as to better understand
the human cognitive process and cognitive types, which is conducive to accident
management and operator training.

4 Expanded Operator’s Cognitive Behavior Model

To better understand the human cognitive process and cognitive skill, identify the
possible error source and error form and improve the quality of ship accidentmanage-
ment andoperator training, the operator’s cognitive behaviormodel in the ship control
system is expanded based on Rasmussen’s three-level error model and the expanded
cognitive behavior model is established which comprises of main cognitive behav-
iors, interface management behaviors‚ and a cognitive function model. Apparently,
many interface management tasks have to be executed in the ship control system
to assist the completion of the main task. In addition, same as the IDAC model,
the main cognitive behaviors can encapsulate a cognitive behavior model which is
similar to the simple cognitive function model proposed by Hollnagel [7]. There-
fore, the contents which are expanded in all stages of the main task are introduced
as follows.

4.1 Monitoring/Detection

The expanded monitoring/detection stage comprises three sub-elements‚ which are
monitoring, detection and information integration [8]. Monitoring/detection refers to
the behavior of obtaining information fromacomplexdynamicworking environment.
Monitoring is to check the ship state data to determinewhether the system is operating
normally.Monitoring takes an activeway to obtain the ship state data, while detection
takes a passive way to obtain the ship state data, such as alarming through the control
room. Thus, in terms of the detection behavior, the operator does not actively look
for the obvious indicator/indication light. When the operator has found that there is
an abnormal condition, he will obtain the ship data in a more active way, actively find
out the specific parameter value or indicationmark, and evaluate the higher-level ship
process, state or function through information integration. The cognitive behaviors
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of information integration include information retrieval, information understanding,
information filtering (i.e., internal filtering), association and grouping, and further
reasoning based on the above process to differentiate priorities and draw conclusions
[9]. The cognitive behaviors of the whole process above can be respectively divided
into the information integration processes of skill-based type, rule-based type and
knowledge-based type according to different cognitive ability needs.

4.2 State Evaluation

When the ship is in an abnormal state, the operator will construct a proper and logical
explanation according to the state parameters of the ship so as to evaluate the ship
state as the basis for the decisions of the subsequent response plan and response
implementation. This series of processes is called state evaluation and involves two
related models which are the state model and the mental model [10]. The state model
is the operator’s understanding of the specific state, and when new information is
collected, the statemodelwill be updated frequently. Thementalmodel is constructed
through formal education, specific training and operator experience, and stored in
the brain. The state evaluation process is to develop a state model to describe the
current ship state. If an event (such as an alarm) is very simple and the operator
does not need any reasoning for the identification of the ship state, it is considered
as the state evaluation of skill-based type. If an abnormal event belongs to the so-
called problem, the operator is required to explain the causes and influences of the
problem to construct a state model, and the constructed state model matches the
operator’s mental model (i.e., similarity matching), then the process is called as the
state evaluation of rule-based type. Similarly, for the unfamiliar state mode, if the
operator is required to evaluate and predict the possible ship state, then analyze the
more abstract logical relationship between the structure and function of the problem
space, carry out deep reasoning, gradually form a state model and verify it, and
finally determine the ship state, then the process is called as the state evaluation of
knowledge-based type.

4.3 Response Plan

The response plan refers to the decision-making process of making the action policy,
method or plan to solve the abnormal event. After state evaluation, the action to
be performed shall be planned. Under abnormal conditions, in order to identify the
appropriate method to achieve the target, the operator shall identify the alterna-
tive methods, strategies and plans, evaluate them, and select the optimal or feasible
response plan. If none of them is appropriate, a new response plan needs to be recon-
structed. If the response plan is simple enough to respond to human behavior without
or with little human cognitive effort, it is the response plan of skill-based type, such as
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the response to an alarm.When an alarm occurs, the behavior directly corresponds to
an action, such as the response to an emergency standard, and the standard is directly
followed without selecting a route. Similarly, for a given ship state, if there is an
effective standard (such as EOP) applicable to the handling of the given ship state,
then the process is the response plan of rule-based type. On the contrary, if there is no
corresponding standard, procedure or rule to handle, or the existing standards have
proven incomplete or invalid, the operator shall reconstruct a new response plan and
evaluate the feasibility and effectiveness of the plan, then the process is the response
plan of knowledge-based type.

4.4 Response Execution

Response execution is to execute the action or behavior sequence defined in the
response plan. The process can be very simple, such as that the operator operates by
pressing a control button or a virtual icon. However‚ it is worth mentioning that the
simple process also includes a complete cognitive function process (such as I-D-A),
such as finding the icon information on the screen (monitoring/detection), identifying
the icon to be found (interpretation and evaluation), determining the execution mode
(pressing or rotating?) or the sequence of steps and executing pressing operation, etc.,
and perhaps determining whether it is done (via information feedback). In addition,
for different tasks of the ship, the response execution may also need different levels
of team communication and cooperation, which requires mutual cooperation and
assignment and arrangement of tasks. For those unconventional and complex control
behaviors, especially when the response plan has no regular mode for guidance, the
priorities of behaviors need to be changed or established according to the ship state
by cooperation and coordination among multiple personnel in multiple locations,
and it is defined as the response execution of knowledge-based type.

5 Conclusion

This paper researches the construction of the ship operator’s cognitive behavior
model. The research result shows that the ship operator’s behaviors in the ship control
system mainly include the cognitive behaviors, including monitoring/detection,
state evaluation, response plan and response execution. The three main feedbacks
(submodels of state evaluation, response plan‚ and response execution) in the cogni-
tive model can be seen as a series of cognitive cycles, each provides information for
the next stage.
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Analysis of Human Factor
Characteristics of Ship Control System

Jun Peng, Guangjiang Wu, and Chuan Wang

Abstract With the development of computer and information technology, the level
of human–machine interface automation of ship control system is improved contin-
uously. Based on the definition of human factor error and human factor concept, this
paper analyzes the typical human factor characteristics in the digitized ship control
system through on-site observation and operator interview, which are mainly mani-
fested in the changes of the operator’s role and function, task load, cognitive factors
and experience ability, operation team structure and size, the level of team communi-
cation and cooperation, operating procedure, information display and control based
on VDU, alarm screen, etc.

Keywords Ship · Control system · Human factor error · Human factor
characteristics

1 Introduction

In the complex society-technology system, human error has become one of the main
causes of accidents [1]. Statistical data of accidents at home and abroad show that
the contribution rate of human error to accidents has reached about 85%. How to
prevent human error andminimize its consequence has become an important problem
to be solved at home and abroad. With the development of computer and information
technology and the continuous improvement of the automation level of the human–
computer interface of the ship control system, the role of the operator of the main
control room of the ship is gradually changing from the traditional operator to the
supervisor and manager. The operator’s main tasks are characterized by cognitive
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tasks, such as monitoring, detection, state evaluation, response plan‚ and decision-
making.The traditional human reliability analysismethods, such asTHERP [2],HCR
[3]‚ and SLIM [4], mainly focus on the quantitative evaluation of the observed errors
rather than the qualitative analysis of the operator’s cognitive behavior. According
to Jung et al. [5], the HRA method without detailed cognitive error analysis may
underestimate the probability of human errors and may ignore their severe conse-
quences on the system or environment. In order to overcome the above limitations,
some new cognitive behavior models and cognitive error analysis methods based on
cognitive psychology have been developed at present, such as HRMS [6], CREAM
[7], IDA [8] and IDACmethod [9]. Although the above models and methods explain
human cognitive behaviors in detail, after partially digitizing the traditional main
control room, the operator’s context changes, and the operator’s role and function
in the system and the human–computer interaction mode are changed; therefore, the
operator’s psychological cognitive process and behavior characteristics are affected.

2 Concept of Human Error

Different people have different definitions of human error. Rigby [10] believed that
when human behavior acting on the system does not or does not fully meet the
requirements of the system, it is called human error. The definition is strictly based
on the requirements of the system to define but does not take into account of limi-
tations of human themselves and human cognitive errors. Therefore, the definition
is biased. Swain and Guttman [2] believed that human error is any human action
beyond the acceptable limit of the system. Swain defined human error as any human
behavior or omission that may cause unexpected events [10]. According to Swain’s
definition, human has been regarded as an integral part of the technical system. Leplat
believed that “when the human behavior exceeds the acceptable limit of the system,
then the behavior is human error” [11]. In the same way, the above definitions are the
same as Rigby’s definition for human error, which also defined from the perspective
of engineering application and according to the performance limit of the system.
Reason believed that human error is the result that the planned psychological and
physical behavior sequence fails to achieve the expected result after execution, and
this failure cannot be attributed to the interference of random trigger factors [12].
Reason believed that human is an information processing component of the tech-
nology system. The definition defines from the perspective of psychology. Although
the definition tries to define human error from the perspective of human and includes
human cognitive errors as much as possible, it still fails to take into account human
limitations. Swain’s definition of human error [10]. A human error exists in the work
system all the time. It has the characteristics of causing the work system to be in an
unexpected or wrong state. Its generation causes the system requirements to be in a
state of not being satisfied or not being fully satisfied. The individual is a component
of the work system and interacts with other components in the work. All compo-
nents in the work system rely on and affect each other. The definition defines human
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error from the limitation of the technology system and the limitation of human, but
it does not involve all human errors, either. According to the above definitions, we
can know that human error is diversely defined, and people have different defini-
tions from different perspectives. However defined, human error generally has the
following three basic properties:

1. Same as the hardware and software of the system, manual operation is an
organized body that also has failure rate and tolerance.

2. Human error includes the implicit error (cognitive error) and explicit error
(behavior error). The implicit error is one of the causes of the explicit error, and
it is also an indispensable part of human error analysis, such as error prediction
and error cause analysis.

3. Compared with normal human behavior, human error is a derogatory term
and is generally caused by various adverse contexts. Human error needs to be
determined according to the consequences of human behavior.

For a long time, the term “human error” has been used to describe the situation
which causes the unexpected consequence as well as part or all of the causes of events
caused by human behavior (this can be found in the so-called root cause analysis,
but in the field of human behavior, the root cause is actually a fiction, because it
can always be traced back and analyzed endlessly). Indeed, “human error” can be
used to represent the cause of the event (for explaining the cause of the accident)
and the specific classification of the behavior (for the classification in the cognitive
field). However, it is necessary to define each part clearly to avoid confusion and be
conducive to the development of research at the same time.

This paper comprehensively defines human error from theory and engineering
application and takes into account of the limitations of the technology system and
human, as follows: Human error is caused together by the combined action of several
individual’s internal factors and external situation factors and leads to human cogni-
tive failure and behavioral failure which make human unable to accurately, appropri-
ately, fully and acceptably complete the task specified in the performance standard
range. In short, human error is human cognitive error and behavior error, and human
cognitive function and behavior response fails to meet the correct and expected
standards. Human error mainly has the following characteristics.

1. Repeatability of human error. Human error often occurs repeatedly under
different conditions or even in the same condition. One of the root causes is
the mismatch between human ability and external requirements. Human error
cannot be eliminated completely, but it can be avoided as much as possible by
effective means; however, once the failure cause of the common component or
equipment is found, it can often be overcome by modifying the design.

2. Potential of human-induced failure. One of the causes of the Three Mile Island
accident is the potential failure of the valve caused by themaintenance personnel.
A large number of facts show that once such potential error is combined with an
excitation condition, it will lead to an inevitable disaster.
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3. Human error behavior is often driven by context. Any activity of human in the
system is inseparable from the context at that time. The joint effect of hard-
ware failure, false display signal, pressing time pressure, etc., will greatly induce
human unsafe behavior. This emphasis on the role of context is the research focus
of human error behavior.

4. The inherent variability of human behavior. The inherent variability of human
behavior is a characteristic of human, namely a person cannot repeat a task in
the exact same way (accuracy, precision, etc.) without using external force. Too
big fluctuation will cause random fluctuation of performance, which is enough
to cause failure. This variability is also an important reason for people’s wrong
behavior.

5. Repairability of human error. Human error can lead to system failure or fault.
However, many situations indicate that under the condition with good feedback
devices or redundancy of personnel, the human may find out and correct the
previous error. In addition, the abnormality of the system can often be alleviated
or overcome due to human participation so that the system can return to the
normal working condition or safety state.

6. Human’s ability to learn. People can improve their work performance through
continuous learning, which is impossible for the machine. During task execution,
adapting to the environment and learning are the important behavioral charac-
teristics of human, but the effect of learning is affected by many factors, such as
motivation and attitude.

3 Concept of Human Factor

Human factors refer to (a) the research of human abilities and limitations in the design
of tools, machinery, systems, tasks, work‚ and environment; (b) the application of the
above knowledge in the design; and (c) the use of human factor methodology in the
design to achieve the goals of safety, effectiveness‚ and satisfaction [13]. Dhillon B.
S. believed that human factors are the science related to the research of human charac-
teristics, which includes all biomedical and psychological considerations, as well as
life support, personnel selection and training, training equipment, work performance
support, performance measurement‚ and evaluation, etc. From the above definition,
the human factor is a broader concept that can refer to discipline and involve various
research fields. However, from the perspective of human error, there is no detailed
discussion on the definition of the human factor.

So far, although human error and human factors are both researched indepen-
dently, the relationship between them is usually ignored by researchers. At the same
time, the distinction between their definitions is not very clear, and the term of
human factor has not been precisely defined yet at home and abroad. The reasons
are as follows: On the one hand, it is not very significant to make a clear distinction
between human error and human factor, and they have been used without distinc-
tion in many industrial accident reports; and on the other hand, it may be difficult
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to make a clear distinction between them due to the fact that their essential differ-
ences and relations are not clear up to now. However, in order to improve the way
of accident reports and as needed by development, it is necessary to distinguish
human error and human factor. Based on the nuclear power organization, this paper
defines human factor as various types of human factors in the organization, which
potentially affect people’s cognitive behavior, including individual human factors
(such as individual knowledge, experience, ability, pressure, attitude‚ and motiva-
tion), team human factors (such as team communication, cooperation, supervision‚
and management) and organizational human factors (such as organizational policy,
organizational structure, organizational culture‚ and organizational procedures).

4 Human Factor Characteristics of Ship Control System

It is a very complex system for the operator to observe and operate in the ship control
room. In the traditional simulation control room, the operator has to walk around to
read information from the instruments on the large control panel, operate buttons‚
and adjust knobs. Although the system and equipment in the advanced control room
based on the transformation and upgrading of digital technology are improved in reli-
ability and can be corrected and compensated under the influences of various types
of disturbances, there is no fixed value drift, and some functions (such as fault toler-
ance, self-detection‚ and automatic calibration) are not improved. In terms of human
performance, new human–system interfaces such as computerized procedure system,
advanced alarm system‚ and graphical information display system have provided
positive effects on team performance, such as reducing the operator’s workload and
reducing human errors (such as with the computer-based system, the shift supervisor
can directly read the state information of the ship control console and does not need
to ask the board operator for some parameter values of the ship control console as
much as before); with the advanced alarm system and graphical information display
system, the instrument operators can obtain more abundant state information of the
ship control console than before, and they canmorewidelymonitor the (process) state
of the ship control console; the team members use multiple independent information
sources and independent opinions, and the crew members share the information of
the ship control console. Therefore, the possibility of detecting and correcting errors
is improved in the process of state evaluation to reduce the possibility of errors of
intention and improve the reliability of the team. However, the change of context
factors (such as the information display based on VDU, the process control based
on mouse and touch screen, the computerized procedure system, the added task
characteristics of interface management tasks, the system complexity brought by the
decision-making support system, the changes of team structure and communication
and cooperation level) may also bring adverse effects on the operator’s performance,
such as the emergence of new types of human errors (such as pattern confusion, data
input errors and loss of situation awareness) and new human error distribution (such
as the increase of executive errors).
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Table 1 Human factor
characteristics of ship control
system

Number Human factor characteristics

1 Manipulator role and function

2 Manipulator task load

3 Manipulator cognitive factors and experience ability

4 Operation team structure and scale

5 The level of communication and cooperation of team

6 Computerized operating procedure

7 Information display and control based on VDU

8 Alarm screen

After interviewing the operator of the ship control room, the human factor char-
acteristics in the ship control system are analyzed and summarized as follows, as
shown in Table 1.

1. Operator’s role and function. The operator’s role in the digitized ship control
system is different from that in the traditional analog control system. In the tradi-
tional control room, generally, the operator’s role is to monitor and operate the
system, while in the digitized main control room, the operator’s role changes
from a manual controller to a monitor and a decision-maker, the operator’s task
includes more cognitive work, and the operator executes the task through a series
of cognitive behaviors. Besides, in the traditional simulation control system,
the shift supervisor has absolute authority and responsibility, while in the digi-
tized control system, the shared state information and procedure information
(computer-based digital procedure) of the ship control console are convenient
for the exchange and cooperation of the team, which relatively weakens the
authority and responsibility of the shift supervisor and changes the operator’s
role and function.

2. Operator’s task load. The information display based on the computer is different
from that on the panel of the traditional simulator. The information displayed in
the traditional simulation system is clear at a glance, while the digitized control
system displays the information as a whole on the large screen and based on
the computer workstation. In case of emergency, the operator not only needs to
complete themain task (monitoring, state evaluation, response plan‚ and response
execution), but also needs to execute the secondary task (i.e., interface manage-
ment task), such as screen configuration, navigation, and query, in order to obtain
more information. When the operators are required to obtain the information
about the state of the whole ship control console from the screen of a small
range, they need to navigate repeatedly because the limited visual window of the
visual display units (VDUs) will bring the so-called keyhole effect. Especially
in an emergency, the operator’s task load will be increased by a large number of
displayed data, heavy interfacemanagementwork‚ and the condition of executing
multiple programs at the same time.
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3. Operator’s cognitive factors and experience ability. The higher the degree of
automation is, the more complex the system will be. The original manual control
system is completed by the automation system, which changes the operator from
an operator to a monitor and a diagnosis person. Therefore, it shall understand
how the ship control console works, then higher requirements are put forward on
the ability and experience of personnel, and people’s cognitive load is increased.

4. Operation team structure and size. In the traditional simulation control system,
generally, the operator walks around the corresponding panel of the main control
room to get information, and it is difficult to share the information of the ship
control console. The digitized ship control system is based on the overall infor-
mation display of the large screen of the computer, and the operation team shares
the information of the ship control console, which changes the team structure
and size.

5. Team communication and cooperation level. The sharing of the information,
such as the parameter information of the ship control console (temperature,
pressure, water level, etc.), alarm information, computerized procedures‚ and
computerized operation support system, changes the team structure and infor-
mation exchangemode and increases the communication and cooperation among
operators and between the operators and on-call personnel.

6. Computerized operation procedures. The traditional simulation adopts paper
procedures, while the digitized ship control system adopts the computer-based
procedures. The complexity of the procedure structure increases the risks of
program skip or error; for example, the state-oriented procedure (SOP) includes
the main program and an operation sheet, and the main program and the digi-
tized operation sheet are separated. When executing the main program, the oper-
ation sheet is often called to complete a specific operation, which increases the
number and level of program calls. In addition, program skip or the use of the
wrong operation sheet or program is easy to occur when the program is changed
frequently.

7. VDU-based information display and control. Unlike the indicator on the tradi-
tional control panel, the computer-based information display is not limited to the
physical space. Any amount of information can be displayed through scrolling,
partial window overlapping and the hierarchical configuration of the screen.
However, the same informationmay have different positions on different screens.
Therefore, a large amount of information is displayed in the samewindow, which
increases the difficulty for the operator to locate‚ search‚ and identify. In addi-
tion, the soft control of the digitized ship control system is more complex than
the hard control of the traditional control system, and the pop-up dialog box of
the soft control will cover some important information of the screen, which will
increase the operator’s cognitive load and prolong the execution time.

8. Alarm screen. Comparedwith the traditional simulation control system, the alarm
display in the digitized ship control system is not intuitive. The computer-based
alarm is displayed on the display screen. When the operator needs to know
whether an alarm appears in an emergency, he may need to find the required
alarm through a series of behaviors such as filtering, querying‚ and information
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classification. Therefore, the operator has to spend more time to search and
confirm the alarm, which delays the operation of other tasks.

5 Conclusion

Based on the definition of human factor error and human factor concept, this paper
analyzes the typical human factor characteristics in the digitized ship control system
through on-site observation and operator interview, which are mainly manifested
in the changes of the operator’s role and function, task load, cognitive factors and
experience ability, operation team structure and size, the level of teamcommunication
and cooperation, operating procedure, information display and control based onVDU
and alarm screen.
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Study on Fatigue Detection of Ship
Operator Based on Eye Features

Chuan Wang, Jun Peng, Xiaoxi Han, Shenghang Xu, and Jian Zhang

Abstract Aiming at the problem of human error caused by the fatigue driving,
domestic and foreign scholars have done a lot of research on driving behavior model,
traffic safety risk, curve track distribution features, curve speed characteristics and
road infrastructure, etc., but few have done much research on driver behavior. In this
paper, combined with Haar-related feature templates, the face of the ship operator is
identified and detected. The face-related data ismeasured by the geometricmethod to
locate the human eye, and the eye state of the operator is located and detected by the
PERCLOS algorithm. The results show that real-time detection and early warning
of fatigue state are of great significance to reduce the human error caused by ship
operators.

Keywords Fatigue detection · Eye feature · PERCLOS algorithm

1 Introduction

In the complex social-technical system, human error has become one of the main
causes of accidents [1]. Computer technology, artificial intelligence technology, and
sensor technology have experienced continuous development and reform. In order to
protect the physical and mental health of drivers, scholars at home and abroad have
begun to study the application of on-board sensors in obtaining a driver’s driving
behavior information and physiological information for the determination of driver
state [2–4]. Improving the work efficiency of operators is of great significance to
preventing and controlling ship accidents due to human factors caused by fatigue
operation [5].
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This paper presents an operator fatigue detecting method based on human eye
features, that is, recognizing and detecting the face of ship operators in combina-
tion with Haar-related feature templates; applying the geometric method to measure
human face-related data and locate human eyes; applying PERCLOS algorithm to
locate and detect the operator’s eye state.

2 Haar Features

2.1 Haar Feature Templates

At present, the commonly used features can be divided into three categories: edge
feature, point feature (center feature), and linear feature.

(s, t) condition means: The edge length of a rectangular feature in the X-direction
must be divided by the natural number, s, with no remainder; and its edge length
in the Y-direction must be divided by the natural number, t, with no remainder. If
the dimensions of the detection window are w × w, the minimum dimensions of the
rectangular feature of the feature template are s× t and themaximum dimensions are
([w/s]× s, [w/t]× t) As it can be seen from the constraint (s, t), the dimensions of the
detection window determine the dimensions of the rectangular feature of the feature
template and possess rectangular features of different dimensions. When calculating
facial features, a rectangle of certain dimensions passes through the detectionwindow
in the form of amovingwindow, that is, each different position is a brand new feature.

As can be seen from the above algorithm: As long as any parameter among the
structure, dimensions, and position of a rectangular feature changes, it becomes a
brand new face feature. The number of features of each feature template can be
calculated by the formula.

X = [m/s],Y = [m/t]

featureNumber = X · Y ·
(
m + 1 − s

X + 1

2

)
·
(
m + 1 − t

Y + 1

2

)

Wherew×w is the dimensions of the detectionwindow; s× t is the dimensions of the
feature template; X and Y refer to the integral-multiple proportional relation between
the width and height of the detection window and those of the feature template and
they are a number of features of the feature template in the detection window. With
respect to an edge feature template of dimension (1, 3), internal matching shall be
performed in a detection window with width and height of 27 pixels. As calculated
according to the formula, the feature template can generate a total of 44,226 features
in the detection window [6]. Calculate the number of features generated by other
feature templates and accumulate the number of features of all feature templates for
the total number of features generated in the detection window of such dimensions.
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Table 1 Facial feature data

Face height Face width Eye center
spacing

Eye width Eye height Eye distance
from chin

Eye distance
from
forehead

15.29 10.88 7.16 3.51 1.07 10.43 5.24

17.62 12.62 8.19 4.82 1.17 10.51 6.11

18.53 12.44 7.58 4.71 1.12 11.80 7.85

20.41 14.97 9.22 5.32 2.47 12.64 6.32

24.33 13.62 8.64 5.00 2.09 12.57 7.54

19.21 13.81 8.40 4.56 1.36 12.43 5.59

18.85 14.25 8.62 4.97 1.65 11.96 6.06

23.94 15.46 9.77 5.43 2.50 11.25 6.48

18.78 15.27 9.68 5.39 2.50 11.21 6.57

17.20 12.73 7.63 4.68 1.00 12.48 5.60

2.2 Locating of Eyes by Geometric Method

According to the actualmeasurement of human faces, the results are shown inTable 1.
From the above table, the limited eye features are obtained:

1. 1 ≤ Eye Width
Eye Height ≤ 4.5

2. 1
20 Face Width ≤ Eye Width ≤ 1

3 Face Width
3. Eye Center Height

Face Height ≤ 5
9

4. Area Difference between Two Eyes ≤ Reduced Eye Area
5. Forehead Length = 1

4 Face Length

2.3 Rough Locating of Left and Right Eyes by Geometric
Method

Firstly, the geometric feature relation between face and eyes is obtained by collecting
and analyzing samples. The formula for calculating the distance between eyes is as
follows:

D =
√
(x1 − x2)2 + (y1 − y2)2

Where D represents the distance between two eyes; (X1, Y1) and (X2, Y2) represent
the position coordinates of the center points of the left eye and the right eye in the
image. The formula is used to confirm the range of distance between two eyes and
ensure the distance between the face image and the sample to be collected. In the
actual experiment, the threshold value of D can be set to 50; the upper left corner of
the face image can be taken as the origin; and width and height of the face image can
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be set as width and height. Then, the calculation formula of eyes relative to the area
of the face image is as follows:

|AB| = |CD| = 7

24
height

|AH =|ED| = 1

6
width − 1

4
D

3 PERCLOS Algorithm

Studies have shown that fatigue is related to factors such as blinking, a glimpse of
the eyebrows, rapid eye movement, eye gaze, and pupil diameter. The percentage of
eyelid-closure time per unit time is the percentage of total time. This method uses an
operator’s eye information to evaluate fatigue and extracts information required by
PERCLOS (percentage of eyelid closure) from the operator’s eye locating informa-
tion obtained to realize fatigue test for operators. These data can truly reflect fatigue
and realize fatigue test for operators.

4 Principle of PERCLOS Algorithm

The principle of PERCLOS algorithm is to calculate the proportion of an operator’s
eyelid-closure time at a specific time.

According to the degree of eyelid closure, PERCLOS has three standards.
EM: If the eyelid area covering the pupils is above 50%, the eyes are considered

to be in a semi-closure state, and the proportion of eyelid-closure time in a given
time shall be calculated.

P70: If the eye area covering the pupils is above 70%, the eyes are considered to
be slightly closed, and the proportion of eyelid-closure time in a given time shall be
calculated and the eyelid-closure times counted within a specific period.

P80: If the eye area covering the pupils is above 80%, the eyes are considered to
be in a complete-closure state and the proportion of eyelid-closure times within a
specific period of time shall be calculated.

5 Operator Fatigue Detection

In this paper, the percentage of eyelid closure (PERCLOS) is calculated to determine
whether an operator is in a fatigue state.
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Since there is no time scale in a continuous image sequence, but the number
of image frames read per second is fixed, the PERCLOS value can be calculated
according to the number of frames instead of the time scale. It is defined as:

fp = nc
Nt

× 100%

Where nc is the total number of eyelid-closure frames in a specific time and N t is
the total number of frames in a specific time. The PERCLOS value is calculated
by calculating the ratio of eyelid-closure frames to the total number of frames in a
specific time. When the PERCLOS value of an operator is higher than the normal
value, the operator can be judged to be in the fatigue state according to the eye state.

6 Experiment and Result Analysis

6.1 Experiment platform

The test adopts Visual Studio 2013 software, Win7 System: Intel(R)Core(TM)i7-
6700HQ, CPUs(3.40 GHz), 32 GB Memory.

6.2 Data Used in Training

In order to overcome a certain influence of illumination and enhance the human eye
images used as data for network robustness training, images containing different
illumination intensities must be collected.

6.3 Experiment Results and Analysis

After training for the eye state recognition model, in order to test the performance
of the network model, three pieces of video data (the total numbers of frames of the
videos are 982, 1327 and 1231, respectively) were collected, and the corresponding
accuracy rates of eyelid-opening and eyelid-closure state detection were 96.87%,
95.21%, and 95.64%, respectively.

Four pieces of 320 × 240 video frames were collected for the real-time test
to measure the eye area obtained (including detection and positioning), eye state
recognition and the total time: Video 1: 23.38, 7.00, 41.00 ms; Video 2: 23.51, 7.03,
41.86 ms; Video 3: 24.33, 7.05, 42.31 ms; Video 4:24.47, 7.08, 41.55 ms. As can be
seen, this method has good real-time performance andmeets the actual requirements.
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Table 2 Fatigue state test
results

Test serial number f p (threshold 0.3) Fatigue judging

1 0.3095 Fatigue

2 0.2715 Normal

3 0.1675 Normal

4 0.2250 Normal

The PERCLOSvalue of an operator in a fatigue state is higher than that in a normal
state. Through multiple groups of experiments and analyses, the threshold value of
each parameter is set to conduct fatigue detection for 4 groups of experimental
subjects in the simulated ship operating environment, with 1 person in each group as
the experimental subject. The experimental subjects of the 4 groups are all actual ship
operators (the experimental subjects are all male, and the 4 groups of experimental
subjects cover different age groups and different operating posts). The results are as
shown in Table 2.

7 Conclusion

There are still many limitations in the current fatigue detecting mechanism in the
world, and there is no clear classification standard for the fatigue level of operators.
For ship operators, their long working time, bad working environment, and heavy
and complicated operating tasks easily lead to fatigue driving problems and then
cause human errors. If the fatigue state of operators can be detected in real time and
early warning can by timely given in the ship operating process, it is of great practical
significance to reducing ship accidents, casualties and property losses.

Compliance with Ethical Standards The study was approved by the Logistics Department for
the Civilian Ethics Committee of Naval Medical Center of PLA.

All subjects who participated in the experiment were provided with and signed an informed
consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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Study on Fatigue Detection Method
of Ship Operator Based on Face
Recognition Technology

Jian Zhang, Jun Peng, Xiaoxi Han, Shenghang Xu, and Chuan Wang

Abstract Aiming at the problem of human error caused by the fatigue operation of
ship operators, this paper proposes a method for fatigue detection of ship operators.
The AdaBoost algorithm is used to detect the face of the ship operator, locate and
analyze the eyes and mouth in the detected face area, and judge the fatigue state by
information fusion in the decision-making stage. The results show that the method
can accurately detect the state of eyes and mouth and effectively detect whether the
ship operator is in the state of fatigue operation.

Keywords Fatigue detection · Face recognition · AdaBoost algorithm ·
Information fusion

1 Introduction

In the complex social-technical system, human error has become one of the main
causes of accidents [1]. Most of the accidents are caused by fatigue operation, so
it is of considerable significance to develop a system to monitor whether the ship
operator is in the fatigue state.

At present, the methods for detecting fatigue operation are mainly divided into
the following three types:

1. Physiological signal method: it analyzes the fatigue state with the help of
physiological indicators of medical instruments and equipment [2].

2. Use the sensor to monitor the running state parameters of the vehicle to judge
whether it is running normally and analyze whether the operator is fatigue.
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3. According to the operator’s response features, use the image detection and
segmentation algorithm to find the mouth, eyes and other organs [3, 4], recognize
the response features of human fatigue state according to the mouth and eyes [5,
6], and judge whether the operator is fatigue for operation through these response
features.

This paper proposes an operator fatigue detection algorithmbased on human facial
features. It adopts the AdaBoost cascade classifier to detect the face, then locates the
human eyes and mouth the basis of the extracted face image, and then detects the
operator’s state by the information fusion of the opening and closing of eyes and
mouth to accurately determine whether the operator is fatigue for operation.

2 Overall Scheme Design of Fatigue Detection System

The fatigue operation detection system is mainly composed of an image acquisition
module, a face recognition module, a feature location, status analysis module, and
an information fusion module. The system flow is shown in Fig. 1.

3 Face Recognition

When the AdaBoost algorithm is used for detection, different weak classifiers are
obtained at first, and then they are linearly combined into strong classifiers. At last,
the final cascaded classifiers are constructed by cascading. The algorithm mainly
includes the following essential parts:

1. Use Haar features to describe the common attributes of the face;
2. A feature named as the integral image is established to acquire several different

image rectangle features quickly;
3. Use the AdaBoost algorithm for training;
4. Establish a hierarchical classifier.

4 Detection of Eyes and Mouth State

4.1 Detection of Eyes State

While locating the eyes area, it can judge the condition of the human eyes and realize
the effect of replacing measurement with detection. The flow of distinguishing the
situation of eyes opening and closing is shown in Fig. 2.
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The detection of human eyes state is based on the image of each frame in the
video. The fatigue state of human eyes is a state within a period. Therefore, the
PERCLOS (Percentage of Eyelid Closure over the Pupil over Time, PERCLOS)
method is used for determination [7]. The eyes are open when the opening degree
of the eyes is greater than 20%, and closed when less than or equal to 20%. In the
actual situation, we can judge whether the eyes are closed or not according to the
image. The PERCLOS calculation is based according to formula (1):

PERCLOS = Nclose

Nsum
(1)

Nclose is the total number of frames of closed eyes per unit time, and N sum is
the total number of frames per unit time. When PERCLOS is higher than 20%, the
operator is judged to be in the fatigue state during the detection cycle.

4.2 Detection of Mouth State

There are many kinds of mouth states, and wherein, yawning is the feature of a
fatigue state, so the operator can be judged as fatigue as long as the yawning mouth
state is distinguished from other states. The opening degree O is calculated by the
geometric shape of the mouth, the position of the mouth is marked with a rectangular
frame, and the opening degree of the mouth is calculated by the ratio of the height
H to the width W of the mouth:

O = H

W
(2)

Different O values represent that the mouth is in different open states. When the
mouth is fully open, the O value is about 0.8. This value is taken as the threshold
value to judge whether the operator yawns to determine whether he is fatigue.

5 Judgement of Fatigue State

Twokinds of information are fused to reduce the error, andwherein, themouth feature
(yawning) is better than the eye feature (PERCLOS). In addition, yawning lasts as
long as about 5 s, which is longer than blinking in the fatigue state, so yawning is less
affected by the outside. Once yawning for a long time, the operator can be judged to
be in the fatigue state.

According to the PERCLOS standard used to detect the eyes state, the following
two types can be divided: Awake state (PECRCLOS parameter value <20%) and
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Fig. 3 AdaBoost algorithm face recognition detection results

fatigue state (PECRCLOS parameter value ≥20%). According to whether the oper-
ator yawns, the mouth opening sizes can be divided into two types: fatigue state
(yawn) and awake state (not yawn). This paper combines the above two standards to
determine whether the operator is in the fatigue state.

6 Result of Fatigue Test and Analysis

6.1 Face Recognition

The OpenCV open-source library is used to train a large number of pictures so as
to get the face classifier and realize the detection and location of the face, and the
results are shown in Fig. 3.

6.2 Fatigue Test

The test results of eyes state are shown in Table 1. The accuracy of judging fatigue
by eyes state is 80.83%, which proves that the method of detecting fatigue by eyes
state is feasible. At the same time, it can be seen from the results of false detection
that there is still a problem if detecting fatigue only from the eyes state.

The test results of the mouth state are listed in Table 2. Sometimes the system
misjudges the operator as yawningwhen the operator is speaking, but when yawning,
because the operator’s mouth opening degree is too small, it also leads to detection
errors.

Table 1 Eye condition test
results

State Test QTY Error QTY Accuracy (%)

Normal 600 589 98.2

Fatigue 600 579 96.5
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Table 2 Mouth condition
test results

State Test QTY Error QTY Accuracy (%)

Normal 600 592 98.7

Fatigue 600 583 97.2

Table 3 Combined eye and
mouth features

State Test QTY Error QTY Accuracy (%)

Normal 600 594 99.0

Fatigue 600 593 98.8

The combination of eyes and mouth features is listed in Table 3. When the infor-
mation fusion judgment criteria proposed in this paper are used for fatigue detection,
it can be seen that the accuracy of fatigue detection is significantly improved at this
time, and good results are obtained.

7 Conclusion

This paper is based on the face recognition algorithm of the AdaBoost cascade
classifier to detect human eyes and mouth, reduce the search range, and improve the
speed. With the operator’s eyes and mouth features extracted from the analysis, we
can accurately detect fatigue. The test results show that in different environments,
the method proposed in this paper can basically detect the fatigue operation in each
stage; however, the detection time of the method used in this paper is long, and the
detection efficiency is low. How to improve the detection efficiency will be the focus
of the next stage.
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Hybrid Model of Eye Movement
Behavior Recognition for Virtual
Workshop

Mengyao Dong, Zenggui Gao, and Lilan Liu

Abstract PurposeThis paper is oriented to the virtual workshop scenario, discusses
the creation of a feasible eye movement recognition model and provides new ideas
for eyemovement recognition and eyemovement interaction in the virtual workshop.
Method Obtain user’s eye movement data through eye tracker in real time, create
blink behavior recognition model and gaze/saccade behavior recognition model
based on convolutional neural network (CNN) and bidirectional long short-term
memory network (Bi-LSTM). A data set was created by collecting eye movement
data of three subjects for comparative experiments to verify the performance of the
proposed model. Results The experimental results showed that the recognition accu-
racy, Kappa coefficient, F1 score and running time of the proposed model had certain
advantages over other models. Conclusion The created hybrid model of eye move-
ment recognition for virtual workshops has high reliability and effectiveness, which
will create a foundation for future research on building eye movement interaction
systems.

Keywords Virtual workshop · Eye movement interaction · Eye movement
behavior recognition · Convolutional neural network · Bidirectional long
short-term memory network

1 Introduction

As various computer functions become increasingly powerful and the diversity of
interactive systems becomes very wide, man–machine interaction becomes more
frequent and complex. However, traditional interaction modes, such as keyboard and
mouse interaction, are limitedby shortcomings including theirweak adaptability, lack
of nature and insufficient input bandwidth. In addition, the “user-centered” design
concept shows thatman–machine interaction technology ismoving toward the goal of
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people-oriented, natural and efficient development. Since eyes are important organs
for human beings to obtain information, eye movement is closely related to human
emotional state, target of concern and intention of tasks [1]. Therefore, eyemovement
can be used as not only a channel for receiving information, but also an input channel
for man–machine interaction, and has the characteristics of bidirectional input and
output. When eye movement is used as an interactive input channel, it is needed to
recognize eye movement behaviors and issue corresponding operating instructions
according to the eye movement behaviors recognized. Therefore, whether the eye
movement behavior can be accurately recognized as an important factor affecting
the performance of the eye movement interaction system.

In recent years, the powerful representation learning capacity of in-depth learning
has injected great vitality into studies of behavior recognition. It adjusts its parameters
through the training of data sets to get the optimal model. The convolutional neural
network (CNN) in in-depth learning is used to automatically extract features from
original data, learn static features of the data and explore local features of data to
achieve the aim of enhancing features and reducing parameters formodel calculation.
Bidirectional long short-term memory network (Bi-LSTM) has a good time-series
processing ability. It grabs the sequential and antitone feature relations in data from
local feature information in two directions, so as to enrich the feature representation
of data [2, 3].

2 Eye Movement Behavior Recognition for Virtual
Workshop

2.1 Real-Time Data Acquisition of Eye Tracker

In this paper, Tobii Glasses 2 Eye Tracker with 50 Hz sampling is used to collect the
user’s eye movement data in real time and the eye movement data is extracted from
the recording unit of eye tracker in real time through API.

The recording unit of eye tracker consists of fourAPI interfaces: POSTAPI,REST
API, Livestream API and Discovery API. Through calling API, the corresponding
interface function is created to communicate the script with the recording unit, so as
to complete information interaction. The procedure of real-time acquisition of eye
movement data is as shown in Fig. 1, and the specific steps are as follows [4]:

1. Initialization: Firstly, start the recording unit of the eye tracker, initialize the API
and then call Discovery API to discover the recording unit through the network,
so as to create connection;

2. Transmission equipment parameters: After connecting with the recording unit,
submit all relevant parameters of the eye tracker equipment to the recording unit.
In this paper, the equipment parameters transmission is to initialize default value
and wait for the response of the recording unit;
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Fig. 1 Flow chart of real-time eye movement data acquisition

3. Subscription of eye movement data: Retrieve the information of the recording
unit through calling REST API, follow the steps of creating project, creating
participants and creating calibration and create record to subscribe relevant eye
movement data;

4. Eyemovement data reception:After subscription is completed, the eyemovement
data returned by the recording unit will be acquired in real time. Finally, it can
be ended only by closing API and the recording unit.

After the above steps are completed, the user can wear the eye tracker and run the
script to extract eye tracker data in real time.

2.2 Eye Movement Behavior Recognition Model

Accurate recognition of eye movement behaviors is the most important part of the
model created in this paper and the premise ofman–machine interaction for eyemove-
ment. In this paper, with respect to three kinds of eye movement behaviors, namely
blink, gaze and saccade, a hybrid model of eye movement behavior recognition for
virtual workshop is established to recognize the eye movement data acquired in real
time. The procedure of eye movement behavior recognition for virtual workshop is
as shown in Fig. 2.

1. Eye tracker acquires user’s behaviors in real time;
2. Unity acquires eye movement data in real time with API of eye tracker;

Fig. 2 Flowchart of realizing eye movement recognition in virtual workshop
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Fig. 3 Blink behavior recognition model

3. Eye movement behavior recognition: Blink behaviors are recognized by blink
behavior recognition model, while gaze/saccade behaviors are recognized by
CNN and Bi-LSTM models.

Unity call recognition model as shown in Fig. 2 mainly uses two tools, ZeroMQ
and Python.NET, to realize inter-process communication between Unity and Python
[5], so that Python can obtain real-time eye movement data acquired by Unity, calcu-
late with the model and transmit the recognition results to Unity, while Python.NET
is mainly to call Python scripts in C# simply and quickly to make the model work.

2.2.1 Blink Behavior Recognition Model

Anormal person blinksmore than 10 times perminute, and each blink takes 0.3–0.4 s,
with an interval between blinks of 2.8–4 s. Therefore, interaction can be achieved
through deliberately pausing blinks for a long time [1]. The blink behavior recog-
nition model created in this paper is as shown in Fig. 3. According to the pupil
diameter data generated by the eye tracker in real time, the threshold value εT of the
total blinking time is set up to judge conscious blinks.

2.2.2 Gaze/Saccade Behavior Recognition Model

The overall framework of CNN and Bi-LSTM models is based on a convolutional
neural network of Marie E. Bellet et al.—U’n’Eye [6]. It conducts feature extraction
for the eye movement data acquired because of its characteristics of universality and
self-actuated feature extraction, extracts time-series features of data sequence in a
deeper level with Bi-LSTM due to the time characteristics of eye movement data and
finally conducts feature classification with the classifier. The network architecture of
CNN and Bi-LSTM models is as shown in Fig. 4.

The input dimension of the model isN × T × 2, whereN is the batch size; T is the
number of time points; and 2 is the dimension of eye movement velocity calculated
by the first-order difference of eye movement point coordinates.

CNN in the model mainly consists of 6 convolutional layers with kernel size 5
and 3 pooling layers. In order to accelerate convergence and avoid overfitting, each
convolution layer is followedbya linear rectification activation function layer (ReLU)
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Fig. 4 CNN and Bi-LSTM models

and aBatchNorm layer. It captures the features of context informationwith Bi-LSTM
and acquires eye movement timing information through building two LSTM layers
in different directions. At the same time, the input layers of the two LSTM layers are
the same [7]. Bi-LSTM is connected to the last pooling layer of CNN, and conduct
time-series coding on the eyemovement sequential features learned byCNN to obtain
time-series feature vectors, and finally connected to the Softmax classification layer
for feature classification.

The output dimension of the model is N × 2 × T/5, where 2 is the number of
classes, that is, gaze and saccade. The Softmax classifier adopted outputs prediction
probability for each eye movement class at each time point, where k represents the
number of classes; xi is the layer corresponding to class i. Therefore, when giving
the eye movement velocity x and weight w, the output Y of the model represents
the sample-by-sample conditional probability of each class, and the final prediction
represents the class maximizing the conditional probability [6]:

Softmax(xi ) = exi
∑k

j=1 e
x j

(1)

Yk = p(k = 1|x, w) (2)

k̂ = argmaxk p(k = 1|x, w) (3)

3 Contrast Experiment

The eye movement data of three subjects were collected when they operated the
virtual workshop application software to create the data sets. The recording time
for Subject A is 00:14:08; the recording time for Subject B is 00:14:34; and the
recording time for Subject C is 00:14:32. The original data includes saccade, gaze,
blink and other eye movements. By preprocessing the original data, after removing
the invalid data, Data Sets A, B and C contain 45, 52 and 65 8-second eye movement
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track segments, respectively. The labels created for the data of gaze and saccade eye
movement behaviors are 0 and 1. The data sets are randomly divided into training
sets and test sets according to the proportion of 9:1.

In order to verify the effect of CNN and Bi-LSTM models on gaze/saccade
behavior recognition, experiments were conducted on three test sets to compare
the recognition performance of the proposed model with that of CNN, I-HMM and
EM models.

Accuracy, kappa coefficient and F1 score are adopted as indexes to evaluatemodel
performance. The accuracy is based on the confusionmatrix, where TP is the number
of true positives; FP is the number of false positives; FN is the number of false nega-
tives; TN is the number of true negatives. Kappa coefficient is used for consistency
test and measurement of classification accuracy. Its calculation is based on confusion
matrix. F1 score is an index used to measure the accuracy of binary classification
model and can be regarded as the harmonic mean of model accuracy rate and recall
rate.

Accuracy = TP + TN

TP + FP + TN + FN
× 100% (4)

κ = p0 − pe
1 − pe

(5)

F1 = 2 × TP

2 ∗ TP + FN + FP
(6)

The recognition accuracy of each model is as shown in Fig. 5. In terms of the
accuracy of gaze and saccade behavior recognition, the proposed model achieves

Fig. 5 CNN + Bi-LSTM, CNN, I-HMM and EM recognition accuracy comparison chart
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Table 1 Performance comparison between CNN + Bi-LSTM and other models

Data set Performance Models

CNN + Bi-LSTM CNN I-HMM EM

A Kappa coefficient 0.812 0.747 0.646 0.623

F1 score 0.871 0.756 0.822 0.810

Running time-consuming/s 0.0359 0.0263 0.2593 0.2025

B Kappa coefficient 0.726 0.718 0.638 0.620

F1 score 0.736 0.717 0.817 0.808

Running time-consuming/s 0.0478 0.0399 0.4149 0.3142

C Kappa coefficient 0.817 0.790 0.609 0.687

F1 score 0.842 0.807 0.803 0.833

Running time-consuming/s 0.0508 0.0383 0.4937 0.4109

Bold represents the best performances for each data set

the highest recognition accuracy in all three data sets, with an average recogni-
tion accuracy of 92.57%. Compared with I-HMM and EM models, its accuracy can
be improved by 8% on average; compared with CNN model, its accuracy is also
improved. The performance index results of Kappa coefficient, F1 score and running
time-consuming for each model are as listed in Table 1, and the bold-type figures
in the table represent the highest value of each index in each data set. The proposed
model obtains the highest Kappa coefficient value in three data sets and the highest
F1 score value in two data sets. Compared with CNN, both indexes increase; its
Kappa coefficient is significantly higher than that in I-HMM and EM models; and
its F1 score also reaches the level of good. In terms of running time-consuming, the
running time-consuming of the proposed model is similar to that of CNN, but greatly
shorter than that of I-HMM and EM models.

4 Discussion

According to the formulas related to blink recognition inReference [1], a blink recog-
nition model is created in this paper and the legal values of two eyes are determined
by pupil diameter data to judge the conscious blink, together with the time threshold.
With respect to gaze and saccade behaviors, Reference [1] distinguishes the gaze
and saccade points with eye movement velocity according to the velocity threshold
algorithm. Generally, CNN is often used in image processing. For example, the
video-based CNN eye movement recognition method proposed in Reference [8] can
recognize gazing behavior in eight directions. It conducts network training through
establishing data sets with eye movement images. Data collection is a preprocessing
of selecting useful images from eye movement videos captured and cutting them
and transforming them into gray-scale images. In this paper, CNN and Bi-LSTM
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models are created to distinguish eye movement behaviors through eye movement
velocity features, obtain eyemovement velocity data through first-order difference of
obtained eye movement coordinate points as input of CNN and automatically extract
eye movement velocity features. After obtaining data with eye tracker and distin-
guishing the data according to behaviors with supporting software of the eye tracker,
we can directly get the data with behavior labels and create data sets as long as we
remove the invalid data. Compared with Reference [8], the data preprocessing in this
paper is more simple and convenient and can recognize two kinds of eye movement
behaviors, namely gaze and saccade, with eyemovement velocity features. However,
the recognition effect of gazing direction needs to be further discussed.

According to the analysis of the contrast experiment results, the model based
on neural network has obvious advantages in feature extraction and accurate and
rapid behavior recognition. With respect to CNN model in Reference [6], this paper
adds Bi-LSTM to extract the time features of data, which improves the accuracy
of eye movement behavior recognition and classification performance of the model.
Therefore, CNNandBi-LSTMmodels are of great potential application possibility to
rapid and accurate recognition of user’s gaze and saccade eye movement behaviors.

In view of the small sample size of the contrast test and no special requirements for
the subjects in operating the virtual workshop application program, the performance
of the proposed recognition model needs to be further improved.

5 Conclusion

With respect to user’s eyemovement behaviors in virtual workshop scenes, this paper
achieves rapid and accurate eye movement behavior recognition through real-time
collection and transmission of eye movement data, according to the blink behavior
recognition model and the gaze/saccade behavior recognition model based on CNN
and Bi-LSTM, and compares its accuracy, Kappa coefficient, F1 score and running
time-consuming with CNN, I-HMM and EMmodels to verify the feasibility of CNN
andBi-LSTMmodels. Finally, it is concluded that the hybridmodel of eyemovement
behavior recognition for virtual workshop proposed in this paper can realize effective
recognition of user’s eye movement behaviors in a short running time, which meets
the needs of rapid and accurate recognition and lays a foundation for relevant studies
of eye movement interaction for virtual workshop.
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Research on Influence of Organizing
and Training Capabilities Towards
Officers Positions Capabilities

Junlong Guo, Zaochen Liu, Jianfeng Li, and Jiwen Sun

Abstract Practical teaching is the main path to cultivate and improve combat capa-
bilities of growing cadre cadets Li (The newphase in newcentury research onmilitary
academy transformation construction and talents cultivation (Part 1), 2005 [1]). As
the main evaluation, contents of practical teaching organizing and training capabil-
ities include writing teaching schemes, drawing up working plans, giving lessons
and conducting training. Organizing and training capabilities have a fundamental
and promoting role on the formation of organizing and commanding capabilities;
they also have a guiding and facilitating role on management and political work; and
they take on an elevating role on coordinating, controlling and adapting to changing
circumstance. By intensifying their qualities, cultivating good personality, estab-
lishing a sense of responsibility and grasping the soldiers’ thoughts the grassroots
officers must improve their organizing and training capabilities, and at the same
time, promote their first-position capabilities Zhou (A study on the basic standard of
growing officers cultivation, 2005 [2]).

Keywords Practical teaching · Organizing and training capabilities · Commanding
officers · Positions
During position training of growing cadre cadets, practical teaching percentage is
up to 60%; the basic position courses and the main evaluating contents of practical
teaching in professional position courses operating skills and organizing and training
capabilities directly influence their cultivation of the first-position capability.
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1 Contents that Organizing and Training Capabilities
Contain

Organizing and training capabilities refer to the following ones such as writing
teaching schemes, drawing upworking plans, giving lessons and conducting training,
in which weapons and equipment operation is considered as the main contents.

1.1 Writing Teaching Schemes

Teaching schemes are the products in which trainers combine teaching contents with
detailed practice; it is the personalized lecture notes that trainers create according to
lecturing style and units training practical situation.

From the nature of the training contents and training stages, teaching schemes can
be classified into different types such as common subjects, specialized technology
or operating skills, specialized tactics and combined tactics. From the angle of the
training contents coverage or application time span, they can be classified into the
following types such as the whole process of the subjects, special topics and teaching
periods. From the angle of the application form, they can be classified into the
following types such as narrative contents, explanatory contents, reading contents,
discussing contents and demonstrating contents. From the angle of compiling form
and adoptable pattern, they can be classified into the following types such as written
description, formats and map lettering [3].

1.2 Drawing up Working Plans

1.2.1 Basis for Drawing up Military Training Plans

Drawing up military training plans must be based on military training syllabus; they
should be drawn up in accordance with the real situation such as forces (units) oper-
ation tasks, training levels, support capabilities, weapons and equipment conditions
and geographically environmental characteristics.

1.2.2 The Form of Military Training Plans

According to the contents of training plans, the tabular text plans fill the related
contents with different items of the form one by one. Written description plans are
compiled in the light of the narrative pattern, the layout of the whole training work
is clearly differentiated and stated one by one. According to the training process and
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the organic linkage among different subjects, network lettering plans are made into
network operational map [4].

1.2.3 The Contents of Military Training Plans

Forces (units) training majors include gunners, radar operators, testers, scouts, plot-
ters, diesel engine operators, weathermen, telephone operators, wireless operators,
cook, technicians and drivers.

Training subjects reflect the main training contents annually, embody the basic
training procedures annually and reveal the intrinsic connection among different
subjects. Annual training subjects for units generally are composed of common
training, individual training, squad (group, section, station, platoon) training, battery
(battalion) training and army group (brigade, regiment) training, etc.

Annual index of training contents must complete the training contents required
according to the requirements of military training syllabus. The training plans need
mark different training stages, the detailed training contents, the index and measures
in accordance with task need and the real forces (units) situation.

1.3 Giving Lessons in the Classroom

1.3.1 Preparing Lessons

Preparing lessons must be based on the requirement of cultivation schemes [5]
and courses standard, trainers need to investigate and research teaching objects,
familiarize textbooks and teaching contents, make course designs very well.

1.3.2 Trial Lessons

Combined with the teaching sites and equipment, trial lessons should be conducted
according to the real teaching procedures and requirements.

1.3.3 Teaching Implementation

In the actual operations, trainers should clearly describe its purpose, contents and
requirements and demonstrate those when explaining the contents, in the meantime
point out possible barriers and preventive measures. The whole working procedures
should be from simple, individual and separate way to complicated, integrated and
joint way.
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1.4 Implementing Training

1.4.1 Teaching Demonstration and Practicing

Teaching demonstration andpracticing are the demonstration of the teachingmethods
and training methods. Generally combining with the actual objects, equipment
and models the trainers or the demonstrators teach their operating essentials and
demonstrate the training methods through the whole flow and steps [6].

1.4.2 Conducting Exercise

Before exercise trainers should make clear training contents, methods, steps and
requirements to the soldiers, distinguish training sites and equipment, etc. Exer-
cise should abide by the following sequences: imitating, reinforcing and applying.
The methods can be followed in accordance with decompositions, steps, stages,
integrations, evaluation and competitions.

1.4.3 Checking and Evaluating

Checking is divided into general test and selective test. According to training
grouping, general test should be organized and conducted by battery units or trainers
who are in charge of professional training or may be organized and conducted by
professional departments in brigade or regiment level. Selective test should be orga-
nized by professional departments in battalion or brigade (regiment) level generally
after professionally individual training is over.

2 Influence of Organizing and Training Capabilities
Towards Officers Position Capabilities

2.1 It Plays a Fundamental and Promoting Role
on the Formation of Organizing and Command
Capabilities

That one can organize and conduct training means that he or she can prepare for
plan very well ahead of time, can coordinate and control in the training process
and can summarize and evaluate in the terminal stage. In the meantime, scientific
trainingmethods are also scientific organizing ones and are the forming fundament to
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organizing and commanding capabilities of junior commanding officers; they have
imperceptible promoting role on the formation of their organizing and command
capability.

2.2 It Plays a Leading and Catalytic Role on Management
and Political Work

By organizing and training junior, commanding officers strengthen constraints and
guidance to soldiers, achieve ideal management effect relying on training and further
improve the formation of theirmanagement and education capabilities. In the training
process, they conduct organizing and training by acting as commanders in rota-
tion, experience the capability demand in different positions, practice and promote
management capabilities. Through a series of activities such as propaganda, compe-
tition and evaluation, they arouse training enthusiasm of soldiers and improve the
pertinence and timeliness of political work.

2.3 It Plays Progressive Role on Such Capabilities
as Coordination, Control and Adapting to the Changing
Circumstance

Through a series of activities such as preparing training sites and equipment,
designing training background and holding joint teaching conferences, all capabili-
ties of trainers such as organizing and planning, communicating skills, coordination
and control, temporary adaptability, finding and solving problems can be correspon-
dently practised and improved with the four working practice of organizing and
training capabilities.

3 Methods by Which Improving Organizing and Training
Capabilities for Officers

3.1 Intensifying Personal Quality

Firstly, grassroots officers should build a right outlook on life. When remaking
objective world, they should work hard to remake subjective world and try to make
their thoughts conform to development law and keep up with the times. Secondly,
they should study modern military knowledge with advanced science and tech-
nology. They should focus on researching their professional work, familiarize the
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performance of equipment, organizing technological training and cultivate excel-
lent working style. Thirdly, they should reinforce accumulation about scientific and
cultural knowledge. They should attach importance to studying and accumulating
cultural knowledge, lead soldiers to make great progress and adapt the demand for
future war.

3.2 Cultivating Good Character

Firstly, they should teach trainees by personal example as well as verbal instruc-
tions. They should lead soldiers through good military and political quality, educate
soldiers by explaining profound theory in a simple way, influence soldiers by their
own experience. Secondly, they should build their own image by exemplary action.
Officers should set a good example for soldiers, keep “follow-me” enthusiasm and
“watch-me” standard at any time. Thirdly, they should influence soldiers through
strict fighting style. They should be strict with themselves and set a good example
for soldiers by selfless work and hard-working spirit.

3.3 Building a Sense of Responsibility

Firstly, grassroots officers should improve political awareness and regard polit-
ical qualification as the prime requirements, attach importance to studying polit-
ical theory, develop political work and others by their positions and responsibilities.
Secondly, they should reinforce their self-cultivation, focus on developing goodmili-
tary tradition and guide their ownwords and deeds bymorality, set a good example for
soldiers. Thirdly, they should intensify their responsibilities and awareness by law;
they shouldmake education,managements, training and security further standardized
and institutionalized and bring soldiers to perform all tasks legally.
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Abstract Objective To investigate interaction effect of workload and circadian
rhythm in air traffic controllers’ fatigue. Methods At one busy international airport,
air traffic controllers for the terminal area were recruited in this study. The volunteers
were asked to fill out the questionnaire of the Stanford Sleepiness Scale about their
fatigue feelings before, in the middle, and after their work. The questionnaire survey
followed up with four-period groups including morning, afternoon, the first half of
the night, and the second half of the night. The statistical results of the questionnaires
showed that the fatigue levels of air traffic controllers increased very significantly
duringwork periods; the levels were also influenced by circadian rhythm. The covari-
ance analysis results showed that there was a very significant interaction effect of
workload and circadian rhythm.Conclusions There existed a very significant interac-
tion effect of workload and circadian rhythm in air traffic controllers’ fatigue. These
results require more objective data to verify and will prompt to consider the effect
in the assignment of workload and human resource for fatigue management.
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1 Introduction

The fatigue of air traffic controllers (ATCO) seriously threatens aviation safety. In
March and April 2011, the incidences of ATCO sleeping on duty occurred continu-
ously four times in the USA [1]. In July 2014, ATCO at Tianhe Airport, Wuhan slept
on duty [2]. In Oct. 2017, a serious runway incursion incidence of two passenger
aircrafts occurred at the Tongren Fenghuang Airport. According to the incidence
investigation report, the partical ability of the air traffic controller was disturbed by
fatigue risk causing his performance to decrease [3]. The International Civil Avia-
tion Organization (ICAO) convened a symposium on fatigue management on the
theme of “evolution from the cockpit to the air traffic control unit” in 2016 [4].
The fatigue management of ATCO became a research hotspot in recent years [5, 6].
Based on the summary of previous related works, the four scientific principles for
fatigue management were put forward in the document of ICAO including circa-
dian rhythm effects and workload influence [7]. In recent years, the workloads of
ATCO continued increasing along with the rapid growth of air traffic. Meanwhile
ATCOs’ work on 24/7 schedules under the pressure of circadian rhythm. It is neces-
sary to understandwhether there is interaction effect betweenworkload and circadian
rhythm in ATCOs’ fatigue in order to manage fatigue effectively. In this paper, we
investigated the fatigue of air traffic controllers working for the terminal area at one
international airport with the Stanford Sleepiness Scale. The statistical analysis of
questionnaires showed that there was an interaction effect in ATCOs’ fatigue. The
results will prompt to consider the interaction effect when arranging workload and
human resource for fatigue management.

2 Experiment

2.1 Questionnaire Survey

The study was carried out at one busy international airport where the number of
takeoff and landing flights was over 1000 a day during our survey period. Volunteers
of air traffic controllers whoworked for the terminal area at the airport were recruited
in this study. On the premise to limit disturbance to the bare minimum possible to
ATCOs’ work, we selected the Stanford Sleepiness Scale as the fatigue questionnaire
which was simple, only having 7 options, easy to understand, reliable, and valid [8,
9]. The volunteerswere required to fill out the questionnaire just before, in themiddle,
and just after they were on duty. We surveyed the volunteers working on the four
periods separately including 8:00–12:00, 12:00–18:00, 18:00–24:00, and 0:00–8:00
described as morning (I), afternoon (II), the first half of the night (III), the second
half of the night (IV). The volunteers were male, aged from 23 to 35, on average
28.4. The survey was carried out from Aug. 26 to 30, 2019. 205 person-times took
part in the experiment, and 600 completed questionnaires were collected.
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2.2 Statistical Analysis

The collected questionnaires were input into excel table and analyzed with statistical
analysis. The repeated measures analysis of variance, multiple comparison analysis,
and covariance analysis were employed to analyze the questionnaires.

3 Results and Discussion

Air traffic controllers for the terminal area at an airport are responsible for
commanding departure and arrival flights. Therefore, the workloads of ATCO for
the terminal area are able to be estimated based on the number of departure and
arrival flights. The airport selected in this study is one busy international airport with
a throughput of over 1000 flights per day based on two runways. The departure and
arrival flight rate distribution per day are shown in Fig. 1 during the study period.
The number of flights was not uniformly distributed among 24 h a day. The total
flight rate was only about 22.6% from 0:00 to 8:00 in the second half of the night
(IV) for 8 h, average rate (AR) 2.8% per hour. The total flight rate was about 20.2%
from 8:00 to 12:00 in the morning (I) for 4 h, AR 5.0% per hour. The total flight
rate was about 29.3% from 12:00 to 18:00 in the afternoon (II) for 6 h, AR 4.7% per
hour. The total flight rate was about 27.9% from 18:00 to 24:00 in the first half of
the night (III) for 6 h, AR 4.6% per hour. These data indicated the workload level of
ATCO in the four periods.

2 4 6 8 10 12 14 16 18 20 22 24
0

2

4

6

8

10

X 100%

Fl
ig

ht
 ra

te

Time (h)

 Arrival rate
 Departure rate

Fig. 1 Distribution of takeoff and landing flight rate per day
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We investigated the influence of workload to ACTOs’ fatigue. The three question-
naires including a volunteer before, middle, and after work regarded as a whole set
of questionnaires for one person-time. Box-plot analysis was employed to examine
abnormal values, and 8-set data were rejected. 192 person-times and their 576 ques-
tionnaires were input into the following analysis. Firstly, we analyzed the workload
influence to fatigue levels (Fig. 2). The variance analysis was employed to treat the
repeated measure data of before, middle, and after work. The result showed that
the influence of workload to ATC fatigue was very significant (P < 0.001, Fig. 2
black line). Multiple comparison analysis of the repeated measure data discovered
that the fatigue levels in the middle work (mean 2.53) and after work (mean 3.11)
were very significant increase compared with that before work (mean 1.85), respec-
tively (P < 0.001, P < 0.001), and the fatigue level after work (mean 3.11) increased
very significantly compared with that in the middle of work (mean 2.53) (P < 0.001).
These results declared that the ATCOs’ duty-work resulted in their fatigue level rapid
increasing, and the fatigue level kept to increase rapidly along with work time exten-
sion as workload accumulation. We further investigated the influence of the different
workloads in the four periods. The workloads in IV period were lighter than that
in other three periods as above analysis. However, the fatigue level after work (IV
mean 3.94) in IV period (Fig. 2 blue line) was very significant higher than that in
other three periods (I mean 2.58, II mean 2.89, and III mean 3.42, in Fig. 2 the red,
green, and purple lines). And even the fatigue level before work (IV mean 2.65) in
IV period was higher than that after work in I period. Although the workloads were
almost equal in I, II, and III periods, the growth levels of fatigue for the three periods
were not equal, and the most rapid increment occurred in the III period. These results
indicated that the workload was not the unique factor which leads to ATCOs’ fatigue
level increasing, the period for work in a day circle as circadian rhythm factor was
another important reason necessary to consider seriously.

Fig. 2 Fatigue levels of ATC
changing along with before,
middle, and after work
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Fig. 3 Fatigue levels of
ATC changing along with
work period
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The circadian rhythm influence and the interaction effect between circadian
rhythm and workload to ATCOs’ fatigue were investigated. In order to provide the
24 h continuous air traffic service for the international airport, several kinds of work
shifts coexisted on the schedules for ATCO for the terminal area. We selected the
ATCO group working in the morning (I), afternoon (II), the first half of the night
(III), and the second half of the night (IV) for the circadian rhythm study. The
person-times distribution in the four periods were 45 (I), 57 (II), 73 (III), 17 (IV).
The variance analysis of independent measurement for questionnaires before work
in four periods discovered that ATCOs’ fatigue level in IV period (Fig. 3 blue line)
was very significantly high compared with that in I period (P < 0.002), II period (P
< 0.001), and in III period (P < 0.001). There was no significant difference of fatigue
level appeared among I, II, and III periods. These analysis results of ATCOs’ fatigue
level data before work indicated that the ATCOs’ volunteers’ fatigue level fluctuated
smoothly from 8:00 to 18:00 in the daytime and significantly increased up in the
second half of the night. This changing curve coincided with cortisol production of
a kind of general circadian rhythm which kept a stable level during day time and
changed significantly decreased at night, while melatonin (another circadian rhythm
related secrete) began to increase secretion and lead to people sleepy [10, 11]. The
variance analysis of independent measurement employed to the questionnaires in the
middle of work in four periods (Fig. 3 orange line). The results were similar to that
before work. The fatigue level in IV period was significantly higher compared with
that in other three periods, concretely very significantly high with that in I period
(P < 0.001), in II period (P < 0.003), and in III period (P < 0.009). And there was
no significant difference among I, II, and III periods. Then, the variance analysis of
independent measurement employed to the questionnaires after work in four periods
(Fig. 3 gray line). The results showed different to those before and in the middle
of work. The fatigue levels in III and IV periods were very significantly higher
compared with that in I and II periods. Concretely, the fatigue level in IV period was
very significant high compared with that in I period (P < 0.001) and II period (P
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< 0.001), and no significance with that in III period (P < 0.086); the fatigue level
in III period was very significant high compared with that in I period (P < 0.001)
and II period (P < 0.007); the fatigue level in II period was no significance with that
in I period (P < 0.059). The sharp increase of the fatigue level in III period after
work strongly suggested that there was very possibly an interaction effect between
circadian rhythm and workload. Furthermore, the multiple factors covariance anal-
ysis employed to the questionnaires. The result showed that the interaction effect of
workload and circadian rhythm was very significant (P < 0.001).

4 Conclusion

Many evidences have made clear that either workload or circadian rhythm is able
to result in ATCOs’ fatigue [5, 7]. However, workload and circadian rhythm were
usually regarded as independent factors [12, 13]. To our knowledge, we investi-
gated and preliminarily demonstrated the interaction effect ofworkload and circadian
rhythm in ATCOs’ fatigue with the questionnaire survey. Moreover, the interaction
effect requires more objective data to verify and deeply understand the interaction
mode of workload and circadian rhythm.

In conclusion, ATCOs’ fatigue seriouslymenaces the aviation safety. Either work-
load or circadian rhythm leads to ATCOs’ fatigue. In air traffic control work condi-
tions, the two factors often appeared simultaneously. It is necessary to learn the rela-
tionship of workload and circadian rhythm in ATCOs’ fatigue in order to manage
fatigue effectively. In this study, we preliminarily demonstrated the interaction effect
of workload and circadian rhythm in ATCOs’ fatigue with subjective questionnaire
survey. The effect requires objective data to verify and further explore the interaction
mode of workload and circadian rhythm. The results will help to arrange workload
and human resource for fatigue management more efficiently.
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Abstract Objective To establish a measurement method of the percentage of eyelid
closure over the pupil over time (PERCLOS) to finely characterize behaviour circa-
dian rhythm.MethodsA computer program was designed based on multitask convo-
lutional neural network for the treatment of videos to get PERCLOS quantitative
values. 7 volunteers were recruited in this research. The volunteers were asked to
face the personal computers and play a simple game for 5 min, doing the test 4
times a day that was just after getting up in the morning, at noon, in the evening and
just before going to bed. Their videos were recorded and treated with the computer
program to obtain PERCLOS results. The results showed that the PERCLOS values
of 6 young persons increased from morning to night in accordance with the circa-
dian rhythm of youth, while an elder female volunteer showed a different circadian
rhythm from that of the youth.Conclusions The PERCLOSmethod for characteriza-
tion of behaviour circadian rhythm was successfully developed, which would serve
as effective tool for circadian rhythm related studies.
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Keywords Percentage of eyelid closure over the pupil over time · Circadian
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1 Introduction

Circadian rhythm exists in human body and influences people’s life and production.
The discovery of the molecular mechanism for circadian rhythm in organisms won
the Nobel Prize in 2017 [1]. Circadian rhythmmolecular mechanism controls body’s
nervous systems and influences body behaviours, further affecting people’s life and
production, such as to keep health, to work at sunrise and sleep at sunset and to lead
to fatigue and further decreasing productivity, threatening production safety. The
circadian rhythms of individuals are regulated by endogenous (e.g., circadian pace-
maker, peripheral oscillators, clock genes) and exogenous factors (e.g., light, feeding,
age, social behaviour, work and schedules) and are different from each other [2, 3].
Therefore, it is necessary to establish simple and objective methods to learn indi-
vidual behaviour circadian rhythm more precisely and accurately in order to arrange
individual life more efficiently, keep health and ensure production safety. There are
several methods available to assess circadian rhythm including measurement of core
body temperature andmelatonin, cortisol production, questionnaires, actigraphy. The
methods for measurement of temperature, melatonin and cortisol production require
rigid detection conditions to avoid disturbances. The questionnaires are subjective
and classify only rough three kinds. The actigraphy is susceptible to masking and
artefacts [4]. In this paper, we established a behavioural method to finely characterize
circadian rhythm through measurement of volunteers’ eye behaviours by combining
convolutional neural network and the percentage of eyelid closure over the pupil over
time (PERCLOS). Themethodwas applied to 7 volunteers. The results showed that 6
young volunteers’ PERCLOS values increased from morning to night in accordance
with the circadian rhythm of youth. The method is easy to operate and objective.
There is reason to believe that the established method will expand to use and help
individuals to learn their behavioural circadian rhythm and arrange their life more
efficiently.

2 Experiment

2.1 Establishment of the Convolutional Neural Network
Model

The Keras was applied to construct the neural network model on the platform of
IntelCore 17, NVIDIAGTX 1080Ti GPU and the operating system of Ubuntu 16.04.
The convolutional neural network (CNN)model was written in Python programming
language. Themodel consisted of three convolutional layers, threemaximumpooling
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Fig. 1 Structure of the convolutional neural network model for PERCLOS detection

layers, one fully connected layer and a sigmoid classifier (Fig. 1). The Zhejiang
University (ZJU) public data (index P70) was set as the training data. The input
image was a 26 * 34 greyscale image. After a convolution layer, 26 * 34 * 32 feature
maps were output. After a maximum pooling layer, 13 * 17 * 32 feature maps were
output. After the second convolution layer, 13 * 17 * 64 feature maps were output.
After the second maximum pooling layer, 6 * 8 * 64 feature maps were output. After
the third convolutional layers, 6 * 8 * 128 feature maps were output. After the third
maximum pooling layer, 3 * 4 * 128 feature maps were obtained. Then, the feature
maps dimension was transformed into one-dimensional vector with inputting a fully
connected layer, of which the length was 512, and finally, through sigmoid classifier
classification, results were output with the category of open or close status.

2.2 Data Collection and Treatment

7 healthy volunteers were recruited in this research: one was a female at the age of 51
and the other 6 volunteers were aged from 25 to 30, 3 male. During the experiment,
the volunteers were on their holidays and woke up naturally without drinking coffee
or tea. Each volunteer was asked to play a simple game on a personal computer with
a camera to get his/her videos for 5 min on the test. The speed of collecting videos
was 24 images every second. The volunteers were required to do the test 4 times a
day that was just after getting up in the morning (I), at noon (II), in the evening (III)
and just before going to bed (IV).

The collected videos were treated with the CNN model according to the process
as shown in Fig. 2. Briefly, the video was inputted into multitask convolutional
neural network (MTCNN) to detect the face and locate the eyes. Then the image was
converted into greyscale image by greyscale processing. The greyscale image was
processed with the combination of convolutional layer and pooling layer * 3, and the
feature maps dimension was transformed into one-dimensional vector with inputting
a fully connected layer. Finally, the classification results of open or close status were
output through sigmoid classifier as the PERCLOS value and recorded as 0 for open
or 1 for close. The PERCLOS values were calculated out as an average percentage
of close status every minute.
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Fig. 2 Process of volunteer video treatment for PERCLOS

The PECLOS data were treated with variance analysis, repeated measurement
and multiple comparisons.

3 Result Discussion and Conclusion

In the recent years, the application of convolutional neural network algorithm to
PERCLOS detection became prevalent because of its good performance and easy to
get related resources [5]. In this study, we established a CNN model for PERCLOS
detection. In order to increase the CNN model performance, we employed the ZJU
public database to train and optimize the parameters of the model. There were two
kinds of images in the ZJU database including 7000 eye open images and 1984 eye
close images. 5770 eye open images applied to training, the other 1230 to test. And
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Fig. 3 Curve of PERCLOS
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1574 eye close images applied to training, the other 410 to test. After the training, the
validation accuracy rate of themodel reached about 99.96%,whichwas a satisfactory
result in eye detection for PERCLOS values.

For face detection and eye location, we compared MTCNN algorithm and Haar-
like algorithm. Results showed that the Haar-like algorithm was tended to false
recognition that nares recognized as eyes.However,we found thatMTCNNalgorithm
overcame the difficulty easily in accordance with other researchers [6].

The PERCLOS detection results for volunteers in 4 certain times (including I, II,
III, IV time) shown in Fig. 3. We noted that volunteers were tending to shake their
heads at the onset of tests. Therefore, we intercepted videos from 2 to 5 min for
statistical analysis. In considering the influence of age, we separated the 7 volunteers
into two group as young group (aged from 25 to 30, black curve in Fig. 3) and elder
group (blue curve in Fig. 3). The results of young group showed that the average
PERCLOS values were 0.091 (I), 0.086 (II), 0.121 (III), 0.172 (IV) for 4 times, and
their standard deviations were 0.018 (I), 0.016 (II), 0.024 (III), 0.032 (IV), separately.
The PERCLOS data of young group were analysed with 1-factor repeated measures
analysis of variance, multiple comparison analysis and pairwise T-test. The results
showed that: circadian rhythm effect was very significant (P, 0.001); the PERCLOS
value of IV time was significantly different from that of I (P, 0.007), II (P, 0.016)
and III (P: 0.016); while the average PERCLOS value of I time was not significantly
different from that of II (P, 0.672) and that of III (P, 0.330), the average PERCLOS
value of II time was not significantly different from that of III (P, 0.350). The curve
of PERCLOS was stable at the onset part from I to III, appearing no significant
difference among the three times and increased sharply at the IV time, appearing
significant difference from I to III time. These results illustrated that people keep
energetic in the daytime from morning to evening (from I to III) and fell to sleepy
at night (at IV). The curve of PERCLOS was similar to cortisol production of youth
which kept a stable level during daytime and changed significantly decreased at
night, while melatonin (another circadian rhythm-related secrete) began to increase
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secretion and lead to people sleepy [7, 8]. In order to investigate the effectivity, we
recruited an elder female volunteer for the test. Her PERCLOS curve (blue curve
in Fig. 3) was very different from that of young persons (black curve in Fig. 3). In
the morning and at noon, she showed sleepier than youth, and her energetic time
was in the evening. These results indicated that our PERCLOS method was able
to distinguish the different circadian rhythm effectively and to finely characterize
individual circadian rhythm.

Circadian rhythm is very important for children growing, people health and
production. Several methods have established for learning individual circadian
rhythm, but these methods are complex and difficultly available. PERCLOS has
been applied as an index to detect driver fatigue since the recommend of the office
of motor carriers, Federal highway administration, the USA in 1998 [9]. To a certain
extent, there are some relationships between circadian rhythm and fatigue. The circa-
dian rhythm is regarded as one of the important reasons to lead to fatigue [10]. To
our knowledge, we, for the first time, tried to employ PERCLOS as an index to
characterize circadian rhythm. We established a simple and easy to operate method
to measure the PERCLOS value. The measurement results of volunteers showed
that the method was successfully detecting PERCLOS values, and the change of
PERCLOS values was consistent with circadian rhythm.

In conclusion, circadian rhythm is very important for child growing, health
keeping, and efficient and safe working. It is necessary to learn individual circadian
rhythm for arranging his/her life more efficiently. In this paper, we were inspired by
fatigue detection to have established a PERCLOS method for fine characterization
of the individual circadian rhythm. The method was simple and easy to operate.
We believe that this method will expand to use and help individuals to learn their
behavioural circadian rhythm and arrange their life more efficiently.
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Research on Fatigue Monitoring
of Forklift Driver Driving
in an Automobile Enterprise

Zhenjun Du and Xinmin Zhang

Abstract In order to monitor the driving fatigue of forklift drivers in automobile
enterprises and improve the driving operations of forklift drivers, a third-class forklift
driver in the automobile assembly shop of a certain companywas used as the research
object to conduct a driving fatigue monitoring study. The subjective monitoring uses
the questionnaire of basic conditions of forklift drivers and the questionnaire of
subjective feelings of forklift drivers’ operating fatigue to determine the causes of
fatigue, symptoms and changes in symptoms of forklift drivers. Objectivemonitoring
uses an EEG signal analysis method to monitor and record the EEG signals of the
forklift driver during eachworking period, and use EEGLAB to analyze the driver’s δ

wave spectrum chart. Taking the unloading driver as an example, the driving fatigue
time and fatigue degree are analyzed and judged from two perspectives: subjective
andobjective. The results show that the driving fatigue of the forklift driver is obvious,
and it is difficult to recover effectively. The forklift driver is in a state of severe fatigue
while driving.

Keywords Forklift driver · Driving operation · Fatigue state · Subjective and
objective monitoring

1 Introduction

The timeliness of workshop logistics of modern automobile companies is extremely
high [1, 2]. In order to ensure the timeliness of logistics, in most automobile compa-
nies at this stage, workshop logistics ismainly completed by forklifts. Forklift driving
is a special operation with long operation time, high intensity and great difficulty.
Prolonged high-load operation may cause fatigue of the forklift driver and severely
reduce the production efficiency of the enterprise. Therefore, an in-depth analysis
of the daily operation of forklift drivers, an ergonomics-based research method for
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monitoring fatigue of forklift drivers, and carrying out targeted improvement activi-
ties have become urgent problems to improve the efficiency of forklift drivers’ opera-
tions, the logistics efficiency of enterprise workshops and the comfortable operation
of drivers.

At home and abroad, some in-depth studies have been conducted on work fatigue.
Francisco and others performed muscle load analysis on two operators from two
different automotive clutch disk production lines [3]. Philippa Gander studied the
relationship between sleep and fatigue of nursing staff by regression analysis [4].
Joseph investigated the risk of musculoskeletal diseases of the upper and lower
limbs with a modified nordic musculoskeletal disease questionnaire [5]. Charlotte
and others proposed a scientific method on the concept of fatigue and the phys-
iological and behavioral indicators that support the emergence of individual and
team fatigue management systems through the study of the fatigue status of divers
[6]. Riedy studied the potential relationship between bio-mathematical models of
fatigue and working schedules and performance [7]. Kubo and others have deter-
mined through observational studies that working time control (WTC) can affect
objectively measured employee fatigue and sleep [8]. Rannou used experimental
means to build a mathematical model to explore the relationship between muscle
fatigue and time of intense exercise [9].

Liu andothers improved the fatigueoffirefighters trainingby improving the athlete
training state monitoring scale [10]. Xu studied the muscle fatigue characteristics of
drillingworkers in confined spaces during operation,measured the electromyography
of workers in confined spaces through simulation experiments and guided themedian
electromyographic frequency as an evaluation index [11]. Based on EEG signals,
Jin proposed a real-time driving fatigue monitoring algorithm based on the spatial
distance of characteristic rhythmwave samples [12].Wang proposed a driving fatigue
detection method based on deep apology learning [13]. Liu studied the work fatigue
improvement strategies of civil aviation control personnel under the shift system
[14]. Wu discussed the feasibility of restoring fatigue from the perspective of music
theory [15].

Although there have been more in-depth researches on work fatigue at home
and abroad, most of the researches mainly monitor or evaluate unilaterally from the
perspective of subjective evaluation or objective measurement. Therefore, based on
domestic and foreign research, this paper analyzes and judges the causes of fatigue
and specificmanifestations of fatigue by compiling a basic information questionnaire
and a subjective self-assessment scale for fatigue using a wireless EEG system to
objectively and continuously monitor the EEG of the forklift driver’s driving opera-
tion signals and extract and analyze typical bands to determine the fatigue time and
fatigue level of driving operations to determine whether the driver is in a fatigue
state.
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a.Unloading operation b.Empty equipment opera-
tion

c.Production line distribu-
tion operation

Fig. 1 Workshop logistics operation situation

2 Research Object

As shown in Fig. 1, the company’s workshop logistics mainly relies on forklifts at the
logistics department for material transportation, stacking and storage. The forklift
driver first unloads the goods and then transports the empty appliances to the truck;
the unloaded goods are transported by the forklift to the designated storage area for
storage; when the production line needs materials, the forklift is distributed to each
station on the production line.

Based on this, the company’s assembly shop forklift drivers are divided into
three categories: unloading drivers, production line distribution drivers and returning
equipment drivers. The main working hours of all drivers are 6:00–7:00. Among
them: 6:00–8:00, 15:00–17:00, the amount of tasks is small, the labor intensity is
small, the work is idle; within 8:00–15:00, the arrival is concentrated, and the driver
has a large amount of tasks.

3 Subjective Measurement of Forklift Driver Driving
Fatigue

3.1 Questionnaire Design

This article issues basic information questionnaires and self-assessment scales for
fatigue symptoms. Of the study population, 45 subjects completed and returned the
questionnaire for each type, and 40 were valid questionnaires. Among them, 15 were
for unloading drivers, 14 were for distribution line drivers, and 11 were for returning
appliances.
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Table 1 Fatigue symptom checklist self-assessment project

1. Sleepiness 2. Restlessness 3. Discomfort 4. Soreness 5. Ambiguity

Sleepy Feeling anxious Headache Weak arms Eyes cannot open

Want to lie down Moody Head weight Lumbago Eyes are tired

Yawn Feel calm Feeling bad Hand or finger pain Eye pain

No motivation Grumpy Dazed Leg weakness Dry eyes

Weak body Confusion Dizziness Shoulder pain Blurred vision

The basic situation questionnaire can be divided into four parts: the basic situation
of the driver, working hours, sleep conditions and driver’s fatigue knowledge. The
fatigue symptoms self-assessment scale items and groups are shown in Table 1. Each
of the symptom factors has five assessment levels, ranging from “not at all” to “very
obvious.” Scores can be calculated from low to high.

3.2 Processing of Survey Data

1. Statistics of basic survey data. The results of the basic situation questionnaire, the
basic information of the forklift driver and the factors that lead to its subjective
driving fatigue are basically determined after the summary. The cause of subjec-
tive driving fatigue mainly lies in two aspects of driving method and workshop
environment: long-term driving, frequent turning to observe road conditions,
forklift pickup difficulties, vehicle vibration, poor road conditions, lack of sleep
and avoid pedestrian factors.

2. Statistics of self-assessment scale survey data. As can be seen from Fig. 2, firstly,
the forklift driver in the unloading area has a very obvious peak and trough period.

Fig. 2 Fatigue scale total score map
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Table 2 Subjective
self-assessment results of
three types of forklift drivers

Driver category Self-assessment results

Unloading driver Obvious sleepiness and
soreness

Production line distribution
driver

Obvious sleepiness and
soreness

Empty equipment driver Obvious restlessness and
discomfort

The load distribution is significantly higher, indicating that there are problems
with the forklift driver’s shifting system and task allocation. Secondly, although
the drivers of the three types of forklifts passed their lunch break, they were
never able to return to normal conditions. These results suggest that workers
may have insufficient lunch breaks. In addition, the line chart also reflects that the
overall score of the fatigue scale is increasing during each working period, which
indicates that the forklift driver will have a certain degree of fatigue symptoms
during working hours.

Table 2 provides the subjective self-assessment results of the three types of forklift
drivers. By summarizing and analyzing the five fatigue symptoms of the subjective
fatigue self-assessment scale for three different types of work, we can get the change
of each index in the fatigue scale. Taking the unloading operation as an example, it
can be seen from Fig. 3 analysis that the main factors of fatigue of the forklift driver
during unloading are drowsiness, fatigue and ambiguity, which are more obvious in
the second and third stages. After lunch break, it still shows that the driver is suffering
fatigue accumulation cannot be alleviated due to time driving, uneven workload
distribution and insufficient rest time.

Fig. 3 Unloading driver
fatigue feeling map



256 Z. Du and X. Zhang

4 Fatigue Analysis of Forklift Driver Driving Operation
Based on EEG

This paper adopts the ultra-portable Eegosports 64-channel wireless EEG system as a
device for collecting EEG signals. In order to ensure the validity of the measurement
results, the test subject should bementally normal, has adequate sleep and has a clean
head. When capturing EEG signals, the operator wears a measuring instrument for
the measured object and checks whether the positions of the electrodes on the EEG
cap are consistent with the positions indicated on the computer screen. Set the EEG
acquisition parameter settings and inject EEG paste for the test object. Wait for a
few seconds after the injection and observe and test whether the electrode hole is in
good contact with the scalp. After the injection is complete, check that it is securely
worn before starting the test. Figure 4 shows the process of EEG experiment.

After collecting the data, use the EEGlab toolbox in MATLAB to process the
collected EEG data. This article collects the EEG data of the unloading driver, the
returning equipment driver and the production line distribution driver during different
working hours in the morning and afternoon. The data collection time is 5 min before
the start of work in the morning and the end of work in the afternoon, and 8 and 10
a.m., 2 and 4 p.m. Take the unloading driver as an example to analyze the δ wave of
the forklift driver by brain wave analysis to determine the overall brain load, fatigue
level and specific fatigue time. Figure 5 shows that the comparison of the δ delta
wave spectrum of the driver of the unloading forklift at various time periods in the
morning.

From the data in Fig. 6, it can be seen that in themorningwork, the high-frequency
part of the driver’s δ-wave brain waves is distributed in the right forehead region of
the brain, and the rest is distributed in the left occipital region, and the brain wave
energy accumulation is stable without major changes. It means that although the
forklift driver’s mental load is more serious than that of other positions during the
morning work, the mental load does not further deepen, which means that the fatigue

Fig. 4 EEG signal
acquisition experiment
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a. δdelta wave spectrum during the first time 
morning

b.δ delta wave spectrum during the
second time morning

c.δ delta wave spectrum during the third time 
morning 

d.δ delta wave spectrum during the fourth
time morning

Fig. 5 Comparison of the δ delta wave spectrum of the driver of the unloading forklift in the
morning

a. δdelta wave spectrum during the first time 
afternoon 

b. δdelta wave spectrum during the second 
time afternoon 

c. δdelta wave spectrum during the third
time afternoon 

d. δdelta wave spectrum during the fourth
time afternoon

Fig. 6 Comparison of the δ delta wave spectrum of the driver of the unloading forklift in the
afternoon
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has not continued to increase and always stays at the state of the morning work.
Figure 7 shows the comparison of the δ delta wave spectrum of the driver of the
unloading forklift at various time periods in the afternoon.

It can be seen in Fig. 6a, b that with the passage of time, the area of the high-
frequency part of the δ wave of the driver during the afternoon work has increased
and has significantly increased in the right central region and left forehead region of
the brain. This shows that the increasing mental load in these two parts also means
that the fatigue level is increasing, and the fatigue level has increased significantly.
However, it can be found in Fig. 6b, c and d that during the measurement before
the end of the afternoon work, the EEG aggregation level has decreased. It can be
considered that the situation of going to work has relieved the driver’s mental load,
but its overall fatigue. The degree is still high.

5 Conclusion

This paper discusses the work fatigue monitoring of forklift drivers during driving
operations. Taking the forklift driver of three kinds of work in the automobile
assembly shop of an enterprise as the research object, the subjective evaluation scale
of forklift driver’s operating fatigue was compiled, and the results of the survey
of the basic situation of driving operation were used to determine the cause and
fatigue of the fatigue from the subjective perspective specific performance. For the
objective monitoring of the forklift driver’s driving operations, the driver’s working
hours were segmented, and the EEG signals of the forklift driver’s driving opera-
tions were collected during each period. The objective analysis of the forklift driver’s
EEG changes during each time period determined the driver’s specific fatigue time
and specific fatigue changes. In this paper, the result of subjective and objective
monitoring indicates that the forklift driver had severe fatigue during driving.

5.1 Compliance with Ethical Standards

The study was approved by the Logistics Department for Civilian Ethics Committee
of School of Mechanical Engineering, Shenyang University of Technology.

All subjects who participated in the experiment were provided with and signed
an informed consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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Parameter Optimization Design
of a Cable-Driven Bionic Muscle
Mechanism Based on Hill Muscle Model
for Flexible Upper Limb-Assisted
Exoskeleton

Hongrun Lu, Bingshan Hu, Hongliu Yu, Tong Ma, and Xinran Zhang

Abstract In this paper, a cable-driven bionic muscle is designed for the flexible
upper limb-assisted exoskeleton. And, it simulates the characteristic ofmuscle output
force from the perspective of mechanism design. The structure of the designed
exoskeleton and the designed bionic muscle are introduced. Then, the dynamics
model of elbow joint is established based on the Hill muscle model and muscu-
loskeletal model. Finally, by optimizing the key parameters, the force-displacement
curve of the mechanism is approximately consistent with that of humanmuscle. That
means, in the stable state, the stiffness of the bionic muscle is similar to that of the
human body. It helps the flexible upper limb-assisted exoskeleton improve its bionic
performance.

Keywords Exoskeleton · Cable-driven · Bionic muscle · Hill muscle model

1 Introduction

People with upper limb dysfunction are seriously affected by insufficient muscle
strength of upper limb, and upper limb-assisted exoskeleton can effectively help
them.

In recent years, due to its safety and flexibility, the flexible upper limb-assisted
exoskeleton has been widely concerned by researchers. At present, the actuating
mechanism of flexible upper limb-assisted exoskeleton can be divided into pneu-
matics, shape memory alloy and cable. The power to weight ratio of pneumatic drive
is high, but the performances are not ideal in control stability and response speed
[1, 2]. Shape memory alloy drive realizes lightweight noiseless drive, but its drive
bandwidth and efficiency are low [3]. There are more flexible upper limb exoskele-
tons which are driven by Bowden cable now. The early study on cable drive made
the flexible exoskeleton have the characteristics of human arm movement from the
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perspective of degree of freedom [4, 5]. Li Ning et al. analyzed the characteristics
of the starting and stopping point and force transmission path of human upper limb
muscles and arranged the bionic muscles accordingly [6].

Medical research has shown that making full use of the residual muscle strength
of patients can be beneficial to the muscle strength training and rehabilitation of
patients [7]. It requires that the characteristics of the assisted exoskeleton output
force are consistent with the characteristics of human muscle force.

In this paper, a cable-driven bionic muscle is designed for the flexible upper limb-
assisted exoskeleton. And it simulates the characteristic of muscle output force from
the perspective of mechanism design.

2 Mechanism Design of Flexible Upper Limb-Assisted
Exoskeleton

As shown in Fig. 1, the major muscles which assisted include anterior deltoids,
middle deltoids, posterior deltoids, biceps brachii, triceps brachii and clavicular part
of pectoralis major muscle. Kevlar cable is used in this paper, which is suppler than
Bowden cable.

As shown in Fig. 2a, the designed flexible upper limb-assisted exoskeleton is
composed of elastic base clothing, actuator control box, bionic muscles, anchor
joints and inertial sensors. The elastic base clothing is made of elastic soft fabric and
can be worn close to the body. The position of anchor joints is set according to the
starting and ending points of muscle distribution as shown in Fig. 1. As shown in
Fig. 2b, the actuator control box mainly includes the cable-driven bionic muscle, the
central controller, the motor drive controller, the bus communication card and the
lithium battery.

The structure diagram of the cable-driven bionic muscle is shown in Fig. 3. The
cable-driven bionic muscle is driven by the motor with reduction gear box, and then
the cable rod is driven to rotate and pull the cable, so that the rotation is converted
into linear motion. The cable is deflected through three pulleys in the bionic muscle

Fig. 1 Main primary motor
muscles of shoulder and
elbow joints of upper limb

pectoralis majoranterior, middle, and posterior deltoids

triceps brachii

biceps brachii

pectoralis majoranterior, middle, and posterior deltoids

triceps brachii

biceps brachii
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lithium battery

motor drive 
controller

cable-driven 
bionic muscle

central controller

actuator control box

elastic base clothing

Bionic triceps

Bionic biceps

Bionic clavicular part of 
pectoralis major muscle

Bionic anterior deltoids

  Bionic middle deltoidsBionic posterior 
deltoids

anchor joint

(a) 

(b) 

Fig. 2 Structure of flexible upper limb-assisted exoskeleton

Fig. 3 The cable-driven
bionic muscle

End cover

Motor bracket Cable rod
Motor with reduction gear box

Roller bracket

Guide rod component
Displacement sensor

Cable

structure. The guide rod component includes springs, guide rods and linear bearings.
The displacement sensor is used to measure the deformation of the spring.

The section diagram and force analysis diagram of the cable-driven bionic muscle
are shown in Fig. 4. Set A, B, C at three rollers center, respectively. b is the initial
vertical distance between A and B. c is the vertical distance between the horizontal

A
B

C
a2a

c b

A

C

B

k
α

βFe

FM

Fc

(a)

ξ
B1

Fig. 4 The section diagram (a) and force analysis diagram (b) of the cable-driven bionic muscle
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distance between A and C. The horizontal distance between A and B is a. α is the
angle between the line BC and the perpendicular line. β is the angle between the
line AB and the perpendicular line. ξ is the vertical distance between AB after spring
compression. k is the elastic coefficient.FM is the output force.Fc is the cable tension.
Fe is the spring force.

Fe = Fc · (cos α + cos β) (2.1)

The cable tension Fc can be converted into the following formula:

Fc = k(b − ξ)
√

(a2 + ξ2)[a2 + (ξ + c)2]
ξ(

√
a2 + (ξ + c)2 + √

a2 + ξ2) + c · √
a2 + ξ2

(2.2)

Setting the change in cable caused by spring deformation as l, then l conforms to
the following formula:

l =
√
a2 + b2 +

√
a2 + (b + c)2 −

√
a2 + ξ2 −

√
a2 + (ξ + c)2 (2.3)

As the cable moves, the end load of the force FM changes and then the corre-
sponding cable tension Fc changes, thus making the spring compression. If the rela-
tionship between l and Fc is consistent with the relationship between FM and lm,
then the cable displacement of muscle contraction is equal to l. Setting the stiffness
of the bionic muscle be Km, then

Km = δF/δl = (δF/δξ)(δl/δξ)−1 (2.4)

3 Musculoskeletal Dynamics Model

Taking elbow joint movement as an example, musculoskeletal model andHill muscle
model of related muscle were established to be analyzed.

3.1 Musculoskeletal Model of Elbow Joint

The Musculoskeletal model of the elbow joint is shown in Fig. 5. The FBi is biceps
contraction force, FTr is triceps contraction force, and the red centerO is the rotation
center. In addition, the bone radius is added at the starting and ending points to ensure
that the initial moment arm of the muscle is not 0.

For the contraction movement of the biceps, set the muscle starting point A (x1,
y1, z1), the initial muscle ending point B (x2, y2, z2) and the position of point B after
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Fig. 5 Musculoskeletal
model of the elbow joint
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rotation point C (x3, y3, z3). The transformation formulas are:

−→
OC = R

−→
OB, R =

⎡

⎣
cos θ 0 − sin θ

0 1 0
sin θ 0 cos θ

⎤

⎦ (3.1)

−→
OC is the directed vector from the origin O to the point C.

−→
OB is the directed

vector from O to B. R is the transformation matrix. Then, the muscle length after the
rotation of the biceps joint lmBi is:

lmBi =
√

(x3 − x21 + y3 − y1)2 + (z3 − z1)2 (3.2)

For the contraction movement of triceps brachii, namely rotation of theta from
π /2 to 0, the calculation formula of the rotated muscle length lmTr is:

lmTr = l0 − θ · larmTr (3.3)

3.2 Hill Muscle Model

Hill muscle model is a muscle model which is widely used, and Zajac et al. improved
the Hill muscle model on this basis, achieving better results [8]. Martin et al. added
viscous elements to this model [9]. As shown in Fig. 6, the main contents of the
muscle model include series elastic element (SEE), parallel elastic element (PEE),
contractile element(CE), viscous element (VE) and feather angle ϕ. lm is the muscle
length, lCE is the muscle fiber length, and lt1 and lt2 are the tendon length at both
ends, respectively. Feather angle is extremely small in the biceps and triceps and is
generally negligible [10].

The calculation formula of muscle force FM is as follows:

FM = FCE + FPE + FV E (3.4)
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Fig. 6 Main contents of the
muscle model PEE

SEE
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The main muscle fiber power FCE is:

FCE = a · fl · fv · F0 (3.5)

where a is the normalized muscle activation. f l is the influence factor of muscle fiber
length [11]. f v is the influence factor of muscle fiber contraction rate [12, 13]. F0 is
the maximum isometric contractile muscle force.

fl = 1 − ((Lm − 1)/0.5)2 (3.6)

fv = 0.1433/(0.1074 + e−1.409·sinh(3.2V+1.6)) (3.7)

V = v/(0.5 · v0 · (a + 1)) (3.8)

where Lm is the normalized muscle fiber length, v is muscle contraction velocity and
v0 is the maximum contraction velocity [14].

The calculation formula of muscle fiber dynamic FPE is as follows [15]:

FPE = 1.3 · arctan 0.1 · (Lm − 0.22)10) · F0 (3.9)

The calculation formula of viscous damping force FVE is as follows [16]:

FV E = D · V · F0 (3.10)

where D is the damping coefficient.

4 Parameter Optimization Design Based
on Musculoskeletal Model

In order to verify the rationality of the structure, the biceps brachii is taken as an
example to carry out simulation and determine the corresponding parameters of the
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Table 1 Biceps model
parameters

Parameters Value Unit

(x1, y1, z1) (0.012, 0, 0.300) m

(x2, y2, z2) (0.012, 0, −0.050) m

lopt 0.308 m

F0 568 N

D 1 Ns/m

t

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

a

(a) muscle activation degree of biceps brachii (b) muscle force characteristic curve of biceps brachii
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Fig. 7 Simulation data of biceps brachii

bionic muscle. The setting of parameters was comprehensively referred to Chinese
adult body size (GB/T 10000-1988) and other literatures [10, 15]. The biceps model
parameters are shown in Table 1.

It is assumed that the elbow joint flexes 90° within 1 s. Set the muscle activation
degree of biceps brachii as shown in Fig. 7a. According to the muscle model formula
in Sect. 3, the muscle force characteristic curve of biceps obtained by simulation is
shown in Fig. 7b, whose abscissa is the normalized muscle length.

In order to reduce the uncertainty of the curve, the value of c can be set to a fixed
value, which is set to 26 mm. L9 (3ˆ4) orthogonal test table (a kind of three-factor
with three-level test scheme) is used to quickly get a good combination of k, a and b.
The bionic muscle optimization program obtained by simulation is shown in Fig. 8a.
After fine-tuning test, bionic muscle tuning program is obtained, and the value of (k,
a, b) is (1.6, 10,80), as shown in Fig. 8b. It can be seen from Fig. 8 that the output
force characteristics of the designed cable-driven bionic muscle are approximately
in line with the bicep contraction force characteristics.
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Fig. 8 Results of bionic muscle simulation

5 Results and Conclusions

In this paper, a cable-driven bionic muscle is designed for the flexible upper limb-
assisted exoskeleton. The purpose of parameter optimization design is that to make
the force–displacement characteristics of the rope-drive biomimetic muscle approx-
imate to that of human muscle. The theoretical model of cable-driven biomimetic
muscle was derived, and the elbow dynamics model was established based on the
human Hill muscle model and musculoskeletal model. Finally, taking the biceps as
an example, parameters k, a and b were determined for the rope-driven biomimetic
muscle mechanism through the simulation test. The value of (k, a, b) is (1.6, 10, 80).

The nonlinear stiffness of muscles is realized by means of springs and rollers.
The stiffness of the bionic muscle is similar to that of the human body. It helps the
flexible upper limb-assisted exoskeleton improve its bionic performance.
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Design of Female Office Chairs Based
on Ergonomics and Emotional Design

Yi Chen, Canqun He, and Yuqi Lin

Abstract With the development of urbanization and information technology, the
efficiency and comfort of the office environment have become the twomajor concerns
of the office market and users. This article analyzes the psychological characteristics
and emotional needs of young women, studies the user’s sitting posture, determines
the structure and size of the chair based on ergonomics, improves the chair structure
adjustment form, and approaches the aesthetic requirements of youngwomen through
designmethods such as symbolic metaphors on the appearance. The design of female
office chairs based on ergonomics and emotional design is conducive to improving
people’s work efficiency and work comfort, thereby enhancing users’ happiness in
life.

Keywords Ergonomics · Office chair · Body size · Emotional design

1 Introduction

With the development of typewriters and computers, the office community in the
office building has been on the rise. Prolongedwork at desk has causedmore andmore
young people to suffer from low backmuscle damage and lumbar disk herniation. An
uncomfortable office chair will directly affect the user’s work efficiency and health
[1]. It is urgent to optimize the existing chair to improve the quality and efficiency
of work based on sitting habits and contemporary living concepts of modern office
employees to improve the user experience and meet their deeper physiological and
psychological needs, which must be resolved in the ergonomically optimized design
of modern office chairs.
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2 Analysis of User Demands

In Maslow’s Hierarchical Demand Theory, human needs are divided into five
categories [2]. In the analysis of user demands, the article extends the user-level
requirements for the office chair product.

• Sit-down needs: The chair quality meets national standards.
• Comfort needs: The chair conforms to ergonomics and satisfies the change of

sitting posture of human body. The structure has certain adjustability.
• Emotion needs: The shape is beautiful and aesthetically pleasing. It gives a positive

psychological hint that people can rely on for safety.
• Value needs: It has distinctive features and is symbolic of identity. It can represent

a certain social status.

Considering that the office chair users in this article are young female officers
who are 20–40 years old, the chair in this article is guided by lightweight design
“comfortable, practical, and stylish” in terms of structure and appearance.

3 Ergonomic Analysis in Chair Design

3.1 Analysis of Sitting Behavior of Office Crowd

Most office workers face the computer, place their hands on the desk, and stare at
daily tasks shown on the computer screen. Grandjean [3] has studied the proportion
of time spent in different sitting positions in the office, and the result showed that
the sitting time of “sitting in the middle of the chair” and “table supporting arm”
accounts for a large proportion of time.

In this case, prolonged desk work may cause soreness in the cervical spine, arms,
waist, and hips, so the back support is particularly important [4]. It can enable the
chair to provide support for people’s waists at all times and reduce waist fatigue in
this sitting position.

Due to less demand for headrests and armrests in this sitting position and the
demand of lightweight design, this article focuses on designing waist and shoulder
rests that fit the body but no headrests and armrests. Only the chair height can be
adjusted.

3.2 Theory of Sitting Physiological Structure

In a sitting position, the humanbody ismainly supported by the spine, pelvis, legs, and
pedals [5]. Less disk pressure and proper spinal flexion are the keys to a comfortable
sitting position.
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In the sitting position, the seat body pressure is mainly distributed on the hips,
and the greatest pressure is generated in the ischium part [6]. In order to reduce
the pressure on the lower hip, the chair surface should generally be designed as a
cushion. The backrest body pressure is mainly distributed in the scapula and lumbar
vertebrae. These two support positions are often referred to as “waist back” and
“shoulder back.”

Taking into account the “two-point support” effect at these two places, in general,
a “waist rest” is set between the 3–4th section of lumbar and a “shoulder rest” is
set between the 5–6th section of the thoracic. Among them, “waist back” is more
important than “shoulder back” [7]. At the same time, the chair back should fit the
curve of the human body’s waist and back asmuch as possible. Through the elasticity
and plasticity of the material, it supports the waists of different users and satisfies
the comfort of using as many people as possible as shown Fig. 1.

Fig. 1 Human spine normal
view
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3.3 Setting Chair Size Based on Human Body Size

The size of each part of the chair should meet the standard of ergonomics, and at
the same time, it must have certain adjustability. For the parameters of the chair, the
specific values can be determined according to the size of the Chinese adult body
(GB 10000-88.1989). Based on this parameter, it is adjusted according to the special
requirements of the female population as shown Table 1.

The target group of the office chair designed in this article is young female office
workers, and chairs are general industrial products; therefore, these products belong
to the category III product size design, which needs to be based on the 50th percentile
applicable to women tomeet the generality. Secondly, it is necessary to determine the
correction amount, including the functional correction amount and the psychological
correction amount [8]. In the design of office chair products, considering the female’s

Table 1 Size of the Chinese adult body (GB 10000-88.1989)

26~35years old 

Percentile 1 5 10 50 90 95 99 

a 506 520 528 556 587 596 610 

b 334 345 353 383 399 405 417 

c 390 403 409 434 463 470 485 

d 347 363 371 396 426 435 455 

e 295 311 318 345 372 381 398 
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dressing habits indoors, it is necessary to increase the appropriate dressing correction
amount on the body size.

The amount of psychological correction is to increase theminimum functional size
of the product in order to meet people’s psychological needs. In product functional
dimensions, the general formula for optimal functional dimensions is as follows:

h = p0 + x + y (1)

h is the optimal functional size, p0 is the percentile of body size, x is the func-
tional correction amount, and y is the psychological correction amount. The detailed
dimensions of the chair design are as follows.

• Chair back height: Due to the sitting posture of the feet on the floor when sitting
at the desk, the characteristics of women’s dress, select the calf plus foot height
p50 = 383 mm, x ≈ 10 mm, y ≈ 4, finally determined 397 mm as the initial chair
height.

• Chair width: Select hip width p50 = 345 mm,x ≈ 50 mm, y ≈ 25 mm, and about
420 mm as the initial frame chair width to facilitate the later addition of materials
and modeling design.

• Chair depth: To prevent the thigh from being stressed in a forward leaning posture,
this article selects a chair depth of p50 = 433 mm,x ≈ − 50 mm,y ≈ − 3~7 mm.
The chair depth dimension is about 380–390 mm.

• Chair inclination angle α: Set a certain chair inclination angle at the same time,
which is about 4° backward; while the back of the chair satisfies the shape of the
back curve, the square is tilted back about 3–5° in the square phase. Plastic and
elastic materials ensure that the user’s waist and back are stretched during a break.

4 Emotional Design and Scheme of the Chair

Based on the requirements of emotional design, this article fully considers the user’s
behavioral level of experience in the design of female office chairs [9]. In the case of
no armrest design, convex structures are added on both sides to enhance the user’s
psychological security while ensuring stability.

Secondly, the overall shape of the back refers to the design of theCoca-Cola bottle.
The metaphorical design is reminiscent of the graceful figure of the girl, highlighting
the curvy beauty of the woman (Figs. 2 and 3).

5 Conclusion

With the increase of the office crowd and the accompanying office diseases, the
demand for a good and comfortable office environment, especially a comfort-
able office chair, has become more urgent. Aiming at the user group of ordinary
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Fig. 2 Chair size view

Fig. 3 Chair design
renderings

young female employees, this article designed a “comfortable, practical, and stylish”
office chair through user demand analysis and ergonomics. It has certain guiding
significance and reference value for modern office chair design improvement and
innovation.
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Prototype Design and Performance
Experiment of Passive Compliant
Mechanism for the Automatic Charging
Robot End Effector

Bingshan Hu, Ke Cheng, Weilun Zhang, and Xinran Zhang

Abstract Aiming at the demand of charging automation of electric vehicles, a
charging robot end passive compliant mechanism based on Stewart parallel mecha-
nism is designed based on the analysis of the requirements of electric vehicle charging
plug and socket docking in this paper. The position and attitude deviation adaptability
of the compliant mechanism under various deviation conditions are simulated,and a
test platform is built by using a robot arm, and the docking experiments are carried
out. The research results show that the passive compliant mechanism can meet the
demands of reliable docking and has an inserting force less than 100 N in the case
of large deviation.

Keywords Electric vehicles · Charging robot · Passive compliant mechanism

1 Introduction

Electric vehicles have been promoted and popularized due to the characteristics of
energy saving and low emission [1]. After the popularization of automatic driving
in the future, the automation of electric vehicle charging will be an inevitable
development trend.

Under Volkswagen’s v-charge program, electric cars can park themselves on
inductive charging piles, but its charging efficiency is low (about 20%) [2].
VOLTERIO’s NRG-X Charging Systems use wired charging, and an additional
vehicle unit will be needed on the electric vehicle [3]. Other researchers have used
robotic arms to insert the plug into car sockets [4, 5]. Considering the pose error
and visual recognition error at the end of the manipulator, the traditional passive
compliant mechanism is difficult to meet the demand of reliable plug-in of elec-
tric vehicle charging plug [6, 7]. If the compliance control strategy based on force
feedback is adopted, the cost will rise sharply [8, 9].
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In this paper, based on the analysis of the requirements on the dockingperformance
of electric vehicle charging plug and socket, a passive end-compliant mechanism of
charging robot based on Stewart parallel mechanism is designed. Simulation analysis
is carried out on the plugging and pulling ability of the mechanism under various
deviation conditions, and the test platform is built for experiment.

2 Preliminary Design of Automatic Charging Robot

Theoretically, the charging robot should have six degrees of freedom to make up for
the deviation between the charging plug and the charging port of the electric car.
The base of charging robot is setted as the coordinate origin to establish the charging
robot coordinate systemO-xyz, and the charging socket of electric vehicle is setted as
the coordinate origin to establish the socket coordinate system O1-x1y1z1 (Fig. 1).

It is assumed that the charging socket is behind the side of the electric vehicle.
After the observation and statistics of the relative position and pose data of different
vehicle types and different drivers after parking, the design index of charging robot
was obtained and shown in Table 1.

Fig. 1 Definition of related
coordinate system of
charging robot

O1

 z1

y1

x1

Table 1 Design index of
charging robot

Number Parameters Design index

1 x 0–600 mm

2 y 0–770 mm

3 z 0–400 mm

4 α ±10°

5 β ±2.3°

6 γ 0-35°
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Linear driving 
mechanism 1

Linear driving 
mechanism 2

Linear driving 
mechanism 3

Yaw joint

Pitch joint

Binocular 
camera

End compliant 
mechanism

Fig. 2 Charging robot model and mechanism configuration

In this table, x is the distance perpendicular to the ground from the charging socket
to the origin of the charging robot coordinate system. y is the distance perpendicular
to the car head from the charging socket to the origin of the charging robot coordinate
system. z is the distance along the direction of the car head between the charging
socket and the origin of the charging robot coordinate system. α is the yaw angle of
the docking face of the charging socket. β is the roll angle of the docking face of
the charging socket. γ is the pitch angle of the docking face of the charging socket.
Figure 2 is charging robot model and mechanism configuration.

3 Compliant Mechanism Design

When designing the first five active degrees of freedom of the charging robot, its
terminal pose accuracy should be designed according to the requirements of± 5° and
± 3 mm, and the insertion force should be designed according to 100 N. Therefore,
the compliant mechanism should be able to achieve reliable fitting of the docking
face of plug and socket under the condition of attitude deviation± 5° (roll, pitch and
yaw), position deviation ± 3 mm (x-, y- and z-axes) and insertion force of 100 N.
The weight of the compliant mechanism is not more than 1 kg.

In the preliminary design, the compliant mechanism adopts the Stewart parallel
mechanism configuration. Stewart parallel mechanism is a 6-SPS parallel mecha-
nism, with a ball pair at both ends of each branch chain and a moving pair in the
middle. The terminal motion is characterized by six degrees of freedom, including
triaxial translation and triaxial rotation. In the compliant mechanism for the charging
robot, the translation pair in the middle of the branch chain is replaced by a spring
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rod. The axial deformation of the spring rod is used to simulate the linear motion of
the branch chain of the Stewart parallel mechanism. The tangential deformation of
the spring rod can enhance the tangential compliance of the compliant mechanism,
so as to realize the six-dimensional motion of the moving platform of the compliant
mechanism.

The metal rubber material is often used as the elastic element in the existing
compliant mechanism. In the design of the principle prototype, the linear spring
is used as the elastic element for easy manufacturing. The compliant mechanism
includes a moving platform and a static platform, between which a number of
compression springs and tension springs are arranged. The compression spring is
arranged axially along the guide rod mounted on the static platform. The guide rods
are arranged along the circumference between themoving platform and the stationary
platform. The compression spring is in a precompression state. As shown in Fig. 3,
four tension springs are also installed between the moving platform and the static
platform. The tension spring is in a pretension state. The compression spring and
tension spring cooperate to make the moving platform in a state of tension to main-
tain the plug position. When the plug is exposed to the contact force/torque of the
socket, the compression spring and tension spring are deformed, so that the plug has
six degrees of freedom of movement to adapt to the position and attitude deviation.

The floating guidance devices are arranged above the moving platform. It consists
of guide block, compression spring ofmoving platformand compression spring guide
rod of moving platform. The guide block is specially designed according to the shape
of the electric car charging socket. During the insertion process, under the action of
the charging robot’s insertion force, the compression spring of the moving platform
compresses along the guide rod. The guide block also gradually moves backward
toward the direction of the static platform. Due to the guiding effect of the guide
block’s cone face, if the plug is further close to the socket along the socket axis,
it can be guaranteed that the plug can be inserted into the socket reliably when the

Plug

Compression 
spring

Guide 
surface

Moving 
platform

Static 
platform

Tension 
spring

Compression 
spring

Spring guide 
rod

Plug 
interface

y
z

Fig. 3 Schematic diagram of the end-compliant mechanism prototype
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deviation of the charging plug and socket position is within ± 5° (roll, pitch and
yawn) and ± 3 mm (x, y and z).

4 Simulation and Experimental Verification

The model of compliant mechanism and socket is established in ADAMS, and then,
the working condition of compliant mechanism is simulated under the deviation
condition. Before the simulation starts, the pose deviation between the plug and the
socket is artificially set and the plug moves in a straight line along the axial direction
of the socket. Simulation shows that the maximum position deviation adaptability of
x-axis is ± 5 mm and that of z-axis is ± 9 mm when only position deviation exists.
In this case, the plug and socket can be reliably connected. The reason why x-axis
position error adaptability is weaker than z-axis position error adaptability is that in
order to avoid the interference of socket cover and accessories on the socket, there is
a gap on the guide block as shown in Fig. 3, which makes the guide block’s guiding
ability in x-axis direction weaker than z-axis.

In terms of attitude adaptability, when only attitude deviation exists, themaximum
attitude deviation adaptability around the x-axis is ± 7°, and the maximum attitude
deviation adaptability around the z-axis is ± 6°. The reason why the attitude error
adaptability about the x-axis is stronger than that about the z-axis is the same as
above. The maximum attitude deviation adaptability around the y-axis is ± 10°.
In the case of composite pose deviation (attitude deviation about z-axis is 5°, and
transverse deviation of Z-axis is 3 mm), the simulation shows that the plug can be
reliably inserted into the socket (Fig. 4).

In order to verify the performance of end-compliant mechanism under different
working conditions and test the maximum insertion force in the process of insertion
and extraction, a performance testing platform was built by using a robot arm. The
platform layout is shown in Fig. 5, including UR5 robot arm, end-compliant mech-
anism, six-dimensional force/torque sensor, simulated socket, etc. The compliant

Fig. 4 Simulation schematic diagram in the case of composite pose deviation (attitude deviation
about z-axis is 5°, transverse deviation of z-axis is 3 mm)
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Fig. 5 Testing platform for
end-compliant mechanism

Robot arm

Force sensor

End compliant 
mechanism

Socket

mechanism is installed at the end of the robot arm, and the deviation working condi-
tion between the plug and socket is established by the arm. Then, the arm approx-
imates the simulated socket and plugs with linear motion and records whether the
plug-in the end-compliant mechanism is successfully inserted into the socket. Repeat
the above steps to find out the ultimate deviation working condition of the end-
compliant mechanism and record the insertion force. Through experiments, it is
found that the plug can be inserted reliably under various deviation conditions in
the simulation experiment, which verifies the correctness of the above simulation
results. The maximum normal insertion force occurs in the case of compound devi-
ation (attitude deviation about z-axis is 5°, transverse deviation of z-axis is 3 mm),
reaching 97.9 N, which meets the requirements of national standard. Figure 6 shows
the forces/torques measured by the six-dimensional force sensor at this time.
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Fig. 6 Inserting force under compound deviation
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5 Conclusion

Based on the analysis of the requirements of the docking performance index of
electric vehicle charging plug and socket, a charging robot terminal passive compliant
mechanism based on Stewart parallel mechanism is designed, and its plug-in ability
under various deviation conditions is verified by simulation and experiments in this
paper. The results show that the maximum position deviation adaptability of the
compliant mechanism in the x-axis direction is± 5 mm, and the maximum position
deviation adaptability of the z-axis is ± 9 mm when only position deviation exists.
When only attitude deviation exists, the maximum attitude deviation adaptability is
± 7° around the x-axis and± 6° around the z-axis. Under the condition of compound
deviation (attitude deviation about z-axis 5° and transverse deviation of z-axis 3mm),
the passive end-compliant mechanism can also realize reliable inserting and the
maximum inserting force is less than 100 N.
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Facilities Design of Fume Protection
and Ventilation System in Welding
Workshop of an Automotive Enterprise

Chen Ding, Bin Yang, Jianwu Chen, Pei Wang, and Ying Wang

Abstract The welding fume in the welding workshop has an important impact on
the occupational health of the workers in the workshop. Scientific and reasonable
design of the ventilation system in the welding workshop can effectively reduce the
concentration of the welding fume and ensure the occupational health of the workers.
This paper uses the method of controlling wind velocity to design the ventilation
system of workshop. The results show that the system can effectively control the
welding fume, and the concentration is less than 4 mg/m3.

Keywords Welding workshop · Ventilation system · Facilities design · Exhaust
hood

1 Background

Welding is themain process in the automotivemanufacturing industry.Welding tech-
nology is used in the manufacture of automobile body, frame, engine, compartment
and transmission [1]. The welding process is also used to complete most of the work
during vehicle repairs. Wu Qi and others have tested the welding fume in a workshop
of an automobile factory. The test results show that the over-standard points of spot
welding fume concentration in welding procedure of the workshop account for 60%
of the total inspection points [2].

Welding is an important technology widely used in industrial fields. According
to statistics, the annual consumption of metal welding materials worldwide is about
1 million tons, of which about 0.5% of metal welding materials are converted into
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welding fumes [3]. The welding automation level is less than 30% in China. Most of
the welding is still completed by manual argon arc welding [4]. Scientific research
shows that there are lots of inhalable substances inwelding fumes (such asmanganese
oxide, hexavalent chromium) [5]. Inhalation of these fumes and gases has a great
effect on lung function and causes acute as well as chronic diseases like lung cancer,
metal fume fever [6], which seriously affects the occupational health of workers.
Relevant data show that injuries to workers cannot be underestimated.

Negative pressure ventilation system is a ventilationmethodwhich can effectively
reduce the concentration of harmful substances in welding workshop, but the annual
operation cost is increased by about 180% [7]. Flynn et al. [8] pointed that when
the position of welding point changes, the smoke absorption performance of local
exhaust hood will be reduced. Li [9] found that after the partial ventilation and dust
removal facilities were set up, because of the process limitations.

Thus, it is necessary to design the fumeprotective ventilation system in thewelding
workshop to improve the working environment and protect the workers’ health.

This paper takes frame-welding workshop of an automobile manufacturing
enterprise in Suzhou as an example to analyze.

2 Basic Conditions of Welding Workshop

The basic conditions of the workshop are as follows: The dimensions of the frame-
welding workshop are 100 m × 24 m, the area is 2400 m2, and the width of the safe
passage in the middle is 2 m. An air outlet is provided at the top every 10 m.

2.1 Existing Layout of Welding Work in Workshop

Welding and grinding are mainly carried out in the workshop. There are two welding
production lines in the workshop, with seven welding stations per production line.
The welding area is shown on one side of the workshop, and the welding platform
is 1 m × 1 m, as shown in Fig. 1.

Fig. 1 Layout of welding workshops
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Table 1 Dust concentration
at each station (mg/m3)

Location
determination

Dust
concentration
(mg/m3)

Location
determination

Dust
concentration
(mg/m3)

1 8.38 8 5.43

2 7.46 9 9.72

3 13.64 10 12.33

4 12.35 11 11.47

5 6.42 12 7.46

6 10.74 13 8.73

7 12.76 14 13.12

2.2 Existing Ventilation in the Workshop

Workshop ventilation mainly relies on natural ventilation. It is found that the allow-
able dust concentration of welding fume in the air of each station is not up to the
national standard for 4 mg/m3 [10]. Detection result is shown in Table 1.

3 Design of Ventilation System in Welding Workshop

In this design, local ventilation mode is mainly considered. Flynn et al. have shown
that local exhaust ventilation is an effective control method for welding fume [8]. It
not only saves cost and energy for enterprises, but also achieves adequate ventilation
effect with minimum ventilation volume.

Local ventilationmainly controls pollutants through the local exhaust hood. Pollu-
tants can be directly trapped at the site where they are emitted to ensure that the
concentration of dust in the royal household does not exceed the standards [11].

3.1 Determination of Exhaust Hood

The external suction hood can be designed because of the small area of dust produced
during electric welding and the limitation of layout conditions. The outer suction
hood generates a certain air flow through the suction effect of the hood, which makes
the dust enter the exhaust hood along with the air flow at the source point a certain
distance from the suction nozzle. A properly designed external suction hood can
achieve optimal control with less air volume [12].

According to relevant national standards GB/T16758-2008, the classification and
technical specification of exhaust hood. (In China) and basic conditions of workshop,
Because the welding fumes mainly float upwards, the welding joints are not fixed
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Fig. 2 Local exhaust hood

when welding, if design a fixed exhaust hood to reduce the ventilation effect, the
exhaust hood is designed as a locally aspirated exhaust hood that can be partially
moved at each station. The welding operator can manually adjust the air exhaust
hood cover to the proper position above the welding joint according to the change
of welding joint.

3.1.1 Dimensional Design of Air Exhaust Hood

Considering the influence of the transverse air flow in the workshop, because it is a
local movable exhaust hood, the hood opening of the exhaust hood is designed as a
circular umbrella hood of 0.5 m× 0.5 m, the expansion angle α of the umbrella cover
select 60° [13], The exhaust hood is flexible coupling connected by soft connecting
pipe. The shape of exhaust hood is shown in Fig. 2. Relevant data show that if the
exhaust hood is addedwith flange edge, the ventilation efficiencywill be significantly
improved, so a flange edge of 60 mm is added to the exhaust hood [14].

3.1.2 Position of Exhaust Hood Cover

On the premise of not affecting the operation, the local exhaust hood shall be
surrounded or close to the source of harmful substances as far as possible, which is
convenient for catching and control [15]. The distance h from the hood to theworking
face shall be less than or equal to 0.3 A (the long side size of the hood) [16], so the
distance h from the hood to the welding workplace is designed as 0.5–0.7 m.

3.1.3 Calculation of Exhaust Volume of Exhaust Hood

According to the method of wind speed control, the exhaust velocity formula [13]:
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v0

vx
= 0.75

[
10x2 + F

F

]
(1)

where V 0 is average velocity of suction port, m/s; VX is suction speed of control
point, m/s; x is distance from control point to suction port, m; F is area of suction
port, m2.

Taking the average velocity of the suction port of the local exhaust hood as 8 m/s,
the control wind speed at the welding point is about 0.7 m/s. Because the particle
size of the welding fume is quiet small, the wind speed can absorb the welding fume.

Exhaust volume formula [13]:

L = KPHvx (2)

where P is perimeter of open face of exhaust hood and the K means safety factor,
which usually takes 1.4. The result shows that the exhaust air quantityQ of the system
is 1.08 m3/s (H to 0.7 m), i.e., 3888 m3/h.

3.2 Piping Arrangement

According to relevant national regulations [17], the pipeline layout shall be as straight
as possible without bending; it shall be arranged vertically or obliquely as far as
possible, and the included anglewith the horizontal plane shall bemore than 45°when
it is arranged obliquely. The commonly used air duct materials of ventilation system
are divided intometalmaterials and non-metal materials. Themetalmaterials include
ordinary steel sheet, galvanized steel sheet and stainless steel sheet. Galvanized steel
plate can prevent rust due to its galvanized surface, so, among them, galvanized
steel air duct is the most widely used [18]. Galvanized steel plate has a certain anti-
corrosion performance, which is suitable for ventilation and air conditioning systems
with high air humidity or indoor humidity.

Due to the high hardness of particles and the high wind speed, the wear of dust on
the pipe wall in the welding workshop is large, and under the same cross-sectional
area, the circular air pipe is more material saving and has strong resistance to wind.
Therefore, the round, 3-mm-thick galvanized steel plate is selected as the air duct,
and the standard air duct diameter is selected according to the (GB50243-2016) code
of acceptance for construction quality of ventilation and air conditioning works (In
China). Piping arrangement is shown in Fig. 3. Layout of pipes avoids excessive
bending and reduces wind resistance during air exhaust [13].
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Fig. 3 Piping arrangement

4 Hydraulic Calculation of Air Duct

4.1 Length and Air Volume of Each Pipe Section

Pipe section 1 is: L1 = 6 m, pipe sections 2, 4, 6, 8, 10, 12 is: L2 = L4 = L6 = L8 =
L10 = L12 = 2.5 m, pipe sections 3, 5, 7, 9, 11 is: L3 = L5 = L7 = L9 = L11 = 6 m,
pipe section 13 is: L13 = 5 m, L14 = 6 m, and pipe section 15 is: L15 = 6 m.

The system selects 1-3-5-7-9-11-13-dust collector-14-fan-15 as the most disad-
vantageous loop. According to (GB50243-2016) code of acceptance for construc-
tion quality of ventilation and air conditioning works (In China), when conveying
gas containing steel dust, the minimum wind speed in the duct is 13 m/s in vertical
duct and 15 m/s in horizontal duct. Considering the air leakage of air duct and dust
collector, the calculated air flow Q for pipe sections 14 and 15 is [13]:

Q14,15 = 3888× 7× 1.05 = 28576.8m3/h

To pipe section 1, based on Q1 = 3888 m3/h, v1 = 15 m/s, find the corresponding
diameter D and the friction resistance Rm per unit length: D1 = 280 mm, Rm1 =
12 Pa/m.

Similarly, the pipe diameters and specific frictional resistance of sections. 3, 5, 7,
9, 11, 13, 14, 15, 2, 4, 6, 8, 10, 12 can be calculated; the result is shown in Table 2.
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Table 2 Parameters of each pipe section

Pipe section
number

Air volume
(m3/h)

Length (m) Pipe
diameter
(mm)

Current
speed (m/s)

Specific
frictional
resistance
(Pa/m)

Friction
(Pa)

1 3888 6 280 15 12 72

3 7776 4 400 15 7 28

5 11,664 4 500 15 5.9 23.6

7 15,552 4 550 15 4.8 19.2

9 19,440 4 670 15 3.9 15.6

11 23,328 4 700 15 3.5 14

13 27,216 5 800 15 3.2 16

14 28,576.8 6 850 13 2.2 13.2

15 28,576.8 6 850 13 2.2 13.2

2 3888 3 280 15 12 36

4 3888 3 280 15 12 36

6 3888 3 280 15 12 36

8 3888 3 280 15 12 36

10 3888 3 280 15 12 36

12 3888 3 280 15 12 36

4.2 The Local Resistance in Each Pipe Section

Each pipe section’s exhaust hood, elbow, DC tee pipe, variable diameter pipe, local
resistance factor ζ and local resistance’s calculation formula are on the basis of
industrial ventilation [13]. Pipe sections 1–12 all have 90° elbow (R/D = 1.5) 1, ζ =
0.18.

1. Pipe section 1. Exhaust hood, α = 60°, ζ = 0.09; �ζ = 0.27.
2. Pipe section 2. Exhaust hood, α = 60°, ζ = 0.09; DC tee 2–3, ζ = -0.31; �ζ =

−0.04.
3. Pipe section 3. DC tee 3–5, ζ = 0.11.
4. Pipe section 4. Exhaust hood, α = 60°, ζ = 0.09; DC tee 4–5, ζ = 0.71; �ζ =

0.98.
5. Pipe section 5. DC tee 5–7, ζ = −0.01.
6. Pipe section 6. Exhaust hood, α = 60°, ζ = 0.09; DC tee 6–7, ζ = 1.02, �ζ =

1.29.
7. Pipe section 7. DC tee 7–9, ζ = −0.78.
8. Pipe section 8. Exhaust hood, α = 60°, ζ = 0.09; DC tee 8–9, ζ = 2.84, �ζ =

3.11.
9. Pipe section 9. DC tee pipe (Pipe Sections 9–11), ζ = −0.82.
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10. Pipe section 10. Exhaust hood, α = 60°, ζ = 0.09; DC tee 10–11, ζ = 3.12, �ζ

= 3.39.
11. Pipe section 11. DC tee 11–13, ζ = −0.95.
12. Pipe section 12. Exhaust hood, α = 60°, ζ = 0.09; DC tee 12–13, ζ = 12.4, �ζ

= 12.7
13. Pipe section 13. Dust collector outlet variable diameter pipe (diverging pipe):

The size of bag filter LHF-380C’s inlet is 524 mm × 974 mm, and the length
of the variable diameter pipe is 200 mm,

14. tanα = 1

2

(974− 800)

200
= 0.435

Diverging pipe’s angle α = 23.5°, check from the book, ζ = 0.626, 90° elbow
(R/D = 1.5) 1, ζ = 0.18, �ζ = 0.806.

15. Pipe section 14. Dust collector outlet variable diameter pipe (Reductive pipe):
The size of bag filter’s outlet is 524 mm × 974 mm, the length of the variable
diameter pipe is 200 mm, tanα = 0.31, reductive pipe’s angle α = 17.2° < 45°,
check from the book, ζ = 0.1, 90° elbow (R/D = 1.5) 2, ζ = 0.36.

Diverging pipe of fan inlet: First, a fan is approximately selected. The inlet diam-
eter of the fan Df = 900 mm and the length of the variable diameter pipe are 100 mm,
tanα = 0.25, diverging pipe’s angle α = 14°, check from the book, ζ = 0.379, �ζ =
0.839.

16. Pipe section 15. Reductive pipe of fan outlet: The size of fan outlet is 570 mm
× 810 mm, and the length of reducer is 100 mm, tanα = 0.2, reductive pipe’s
angle α = 11.3°, check from the book, ζ = 0.61. Calculating friction resistance
along pipe sections Pm:

Pm = Rml (3)

Rm means specific frictional resistance, Pa/m. l is the length of pipe, m.
And local resistance is Z:

Z = ζ
v2ρ

2
(4)

ρ is air density, which usually takes 1.29 kg/m3.
Calculation results are shown in Table 3.
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Table 3 Local resistance of
each pipe section

Pipe section
number

Local
resistance
factor ζ

Local resistance
(Pa)

Total
resistance of
pipeline (Pa)

1 0.27 36.45 108.45

3 0.11 14.85 42.85

5 −0.01 −1.35 22.25

7 −0.78 −105.3 −86.1

9 −0.82 −110.7 −95.1

11 −0.95 −128.25 −114.25

13 0.806 108.81 124.81

14 0.839 84.9068 98.1068

15 0.61 61.732 74.932

2 −0.04 −5.4 30.6

4 0.98 132.3 168.3

6 1.29 174.15 210.15

8 3.11 419.85 455.85

10 3.39 457.65 493.65

12 12.67 1710.45 1746.45

Bag filter 1000

4.3 Select Fan

Considering the error of air leakage and resistance calculation of fan, in order to
operate the system effectively, the air flow and pressure of selected fan should be
calculated as follows [13]:

1. Fan air volume:

L f = KL · L

KL is the additional coefficient of air flow.The dust removal systemKL= 1.1–1.15,
takes KL= 1.1. Reach that the air flow of fan Lf = 31,434.5 m3/h.

2. Fan air pressure:

P f = KP · �P

KP is the additional coefficient of wind pressure. The dust removal system KP

= 1.15–1.2, which takes KP = 1.15. Reach that the wind pressure of the fan Pf =
5498.1 Pa. Therefore, type 9-19-16D centrifugal fan is selected for the fan, with



298 C. Ding et al.

Table 4 Dust concentration
at each station (mg/m3)

Location
determination

Dust
concentration
(mg/m3)

Location
determination

Dust
concentration
(mg/m3)

1 0.92 8 0.59

2 0.82 9 1.07

3 1.5 10 1.36

4 1.36 11 1.26

5 0.71 12 0.82

6 1.18 13 0.96

7 1.4 14 1.44

air flow Lf = 33,762 m3/h, air pressure Pf = 6180 Pa, fan’s speed n = 960 r/min,
equipped with Y315L1-6 motor, power N = 110 w.

5 Dust Removal Effect of Ventilation System

According to formula Dennis-klemm [19], the dust removal efficiency of the system
is estimated to be 89.6%. The results of welding fume concentration at each station
are shown in Table 4.

6 Conclusion

This paper draws the following conclusions through the design of ventilation system
in welding workshop.

1. The use of locally movable umbrella-shaped air exhaust hood can adjust the
position of air exhaust hood to the welding spot at any time according to the
different welding work position, which solves the problem that the welding fume
cannot be effectively absorbed when the welding joint is not fixed.

2. Galvanized steel sheet is used as piping material and can be used for a longer
period of time under the circumstance of welding fume. The arrangement of
pipes has less bending, less resistance, less material consumption and better
wind resistance for circular ducts with the same cross-sectional area, and lower
maintenance and replacement costs.

3. By hydraulic calculation of air duct, under the condition that there are seven
workstations in one production line of the workshop, only one system can fulfill
the ventilation requirements of the workshop, which not only controls the spread
of welding fume, but also meets the requirements of energy saving and emission
reduction.
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The above design optimization can reduce the concentration of welding fume to
below 4 mg/m3, which shows that the design method is reliable and effective, and
can provide reference for the design of ventilation system in welding workshop.
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Study on Optimization Design of Drive
Seat Based on Body Comfort

Yu Wang, Yongqin Wang, Xiangcao Niu, and Yi Liu

Abstract The research work of this paper is about the design of driver seat in
the research of armored vehicles. In the design process, the seat function, vehicle
space and riding comfort are mainly considered based onman-machine-environment
system of armored vehicles. The working state of the driver is simulated by applying
the seatmodel and the human bodymodel. In order to design the shape of seat cushion
and seat back, the human body model is used to simulate the driving posture. Then,
the stiffness of the damping shock absorber is simulated and analyzed. By optimizing
the stiffness and damping of damping shock absorber, the driving comfort is further
improved, and the working efficiency of driver is enhanced. The comfort of driver is
improved by optimal design.

Keywords Seat · Comfort · Damping shock absorber · Stiffness

1 Introduction

The seat of tracked armored vehicle mainly provides reliable support for the driver.
The seat is an important component of tracked armored vehicle. Its design is directly
related to the comfort performance of the driver, while the comfort of the seat directly
affect the continuous operation time of the driver [1–3]. The seat not only requires
to be satisfied with the shape, but also needs human factors, such as comfortable
sitting posture, light operation position, reasonable body pressure distribution, etc.
At present, the driver often feels that the vehicle vibration is strong, and the seat is
uncomfortable which brings security risks to driving. In order to improve the riding
comfort of the driver seat, it is significant to improve the performance of the seat.

Y. Wang (B) · Y. Wang · X. Niu · Y. Liu
JiangLu Mechanical & Electrical Group Co., Ltd, Hunan 411100, China
e-mail: wyuone@163.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer
Nature Singapore Pte Ltd. 2021
S. Long and B. S. Dhillon (eds.), Man-Machine-Environment
System Engineering, Lecture Notes in Electrical Engineering 645,
https://doi.org/10.1007/978-981-15-6978-4_36

301

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_36&domain=pdf
mailto:wyuone@163.com
https://doi.org/10.1007/978-981-15-6978-4_36


302 Y. Wang et al.

Fig. 1 Seat model of the
95th percentile

2 Ergonomic Design of Seat

The comfort of the driver is directly related to the seat, which directly affects the
continuous operation time of the driver. The driver not only needs to be satisfied
with the shape, but also pays more attention to the human factors, sitting posture,
operating posture and body pressure distribution.

2.1 Sitting Position

Seat design should consider the perspective of ergonomics. The height and position of
different people need different requirements. In this paper, the driver seat is designed
for the 95th percentile. The height of the driver is 1785 mm, and the sitting height is
965mm.According to the ergonomics, the angle between trunk and thigh is 90–100°.
The angle of knee is 125°, the angle of elbow is 80-120°, and the angle of ankle is
90–100°. In the 95th percentile, the driver leans back with his eyes at the angle of
about 100° between the torso and the thigh. The distance from the front to the heels
is 240 mm. The angle between trunk and thigh is about 90° and the distance between
sitting face and heel is 240 mm, as shown in Fig. 1.

2.2 Driver Seat Design

The driver seat is composed of backrest, cushion, backrest angle adjuster, vibration
damping device and so on. The seat with the function of lifting up and down, front
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Fig. 2 Simulation model of
driving posture

and rear adjustment can satisfy the needs of different drivers in cockpit driving and
closed cabin driving.

Seat cushion and backrest bear most of the weight of human body, which plays
a very important role in satisfying the comfort and safety protection of passengers.
The excellent seat cushion and backrest should provide comfortable driving feel for
drivers, so as to effectively reduce the fatigue of drivers caused by long-distance
driving [4–7].

Firstly, the human body model is used to simulate the riding posture, as shown
in Fig. 2. The length and width of seat cushion and seat back are designed by the
analysis of human–machine effect.

According to the principle of ergonomics, the human pelvis profiling design is
adopted. The cushion is designed to be low in the middle and high in both sides, so
as to improve the fit between the cushion and the human body. The front angle of
the cushion is inclined upward 5° with the vertical direction, as shown in Fig. 3a.
The backrest angle is designed to be low in the middle and high in both sides, so as
to improve the fit between the backrest and the human body. The top angle of the
backrest leans backward 5° with the vertical direction, as shown in Fig. 3b.

2.3 Design of Adjustment of Seat

According to the requirement of the vehicle, the human body model is used to
simulate the driving posture of the driver in cockpit driving (see Fig. 4a) and closed
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Fig. 3 Shape of seat cushion
and seat back

(a) The shape of seat cushion       (b) The shape of seat back 

cabin driving (see Fig. 4b). The space size between the driver and steering control,
electric control shift device, brake control device, accelerator pedal is checked and
adjusted, so as to ensure that the adaptability, maneuverability and maintenance can
be satisfied by the design of seat. Finally, the adjusted value of upper and down
is identified as 250 mm, and the adjusted value of front and back is identified as
160 mm, which can ensure observing and driving conveniently.

3 Design and Analysis of Damping Shock Absorber

In order to reduce the discomfort to the driver, the damping shock absorber is designed
to absorb the energy from bumpy road to reduce vibration [7].

The Adams software is used to establish the simulation model. X-direction points
to the rear of the seat, Y-direction points to the upper part of the seat, and Z-direction
points to the left part of the seat.

The bearing capacity and buffering effect of static load should be considered in
the design of main stiffness. According to the working weight and displacement
constraints, the static deflection is set as 5 mm, the ultimate impact acceleration
is set as 230 g for the initial condition. By simulation, the initial value of the static
stiffness of the driver seat is identified as 100 N/mm, and the static load displacement
is identified as 6.8 mm. The curve of vibration attenuation and curve of vibration
attenuation of seat are obtained by the preliminary simulation, as shown in Fig. 5.

Further calculation is simulated in the stiffness range of 100–500 N/mm. The
result shows that the compression stroke decreases with the increase of the stiffness,
but the rate of change decreases at the stiffness of 480 n/mm. The result is best at
the stiffness of 380 n/mm. Further optimization of the damping is applied, and the
damping setting of 2.5 n/(s/mm) can reduce the vibration amplitude further. Then,
the attenuation coefficient is 35 g, and the attenuation rate is 0.15. The cushion ratio
of the seat is 0.076 by test. The result of test is better than the calculated value, mainly
because the friction of the seat, and the cushion is useful. By optimizing the stiffness
and damping of damping shock absorber, the riding comfort is further improved, and
the working efficiency of driver is enhanced.
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Fig. 4 Simulation of driving
state

(a)   Simulation of cockpit driving                   

(b)  Simulation of closed cabin driving 
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Fig. 5 Initial curve of vibration attenuation of seat

4 Conclusion

The driver seat of tracked armored vehicle mainly provides reliable support for the
driver and is an important component of tracked armored vehicle. The research of
this paper is based on the design of driver seat in the actual development of armored
vehicles. In the design process, based on man–equipment–environment system of
armored vehicles, the functions of seats, the space of the vehicle and the riding
comfort are mainly considered. The working state of the driver is simulated by
considering the seat model and the human body model. The shape of seat cushion
and seat back and the damping shock absorber are analyzed and simulated, which
improves the comfort of the driver and working efficiency.
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Analysis on Armor Protection
Requirements of the Top
of Self-propelled Antiaircraft Gun

Zhenyou Zhang, Qian Liu, and Pengdong Zhang

Abstract According to the mission of self-propelled antiaircraft guns in future air
defense operations and the all-directional three-dimensional threats they may face,
the protection requirements of the top of self-propelled antiaircraft guns and the stan-
dards for level of protection should be met are proposed. On the basis of the existing
protective technology of armor equipment, this paper points out the application
direction of installing optical and electromagnetic transparent protective components
by the use of bullet-proof glass, transparent ceramics armor and wave-transmitting
composite materials. According to the characteristics that the operational employ-
ment of self-propelled antiaircraft gun requires high maneuverability, this paper
analyzes the shortcomings of the current active protection means, points out the
development direction and technical countermeasures of the soft killing protection
system, which can be used as reference to the development of equipment technology
of self-propelled antiaircraft guns.

Keywords Self-propelled antiaircraft gun · Armor protection · Protection standard

1 Introduction

With the development of air strike and anti-air strike technology, from the air to the
ground, from the long range to the short range, from ordinary to precision guid-
ance, the self-propelled antiaircraft gun has been confronting all-directional three-
dimensional threats. The anti-radiation missile, anti-tank missile and other air strike
ammunition as well as intelligent top attack ammunition launched outside the air
defense fire killing zone have become the main threats to self-propelled antiaircraft
guns. The air strike ammunition has the capability of top attack and pop-up attack,
which brings a new threat to the top equipment of the self-propelled antiaircraft gun.
Therefore, the design of the self-propelled antiaircraft gun should break away from
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the traditional pattern of attaching importance to the protection of the arc area ahead
and improve the protection capability of the top part.

2 Protection Requirements of the Top of Self-propelled
Antiaircraft Guns

2.1 Structural Features of the Top of Self-propelled
Antiaircraft Guns

2.1.1 The Obvious Target Features Make It Easy to Be Identified

For the guidance, terminal guidance, terminal sensitivity and intelligent overhead
attack ammunition, the target feature extraction is of crucial importance, and the
target detection, identification and locking are the preconditions for the attack on self-
propelled antiaircraft guns. The search radar antenna and tracking radar antenna at the
top of self-propelled antiaircraft gun have obvious electromagnetic wave feature; the
engine compartment cover, exhaust louver and gun automaton have distinct infrared
feature; and external physical feature of turret, gun tube, missile launcher and stabi-
lized tracking platform are apparent. Compared with tanks, infantry fighting vehicles
and other equipment, the top of self-propelled antiaircraft gun has obvious target
feature, making them easier to be accurately located and attacked.

2.1.2 The Weak Protection Makes It Easy to Be Damaged

As the first gun–missile hybrid weapon equipped troops in the world, all six Russian
“Tunguska” were destroyed at the very beginning of the battle due to weak protec-
tion of the top part in the First Chechnya War [1]. The chassis and turret of the
self-propelled antiaircraft gun are welded with armored steel, which has a certain
protection capability. However, the equipment exposed at the top has relatively thin
protective armor and even in the state of no protection. For instance, there is an
obvious “shot trap” at the joint position of the stabilized tracking servo platform
installed in front of the turret and the turret, which is easy to be damaged and some-
times plays the role of collecting shrapnel and caving objects. No protectivemeasures
were taken for gun automaton,missile launcher, optical observation device (window),
etc. The radome of the search radar and tracking radar only has functions of rain and
dust prevention, and the ballistic protection capability is very limited. In recent years,
self-propelled antiaircraft guns newly developed abroad have enhanced protection
design for the top part. For instance, the tracking radar of the Italian “Draco” self-
propelled antiaircraft gun can be retractable in the armored protective cabin behind
the turret, which improves the protection capability against shrapnel [2].
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2.2 Protection Standard of the Top of Self-propelled
Antiaircraft Guns

The protection system must be able to adapt to the changing threat forms. Based
on the past operational experiences and mission assessments, many countries have
set ballistic protection and mine protection standards for military vehicles, such as
NATOSTANG4569 “Ballistic ProtectionStandards for theCrewandLight Protective
Vehicles”, theAmericanNIJ, theGermanDIN standards and the protection standards
of standard ballistic of European Standards Committee. The ballistic protection of
foreign light tactical vehicles is generally level 3 of NATO standard agreement and
can be raised to level 4 or above after installing additional armor. The general require-
ment for the ballistic protection of armored combat vehicles is that the vehicle should
reach NATO standard level 4 and the front part of the hull should reach level 5. In
addition, it must be able to defend against attacks from anti-tank mines (class 3a/3b),
improvised explosive devices and RPG series rocket shells [3]. With the develop-
ment of the air strike ammunition precision, explosive power as well as integration
of reconnaissance and strike, the need of self-propelled antiaircraft gun against light
strike is increasingly urgent. For instance, the “Korkut” 35mm self-propelled antiair-
craft gun shaped in Turkey in 2015, the hull around of which can defend the 14.5 mm
armor-piercing incendiary fired from 200 m away, and 155 mm grenade fragments
exploded from 30 m away, reaching the level 4 of NATO standard agreement. The
ballistic protection capability with additional armor can reach above level 5. The
bottom armor is able to resist the explosion of an anti-tank mine with a 6 kg charge,
reaching level 2 of NATO standard agreement [4]. With overall consideration of
the operational tasks and operational environment of the self-propelled antiaircraft
guns, the ballistic protection standard for the top of self-propelled antiaircraft guns
should reach level 2 or above of NATO standard agreement and level 3 or above after
installing additional armor.

3 Protection Countermeasures for the Top of Self-propelled
Antiaircraft Guns

With the increasing types of threats that self-propelled antiaircraft guns faced and
the increasing effectiveness of anti-armor weapons, the traditional passive protection
methods such as increasing armor thickness and draping reactive armor are not
enough to cope with various threats in air defense operations. Therefore, adopting
innovative methods to solve such problems as weak local protection of self-propelled
antiaircraft guns and low information level of smoke interference and other soft
killing protection systems, without affecting the maneuver capability, significantly
increasing themass, operation complexity and cost-effectiveness, is the development
direction to effectively improve the battlefield survival of self-propelled antiaircraft
guns.
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3.1 Installing Transparent Armor Protective Components
with New Materials

3.1.1 Installing the Bullet-Proof Glass Protector

The bullet-proof glass has been extensively popularized and applied in the field such
as windshield and weapon shield of ground vehicles. In the field of self-propelled
antiaircraft gun protection, in addition to the application of observation window
protection for the driver, gunner, vehicle commander and other crew, the bullet-proof
glass also can be applied to the protector for driver who drives when the cabin is in
open state, protective shield for gunners of battery command vehicles and missile
rack protectors.

3.1.2 Installing the Transparent Ceramic Protective Plate

The damage rate of optical components in viewing and sighting equipment has
become a serious problem in modern warfare. According to the statistics of Chechen
War, about 40% of the tanks attacked by RPG series rockets had been suffered some
degree of damage to their sighting devices. The tracking telescope with visible light,
laser, low-level light triad and other equipment of the self-propelled antiaircraft gun
are installed with protective glass devices in order to prevent the optical instrument
from erosion of dust or mildew and mechanical bruising. The common materials
for protective glass include crown glass, monocrystalline silicon, monocrystalline
germanium, etc., which have problems as weak capability of shell proof andmultiple
strikes resistance. However, it has been proved that the transparent ceramics are able
to provide stronger shell-proof ability with lighter weight. For example, the Stryker
armored vehicle has been installed an additional transparent ceramic deck above the
hatch cover of vehicle commander cabin, enhancing the protection capability when
the crew leader commands out of the hatch.

3.1.3 Installing the Radar Antenna Protector

Due to the development of modern air strike operation style, the radar antenna of the
self-propelled antiaircraft gun mounted outside the turret has been seriously threat-
ened by various air strike ammunitions. In particular, all kinds of explosive fragments
and explosion shock on the battlefield can easily damage the antenna and affect the
combat employment of self-propelled antiaircraft guns. At present, aramid fiber is
the most commonly used reinforcing materials for radar radome. Under the condi-
tion of the same surface density, the impact resistance ability of resin/aramid fiber
composite material is 2–3 times as that of the resin/glass fiber composite material and
about 5 times as that of the steel [5]. The ultra-high molecular weight polyethylene
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(UHMWPE) is the lightest among the developed high-performance fibers with excel-
lent shell-proof performance and very low permittivity and dielectric loss, making
it an ideal material for the shell-proof radome. Research shows that the sandwich
structure shell-proof radomewithUHMWPE as shell-proofmaterial is able to defend
against fragmentation shock caused by the explosion of an anti-radiationmissile 15m
away, and the average transmissivity in the S-band reaches 98.6% [6].

3.2 Actively Developing the Active Soft-Kill Protection System

Due to the influence of operational requirements such as maneuverability, relying
solely on increasing armor thickness or developing hard killing protection system to
improve the protection capability of self-propelled antiaircraft gun is greatly limited,
so the active soft killing protection system has become main development direction
of protection system of the self-propelled antiaircraft gun. A laser alarm device is
installed at the top of the turret of the Japanese type 87 self-propelled antiaircraft
gun. When the self-propelled antiaircraft gun is irradiated by the enemy’s laser, the
device can immediately send out the sound and light alarm and start the smoke bomb
launcher to fire smoke bomb. The Russian “Shtora-1” active soft killing protection
system can make the hit probability of “Hellfire” and other missiles drop to 1/5~1/4
of the original, hit probability of “HOT” missile fall to 1/3 of the original. The
self-propelled antiaircraft gun has no special active protection system. Although it is
equipped with TV, infrared, radar and other target detection devices, it is still weak in
detecting the high speed and small target such as incoming ammunition, in particular,
and it does not have the warning function for anti-radiation missile and laser-guided
bomb. The self-propelled antiaircraft gun is equippedwith smoke bombfiring and hot
smoke screen releasing devices; however, smoke screen bomb has a single function,
with weakmulti-spectrum or full-spectrum jamming capability, and the firing time of
smoke screen is fully controlled by the crew, which result in low degree of informati-
zation and automation. Therefore, effective measures for improving protection capa-
bility of the self-propelled antiaircraft gun shall be as follows: the laser, infrared
alarm, photoelectric interference and other auxiliary protection system are supposed
to be adding self-propelled antiaircraft gun; making use of multi-spectrum smoke
bomb; ensuring the integrated management computer of the self-propelled antiair-
craft gun conducting integrated control to realize informatization and automation of
alarm and interference.

4 Conclusion

At present, the development trend of armored vehicle protection technology is to
strive for the establishment of an “integrated protection system”, which enable
armored vehicles to achieve: not to be found, not to be captured, not to be hit,
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not to be penetrated, not to be destroyed. For self-propelled antiaircraft guns, their
firepower flexibility has obvious advantages compared with tanks, making them can
“hard damage” air strike ammunition, nonetheless, the passive armor and active
protection are still the basic protection against various threats, and the protection of
the self-propelled antiaircraft gun should be developed in a three-dimensional and
all-round direction.

Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Artillery and Air Defense Forces Academy (Zhengzhou Campus).

All subjects who participated in the experiment were provided with and signed an informed
consent form.

All relevant ethical safeguards have been met with regard to subject protection.

References

1. Song X (2015) Review on the development of Russian “Tunguska” antiaircraft cartridge-gun
firearm system[J]. Modern Weapons 6:28–33

2. Zhang L, Ling Y (2013) Alternative vulcan. Modern Weapons (6):43–48
3. Li Bulian (2010) Pondering on the development of light tanks and heavy armored vehicles.

Foreign tTanks 1:22–31
4. Xiong J (2017) The Turkish “Korkut” 35 mm self-propelled antiaircraft gun[J]. Weapon Knowl

2:50–52
5. Guan Z (2016) Research on the application of new aramid fiber composite material in

manufacturing millimeter-wave radome. New Technol New Process 11:57–60
6. Chen X, Zhu X, Zhang L (2010) Research on sandwich structure design and performance of

radar shell-proof radome. J Eng 10:12–30



Development of Principle Prototype
of Digital Bright Spot Scintillator
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Abstract Objective—to establish a digital bright spot flicker detection technology
and make a principle prototype.Methods—the hardware part of the principle proto-
type of the digital bright spot scintillator includes the shell, eye mask, bright spot
scintillation module, monitoring and imaging module and the host computer. The
software system is embedded in the host computer, including the user information
management module, parameter settingmodule, CFFmeasurement module, test data
management module and systemmaintenance module. Results—the principle proto-
type is convenient for individual and group evaluation. The reliability of the detection
results is improved by tracking the pupil of the tested personnel through the moni-
toring camera and eye movement tracking module, drawing the critical flash fusion
frequency curve and real-time display. The detection results of 15 subjects show
that the principle prototype is accurate, reliable and repeatable. Conclusions—the
digital bright spot scintillator principle prototype has the advantages of high degree
of automation, simple operation, accurate and good repeatability.

Keywords Digital bright spot scintillator · Principle prototype · Critical flash
fusion frequency
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1 Introduction

When the flash frequency reaches a certain number of times, due to the effect of
the visual afterimage, the human body will not feel the flash and view it as contin-
uous light, which is flash fusion. The lowest frequency is called critical flick fusion
frequency (CFF) [1]. Because the detection of CFF is convenient and the result is
stable, it has been widely used in the evaluation of sleep deficiency and rhythm
disorder, cognitive work fatigue and the central effect of drugs [2–4]. At present,
many brands of bright spot scintillation instruments have been used in research
work. Most of such classic scintillator adopts the way of detection results reported
by the subjects and the results recorded by the main test personnel with paper and
pen, which has the disadvantages of low automation and strong subjectivity [5]. In
this study, based on the analysis of the performance characteristics and shortcom-
ings of the classical bright spot scintillation meter, combined with the development
of computer and optical detection technology, the digital bright spot flicker detection
technology is established and the principle prototype is made. The aim of this study
is to provide scientific technical means for quickly and effectively monitoring the
fatigue state of workers in special environment, so as to effectively maintain their
physical and mental health.

2 Functional Requirements

The principle prototype of digital bright spot scintillator (hereinafter referred to as
the principle prototype) adopts the technical form of computer-controlled optical
detection and processing related information and has the function of critical flash
fusion frequency detection. In the detection process, video surveillance, critical flash
fusion frequency curve drawing and display are carried out to realize automatic
recording and analysis of data.

3 System Design

The principle prototype is composed of critical flash fusion frequency measure-
ment, computer control analysis and the peripheral structure of input and output. The
composition and layout are shown in Fig. 1. The flash fusion frequency measure-
ment subsystem includes five light sources, background light sources andmonitoring
cameras. The computer control and analysis subsystem includes signal control, data
processing and data storage analysis. Peripheral mechanical structure subsystem
includes control input, subject feedback input and display output.
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Fig. 1 Schematic diagram of the composition and layout of the principle prototype

4 Development Result

4.1 Hardware System

The digital bright spot scintillator is composed of eye mask, visual channel, host,
display screen, pupil lighting imaging module, flashing light component, infrared
mirror, adjusting knob and so on, and the overall structure is shown in Fig. 2. The
luminous surface of the bright spot flicker assembly is at a certain distance from
the human eye, and the pupil lighting imaging module is perpendicular to the visual
channel; the light emitted by the bright spot can enter the pupil through the infrared
reflector, and the change of the pupil after being stimulated by the bright spot will
be monitored by the pupil imaging assembly in real time and the results will be
displayed on the display screen; the rotating adjustment knob can adjust the flicker
frequency and color of the bright spot.
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Fig. 2 Schematic diagram
of principle prototype

4.2 Software System

The principle prototype of digital bright spot scintillator mainly includes user infor-
mation management module, parameter setting module, CFF measurement module,
data management module and system maintenance module. Its functional structure
is shown in Fig. 3.

Figure 4 shows the login interface. The administrator logs in the application soft-
ware by entering the user name and password. After logging in successfully, the oper-
ator enters the main interface of the digital bright spot scintillator software, as shown
in Fig. 5. The main interface includes detection, data management, subject manage-
ment, user management, system settings, logout and other modules. The detection
module mainly carries out CFF testing, and the data management mainly realizes
the functions of querying, deleting, importing/exporting and viewing reports of CFF
data. The subject management mainly realizes the operation of adding, deleting,
modifying and querying the basic information of the subjects. The user management
realizes the addition, deletion, modification and query operation of the basic infor-
mation of the administrator/maintenance personnel, and the system setting mainly
realizes the printer and other settings. The logout module realizes the exit of the
system.

5 Experimental Test and Analysis

5.1 Subjects

Fifteen healthy volunteers, with an average age (31.20 ± 5.03) years old, had no
internal and external eye diseases and reported no sleep disorders.
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Fig. 3 Software functional structure diagram

Fig. 4 Login interface
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Fig. 5 Main interface

5.2 Testing Method

The principle prototype and Beida Bluebird BD-II-118 bright spot scintillator (here-
inafter referred to as BD-II-118) were used to test and compare the CFF value, and
the accuracy of the prototype was initially verified. At the same time, the subjects
were measured repeatedly for 3 days to observe the stability of the measured data.
BD-II-118 was tested in the form of subjective report, recording two reported values
(frequency increasing and decreasing once respectively) as its frequency value. The
measurement order of different bright spot colors of each subject was randomly
arranged by computer.

5.3 Statistic Analysis

SPSS18.0 was used for statistical analysis, and themeasurement data were expressed
in (x̄ ± s). Paired t-test was used to compare the accuracy of the equipment, and
repeated measurement analysis of variance was used to compare the stability.

5.4 Result Analysis

Table 1 shows the detection results of the principle prototype and BD-II-118 bright
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Table 1 Comparison of detection results between principle prototype and BD-II-118 bright spot
scintillator

Bright spot color Instrument CFF value t value P value

Red Principle prototype 25.62 ± 2.93 0.467 0.647

BD-II-118 25.15 ± ± 4.48

Yellow Principle prototype 31.14 ± 3.40 0.065 0.949

BD-II-118 31.10 ± 3.05

Green Principle prototype 28.20 ± 2.69 0.792 0.442

BD-II-118 28.57 ± 2.44

Blue Principle prototype 31.36 ± 3.79 1.344 0.200

BD-II-118 32.10 ± 2.78

White Principle prototype 32.07 ± 3.03 0.833 0.419

BD-II-118 32.65 ± 2.67

Table 2 Stability detection results of principle prototype

Bright spot color CFF value F value P value

I II III

Red 25.62 ± 2.93 25.82 ± 2.99 26.26 ± 3.22 1.465 0.250

Yellow 31.14 ± 3.40 30.94 ± 3.04 31.47 ± 2.98 1.678 0.225

Green 28.20 ± 2.69 28.61 ± 3.03 28.83 ± 3.26 0.722 0.490

Blue 31.36 ± 3.79 32.54 ± 3.48 31.69 ± 2.69 2.615 0.092

White 32.07 ± 3.03 32.34 ± 2.96 32.76 ± 3.58 0.438 0.655

spot scintillator: There is no significant difference in CFF values of each bright spot
color tested on the two devices, and the five bright spot colors have good consis-
tency. It is suggested that the detection validity of the principle prototype is good.
Table 2 shows the stability results of the principle prototype: There is no significant
difference in the results of three repeated measurements of each bright spot color, the
measurement results are stable. It is suggested that the principle prototype is reliable.

6 Conclusion

The principle prototype of digital bright spot scintillator adopts computer-controlled
optical detection and processing related information technology and has the function
of critical flash fusion frequency detection. Video surveillance, drawing and display
of critical flash fusion frequency curve are carried out to realize automatic recording
and analysis of data in the detection process. The preliminary experimental results
show that, compared with the subjective report bright spot scintillator, the detection
results of the five bright spot colors of the principle prototype are accurate, reliable
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and reproducible. The next step of this study is to expand the sample size for reliability
and validity test of principle prototype. It is hoped that the equipment can be used
as an objective means to evaluate pilots’ flight fatigue and improve flight safety. It
can also be used to evaluate the fatigue status of operators in special environment,
maintain their physical and mental health, and improve the technical ability and level
of health support.

Compliance with Ethical Standards

The study was approved by the Logistics Department for Civilian Ethics Committee
of Air Force Medical Center.

All subjects who participated in the experiment were provided with and signed
an informed consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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Information Processing System Design
for Multi-rotor UAV-Based Earthquake
Rescue

Haoting Liu, Ming Lv, Yun Gao, Jiacheng Li, Jinhui Lan, and Wei Gao

Abstract A design method of an information processing system for the multi-rotor
unmanned aerial vehicle (UAV)-based earthquake rescue application is proposed. As
a kind of new rescue measurement in the third medical center of the People’s Liber-
ation Army (PLA) general hospital, this system is designed for the UAV of calamity
rescue team. Four key functions are developed: the environment perception-based
image enhancement, the homography matrix estimation-based image mosaicing, the
imaging earthquake damage degree (EDD) evaluation, and the rescue plan recom-
mendation. The blind image quality evaluation metrics are utilized to percept the
changes of imaging environment. The homography matrix is employed to carry
out the image mosaicing. Lots of image texture features are computed to assess
the imaging EDD. The rescue plan is recommended by the backpropagation neural
network (BPNN) with the considerations of EDD and other factors such as the popu-
lation size or the weather condition. The practical tests have verified the effectiveness
of the proposed system and method.

Keywords Earthquake rescue · UAV · Image processing · Rescue plan

1 Introduction

In recent years, the earthquake rescue technique in China has met its great develop-
ment opportunity with the fast economy advancement [1]. Many new materials, new
sensors, and new data processingmethods are utilized to assist the earthquake rescue.
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First, the portable and miniaturized equipment can be used to replace the old and
low-technique-integration ones. Second, the new equipment can take advantage of
all kinds of new measurements including the air-based, the land-based, and even the
space-based techniques to accomplish the rescue task. Third, the applications of new
rescue equipment begin to cover the whole lifetime of the rescue mission. Clearly,
the advanced equipment cannot leave the support of information processing system.
The powerful information analysis techniques still play one of the most important
roles in the equipment development regarding the earthquake rescue.

The third medical center of the People’s Liberation Army (PLA) general hospital
is the leading power in the research field of earthquake medical rescue in China.
The famous China’s International Search and Rescue Team (CISRT) affiliates to it.
Recently, the third medical center of PLA general hospital is concentrating on the
development of new-type earthquake rescue equipment. Since 2013, a kind of rescue
hospital in vehicle was developed there. The vehicle hospital can work like a tertiary
referral centerwhen it arrives in the calamity region.Another progress is that a special
BeiDou satellite communication system is applied in the rescue task. Figure 1 shows
the corresponding equipment. In Fig. 1, (a) is the photograph of the fleet of vehicle
hospital; (b) is the photograph of the communication command vehicle; and (c) is
the photograph of ground terminal of satellite communication system.

In this paper, a kindof six-rotor unmanned aerial vehicle (UAV) and its information
processing system is developed for the third medical center of PLA general hospital.
A series of image-based algorithms is developed: First, an imaging environment
perception-based image enhancement algorithm is designed. The blind image quality
evaluation metrics [2] are used to percept the imaging environment changes; and the
multiple scale retinex (MSR)method is used to improve the imaging quality. Second,
the homography matrix-based image mosaicing method is considered. Third, the
imaging earthquake damage degree (EDD) evaluation metrics [3] are developed to
analyze the ground target damage level. Many image texture features [4] and the
backpropagation neural network (BPNN) [5] are used to assess the EDD metric for
the general ground target. Fourth, a recommendation method of the rescue plan is
designed. The BPNN is used again to estimate the optimal rescue plan.

Fig. 1 Equipment illustrations of earthquake medical rescue which are developed in the third
medical center of PLA general hospital
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2 The UAV and Its Information Processing System

Akind of commercial UAV system is employed in this paper. This UAVhas six rotors
which can improve its hovering stability in air. It can realize the basic information
collection functions, including the image capture, the image transmission, and the
image play, etc., almost in real time. Currently, this UAV system uses the battery to
provide power. Table 1 shows the basic technique parameters of that UAV system.
This UAV can reach more than 50 m height from the ground; and its largest flight
distance is about 2000 m. It can be taken by one person to the disaster area easily.
From Table 1, a commercial sport camera is utilized in that system. Because the
size of sport camera is small, its imaging quality such as the image contrast or the
imaging detail is limited. To improve its output effect, it is needed to improve the
image quality for that system by the corresponding image processing methods.

Figure 2 shows the function designof the proposed information processing system.
Currently, the main functions of this system include: the image enhancement for the
outdoor imaging data, the aerial image mosaicing, the imaging EDD estimation, and
the rescue plan recommendation. The image enhancement processing is necessary
because of UAV’s fast flight speed and its multiple attitude tuning. The aerial image
mosaicing is needed because the user wants towatch the imagewith big view inmany
situations. The imaging EDD estimation metrics are defined to assess the damage
level of the important ground target. The corresponding computational results are
the effective supplements to the traditional earthquake evaluation indexes, such as
the magnitude or the intensity. Then the rescue plan can be recommended by the

Table 1 Basic technique
parameters of a kind of
commercial UAV system

Item Parameter

Takeoff weight 4.7–8.2 kg

UAV weight 3.3 kg

Hovering time 18 min (the takeoff weight is 6.8 kg)

Maximum power 3000 W

Working temperature −10–40 °C

Fig. 2 Information processing system design of the third medical center of PLA general hospital
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Fig. 3 Computational flowchart of environment perception-based image enhancement

integrated consideration of the imaging EDD and other factors such as the population
size, or the population density.

3 The Key Algorithms

3.1 The Image Enhancement with Environment Perception

In this paper, a blind image quality (IQ) evaluation metrics are utilized to percept
the environment light change firstly; and then the BPNN is considered to improve
the robustness of image enhancement algorithm. Figure 3 shows the computational
flowchart of the proposed method. In Fig. 3, first the blind IQ evaluation metrics are
computed, and they include the image brightness degree, the image region contrast
degree, and the image edge blur degree. Then the BPNN is employed to estimate
the optimal control parameters of the enhancement algorithm by the IQ evaluation
metrics above. After that the MSR is utilized to perform the enhancement compu-
tation. The inputs of BPNN are the blind IQ evaluation metrics; its outputs are the
control parameters of MSR.

3.2 The Image Mosaicing Method

The imagemosaicing is necessary because the user needs to watch the imaging scene
with big view in many cases. Figure 4 shows the computational flowchart of that
algorithm. First, the point features are calculated from the captured image pairs. The
scale-invariant feature transform (SIFT) points are computed in this paper; and then
the random sample consensus (RANSAC) method is utilized to find the matching
points between the image pairs. After that the least squares technique is employed to

Fig. 4 Computational flowchart of the homography matrix-based image mosaicing
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Fig. 5 Computational flowchart of the imaging EDD of the general ground target

estimate the homography matrix. Finally, the image with big view can be generated
by using the mapping relationship above. To improve the computation precision
further, the Levenberg–Marquardt method can be utilized.

3.3 The Imaging EDD Estimations

The imaging EDD metric uses the image texture features to assess the earthquake
damage degree. The graylevel cooccurrence matrix (GLCM) features, the Tamura
features, and the Gabor wavelet features are computed to analyze this EDD above.
The GLCM features, such as the angular second-moment index, the contrast index,
and the inverse difference moment index, etc., are computed. The Tamura features
include the coarseness and the contrast metrics. And the Gabor wavelet features
with 30 filters are also considered. Some typical ground targets such as the building,
the road, the mountain, the riverway, and the vegetation can be evaluated. Figure 5
shows the computational flowchart of imaging EDD of the general ground target.
First, the blind IQ evaluation metrics in Sect. 4.1 are computed. Then, if the IQ is
good enough, the corresponding image texture features will be computed. Finally,
the BPNN is used to assess that EDD. The supervising data of BPNN comes from
the opinion of earthquake rescue expert.

3.4 The Rescue Plan Recommendation

The rescue plan is a kind of predefined and definitized program which can explain
and guide the earthquake rescue steps in details for the CISRT when the sudden
earthquake happens. It always covers the specific manpower, material resources, and
financial resources for the calamity rescue. Table 2 shows the specific definitions and
explanations of these factors in this paper. The BPNN is utilized again to perform the
rescue plan recommendation task. Its inputs include the population size, the popu-
lation density, the vulnerable population ratio, the population quality, the reported
casualty, the temperature, the relative humidity, the wind speed, the weather, the
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Table 2 Evaluation factors of rescue plan and their explanations

No. Factor name Explanation

1 Population size This factor is divided into five degrees (person): ≤50×104;
50×104–100×104; 100×104–300×104; 300×104–1000×
104; 31000×104

2 Population density This factor is divided into five degrees (person per square
kilometer): ≤50; 50–300; 300–500; 500–1000; 31000

3 Vulnerable population ratio This factor is divided into five degrees: ≤5%; 5–10%;
10–30%; 30–50%; 350 %.

4 Population quality This factor is divided into five degrees (crime rate):
31000/105; 500/105–1000/105; 300/105–500/105;
150/105–300/105; 0–150/105

5 Reported casualty This factor is divided into five degrees (the death number
(person) or the serious injury number (person)): (0, 3] or (0,
10]; (3, 10] or (10, 50]; (10, 30] or (50, 100]; (30, 100] or
(100, 500]; > 100 or > 500

6 Temperature This factor is divided into five degrees (°C): ≤0; 0–23;
23–33; 33–40; and 340

7 Relative humidity This factor is divided into five degrees (%RH): ≤20%;
20–40%; 40–50%; 50–70%; 370 %

8 Wind speed This factor is divided into five degrees (m/s): ≤0.2; 0.2–7.9;
7.9–13.8; 13.8–24.4; 324.4

9 Weather condition This factor is divided into five degrees: sunny day; light rain,
or light snow, or light fog; middle rain, or middle snow, or
middle fog; large rain, or large snow, or large fog; heavy
rain, or heavy snow, or heavy fog

10 Epidemic situation This factor is divided into five degrees: level 1 to level 5, the
large the level is the severe the situation is

11 Earthquake intensity This factor is divided into five degrees: ≤3.0; 3.0–4.5;
4.5–6.0; 6.0–8.0; 38.0

12 EDD metric This factor is divided into five degrees: level 1 to level 5, the
large the level is the severe the situation is

epidemic situation, the earthquake intensity, and the corresponding EDD metrics.
And its output is the rescue emergency degree. Then each rescue emergency degree
canbe equivalent to a professional rescue plan. The trainingofBPNNis accomplished
by the opinion of the earthquake medical rescue expert.

4 Experiment Results and Discussions

To test the validity of the proposed algorithms, a series of drills are designed. The
proposed software system iswritten byC andMATLAB in our PC (2.4GHzCPU and
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Fig. 6 Preparation state and the searching plan of the proposed system

3GBRAM). It is supposed an earthquake-caused landslide happens in autumn, north-
east of China. The rescue team receives the order to search the victim and performs
the medical rescue task. Figure 6 shows the preparation state and the searching plan
of the proposed system. In Fig. 6, (a) and (b) are the UAV hardware system; (c) is the
photograph that the UAV is preparing to flight; (d) and (e) are the flight route designs
of the victim searching task. The searching region is divided into four quadrants.
During each flight, the UAV will traverse only one quadrant. And each flight will
cost the UAV one battery. From (e), once the victim is found, the UAV will record
the geographic coordinates of victim and return to the starting point immediately.
Then the rescue team can go to the recorded position to perform the medical rescue.

Figure 7 shows the application results of proposed methods: (a) shows an original
image which is influenced by the blaze; (b) is the environment perception-based
enhancement result of (a); (c) and (d) are the image pairs which are captured from
the video; (e) is the mosaicing results of (c) and (d); images (f), (g), and (h) are
the image data which are used for the EDD evaluation; (i) is the victim searching
photograph. From Fig. 7, it can be seen that the proposed image processing methods
can improve the imaging quality, build the image with a big view, and realize the
victim searching task correctly. Table 3 shows the imaging EDD evaluation results of
the general ground targets. The image data in Fig. 7 (f) to (h) are used. From Table 3,
it can be seen that the ground vegetation, the slope, and the building are all destroyed
by the natural calamity; and the imaging EDD can give some objective evaluations
of them.
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Fig. 7 Computation results of proposed image processing algorithm

Table 3 Imaging EDD estimation results of Fig. 10 (f), (g), and (h)

Image Name Imaging EDD Descriptions

Figure 10 (f) 4 The ground vegetation which was washed by heavy rain

Figure 10 (g) 2 The slope which was eroded by the landslide

Figure 10 (h) 5 The building which was destroyed by the landslide

After the information analysis of natural calamity, the rescue plan can be deduced
automatically. Table 4 shows the examples of related factor of rescuemission.Clearly,
they are also the input parameters of the BPNN. Table 5 shows the examples of the
recommended rescue plan. From Table 5, it can be seen the rescue plan includes the
specific details of the rescue equipment and the rescue medicine resource. Thus, this
plan has a practical performability for the rescue team. Other rescue plan can also be
estimated if the inputs of BPNN are different. The differences among these rescue
plans lie in the different amounts or types of rescue resources, such as the vehicle
or the medical drag. In this test experiment, only few people acts as the victims and
the natural environment is not rigorous seriously; thus, the practical needs of rescue
equipment and resources are small.
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Table 4 Input parameters of BPNN for rescue plan recommendation

Population size
(person)

Population density
(person/square
kilometer)

Vulnerable population
ratio

Population quality
(crime rate)

≈6500 12 27.6% 53/105

Reported casualty
(person)

Temperature (°C) Relative humidity (%RH) Wind speed (m/s)

7 21 83.3% 9.3

Weather Epidemic situation Earthquake intensity EDD metrics

Light rain 1 (no epidemic) 2 2

Table 5 Recommended rescue plan

The recommended rescue plan

(1) The ordinary medical rescue drugs should include the ordinary first-aid medicine, the
hemostatics, the whole blood, the blood components, the dextran, and the stupefacient, etc.

(2) The emergency medical equipment should include the surgical instrument box, the portable
ventilator, the electrocardiogram monitor, the water and poison examination kit, etc.

(3) The medical supplies should include one ambulance, three stretchers, three first-aid kits, the
emergency plaster, the medical paper, the bandage, the neck support, the limbs brace, the
medical oxygen, and the intravenous infusion needle, etc.

(4) The emergency engineering equipment should include two big wreckers, three small
wreckers, three emergency vehicles, two cranes, and two mobilities, etc.

5 Conclusion

Akind of ground information processing system is proposed for themulti-rotor UAV-
based earthquake rescue. Four key computation functions of information processing
system are developed: the environment perception-based image enhancement, the
homograph matrix estimation-based image mosaicing, the imaging earthquake
damage degree evaluation, and the rescue plan recommendation. The related image
processing algorithms are developed for this system. The practical test experiment
has shown the validity and effectiveness of the proposed system and methods.
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Multiple Missiles Launch Assignment
Based on AHP and Genetic Algorithm

Fang Liu and Jinshi Xiao

Abstract A kind of launch assignment method of the multiple missiles which uses
the analytic hierarchy process (AHP) method and the genetic algorithm (GA) is
proposed for the navy ship. In this model, the missiles include both the surface
combatmissile and the electromagnetic compactionmissile.When implementing the
simulation, first, the three threaten factors are modelled. They are the anti-ballistic
missile threaten factor, the radar threaten factor, and the weather threaten source.
Second, a GA model is constructed to solve the mission assignment problem of
multiple missiles. The corresponding threaten factors are used to build the optimal
function of GA. Third, the AHP model is considered to estimate the weight of the
optimal function. Many simulation results have verified the correctness of proposed
method.

Keywords Multiple missile · Threaten source · Genetic algorithm · Launch
assignment · Navy ship

1 Introduction

The modern warship has the ability to launch multiple missiles simultaneously when
it faces any threatens. In general, the equippedmissiles can include the surface combat
missile and the electromagnetic compactionmissile, etc. And the equipment amounts
of these missiles are also large. When launching the missile, some threaten factors
should be considered, such as the radar, the weather, and even the performance of
missile itself. Thus, how to assign the missiles reasonably under the consideration
of these threaten factors should be researched. Clearly, the issue about launching
different missiles to different targets is a typical multi-mission assignment problem
[1] from the mathematical modelling point of view.
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Many research works have been done to solve the multiple mission assignment
problem. For example, in [2], an embedding algorithm was proposed to solve the
offloading issue of networks. The road traffic allocation scheme could be solved well
in this research. In [3], a hierarchical colouredPetri netmodel of the fleetmaintenance
was proposed. The effects of multiple cannibalisation policies were modelled. In [4],
an iterative strategy for the task assignment and path planning of multiple unmanned
aerial vehicles were proposed. Currently, the research of the multiple missiles launch
assignment is still rare; however, with the fast development of modern science and
technology, the age of missile battle has come. As a result, it is necessary to build a
mathematical model for the multiple missiles mission assignment.

In this paper, to solve the multi-mission assignment problem to some extent, both
the analytic hierarchy process (AHP) [5] and the genetic algorithm (GA) [6] are
considered. First, three threaten factors are modelled. They include the anti-ballistic
missile threaten factor, the radar threaten factor, and the weather threaten source (the
wind and the rain). Second, the GA is used to solve the multiple mission assignment
problem. A kind of optimal function is constructed according to the threaten factor
above. And the coding method of the GA’s chromosome is also designed. Both the
flight distance factor and the propellant residual factor are also considered. Third,
the AHP is employed to estimate the weights of the optimal function of GA.

2 The Multiple Missiles Launch Assignment Using GA

2.1 The Design of Optimal Function

The definition of the GA optimal function is shown by Eqs. (1), (2), and (3). First,
the Eq. (1) means the optimal cost function. Six factors such as the distance factor,
the propellant residual factor, the radar factor, the missile threaten factor, the wind
factor, and the rain factor are all considered. The electromagnetic compactionmissile
can decrease the threaten degree of the radar factor, the missile threaten factor,
and even the weather threaten factor to some extent. The larger the amount of the
electromagnetic compactionmissile is, the smaller the corresponding threaten factors
would be. Second, Eq. (2) indicates the optimal revenue function. The revenue of
target point comes from the combat value of that target itself. And the larger the
amount of the battle combat missile is, the better the combat effect would be. Third,
Eq. (3) is the final target of the optimal function.

C =
K∑

k=1

[
δDPD + δP PP + (1 − t × γ )(δR PR + δM PM + δW_W PW_W + δW_R PW_R)

]

(1)
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Table 1 Definitions of the flight distance and the propellant residual

Flight distance Propellant residual

Degree Relative remaining distance Degree Relative propellant residual

1 <0.3 1 >0.8

2 [0.3, 0.8] 2 [0.3, 0.8]

3 >0.8 3 <0.3

R =
K∑

k=1

[
1 − (1 − α)r

] × R(k) (2)

T = max(w1 × R − w2 × C) (3)

where K is the maximum amount of the battle target; δD, δP, δR, δM , δW_W , and δW_R

are the weights of the distance factor, the propellant residual factor, the radar factor,
the missile threaten factor, the wind factor, and the rain factor, respectively; PD, PP,
PR, PM , PW_W , and PW_R are the corresponding costs of the factors above; R(k) is
the revenue of the k-th battle target; t and r are the amount of the electromagnetic
compaction missile and the surface combat missile; γ is the parameter which can
represent the threaten decreasing level of thewhole combat system;α is the parameter
which can indicate the success rate of missile combat; w1 and w2 are the weights of
the revenue function R and the cost function C.

The threaten factors illustrated in Eq. (1) are defined in this paper. The definitions
of the flight distance and the propellant residual are presented in Table 1. In Table 1,
for the sake of simpleness, the relative remaining flight distance and the relative
propellant residual are utilized. These data can be estimated by the flight time and
the telemetry data. The radar can detect the approaching missiles, identify their
types, and forecast their placements. In this paper, it is supposed that the antenna can
scan 360° in the battlefield; thus, the radar threaten source can be defined by (4). In
general, the flight scope of the anti-ballistic missile can look like a waist drum; thus,
its threaten degree can be defined in (5). The threaten degree of the weather factor is
shown in Table 2. Here, the weather factor is considered by both the rain factor and
the wind factor. The values of these factors are defined by their practical intensity.

Table 2 Definition of the weather threaten factor

Wind Rain

Degree Value (m/s) Degree Level

1 <13.8 1 Small rain

2 [13.8, 24.4] 2 Middle rain

3 >24.4 3 Heavy rain
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PR =
{

0 dR > dR_max
1
d4
R
dR ≤ dR_max

(4)

PM =

⎧
⎪⎨

⎪⎩

0 dM > dM_max
1
dM

dM_min ≤ dM ≤ dM_max
1 dM < dM_min

(5)

where dR is the distance between missile and radar; dR_max is the maximum detection
distance; dM is the distance between the missile and the anti-ballistic missile; dM_min

and dM_max are the minimum and the maximum shoot down distances.

2.2 The Chromosome Coding Method of GA

The GA is a kind of evolutionary algorithm which imitates the biological reproduc-
tion processing. The computation step of GA includes the selection operation, the
crossover operation and the mutation operation. The selection operation needs to
use the fitness function to implement the optimal evolution. In this paper, the target
function in Eq. (3) is employed as the fitness function. Figure 1 shows the designing
method of the chromosome of the GA. Without loss of generality, let us consider the
mission assignment problem of two groups. In Fig. 1, the chromosome is divided
into two same groups. In the first group, the former two codes indicate the amount
of the surface combat missile and the electromagnetic compaction missile. The left
codes mean whether the missile group will attack that target point (Fig. 2).

Fig. 1 Sketch map of the chromosome coding method of GA

Fig. 2 Hierarchy structure of proposed AHP model
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3 The Weight Computation Using AHP

The AHP is utilized to determine the weights of the threaten factors above. The
AHP is a kind of operation method which can get the ranking estimation for its
investigated factors. Figure 1 shows the basic structure of AHP model regarding the
multiple missiles launch assignment problem. In Fig. 1, the decision hierarchy is the
final cost. The middle hierarchy includes the flight factor, the threaten factor, and the
environment factor. The factor hierarchy defines six factors which are same to the
factors presented in Eq. (1). When carrying out the AHP computation, the classic
1–9 evaluation criterion is utilized. The navy experts are asked to give the evaluation
scores for the AHP model.

4 The Experiments and Discussions

4.1 The Results of Launch Assignment

A series of simulation experiments are performed to test the validity of proposed
algorithm. All the simulation experiments are accomplished by the C code in our PC
(4.0 GB RAM, 1.70 GHz Intel (R) Core (TM) i3-4005U CPU). Figure 3 presents
the 2D sketch map of the multiple missiles launch assignment simulation. In Fig. 3,

Fig. 3 2D sketch map of multiple missiles launch assignment simulation
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Table 3 Definition of the weather threaten factor

Group A Group B

The amount
of surface
combat
missile

The amount of
electromagnetic
compaction
missile

The attack
point

The amount
of surface
combat
missile

The amount of
electromagnetic
compaction
missile

The attack
point

8 1 1 7 2 2

the warship is set in the coordinate (0, 0), and two target points are also marked in
that map. The square, the triangle, the diamond, and the five-pointed star represent
the centres of the missile, the radar, the wind, and the rain, respectively. Clearly, in
this simulation, we only consider the mission assignment issue of two groups of the
warship missile. The corresponding control parameters of our proposed algorithm
are: K = 2, t = 3, r = 15, γ = 0.1, α = 0.5, R(1) = 1.0, R(2) = 1.3, w1 = 1.0, w2 =
0.75. And the maximum iteration times of the GA is set by 100.

Table 3 presents the assignment results of Fig. 3. From Table 3, it can be seen that
the mission assignment of the multiple missiles can be realized by the proposed
method well. For example, regarding the attack point 1, the amount of surface
combat missile and the amount of electromagnetic compaction missile are 8 and
1, respectively. The practical flight path of the missile group is the line between the
warship and the target point. Because the electromagnetic compaction missile can
decrease the exterior threaten degree for the surface combat missile, 3 electromag-
netic compaction missiles are distributed to the target points after the computation.
Obviously, the simulation result considers the flight factor, the threaten factor, and
the environment factor. Currently, the average simulation time is about 20 s.

4.2 The Results of AHP Modelling

The AHP is used to estimate the weights of the cost function in Eq. (1). Comparing
with the traditional artificial experience-based weight settingmethod, the application
of AHP is more objective. Table 4 shows the judgemental matrix results of the AHP
criteria hierarchy (the middle hierarchy); Table 5 presents the judgemental matrix
results of the AHP alternative hierarchy (the factor hierarchy), and Table 6 illustrates
the estimated importanceweights ofAHP.The comparisonof the importancebetween

Table 4 Judgemental matrix results of the AHP criteria hierarchy

Threaten factor UAV factor Environment factor

Threaten factor 1 8 8

UAV factor 1/8 1 1

Environment factor 1/8 1 1
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Table 5 Judgemental matrix results of the AHP alternative hierarchy

Radar Missile Distance Propellant Wind Rain

Radar 1 1/8 Distance 1 1/6 Wind 1 5

Missile 8 1 Propellant 6 1 Rain 1/5 1

Table 6 Final estimated importance weights of AHP model

Name Radar Missile Distance Propellant Wind Rain

Value 0.0889 0.7111 0.0143 0.0857 0.0833 0.0167

any two factors comes from the subjective evaluation of the sea battle experts. From
these results, it can be seen that—first, the most importance factor which influences
the mission seriously is the anti-ballistic missile factor whose weight is 0.7111.
Second, the most un-important factor is the flight distance factor whose weight is
0.0143; and the final importance ranking of these factors is: the missile factor, the
radar factor, the propellant factor, the wind factor, the rain factor, and the distance
factor.

4.3 Discussions

Themodern naval battle needs the combat system to be intelligent, fast, and efficient.
With the fast development of weapon technology, more and more new type weapons
are equipped to thewarship; thus, how touse themproperly shouldbe researched care-
fully. In this paper, the launch assignment of multiple missiles is studied. Different
from the traditional operation method which only launches one missile to implement
the combat mission, multiple missiles which have different combat functions are
considered simultaneously here. Clearly, this is the development trend of the naval
battle in the future. For example, the surface combat missile is used to destroy the
enemy’s warship, while the electromagnetic compaction missile can be employed
to suppress and decrease the threaten degree of other exterior factors. Thus, the
integrated combat effect can be achieved by the mission assignment.

The GA is considered to carry out the multiple missiles assignment in this paper.
The GA belongs to a kind of stochastic computational method which can solve the
optimal computational problem well. The GA almost has no application limitations
for the mathematical problem itself, and it can solve all kinds of optimal problems,
such as the linear function and the nonlinear function, as well as the continuous func-
tion and the discrete function. TheGAalso has a good performance on conquering the
local optimization problem. Its convergence speed and its computational speed are
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also fast. Clearly, some other methods can also be used here, such as the greedy algo-
rithm, theMunkres algorithm, and the artificial network-based method [7]. However,
after the consideration of both the computational complexity and the computational
accuracy, only the GA is utilized in this paper.

The proposedmethod at least has three advantages. First, the design of the optimal
issue for the multiple missiles combat is reasonable. Six factors are considered when
constructing the optimal function of GA. Second, the computation speed of proposed
algorithm is comparable fast. The response speed will determine the victory of the
war; thus, the analysis speed of the intelligent algorithm cannot be too long. Third,
the scalability of proposed method is also good. Many new factors can be added to
improve its computational effect, and some improved GAs [8] can also be employed.
Clearly, the proposed method also has some drawbacks. For example, the stochastic
interference factor should be considered in the future. The situations in the combat
field vary from minute to minute; thus, the stochastic changes should be considered
in this model.

5 Conclusion

A multiple missile launch assignment method is proposed. Two kinds of missile are
considered here, i.e. the surface combat missile and the electromagnetic compaction
missile. When implementing the optimal computation, first, three threaten sources,
i.e. the anti-ballistic missile threaten factor, the radar threaten factor, and the weather
threaten source, aremodelled. Second, theGA is used to estimate the optimal solution
of the mission assignment. Third, to improve the objective computational effect, the
AHP is used to compute the weights of the optimal weights of the GA. In the future,
other evolution algorithms can be tested for this multiple missiles launch assignment
problem.
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Study on Female Caring Office Chair
Design Based on Ergonomics

Tianqi Yuan and Xiaohui Tao

Abstract This article studies the design of office chairs for professional sedentary
women. First, it investigated the hiddenhealth hazards ofwomencausedby sedentary,
analyzed the man–machine system of office chairs, and summarized the relationship
between seats and hidden health hazards. In addition to the common low back and
cervical diseases caused by improper sitting posture, female reproductive system
diseases and anorectal diseases are also related to sedentary. This article combines the
ergonomics theory to propose design criteria in the design of women’s seats, which
aims to improve the health problemsofwomen’s sedentary from the perspective of the
seat, to givewomen health care fromboth physical and psychological dimensions. On
the basis of existing chairs, an office chair design plan for women’s care is proposed.

Keywords Women’s physical health · Office chair · Ergonomics · Sedentary

1 Preface

According to the 2017White Paper on theHealth Status ofWorkingWomen inChina,
whichwas conducted inmajor first-tier cities in China, only 5%of the total number of
women surveyed were truly healthy, 20%were confirmed to have a disease, and 75%
were in a sub-health state [1]. Gastrointestinal diseases, cervical spondylosis, and
other diseases often plague women, and sub-health states such as decreased memory
and poor sleep have become common problems among working women. In addition,
women’s physiological characteristics are different from men’s. Women face many
different physical health problems than men after long periods of sedentary. For
female employees, sedentary office work can cause gynecological inflammation and
other diseases. One of the reasons is that the office chair does not deal with the man–
machine relationship well. The existing office chair design focuses on universality
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and often ignores the actual needs of the professional female group. Therefore, the
design of office chairs needs to dig deeper into the needs of women, fully consider
the potential risk of disease, and optimize the working status.

2 Women’s Health and Office Chair Man–Machine System

2.1 Sedentary Effects on Female Reproductive System

Studies have shown that more than 70% of working women have different types of
gynecological diseases, and in recent years, the proportion the proportion is still on
the rise and younger [2]. Long-term sedentation of professional women can easily
lead to pelvic congestion, causing blood circulation in the annex and the cervix to
be blocked. The anatomical structure of the pelvic cavity prevents venous return,
which leads to diseases such as pelvic inflammatory disease. In addition, due to the
difference of physical structure, women are more likely than men to suffer from a
urinary tract infection. The vulva is in a humid and hot state for a long time, which
will accelerate the growth and reproduction of bacteria around the urinary system,
thereby accelerating the disease.

In addition, studies have found that sedentary behavior increases the likelihood
of ovarian cancer. Ovarian cancer is the seventh most common cancer in women and
the leading cause of mortality among gynecological malignancies. The aetiology
of ovarian cancer is relatively unknown, but it has been suggested that physical
inactivity as reflected by prolonged sitting can reduce insulin sensitivity, leading to
a growth-promotional environment that facilitates neoplasia [3] .

2.2 Sedentary Causes Anorectal Disease

Sedentary not only affects the female reproductive system, leading to an increased
prevalence of gynecological diseases, but also causes anorectal diseases. According
to a census, the prevalence of hemorrhoids in adults is 59%, that is, 6 out of 10 people
suffer from hemorrhoids. The population with a high prevalence has a significant
feature-long sedentary habits. As the human body is in the same fixed posture for a
long time, it affects the blood circulation andmakes the anorectal venous blood return
poorly. In addition, the portal vein system has no venous valves to help the blood
return. Over time, it will easily cause hemorrhoidal vein congestion and varicose
veins to become hemorrhoids [4].
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3 Design Principles of Man–Machine System of Office
Chair

3.1 Thermal Comfort and Breathability

In view of the above health hazards that are prone to sedentary women, we havemade
some considerations. One of the important causes of sedentary female gynecological
diseases is the damp and sultry seat cushion. This problem is particularly prominent
in summer, so it is necessary to study the thermal comfort and breathability of the
office chair seat surface.We have summarized three factors that influence the thermal
comfort and breathability of the office chair seat surface: the material, thickness, and
shape of the cushion. Therefore, how to design an office chair with higher caring for
women needs to start from these three aspects.

Cushion material is divided into seat surface material and seat surface filling
material. Common seat surface filling material is foam material, its kind is various,
usually use hardness 70, density 30, 24 foam sponge. The size and gap of the sponge
are all factors that affect the breathability of the cushion. Therefore, we choose a
sponge with a larger gap as the filling material.

The thickness of seat surface should be in the range of 10–15 cm. The seat surface
of the mesh and cloth is thinner. Through investigation and analysis, users tend
to choose office chairs with thin seats, so choosing single mesh office chairs has
gradually become a design trend.

According to the survey, when the skin temperature reaches 34°C, the human body
will begin to sweat and regulate the physiological heat balance through sweating.
As a result, the humidity of the contact surface will increase, creating conditions
for bacterial reproduction. From the perspective of the shape of the cushion, we can
create the space between the key part of the human body and the cushion to reduce
unnecessary contact, thereby reducing pressure and achieving the purpose of heat
dissipation and ventilation.

3.2 Reasonable Distribution of Body Pressure

The pressure distribution of sitting position is the main factor to evaluate the comfort
of the seat [5]; it refers to the pressure distribution of the human body on the seat
surfacewhen sitting [6]. Seated pressure distribution can be divided into seat pressure
distribution and back pressure distribution. For the hip (Fig. 1), the pressure on the
ischial tuberosity is the largest and gradually decreases outward in order, reaching the
lowest value at the front of the seat and the thigh [6]. Among them, the provision of
lumbar support is indispensable, and its specific position should be 20 cm away from
the seat cushion. Therefore, the lower backrest that plays a reasonable supporting
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Fig. 1 Reasonable distribution of body pressure

role has always been the focus of consideration in the design of office chairs. In
addition, due to individual differences, the backrest of the seat should be adjustable
in multiple dimensions, such as up and down or back and forth.

Women are usually lighter thanmen, so wewill use “feminine care” as the starting
point for design and follow the seated body pressure distribution of women for the
research and design of office chair.

3.3 Keep Users in a Healthy Posture

The normal behavior of a person using an office chair can be broken down into:
standing, holding on to the armrest in preparation for sitting, relying on the back of
the chair, stabilize the limbs, adjust the sitting posture, support the armrests to stand,
and stand as shown in Fig. 2 [7]. It can be seen that during the use of the office chair,
the bottom surfaces of the thigh, buttocks, and back are the most contacted parts.
Support not only affects the user’s use status and work efficiency, but also targets
female workers’ physical condition and temperament.

Cervical and lumbar spine activities are most frequent in daily life [6]. Figure 3
shows the curvature of the spine in different behavioral states. It can be seen from
the figure that when the seat is in a sitting position, the angle of the lumbar spine is
closest to the angle in the natural state when the waist is supported.
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Fig. 2 Process of using office chair

Fig. 3 Lumbar spine angles in various positions
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3.4 Meet the Emotional Needs of Female Groups

A survey of World Health Organization shows that women have a higher incidence
of abnormal psychology thanmen. In the female population, professional women are
more likely to develop mental illness than non-professional women [8]. Compared
with men, women are richer and more delicate in their emotional needs, and the
emotions conveyed by products are often easier to perceive and accept. Office chair
and user contact for a long time, but it often pays more attention to the function,
only by paying more attention to the female emotion in the research can we grasp
the needs of women and reflect the humanistic care of the design.

The shape of product should be soft, elegant, and rhythmic, with soft transitions
and curved lines, which can make female users feel safe, and they are not susceptible
to sharp collision injuries when moving it. At the same time, the curve on the product
shape is also the intentional projection of the female body curve. The tenderness,
intimacy, and roundness are character of women, which make people associate with
the seat user. The colors of women’s product are usually relatively bright, which
generate positive psychological cues. Women’s ability to perceive color is relatively
higher than men’s, and the impact of color on women is also stronger. Therefore,
women’s products are more colorful than men’s.

4 Analysis of Design Scheme

4.1 Design of Cushion

From the perspective of biological anatomy, about 75% of the weight of the upper
body on the hard seat surface is transmitted through the spine to the ischial tuberosity
which is 25 cm below the apex of the bone. Two contact points are formed on the
contact surface of the seat, and they bear most of the weight of the hips and above.
In an ideal state, the pressure on the human body is largest at the ischial tuberosity
and decreases in order until it approaches the edge of the thigh in contact with the
seat [9].

Taking into account the different needs when sitting in the office for a long time,
the cushion is designed as A and B two-sided, and the A and B surface can be flipped
and switched as needed; among them, the “A” surface is approximately horizontal.
In order to reduce the body pressure at this position and avoid compression on the
thigh roots, the seat surface near the edge of the thigh is a waterfall shape. “A” surface
meets the basic needs of office chairs.

Surface “B” adds a hole in themiddle of the seat on the basis of FaceA. The role of
Face B is to provide a healthier sitting experience for women with gynecological or
anorectal infections. In an ideal state, most of the body compressive stress is concen-
trated at the ischial tuberosity. The middle area of ischial bulge requires relatively
little stress, while anus and genital area need better ventilation and less compression
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Fig. 4 Design dimensions and final scheme

for better blood circulation. So, we set a cavity with a radius of about 100 mm in the
middle of the “B” surface to achieve the effect of ventilation and decompression of
the anus and genitals, and to a certain extent, reduce the possibility of gynecological
diseases and anorectal diseases.

4.2 Design of Pedal

Considering that the legs need to be supported parallel to the body when lying down
and resting, the design scheme combines the support of the legs with the function of
relaxing the muscles of legs. The pedal is designed to be two-sided, and one side is
cushioned to provide rest. The other side is a massage module (Fig. 4), which relaxes
the leg muscles, relieves muscle stiffness after sedentary, avoids varicose veins in the
lower limbs, and also exercise the abdomen and other parts during active massage.
The pedal can be adjusted by telescopic adjustment. Its length range from 660 to
800 mm, and the width is 98 mm. The material of the pedal is silicone, which is not
easy to damage the skin of the legs and easy to clean.

4.3 Detailed Design

Human waist curve is slightly forward, and in this scheme, the back of the chair is
an irregular S-shaped curve that conforms to the physiological characteristics of the
back. There is a backrest with a height of 220 mm between the 4th to 5th lumbar
vertebra. It can be adjusted back and forth or up and down through the control
device. Two-dimensional adjustment provides a more comfortable experience. The
neckrest is designed as a movable neckrest that can be adjusted in height and angle
to accommodate people of different heights and different postures.
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Neckrest is an important part of office chairs, the neckrest designed by us can be
adjusted in height and angle to accommodate people of different heights and different
postures, and it is 300 mm long and 104 mm wide.

Common office chairs need to meet the needs of both rest and work; the backrest
inclination angle is small during work and large during rest. The inclination angle is
too large or too small to provide reasonable support. Among them, the most suitable
angle for work is 95°–105°, and the rest is 105°–110°. In order to meet the needs of
work and rest at the same time, this plan chooses a wide range of backrest adjustment
angle: 90°–135°.

Taking into account the factors such aswomen’s chills and prone to stomachaches,
this design scheme comes with a heating accessory—Nanshubao, which aims to
warm the body of women. Its shape can be changed at will,and it can be tied to the
waist, abdomen, neck, etc., to apply heat or provide additional support.

Health hazards from frequent sedentary are difficult to completely avoid. This
design scheme reminds the user to exercise by timing the vibration device placed on
the back of the seat to, then relieve the tense muscle. The vibration time can be set
according to specific conditions.

4.4 Semantic Design and Color Schemes

In order to make the seat more in line with the female image, the back of the seat is
designed with a multi-dimensional curve (Fig. 4), while the shoulder curve provides
more reasonable support for the shoulders, and with the looming support frame on
the back, the overall seat back looks like a butterfly with wings spread, showing the
characteristics of women, achieved a unified function and beauty.

In terms of color matching, the back of the chair, the cushion, and the neckrest
adopt soft colors with moderate brightness and low purity, which shapes the psycho-
logical peace through soft visual feelings. The legs of the chair are covered with a
gray plastic metal frame, which is both stable and resistant to dirt.

5 Conclusions

This article has conducted in-depth research and discussion on women’s health risks,
and explored the design points of women’s seats from multiple dimensions, and
designs a female office chair whose main function is to reduce the harmful effects
of sedentary working on female reproductive system and anorectal system, so as to
increase the care for women. This article provides a new way of thinking for seat
design, but no product can help people completely avoid health risks. Therefore, the
exploration of seat design should be continuously developed.
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Research on Blackness Classification
of Polyester Knitted Printed Black Cloth

Jingying Xu, Qiubao Zhou, Zimin Jin, and Kun Chen

Abstract This paper analyzes and simplifies the commonly used color index Lab,
combines the reflectivity integration curve, and divides the fabric blackness into two
categories according to the degree of color. The concepts of achromatic blackness and
chromatic blackness are proposed to create a classification method. The achromatic
blackness classification is considered to be a≤ 1, b≤ 1, and L ≤ 22 which is divided
into 5 levels for evaluation, with 5 as the highest and 1 as the lowest. The chromatic
blackness classification is evaluated by the method of integrating the reflectance
curve of the test sample and the standard sample. The method of number of level–
number of segment is divided into 6 levels, of which 6 is the highest, 1 is the lowest,
and each level is divided into 3 segments, which are represented by I, II, and III,
with I being the highest and III being the lowest. These two categories can more
intuitively reflect the user’s blackness classification requirements for black fabrics.

Keywords Blackness characterization · Blackness evaluation · Polyester knitted
fabric · Color index · Reflectance curve

1 Introduction

Black textile fabrics are highly favored by the public, but because black fabrics have
not been quantified, in the business process, buyers and sellers have different under-
standings of the blackness requirements of black fabrics, and they havemistaken navy
blue for black. Therefore, it is of great significance to explore a reasonable blackness
gradingmethod. Polyester knitted fabrics arewidely used and have good ductility and
elasticity, and it has good warmth and comfort, rich organizational structure changes,
and unique varieties and appearances [2]. In market, the demand for polyester knitted
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black fabrics is increasing day by day, so this paper takes polyester knitted fabrics as
a representative, performs printing proofing, and constructs a classification method
to measure the blackness of the fabric.

ChieMuraki Asano and others proposed an objective evaluationmethod of human
impression based on logical discriminant analysis from the perspective of Kansei
project, which played a certain role in visual inspection [3]. Eda Tetsuya et al. studied
the effect of surround brightness on perceived blackness, and discussed the impact
of the environment on visual inspectors in the process of evaluating blackness [1].
Lan Tao et al. studied the degree of blackness preference and perception of different
races and proposed a cultural impact on color preference [6]. Renzo Shamey et al.
used the experimental black data set to evaluate the performance of various color
difference formulas, and the model based on CIECAM02 showed the best perfor-
mance [4]. Through colorimetric analysis of black-coated fabrics, R. Jafari et al.
found that brightness plays a very important role in blackness preference, but it does
not affect the results alone and evaluates the effectiveness of some suggested black-
ness indicators [5]. Xie Wanzi used mathematical modeling to obtain two new color
depth formulas in the objective evaluation formula of color depth based on theoret-
ical design. Then, he designed six color depth formulas based on colorimetric theory
[7].

2 Collection of Polyester Knit Printed Black Cloth

There are two types of sample collection methods for polyester knitted printed black
fabrics. One is the 17 special polyester low-elastic knitted black fabrics provided by
the manufacturer. As shown in Table 1, the numbers are#1- #17 and record their Lab
color indicators. The other type is based on computer color measurement and color
matching technology, through the established basic dyestuff database, 77 different
kinds of dye combinations with different concentrations given by the computer,
according to printing paste → automatic scraping → drying in the oven → 195 °C
curing for 3 min → reduction washing for 10 min → water washing → drying
→ cooling and balancing process to print, in order to obtain 77 pieces of polyester
low-elastic knitted black fabrics with ordinary printing process. Their Lab spatial
distribution is shown in Fig. 1. Among these 77 cloths, select 8 black cloths with
large differences in color index and visual difference. As shown in Table 2, they
are numbered #A- #H and record their Lab color indexes. All samples were studied
using a black tube as a standard.



Research on Blackness Classification … 353

Table 1 Polyester low stretch knitted black cloth with special blackening printing process

L a b DE*

#1 17.19 0.92 0.18 16.22

#2 13.64 0.48 0.61 12.67

#3 10.8 0.85 −0.13 9.84

#4 9.75 0.55 −0.79 8.81

#5 11.65 0.55 −0.87 10.71

#6 12.85 0.23 0 11.86

#7 12.4 0.59 0.31 11.42

#8 15.11 0.38 −0.16 14.12

#9 13.09 0.54 −0.98 12.15

#10 20.41 0.69 −0.23 19.43

#11 13.05 0.23 −0.61 12.09

#12 14.81 0.39 −0.96 13.86

#13 11.74 0.25 −0.65 10.78

#14 14.67 0.66 −0.65 13.71

#15 9.46 0.59 −0.19 8.01

#16 12.07 0.72 −0.49 10.6

#17 2.1 0.21 0.12 0.78

Fig. 1 Lab space distribution of printed black cloth
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Table 2 Polyester low-elastic knitted black cloth with ordinary technology

L a b DE*

#A 12.92 2.33 −0.05 12.12

#B 13.49 1.23 1.67 12.64

#C 13.26 1.83 1.2 12.43

#D 14.12 2.06 1.9 13.38

#E 13.83 1.53 1.77 13.02

#F 13.47 1.34 0.3 12.53

#G 12.86 1.13 0.5 11.91

#H 15.58 2.34 1.09 14.77

3 Research on the Classification Method of Fabric
Blackness

At present, the research on the blackness grading method of textiles is not perfect,
and more discussion is made on the blackness in thermodynamics. French scientist
Ringelman divided the smoke blackness from 0 (full white) to 5 (full black), a total
of six levels, and it is an indicator used to reflect the concentration of smoke and dust
emitted by the boiler. A similar grading method can also be established for textiles,
which are classified according to the degree of color and divided into achromatic
blackness and chromatic blackness.

3.1 Achromatic Blackness Classification

Achromatic blackness refers to blacks with low chroma values and almost 0 in ideal.
Since a and b are in a certain range, lightness L is the main factor affecting DE*.
Fig. 2 shows the linear relationship between L and DE. It is positively correlated;
that is, the lower the brightness, the smaller the color difference, and the better the
blackness, so if a and b are close to 0, they can be regarded as achromatic blackness.
The manufacturer provided in this experiment provides seventeen polyester low-
elastic silk knitted black cloths with special blackening printing process, and their
color index Lab range is a≤ 1, b≤ 1, L ≤ 22, which are all visually black. Sample 10
is close to the critical point. At this time, their blackness is only related to lightness,
so in this experiment, the achromatic blackness can be divided into 5 levels according
to the lightness L, as shown in Table 3. Among them, 5 is the highest and 1 is the
lowest. According to the method of achromatic blackness classification, the results
of #1- #17 are shown in Table 4. Among them, #17 is level 5 with the best blackness,
and #1 and #10 are level 1 with the worst blackness.
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Fig. 2 Linear relationship
between L* and DE *

Table 3 Achromatic blackness classification

Level L range

Level 5 L ≤ 8

Level 4 8 < L ≤ 10

Level 3 10 < L ≤ 13

Level 2 13 < L ≤ 17

Level 1 17 < L ≤ 22

Table 4 #1–#17 Achromatic blackness classification results

Number #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 #15 #16 #17

Level 1 2 3 4 3 3 3 2 2 1 2 2 3 2 4 3 5

3.2 Chromatic Blackness Classification

When a and b exceed a certain range, the hue of the black cloth is changed, resulting
in red shift or blue shift, but in the visual category, it is still black. For the gradation
method with chroma and blackness, it is difficult to achieve grading according to the
hue range. Therefore, considering the reflectivity curve, when the average reflectance
of black cloths of different tones is the same, it is used to judge the black of the color
sample and the standard sample. The degree of coincidence cannot fully reflect the
chroma situation, so the point and line processing methods are generalized to the
surface, and the reflectance curve of #A- #H is drawn, as shown in Fig. 3.

Calculate the integrated value of the reflectance curve of the test sample and the
standard sample, divide the wavelength range of 400–700 nm into 6 sections every
50 nm, and construct a k value expression, k = k0 + ∑

kx (x is a positive integer
less than 7), where k0 represents the integral ratio of the reflectance curve of the test
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Fig. 3 Reflectivity curve of
#A–#H

sample to the standard sample at the entire visible light wavelength of 400–700 nm,
kx = Sx/Smax, Sx represents the integration value of the sample in any of the 6 sections,
and Smax is the maximum integral value of the standard sample in this 6 sections. In
this experiment, the integrated value of the standard sample at 400–700 nm is 48.8,
and the value of Smax is 20.7. The k, k0, and kx values of samples #A- #H are shown
in Table 5.

First, use k0 and kx values to create rating levels, and the representation method is
described as number of level. As shown inTable 6, using k0 as the classification result,
there are a total of levels, with 6 being the highest. Among them, level 1 is the lowest,
and each level is divided into 3 segments. As shown in Table 7, the kx is used as the
segmentation result, which is recorded as I, II, and III, where segment I represents
the highest and segment III represents the lowest. According to the gradation method
of chromatic blackness, the evaluation results of #A- #H are shown in Table 8. In
Fig. 8, the number of #G is 4-I. It means that the number of level of #G is 4, and the
number of segment of #G is I.

Table 5 k, k0, and kx values of samples #A–#H

k0 k1 k2 k3 k4 k5 k6 k

#A 10.04 4.05 3.6 3.5 3.89 4.28 4.47 33.83

#B 10.4 3.97 3.52 3.82 4.15 4.38 4.79 35.03

#C 10.3 3.67 3.6 3.64 4.05 4.42 5.02 34.7

#D 11.04 3.93 3.75 3.93 4.48 4.9 5.16 37.19

#E 10.71 3.93 3.65 3.91 4.31 4.62 4.94 36.07

#F 10.53 3.9 3.9 3.82 3.99 4.41 4.94 35.49

#G 9.9 3.73 3.72 3.62 3.77 4.08 4.52 33.34

#H 14.16 5.16 4.29 4.58 5.15 5.51 8.86 47.71
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Table 6 Level of chromatic blackness

Level k0

Level 6 k0 ≤ 6

Level 5 6 < k0 ≤ 8

Level 4 8 < k0 ≤ 10

Level 3 10 < k0 ≤ 12

Level 2 12 < k0 ≤ 14

Level 1 14 < k0 ≤ 16

Table 7 Segmentation of chromatic blackness

Segment kx

I kx ≤ 5

II 5 < kx ≤ 8

III 8 < kx ≤ 11

Table 8 #A–#H chromatic blackness classification results

Number #A #B #C #D #E #F #G #H

Number of level–number of segment 3-I 3-I 3-II 3-II 3-I 3-I 4-I 1-III

4 Conclusion

Achromatic blackness classification divides the brightness L and divides L ≤ 22
into 5 levels, of which 5 is the highest and 1 is the lowest. The chromatic blackness
classification uses the method of number of level–number of segment, which is
divided into 6 levels, of which 6 is the highest, 1 is the lowest, and each level is
divided into 3 segments, which are expressed by I, II, and III. I is the highest segment,
and the III is the lowest segment. In summary, the concepts of achromatic blackness
grading and chromatic blackness grading are proposed, and a grading method is
created accordingly, which helps guide the production of black textiles and evaluate
the blackness levels of textiles.
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Evaluation of Dietary Quality of Aircrew
by Military Diet Balance Index
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Abstract Objective—To evaluate the dietary quality of aircrew by using military
diet balance index (DBI) and provide basis for their dietary guidance and nutritional
intervention. Methods—Dietary survey was carried out by weighing method. The
dietary quality of aircrewwas evaluated by usingmilitary DBI. Results—The intakes
of red meat and egg met the standard, the intake of vegetable oil was over the
standard, the intakes of other kind of food did not meet the standard. The intakes of
calcium, iodine, vitamin A, vitamin B1 and vitamin B2 did not meet the standard.
The energy supply ratio of protein, fat and carbohydrate was 16%, 46% and 38%,
respectively, showing a “high protein, high fat and low carbohydrate” pattern. The
food quantitative results were basically consistent with the military DBI scores,
showing a slight nutritional imbalance. Conclusions—The dietary pattern of the
investigated aircrew was unreasonable; part of the food and nutrients intake was
insufficient; the military DBI score showed that the dietary pattern was slightly
unbalanced. The dietary pattern should be further adjusted.

Keywords Aircrew · Diet balance index · Dietary survey · Dietary quality

1 Introduction

Flight is a special kind of work which is strenuous and complicated, completed by
aircrew under the influence of comprehensive stress factors such as low oxygen, low
pressure, noise, vibration, acceleration, radiation and constantly changing climate
environment [1]. The aircrew is in a special aviation operating environment, under
comprehensive effect of various environmental factors. The body is in a state of
high physiological and psychological stress, which puts forward special nutrition
requirements of the aircrew. Reasonable nutrition and balanced diet are the important
basis to ensure the health of aircrew and also the prerequisite to complete complex
flight tasks.
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The diet balance index (DBI) was established according to the dietary guidelines
and dietary pagoda for Chinese residents [2–4]. It is applicable to the dietary evalu-
ation of all healthy people except infants under 2 years old. For people with special
nutritional needs, the evaluation criteria should be adjusted appropriately according
to the needs [4]. The military DBI [5] was established by referring to the dietary
balance index of Chinese residents 2007 (DBI-07) [3] and the dietary guidelines for
Chinese residents (2016) [6], combined with the characteristics of the recommended
amount of food for military. In this study, the military DBI was used to evaluate
the dietary quality of aircrew, so as to provide basis for the dietary guidance and
nutritional intervention of aircrew.

2 Subjects and Methods

2.1 Subjects

Thirty-three healthy male aircrews were included in this study. The average age was
(36.9 ± 6.3) years old, the average height was (174.4 ± 4.7) cm, and the average
weight was (74.8 ± 8.5) kg.

2.2 Dietary Survey

Dietary survey was carried out by weighing method for three consecutive days.
The intake of energy and nutrients was calculated according to the Chinese food
composition [7].

2.3 Dietary Quality Evaluation

According to the evaluation method of military DBI, the DBI index score of the
investigated aircrew was calculated, and then, the high bound score (HBS), the low
bound score (LBS), the diet quality distance (DQD) and the total score (TS) were
calculated; these four indexes can reflect the dietary quality.
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Table 1 Daily food intakes of aircrew

Variety of food Intakes (g/per capita per day) Standard (g/per capita per day) Rate (%)

Cereal 357.8 500 71.6

Red meat 208.6 200 104.3

Poultry meat 37.2 140 26.6

Egg 103.7 100 103.7

Fish shrimp 133.2 240 55.5

Milk 116.9 300 39.0

Soybean 49.7 80 62.1

Addible sugar 12.1 30 24.2

Plant oil 96.2 70 137.4

Vegetable 613.9 750 81.9

Fruit 379.9 300 126.6

Edible fungi 20.9 15 52.3

3 Results and Analysis

3.1 Results of Food Intakes

The daily food intakes of aircrew were shown in Table 1. It was regulated that the
intake of nutrients met the standard if its value is within ± 10% of the standard.
According to the survey, only the intake of red meat and egg met the standard, the
intake of vegetable oil was over the standard by 126.6%, the intakes of other kind of
food did not meet the standard. The intakes of cereal, soybean and vegetable were
insufficient, reaching 71.6%, 62.1% and 81.9% of the standard, respectively; the
intakes of fish, shrimp and edible fungi were obviously insufficient, only reaching
55.5% and 52.3% of the standard, respectively; the intakes of milk and poultry
meat were seriously insufficient, only reaching 39.0% and 26.6% of the standard,
respectively.

3.2 Intake of Energy and Nutrients

The energy and nutrient intakes were shown in Table 2. It was regulated that the
intake of nutrients met the standard if its value is within ± 10% of the standard. The
survey showed that the intakes of calcium, iodine, vitamin A, vitamin B1 and vitamin
B2 did not meet the standard and the intakes of sodium, iron and vitamin E were
over the standard by 230%, energy and other nutrients met the standard. The intakes
of protein, fat and carbohydrate were 125.1 g, 160.1 g and 292.5 g, respectively,
and the energy supply ratio was 16%, 46% and 38%, respectively. Compared with
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Table 2 Daily dietary intake of energy and nutrients of aircrew

Energy and nutrients Intake Standard Rate (%)

Energy (MJ) 13.1 13.0–15.1 100.7–86.8

Protein (g) 125.1 120 104.3

Sodium (mg) 8085.9 3400 237.8

Potassium (mg) 3327.5 3000 110.9

Magnesium (mg) 466.1 410 113.7

Calcium (mg) 706.9 800 88.4

Phosphorus (mg) 1606.2 1000 160.6

Iron (mg) 35.1 15 233.7

Zinc (mg) 18.0 20 90.1

Selenium (µg) 95.8 60 159.7

Iodine (µg) 121.0 150 80.7

Vitamin A (µgRE) 1155.3 1500 77.0

Vitamin E (mg) 112.4 30 374.6

Vitamin B1 (mg) 1.4 3 47.0

Vitamin B2 (mg) 1.8 3 59.0

Vitamin C (mg) 216.6 150 144.4

Nicotinic acid (mg) 28.3 20 141.7

the recommended ratio of 12%–15%, 20%–30%, 55%–65%, the energy supply ratio
was obviously unbalanced, showing a “high protein, high fat and low carbohydrate”
pattern.

3.3 DBI Score

According to the military DBI, the DBI index scores of the investigated aircrew were
calculated, as shown in Table 3. The HBS, LBS, DQD and TS were 10, −15, 25,
−5, respectively. The survey lacked water consumption data, so it was ignored in
the assessment. The military DBI scores showed that there was a slight nutritional
imbalance in the investigated aircrew.

In this study, the quantitative results of food in the aircrew were basically consis-
tent with the military DBI scores. For example, the intakes of cereal and vegetable
did not meet the standard, and the DBI scores were −8 and −2, respectively; the
intake of milk did not meet the standard, and the DBI score was −4; the intake of
soybean did not meet the standard, and the DBI score was −2; the intake of fish and
shrimp did not meet the standard, and the DBI score was−1; the intakes of vegetable
oil and salt were over the standard, and the DBI scores were 2 and 4, respectively.
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4 Conclusions

The dietary pattern of the investigated aircrew was unreasonable, and part of the
food and nutrients intake was insufficient. The results of the food diversity analysis
of the aircrew in this survey showed that although there were many kinds of food that
the aircrew ate, only the intakes of red meat and egg met the standard; the intake of
vegetable oil was over the standard; the intakes of other kind of food did not meet the
standard. The energy supply ratio of protein, fat and carbohydrate was 16%, 46% and
38%, respectively, showing a “high protein, high fat and low carbohydrate” pattern.
The food quantitative results were basically consistent with the military DBI scores,
showing a slight nutritional imbalance. The dietary pattern of the aircrew should
be further adjusted, and the nutritional health education should be strengthened to
promote reasonable nutritional behavior.

Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Air Force Medical Center. All subjects who participated in the exper-
iment were provided with and signed an informed consent form. All relevant ethical safeguards
have been met with regard to subject protection.
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Numerical Simulation Research
on Design of Displacement Ventilation
System in Large Painting Workshop

Bin Yang, Jianwu Chen, Lindong Liu, Yanqiu Sun, Shulin Zhou,
and Weijiang Liu

Abstract This article takes the paint spraying operation of the paint shop of a ship-
yard as the research object and usesANSYSFLUENTnumerical simulation software
to apply displacement ventilation to the paint shop under different conditions of the
size of the supply and exhaust vents and the location of the supply and exhaust vents.
The airflow organization and the diffusion law of toxic substances were studied
numerically. It is concluded that when replacement ventilation is used in the painting
workshop, the length and width of the air supply and exhaust vents should be larger
than the length and width of the work piece to be sprayed at the same time as long
as the air supply and exhaust volume are the same. The supply and exhaust air
arrangement method of the lower apply and lower exhaust is used to achieve the best
ventilation and detoxification effect. It can effectively discharge toxic substances into
the workshop and reduce the exposure of paint spraying workers to toxic substances.

Keywords Large painting workshop · Displacement ventilation · Numerical
simulation · Ventilation protection technology

1 Introduction

With the rapid development of high-end railway, automobile, and offshore equip-
ment manufacturing in China, painting operations as an indispensable process has
also increased significantly [1]. The toxic substances generated during the coating
operation are mainly composed of two parts: One is the suspended paint mist and
paint powder, and the other is the exhaust gas generated by the paint, which mainly
contains benzene, toluene, xylene, butyl acetate, and other toxic substances [2, 3].
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However, the spraying operation in the painting workshop generally has a concentra-
tion of toxic substances such as toluene that exceeds the standard, which has a great
impact on the health of spraying workers [4]. A reasonable and effective ventilation
system is an effective way to discharge toxic substances in the painting workshop
and reduce the concentration of toxic substances such as toluene. Displacement
ventilation technology is a common ventilation method in large painting workshops
[5].

2 Methods

2.1 Analysis of On-Site Investigation of Painting Workshop

In this study, a field survey of a sub-painting shop of a shipyard was conducted. It
can be seen that the toxic substances generated during the coating operation cannot
be effectively discharged from the workshop, due to the large space of the painting
shop, the painting operation position is not fixed, and the existing unreasonable
design of ventilation system [6]. In order to improve the current situation of excessive
concentrations of toxic substances such as toluene during the coating operation in
the painting workshop, a reasonable and effective air flow organization was designed
for the ventilation system of the painting workshop. By comparing and researching
various ventilation methods, the section coating was obtained. The workshop should
adopt displacement ventilation [7].

2.2 Numerical Simulation Research Method of Displacement
Ventilation

2.2.1 Establishment of Geometric Model of Displacement Ventilation
in Painting Workshop

Taking the painting workshop as an example, the geometric model of the painting
workshop was established according to the field situation, and studying the air distri-
bution and toluene diffusion in the workshop by using computational fluid numerical
simulation [8].

When the replacement ventilation method is used in the painting workshop, due
to the large building size of the workshop, excessive ventilation times will inevitably
lead to the huge supply and exhaust system and waste of operating costs. According
to the relevant design manual of spraying operation ventilation [9], it can be known
that the number of air changes during spraying is controlled at about 6 times/h. At
the same time, in order to make the painting workshop a slight negative pressure, the
air supply volume of the workshop is determined by 90% of the exhaust air volume.
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Fig. 1 Geometric model of painting shop

Painting workshop size is 25 m in length× 20 m in width× 12 m in height [10],
and the workshop volume is 6000 m3. The effective volume in the workshop is the
workshop volume minus the bracket and work piece occupation in the workshop
volume (about 500 m3), and the number of air changes in the workshop is 6 times/h,
the hourly air change in the workshopmust reach 33,000m3. If the air supply volume
of the painting workshop is not less than 33,000 m3/h, the air exhaust volume is
36,000 m3/h. When the paint shop adopts displacement ventilation, its geometric
model is as shown in Fig. 1.

2.2.2 Setting of Numerical Simulation Solving Parameters

(1) Numerical Simulation Study on the Size of Air Supply and Exhaust Vents

When using displacement ventilation system, the air supply and exhaust vents in the
workshop are simplified as square supply and exhaust vents, according to the size
of the painting workshop and the workpiece to be sprayed. Under the condition of
certain air supply and exhaust air volume, simulation study on the effects of different
sizes of air supply and exhaust outlets on air distribution and poison diffusion in
workshop [11, 12].

➀ Length and width of air supply and exhaust: 15 m× 1 m; ➁ Length and width
of air supply and exhaust: 12m× 2m;➂Length andwidth of air supply and exhaust:
10 m × 3 m.

The sides of theworkpiece are set as the divergent source of toluene. The divergent
state is the divergent source [13]. The boundary conditions are shown in Table 1.

(2) Numerical Simulation Study of Different Air Vent Positions

Based on the determination that the size of the replacement ventilation air supply and
exhaust outlet is 10 m long × 3 m wide, the distribution of air flow in the workshop
is simulated when three different arrangements of air supply and exhaust outlet are
arranged.
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Table 1 Parameter setting of boundary conditions and solve

Boundary conditions Define

Solver Segregated

Viscous model k-epsilon

Species model Species transport

Reactions volumetric Off

mixture-template C7H8-Air mixture template

Inlet boundary type Velocity inlet

Outlet boundary type Velocity inlet

Inlet velocity magnitude (m/s) ➀ Air supply: 0.6; air exhaust: 0.67
➁ Air supply: 0.4; air exhaust: 0.45
➂ Air supply: 0.35; air exhaust: 0.4

Hydraulic diameter (m) ➀ 2.18; ➁ 2.76; ➂ 3.09

Turbulence intensity (%) ➀ 3.85; ➁ 3.94; ➂ 3.95

Species mass fractions C7H8 0.0001658

The geometric models of displacement ventilation with three different positions
of air supply and exhaust vents are shown in Fig. 2.

The divergent surface source of toluene is set on the side of the workpiece to be
sprayed, and the boundary conditions are shown in Table 2.

Fig. 2 Layout of different air supply and exhaust vents in the painting workshop

Table 2 Parameter setting of boundary conditions

Boundary conditions Define

Inlet boundary type Velocity inlet

Inlet velocity magnitude (m/s) ➂ Air supply: 0.35; air exhaust: 0.4

Hydraulic diameter (m) 3.09

Turbulence intensity (%) 3.95
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3 Result

3.1 Analysis of Numerical Simulation Research Results
on the Size of Air Supply and Exhaust Vents

The velocity vector diagram and velocity cloud diagram of the flow field in the centre
section of the painting workshop are obtained through simulation as shown in Fig. 3.
The mass fraction of toluene and the mass fraction of toluene in the breathing zone
of spray painters are shown in Fig. 4.

Fig. 3 Airflow organization in the workshop when the air supply and exhaust of different sizes
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Fig. 4 Contours of mass fraction of C7H8 when the air supply and exhaust of different sizes

It can be seen from the above figure that as the width of the air supply and exhaust
vents increases, the mass fraction of toluene gradually decreases. When the size of
the air supply and exhaust vents is 10 m long× 3 m wide, the control effect of toxic
substances is the best.

3.2 Analysis of Numerical Simulation Research Results
of Different Air Vent Positions

The simulation results are shown in Figs. 5 and 6.
As can be seen from the above figure, when the positions of the air supply and

exhaust vents are located below, the airflow organization in the workshop has the
best effect and the toxic substance discharge effect is the best.
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Fig. 5 Airflow organization in the workshop when layout of different air supply and exhaust

4 Conclusions

When large-scale coating workshops use displacement ventilation, the length and
width of the supply and exhaust vents should be larger than the length and width
of the work piece to be sprayed at the same time, so that the supply air flow can be
completely cover toxic substances from spraying operations. When the arrangement
of the air supply vents and the air exhaust vents is arranged in the formof the air supply
and exhaust vents for the lower and lower rows, the air flow in the workshop can be
effectively organized, and the toxic substances are discharged from the workshop.
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Fig. 6 Contours of mass fraction of C7H8 when layout of different air supply and exhaust
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Application of Comprehensive
Preference and Fuzzy Mathematics
Method in Sensory Evaluation
of Ready-to-Eat Meatballs

Ruoyong Wang, Huiling Mu, Peng Du, Ximeng Chen, Peng Liu,
and Shuang Bai

Abstract Objective—This paper verifies a sensory evaluation method that adds
fuzzymathematical evaluation on the basis of preference evaluation.Methods—Four
kinds of ready-to-eat meatballs with different flavors were used as sensory evaluation
objects. Based on the preference evaluation, fuzzymathematicswas added to evaluate
the sensory quality of meatballs. Results—The results showed that among the four
kinds of ready-to-eat meatballs, cumin meatballs, beef meatballs, onion meatballs
and spicy meatballs ranked in order of popularity. Conclusions—On the basis of
preference evaluation, fuzzy mathematical method can be added to improve the
objectivity of food sensory evaluation.

Keywords Fuzzy mathematics method · Sensory evaluation · Ready-to-eat
meatballs

1 Introduction

In order to judge the palatability of military food, scholars have proposed many
methods. The evaluation method specified by the current Chinese military standards
is the Preference Method: Tasters score samples (9-point scale) according to their
preferences and use the arithmetic average of the score to determine the palatability of
the samples. From a statistical point of view, the score given by the taster is a discrete
variable, and the discrete variable is often used for analysis after being transformed
into a continuous variable. The act of calculating the arithmetic mean is equivalent to
upgrading the low-level statistics and does not meet the statistical norms. The fuzzy
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mathematical method can abstract scores and establish a more ideal evaluation mode
throughmembership degree andmembership function theory. The biggest advantage
of the fuzzy mathematical method is that it can mathematically complex and unclear
factors, but it also has disadvantages such as computational complexity [3, 6]. This
article attempts to comprehensively and objectively evaluate ready-to-eat meatballs
by comprehensively using the above two methods.

2 Materials and Methods

2.1 Main Raw and Auxiliary Materials

Chicken, beef, surimi, onion, cumin, edible modified starch, edible salt, edible spice,
compound seasoning, water. Raw materials are made by cooking and seasoning.

2.2 Groups Participating in Taste Evaluation and the Method

90male volunteers participated in the evaluation of instant meatballs with an average
age of 33.03 ± 4.20 years. 90 evaluation forms were issued, 90 were recovered and
81 were valid. The design of the evaluation form is based on the requirements of the
military food evaluationmethod (JXUB 6-96) issued by themilitary supplies Depart-
ment of the General Logistics Department of the Chinese PLA. Divide the Color,
Shape, Smell, Texture, Taste,Convenience into 9 levels andwrite a questionnaire (1—
dislike extremely, 2—dislike very much, 3—dislike moderately, 4—dislike slightly,
5—neither like nor dislike, 6—like slightly, 7—like moderately, 8—like very much,
9—like extremely) were set according to personal preference (Do not like it). After
evaluating the samples, collect the evaluation table and make a statistical analysis.
The evaluators shall not smoke or drink coffee within 60 min before the evaluation
and analysis and shall not drink spicy or other stimulating food within 12 h. Before
and after tasting each sample, they should rinse with water and evaluate the next
sample every 8 min.

2.3 The Establishment of Fuzzy Mathematical Model

Taking color, shape, smell, texture, taste and convenience as the factor set, adopting
the 9-point system, the more you like, the higher the score. According to the evalu-
ation results of liking degree, nine single factor evaluation matrixes are established
and analyzed by fuzzy mathematics evaluation method. 9—extremely like, 8—very
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like, 7—like, 6—a little like, 5—general, 4—less like, 3—not like, 2—very dislike
and 1—extremely dislike.

2.3.1 Determine the Evaluation Field

The evaluation domain refers to a set of indicators that can best reflect the quality of
the food, which is U= {U 1, u2, U 3 U N}; U is the corresponding evaluation index.
In this paper, the color, shape, smell, texture, taste and convenience of meatballs are
selected as sensory evaluation indexes. Therefore, U1 can be used to represent color,
U2 to represent shape, U3 to represent smell, U4 to represent texture, U5 to represent
the taste and U6 to represent convenience. An evaluation domain U= {U1, U2, U3,
U4, U5, U6} on meatballs is obtained. Sensory quality index set: U= [color < U1 >
, shape < U2 > , smell < U3 > , texture < U4 > , taste < U5 > , convenience < U6 >].

2.3.2 Determine the Comment Field

The evaluation field is the collection of feedback information of the participants in the
evaluation indexes. The evaluation can be expressed in words, or in specific values or
grades, as follows: V= {V 1, V 2, V 3…V n}, v represents the corresponding rating
or score. According to the quality rating standard stipulated in jxub6-96 “military
food evaluation method,” an evaluation field of ready-to-eat meatballs is obtained:
V = {v9, v8, v7, v6, v5, v4, v3, v2, v1}.

2.3.3 Determine the Weight Vector and the Weight Assignment

According to the weight of each index of meatballs, the weight vector related to
ready-to-eat meatballs is 20 points for color, 15 points for shape, 20 points for smell,
20 points for texture, 15 points for taste, 20 points for convenience, a total of 100
points, and the weight set is written as a fuzzy vector X (0.10, 0.15, 0.20, 0.20, 0.15,
0.20).

3 Results and Analysis

3.1 Determine the Fuzzy Evaluation Matrix

The evaluators’ evaluation results of six different kinds of meatballs are shown in
Table 2.
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3.2 Fuzzy Judgment Matrix

Divide the data inTable 1 by the total number of reviewers andget six fuzzy evaluation
matrices (Table 2).

Table 1 Sensory evaluation standard of ready-to-eat meatballs

Items Scoring criteria Preference Scores

Color Gray white, uniform and consistent
color

Like ~ like extremely 7 ~ 9

Gray white, uneven color Less like ~ a little like 4 ~ 6

Browning or yellowing, abnormal Dislike extremely ~ dislike
moderately

1 ~ 3

Shape Moderate size, even, smooth surface,
round

Like ~ like extremely 7 ~ 9

Slightly different size, smooth and
round surface

Less like ~ a little like 4 ~ 6

Uneven size, potholes on the surface,
not round

Dislike extremely ~ dislike
moderately

1 ~ 3

Smell With the flavor of meatballs Like ~ like extremely 7 ~ 9

It is light and fragrant Less like ~ a little like 4 ~ 6

Bad taste, even abnormal taste Dislike extremely ~ dislike
moderately

1 ~ 3

Texture The section is full of even and small
pores, with good chewing elasticity

Like ~ like extremely 7 ~ 9

There are some larger pores on the
section, and the chewing elasticity is
general

Less like ~ a little like 4 ~ 6

There are large pores on the cutting
surface, and the chewing is inelastic

Dislike extremely ~ dislike
moderately

1 ~ 3

Taste It has the fresh taste of pork Like ~ like extremely 7 ~ 9

The taste is normal. The taste is not
strong enough. It is average

Less like ~ a little like 4 ~ 6

The smell of meat is heavy Dislike extremely ~ dislike
moderately

1 ~ 3

Convenience The package is easy to tear and easy
to eat with regular edges

Like ~ like extremely 7 ~ 9

The package is easy to tear, and the
edge is regular. It can only be eaten
with proper force

Less like ~ a little like 4 ~ 6

The package is difficult to tear, and
the edge is irregular. It needs to be
repeatedly squeezed to eat

Dislike extremely ~ dislike
moderately

1 ~ 3
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Table 2 Evaluators’ evaluation results of six different kinds of meatballs

Products Items Scores

9 8 7 6 5 4 3 2 1

Scallion rice meatballs
n = 79

Color (U1) 10 26 21 12 8 1 1 0 0

Shape (U2) 16 20 19 14 9 0 1 0 0

Smell (U3) 9 16 27 16 9 1 1 0 0

Texture (U4) 12 21 19 14 8 4 1 0 0

Taste (U5) 10 24 21 12 8 2 2 0 0

Convenience (U6) 17 25 22 4 7 1 1 0 0

Cumin rice meatballs
n = 81

Color (U1) 19 20 19 12 9 2 0 0 0

Shape (U2) 20 19 23 8 9 2 0 0 0

Smell (U3) 15 21 23 13 8 1 0 0 0

Texture (U4) 19 21 21 8 8 4 0 0 0

Taste (U5) 17 20 25 10 5 4 0 0 0

Convenience (U6) 20 25 20 3 9 1 0 0 0

Beef meatballs
n = 80

Color (U1) 14 28 13 17 8 0 0 0 0

Shape (U2) 20 21 17 11 10 1 0 0 0

Smell (U3) 12 22 27 8 8 1 2 0 0

Texture (U4) 15 24 20 11 8 2 0 0 0

Taste (U5) 15 17 26 10 9 2 0 0 0

Convenience (U6) 21 26 19 6 6 1 0 0 0

Spicy rice meat meatballs
n = 80

Color (U1) 10 26 22 12 9 1 0 0 0

Shape (U2) 15 23 19 11 11 1 0 0 0

Smell (U3) 9 16 28 15 8 4 0 0 0

Texture (U4) 11 17 29 11 8 3 1 0 0

Taste (U5) 9 14 27 18 9 2 1 0 0

Convenience (U6) 18 25 19 6 9 1 0 0 0

R1 = (rij)6×9= 0.160 0.369 0.261 0.128 0.071 0.007 0.005 0 0

0.253 0.281 0.234 0.148 0.079 0 0.005 0 0

0.148 0.234 0.346 0.176 0.082 0.007 0.005 0 0

0.196 0.304 0.241 0.152 0.072 0.029 0.005 0 0

0.162 0.346 0.265 0.130 0.072 0.014 0.011 0 0

0.267 0.349 0.269 0.042 0.061 0.007 0.005 0 0

R2 = (rij)6×9= 0.290 0.272 0.226 0.122 0.076 0.014 0 0 0

0.303 0.256 0.271 0.081 0.076 0.013 0 0 0

0.230 0.287 0.275 0.133 0.068 0.007 0 0 0

(continued)
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(continued)

0.290 0.285 0.249 0.081 0.068 0.027 0 0 0

0.260 0.272 0.297 0.102 0.042 0.027 0 0 0

0.307 0.341 0.239 0.031 0.077 0.007 0 0 0

R3 = (rij)6×9= 0.216 0.384 0.156 0.175 0.069 0 0 0 0

0.307 0.286 0.203 0.112 0.085 0.007 0 0 0

0.189 0.308 0.331 0.084 0.070 0.007 0.011 0 0

0.232 0.330 0.241 0.114 0.069 0.014 0 0 0

0.239 0.240 0.322 0.106 0.080 0.014 0 0 0

0.315 0.347 0.222 0.060 0.050 0.007 0 0 0

R4 = (rij)6×9= 0.157 0.363 0.269 0.126 0.079 0.007 0 0 0

0.234 0.319 0.231 0.114 0.095 0.007 0 0 0

0.147 0.232 0.356 0.163 0.073 0.029 0 0 0

0.177 0.243 0.363 0.118 0.072 0.021 0.005 0 0

0.148 0.205 0.346 0.198 0.082 0.015 0.005 0 0

0.279 0.345 0.229 0.062 0.078 0.007 0 0 0

rij indicates the degree of subordination of each evaluation index of meatball to
the evaluation result of this index.

3.3 Calculate the Comprehensive Membership

According to the standard mathematical model principle of fuzzy comprehensive
evaluation, the evaluation result vector Y = X·R is obtained by taking the large and
taking the small algorithm. This method will bring errors to the evaluation result,
which can be avoided by replacing the large and taking the small algorithm with the
ordinary matrix multiplication and calculating the comprehensive score according
to the comprehensive scoring formula [1, 2, 4, 5]. The comprehensive membership
degree of the sample pairs of all types calculated by matrix multiplication is Y = X·R
= (b1, b2, b3… The result vector of comprehensive evaluation of sensory quality of
ready-to-eat meatballs is as follows: Y = X·R = (0.10, 0.15, 0.20, 0.20, 0.15, 0.20).

Y = X·R = (0.10, 0.15, 0.20, 0.20,
0.15, 0.20)

0.160 0.369 0.261 0.128 0.071 0.007 0.005 0 0

0.253 0.281 0.234 0.148 0.079 0 0.005 0 0

0.148 0.234 0.346 0.176 0.082 0.007 0.005 0 0

0.196 0.304 0.241 0.152 0.072 0.029 0.005 0 0

where y11 = 0.10 × 0.160 + 0.15 × 0.253 + 0.20 × 0.148 + 0.20 × 196 +
0.15 × 0.162 + 0.20 × 0.267 = 0.279, y12 = 0.10 × 0.369 + 0.15 × 0.281 + 0.20
× 0.243 + 0.20 × 304 + 0.15 × 0.346 + 0.20 × 0.349 = 0.289. Similarly, y13 =
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0.260, y14= 0.089, y15= 0.068, y16= 0.016, y17= 0, y18= 0, y19= 0. That is,
Y1 = {0.279 0.289 0.260 0.089 0.068 0.016 0 0 0}.

The same can be:

Y1= { 0.279 0.289 0.260 0.089 0.068 0.016 0 0 0 }

Y2= { 0.251 0.314 0.253 0.102 0.069 0.009 0.002 0 0 }

Y3= { 0.200 0.309 0.272 0.128 0.073 0.012 0.006 0 0 }

Y4= { 0.194 0.279 0.303 0.128 0.079 0.015 0.002 0 0 }

3.4 The Comprehensive Score

According to the comprehensive scoring formula:

H =
n∑

j=1

jb

The comprehensive score of each sample is calculated: H1 = 9 × 0.279 + 8 ×
0.289 + 7 × 0.260 + 6 × 0.089 + 5 × 0.0.068 + 4 × 0.016 + 3 × 0 + 2 × 0 + 1
× 0 = 7.38. Similarly, H2 = 7.58, H3 = 7.54, H4 = 7.33, H5 = 7.07, H6 = 7.03.
The comprehensive score of no. 1 ready-to-eat meatball is between 7 and 8 and 7,
indicating that the meatball is between like and very like. The comprehensive score
of no. 2 meatball is between 7 and 8, indicating that the meatball is between like
and like very much. The comprehensive score of no. 3 meatball is between 7 and 8,
indicating that the meatball is between like and like very much. The comprehensive
score of no. 4 meatball is between 7 and 8 and 7, indicating that the meatball is
between like and very like. The comprehensive score of no. 5 meatball is between
7 and 8, and the comprehensive score of no. 6 meatball is between 7 and 8 and 7,
indicating that the meatball is between like and very like.

4 Discussion

Sensory analysis of food is a scientific method, which means to analyze the food
characteristics obtained by subjects, relying on vision, smell, taste and hearing. It
is based on modern experimental science, sociology, physiology, psychology and
statistics. Using the method of food sensory evaluation, researchers can solve the
complex physiological feeling problems which cannot be solved by the usual phys-
ical and chemical analysis and provide the basis for the production management and
quality control of products. The comprehensive evaluation method of fuzzy mathe-
matics can abstract the relationship between various factors that affect the sensory
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quality of food and establish an ideal evaluation model through the membership
degree and membership function theory of fuzzy mathematics. The quality of meat-
balls is complex. Only by combining the three indexes of nutrition, hygiene and
sensory quality can the quality of Meatballs be judged completely. This study not
only fully absorbed the personal preference evaluation, but also used the method
of fuzzy mathematics to evaluate the sensory characteristics of related products.
It is of great significance to purchase military food, improve its acceptability and
effectively guarantee military operations. The research object of this paper is instant
meatball, which is its outstanding characteristic. Therefore, this paper takes conve-
nience as an important index and gives convenience a higher weight. The emphasis
on convenience reflects even the military use of meatballs. Szcaesniak et al. showed
that only the maximum similarity between texture parameters and sensory evalua-
tion indicators can ensure that the experimental error and subjective error are within
the acceptable range. In this study, if the electronic sensory evaluation equipment
is added to obtain objective, quantitative parameters, the evaluation error caused by
human factors and the irrationality of standard algorithm in the sensory evaluation
process will be avoided which is also the direction of military food research in the
next step.

Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Air Force Medical Center of Fourth Military Medical University. All
subjects who participated in the ex-parliament were provided with and signed an informed consent
form. All relevant ethical safeguards have been met with regard to subject protection.
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Research on STK-Based 3D Model
Transformation and Optimization

Kunfu Wang, Wanfeng Mao, Wei Feng, Jian Su, Xing Li, and Peng Zhang

Abstract It is necessary to establish a 3D model with vivid effects in order to
improve human–computer interaction (HCI) efficiency in the field of operation simu-
lation. Based on the particularity of the 3D model format in the Satellite Tool Kit
(STK)/VO module, this paper analyzes the data structure of the STK 3D model,
describes how to directly acquire the model in MDL format, and analyzes its short-
comings and deficiencies. Taking the common 3D modeling software 3DMax as an
example, this paper focuses on the description of how to transform 3D models in
different formats intoMDLmodels and subsequently forms amodel solution for STK
software to achieve high complexity, streamlined structure data, and vivid lighting
effects duringmission simulation, including themodel transformationprocess, geom-
etry data optimization of the model, and optimization solutions in model transfor-
mation. Practice has proven that the proposed method offers effective optimization
and more vivid effects and can greatly improve the efficiency and effectiveness of
HCI.

Keywords 3DMax · 3D model ·MDL model · STK ·Model optimization ·
Human–computer interaction (HCI)

1 Introduction

Man-Machine-EnvironmentSystemEngineering is a science that uses systemscience
theory and system engineeringmethods to correctly handle the relationships between
the three major elements of humans, computers and environment and deeply study
the optimal combination of human–computer–environment systems [1]. Human–
computer interaction (HCI) is an essential part of human–computer–environment
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system engineering. Therefore, optimizing and improving the 3D model are impor-
tant ways to improve HCI. With high-tech development, computer simulation tech-
nology has been rapidly promoted worldwide. Satellite Tool Kit (STK), the world’s
leading satellite simulation software produced by the AGI company (US) [2], has
been expanded from providing full-cycle simulation support in the field of aerospace
to the simulation analysis of electronic warfare operation in all areas, land, sea, and
air [3], including radar, sensors, jammers, and communication equipment. It also
provides a high-precision visualization simulation module which offers high-fidelity
visualization support.

As one of themost important functionalmodules in STK, the visualizationmodule
(STK/VO) enables users to accurately observe thewhole process ofmission execution
during mission simulation [4]. MDE is a 3D model editing tool provided by the VO
module. The easiest way to build a 3D model is to directly obtain the model in MDL
format, that is, modify the existing model file. The editing may be completed by
using a standard text editor [4]. All 3D model files are standard ASCII files with the
extension name *.mdl.

However, the 3Dmodel generated by this *.mdl ASCII code editing mode has the
following deficiencies:

1. Difficulty in making complex 3D models such as vehicles, equipment, and
characters, and low production efficiency;

2. Difficulty in calibrating the mapping coordinates of heterogeneous models to the
3D geometry data;

3. Difficulty in achieving a balance between the data optimization of simulation 3D
models, the accurate performance of its own structure, and the true indication
of details; this is because STK simulation software needs to perform real-time
calculations on the data which requires streamlined 3D model data;

4. Relatively dull lighting effects, making the *.mdl model deficient for the devel-
opment of simulation software with high fidelity and immersion, and the pursuit
of HCI.

Therefore, for the above problems with the STK simulation model, such common
3D modeling software as Maya, Rhino, 3DMax, Softimage, LightWave, and even
AutoCAD may be used to achieve production transformation and subsequently
improve production efficiency and lighting effects [5]. 3DMax, which is very versa-
tile, rich in plug-ins, easy to learn, and has a large number of application staff, is
taken as an example in this paper to describe how to produce and transform in order
to achieve a model in *.mdl format.

2 STK 3D Model Analysis

The created new 3Dmodel file must conform to the standards and formats defined by
STK. A file in *.mdl format has a hierarchical structure, including body with certain
parameters and component formed through Refer [6].
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The geometry data of a solid model contains the solid material parameters, solid
texture types, model and texture coordinates, and vertex description of topological
surfaces.

An object is composed of several basic model element components (Component)
[7], and its composition is mainly formed by Refer syntax commands which can
form multiple combination levels.

After mastering the construction syntax of the *.mdl model, the transformations
of objects can add joint control parameters to modify model components and make
adjustments such as position movement, size scaling, and direction rotation [8].

3 MDL Model Transformation Process and Optimization

There is a large number of 3Dmodels inMDL format on theWeb site and software of
STK, which basically cover land, sea, air, and space object models such as typical air,
land, misc, missiles, sea, and space. Each category contains some common physical
models, such as the Fengyun (FY) satellite model and Long March series rocket
model. New models are also released on the official Web site of STK for users
to adopt to meet their simulation needs. In addition, STK-related technical forums
also provide models for users to download. However, some domestic rocket models
found in the model library are not sufficient to meet the needs of STK 3D mission
simulation.

3.1 Model Transformation Process

It is often necessary to transform general 3D models to *.mdl models in specific
applications. STK is equipped with the special transformation tool LwCovert.exe,
which is mainly used to transform 3D models in *.lwo format into *.mdl format
(Fig. 1).

An *.lwo model is the standard format of LightWave 3D production software.
The transformation software DeepExploration may be used to transform 3D models
in other formats (* 0.3ds, *.dae, and *.obj) into *.lwo format.

The transformation process is shown below (Fig. 2).

3.2 Model Geometry Data Optimization

STK software is mainly based on simulation calculations and requires streamlined
data. Due to large amount of data in a 3D model, it is necessary to weigh and control
the accuracy of the model and the effect of the details. The software advantages
of 3DMax can be utilized to make high-precision models with baked textures and
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Fig. 1 Model transformation software LwConvert.exe

Fig. 2 Model transform process

reprint streamlined models with sufficient details and a reduced amount of model
data (Fig. 3).

Meanwhile, the skylight or rendering plug-in in 3DSMaxmay be used to simulate
natural lighting effects, and details may be subsequently added via image processing
software to obtain a 3D model with vivid effects, optimized data, and rich details,

Fig. 3 Model refinement optimization
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Fig. 4 Model texture instance

laying the foundation for the model in *.mdl format. Therefore, the data optimization
of themodel is mainly used in combinationwith control of the number ofmodel faces
and performance of texture details (Fig. 4).

3.3 Optimization Solutions in Model Transformation

• Necessity of model collapse

Many problems including disordered model data, UVmismatch, and coordinate axis
displacement may occur after a 3D model is produced by 3DSMax software and
transformed into *.mdl format. This reason is that the Max model after multiple
modification commands is usually recorded in the modifier stack and is not compat-
ible during transformation. Therefore, the model must be set to XForm and collapse
before being exported as *0.3DS or other formats.

• Smoothing group setting for surface models

Multiple different smoothing groups are required in some complex surface models,
and these are separated as different elements in the3DSMax model; in other words,
models in different smoothing groups cannot share vertices. This can avoid the
display error of lighting information in the same model in *.mdl format.

• Component-level control relationship

The setting ofmultiple levels of link relationships in the *.mdlmodel is also important
and tedious. For example, controlling the movement of the vehicle transporter to
the specified position, missile exit, nozzle orientation adjustment, and other control
actions requires driving different component levels separately and forming a certain
hierarchical link relationship for each component. In 3DSMax, the group command
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may be used to conveniently implement this function. The group name and each
object element form the layer in the *.mdl statement. The components are used to
form the link-nesting relationships between layers.

• Coordinate adjustment of models and components

In 3DsMax, the world coordinate system is used as the basis for constructing the
three-dimensional space of the model, in which the X- and Y-axes represent the two-
dimensional plane, and the Z-axis represents the height dimension. However, in an
*.mdl model running in an STK simulation, the space trajectory is based on the body
coordinate system. The X-axis is forward along the longitudinal axis of the model,
and rotation around theX-axis is Roll. TheY-axis is perpendicular to theX-axis in the
symmetry plane of the model, and movement around the Y-axis is Yaw. The Z-axis
and the other two axes form a right-handed coordinate system, andmovement around
the Z-axis is a Pitch. Therefore, before exporting a 3DsMax model, the orientation
setting of its coordinate axis should be noted to set the corresponding transformation
in the transformation tool LwCovert.exe.

In addition, during the production of a 3DsMax model, position points requiring
joint control may be moved to the corresponding control points through adjust pivot
under hierarchy. The joint control points of the non-collapsible group may move
during transformation into an *.mdl model. In this case, the translate command may
be used to correct the situation after transformation (Fig. 5).

Fig. 5 Correction through translate command
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• Setting of dynamic model tail flame

Joint control may be used to scale up and down some 3D models in STK, such as
the tail flames of nozzles in missiles, aircraft, and rockets, and to simulate dynamic
effects. However, the jet stream effect is not expressed. In this case, a multi-channel
transparent hybrid mapping method of the texture may be used to achieve a dynamic
jet effect by superimposing the multi-channel texture and dynamic control over the
texture, including such commands as displacement and scaling. The transparent
channel texture can be made into a two-sided continuous pattern by the image
processing software Photoshop, with the seamless looping of dynamic effects during
simulation driving (Fig. 6).

Some of the above solutions can be used to initially complete the transformation
of most 3DsMax models into *.mdl format and improve effect performance. Simi-
larly, such related parameters as related materials and textures may be adjusted in
DeepExploration during transformation to achieve more ideal effects.

Fig. 6 Dynamic effect of tail flame
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4 Conclusions

In one scenario, it is necessary to load a rocket fairing into a satellite model for
demonstration. In this case, instead of creating a new model, one only needs to
incorporate the existing satellite model file code into the rocket model file and adjust
some of the offset rotation parameters of the components in the satellite model, to
achieve model merging. The MDLmodel accompanied by STK is modified with the
NumSides parameter value of cylinder. The display effects are further improved: The
parameter values of the invisible part on the reverse side of the model are changed,
solving the problem of some parts of the model being invisible on the reverse side.
An action is assigned to the model: Steps are added to the satellite model in the STK
model library in accordance with the action to expand the joint activity process in the
component. Setting of special effects: the “Pointing” parameter is set in the model
component to simulate the real-time effects of radar tracking targets. This application
example proves that thismethodofmodel transformation andoptimization is feasible,
and the HCI effects are improved significantly.

With thewide application of simulation technology, the demand for the production
of 3D models has also increased. A model in *.mdl format is more complicated than
3Dmodels on other software platforms such as visual display, virtual simulation, and
simulation training with regard to process and solution. According to the exploration
of these projects, the channels for making simulation models are broadened, the
simulation display effects are improved, and the efficiency of HCI is effectively
improved. It is believed that with the development of software technology, integrated
and comprehensive applications will better solve these problems, such as file format
upgrades, simulated skylight systems, and real-time reflection of lights, which will
promote the software to a higher level and make it more convenient and effective.
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Quality Control of Measuring
for Head-Related Transfer Functions
of Chinese Pilots

Xiaochao Guo, Qingfeng Liu, Yanyan Wang, Duanqin Xiong, Yu Bai,
and Jian Du

Abstract A specified procedure was conducted for measuring HRTF database. The
experimenters were trained to reduce the tester errors. Pilot as participator was sat
in (x, y,z) coordinates with the origin at midpoint of bitragion on his Frankfurt plane
same as polar coordinates of (r, φ, θ ), keeping his posture to reduce the testee errors
during each block of the experiment. The test–retest checks were arranged at (φ, 0°),
(φ, 180°) and (φ, 360°) for data quality control. Other strategies were done such as
the division of the experiment into 13 blocks and schedules of rest by turns to reduce
human errors from fatigue. Three testers were trained with dummy head MK2B,
and 63 male pilots were measured in hemi-anechoic room to build CHNAF HRTF
database. The results were found that the tester error was about 0.29 dB of ILD and
–0.75° azimuth deviation, the 2.0 dB of ILD was acceptable alarm threshold for
binaural spatial symmetry because of pilots posture change, and the data quality of
the CHNAF HRTF database was well validated.

Keywords Quality control ·Measuring ·Measurement · Data quality · Human
error · Head-related transfer function (HRTF) · Head-related impulse response
(HRIR) · Interaural level difference (ILD) · Spatial symmetry · Pilots · 3D audio ·
Ergonomics · Human factors · CHNAF HRTF database

1 Introduction

The head-related transfer function (HRTF) is the key to 3D audio displays. There
are four popular methods to get HRTF that were experimental measurement method,
mathematical modeling method, database matching method and subjective selection
method [1]. The best way is acoustics measuring to get HRTF [2] since themeasuring
could obtain high accuracy of HRTF and make better HRTF database matching
for personalization. But the standardized procedure is absent of the experimental
measurement method [3]. It is found that the measurement errors were spectral
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magnitude variations up to 12.5 dB for frequency bands below 6 kHz and up to
23.0 dB above that as well as large spectral left/right asymmetries for high-frequency
content with a Neumann KU-100 dummy head [4], and the errors could blur HRTF
auditory localization and timbre perception [3] to make comparable localization
performances between only 4 of 12 HRTF databases [5].

In development of CHNAF HRTF database [6], quality control was carried out
to reduce human errors from both of the experimenter and the human subjects as
presented in this paper.

2 Method

2.1 Training the Experimenters to Reduce the Tester Errors

All the experimenters should do exercises in a pre-test training to reduce the tester
errors because who were responsible for sound source positioning in azimuth (θ )
within same elevation (φ)manually during one turn of test and puttingDPA4060-BM
microphones correctly into bi-ears of pilots [6].

The pre-test training was worked on standard dummy head MK2B in hemi-
anechoic room with three experimenters coded as E1, E2 and E3. Training tasks
were to position the sound source at (0°, 0°) repeatedly in + /– direction more than
30 times and adjust the sound source position within (0°,± 10°) by 1° azimuth angle.

The head-related impulse responses (HRIRs) of MK2B dummy head were
measured in order to examine the tester errors with posture changes of human
subjects. HRIRs are time-domain transforms of HRTFs, which can be captured using
specialized configurations of loudspeakers and microphones.

2.2 Keeping Posture of Pilots to Reduce the Testee Errors

Pilots were positioned in (x, y, z) coordinates with the origin (0, 0, 0) at midpoint of
bitragion on the Frankfurt plane in sitting, which the coordinates were identical to
the polar coordinates of (r, φ, θ ) [7] as well as that of a human HRTF measurement
redirector [8] in free field of hemi-anechoic room.

The main tasks of pilots were keeping his posture not to move during one turn of
test after positioning and checking by the experimenters. The test–retest checks were
arranged at (φ, 0°), (φ, 180°) and (φ, 360°) to control the testee errors from head
moving, because the asymmetries between the ears should beminimal onmidsagittal
plane in theory. If the interaural level difference (ILD) of binaural signals was more
than alarm threshold such as 2.0 dB on test–retest checks, the pilot would be adjusted
back to his correct posture whether having a rest or not.

Whole experiment was divided into 13 blocks by elevations (φ) (see Table 1) for
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Table 1 Training performances of sound source positioning at (0°, 0°)

The experimenters N Mean Std. Dev. 95% confidence interval

E1 60 0.27 0.11 0.24–0.30

E2 30 0.26 0.12 0.22–0.31

E3 90 0.29 0.06 0.28–0.30

Total 180 0.28 0.09 0.27–0.29

single pilot, so the full time of the measuring experiment was also separated into
each block necessarily. Two pilots were selected by similar stature before test and
then took turn each other between blocks and kept measuring in Latin square for
elevation adjustment in order to reduce fatigue effects.

2.3 Validate the Data Quality of CHNAF HRTF Database

The binaural HRIRs of 63 male pilots in CHNAF HRTF database were analyzed
especially on ILD of binaural recording with SPSS.

3 Results

The training results of three experimenters are in Table 1 and Fig. 1. The results of
human error reduction for pilots are as shown in Table 2 and Fig. 2 by contrast with
standard dummy head MK2B.

4 Discussions

4.1 The Tester Errors After Pre-test Training

Binaural technology is important for 3D audio in which binaural signals are collected
and recorded near the external ear orifices and the incumbent cues for 3Daudio spatial
localization [9]. The cues of auditory spatial localization include interaural time
difference (ITD), interaural level difference (ILD) and interaural phase difference
(IPD). The ITD and ILD are theoretically zero when the sound source is position
at (φ, 0°), (φ, 180°) or (φ, 360°) toward the subject because the distances are equal
between the sound source and the ears of the subject. So, the ILD could be used to
judge the posture of pilots with or without movement and the human errors from
experimenter(s) with dummy head MK2B as subject.
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Fig. 1 Human errors from the testers

Table 2 ILD data of pilots at test–retest positions in CHNAF HRTF database

Elevation
φ

Left ear Right ear

(φ, 0°) (φ, 180°) (φ, 360°) (φ, 0°) (φ, 180°) (φ, 360°)

80° −18.19 −18.26 −18.19 −17.75 −17.78 −17.77

70° −18.08 −18.27 −18.24 −17.86 −17.93 −17.93

60° −18.17 −18.29 −18.52 −17.91 −17.83 −18.10

50° −18.29 −18.54 −18.38 −18.03 −17.99 −18.05

40° −18.10 −18.59 −18.31 −18.16 −18.17 −18.21

30° −18.24 −18.60 −18.28 −17.89 −18.25 −18.00

20° −17.84 −18.86 −17.82 −17.57 −18.45 −17.58

10° −17.63 −18.96 −17.65 −17.48 −18.41 −17.40

0° −17.30 −18.62 −17.31 −16.92 −17.94 −16.96

−10° −17.27 −18.44 −17.19 −16.84 −17.82 −17.01

−20° −17.33 −18.19 −17.54 −17.12 −17.67 −17.16

−30° −17.50 −17.89 −17.67 −17.06 −17.54 −17.29

−40° −17.70 −17.88 −17.99 −17.30 −17.40 −17.41

For the purpose of data quality control, all three experimenters were trained in
pre-test program. The results are found in Table 1 that their performances were not
different significantly in statistics after training of sound source positioning at (0°,
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Fig. 2 Human errors from
the testees

0°), and the human errors were about 0.29 dB of ILD and−0.75° azimuth deviation
made by the testers (see Fig. 1). It suggested that the training was valid.

4.2 Acceptable ILD of 2.0 dB as Alarm Threshold

The HRIR data were binaural recoded with dummy head MK2B as subject. The
results are shown in Fig. 2. All the ILDs were in range of 0–2.52 dB with the 95%
of 2.05 dB when the sound source was at (φ, 0°), (φ, 180°) or (φ, 360°) toward the
subject like somewhat pilots without head moving or posture change.

4.3 ILD Data of the Test–Retest Checks

There were 63 male pilots measured for HRIRs of CHNAF HRTF database. The
ILDs of all pilots were in range of 0 –3.95 dB with 97.96% of that less than 2.0 dB
when the sound source was at (φ, 0°), (φ, 180°) or (φ, 360°) toward the pilots.

The difference was not found between the means of the pilots and the dummy
headMK2B (F(1,2491)= 0.001,P= 0.98). It indicated that both of the sound source
positioning by the experimenters and keeping posture by pilots had been well done
at starts for each block of elevation adjustment even reset on (φ, 180°) after pause.

The other interesting results were also found by farther analyses. Firstly, the ILD
did exist in Table 2 (Left ear—18.06 dB vs. Right ear—17.69 dB; F(1,62) = 60.65,
P < 0.001), which might be related to the spatial symmetry of head with binaural
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microphones because of mild motion. Secondly, the HRIR levels were seemed in
two groups with different elevation sound sources, in which the binaural HRIRs were
bigger for the sound sources below the Frankfurt plane in sitting than that above the
plane as shown in Fig. 3 (main effect for elevations F(12,744) = 12.64, P < 0.001;
pair contrast between groups P < 0.05 – 0.001). Thirdly, the binaural HRIRs were
smaller for the sound sources dorsal than that ventral (F(2,124)= 22.91, P < 0.001)
because of pinna obstructing as well as the ILDs (F(2,124)= 5.40,P < 0.01). Finally,
the interaction effect was found between the test–retest checks and the elevations as
shown in Fig. 4.

Fig. 3 Binaural HRIR levels
in elevations

Fig. 4 ILDs in test–retest
checks
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4.4 Other Helpful Strategies for Data Quality

The completion of the HRTF measuring experiment was carried out by 13 blocks
with an additional 3D head anthropometry [7] for single pilot. The bigger blocks
spent times less than 30 min for most of the pilots in the present paper. This would
shorten the time to keep posture of pilots and reduce their possible fatigue.

The relax schedule was administered at every interval for one pilot about 10–
30 min, while another pilot was participating in experiment on duty. And so did the
experimenters to release the stress of works.

It is reported that there was no significant difference between the CHNAF HRTF
database and the CIPIC database for personalization of HRTF database matching
in spectral distortion (SD), but the CHNAF HRTF database matching error in the
full bandwidth was smaller than that of the CIPIC database because of the richer
physiological parameters [10].

5 Conclusions

Aspecifiedmethod andprocedurewere proposed and conducted forHRTFmeasuring
experiment of China Air Force head-related transfer function (HRTF) database, i.e.,
CHNAFHRTF database. A pre-test training was carried out for all the experimenters
to reduce the tester errors in operations of 3D sound sources positioning,microphones
putting into bi-ears of pilots and posture correcting with interaural level difference
(ILD) of head-related impulse responses (HRIRs). Pilot was sat in (x, y,z) coordinates
with the origin (0, 0, 0) at midpoint of bitragion on his Frankfurt plane in which
the coordinates were identical to the polar coordinates of (r, φ, θ ), keeping his
posture to reduce the testee errors during each block in the experiment. The test–
retest checks were arranged at (φ, 0°), (φ, 180°) and (φ, 360°) for data quality control.
Other strategies were done such as the division of the measuring into 13 blocks,
and schedules of rest by turns to reduce human errors from fatigue effects. All 3
testers were trained with MK2B dummy head, and 63 male pilots were measured
for head-related impulse responses (HRIRs) in hemi-anechoic room with binaural
recording. The results were found that the tester error was about 0.29 dB of ILD
and−0.75° azimuth deviation, the 2.0 dB of ILD was acceptable alarm threshold for
binaural spatial symmetry because of pilots posture change, and the data quality of the
CHNAF HRTF database was well validated in contrast with the CIPIC database for
personalization of HRTF database matching in spectral distortion (SD). The results
also found that the ILDs of all pilots were in range of 0 to –3.95 dB with 97.96%
of that less than 2.0 dB when the sound source was at (φ, 0°), (φ, 180°) or (φ, 360°)
toward the pilots, and the difference did not exist between the means of the pilots and
the dummy head MK2B which indicated that both of the sound source positioning
by the experimenters and keeping posture by pilots had been well done to ensure the
better data quality of the CHNAF HRTF database. Some influences were discussed.
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An Automatic Meter Recognition
Method for In-Orbit Application

Weijie Wu, Haoting Liu, and Jiacheng Li

Abstract With the development of machine vision technology, more and more
vision-based recognition methods have appeared. However, the artificial meter
readings are still widespread in the astronautic application. Astronauts’ works are
complex, and the meter readings reduce their efficiencies. To solve this problem, in
this paper, we propose a method that can automatically recognize the meter readings.
The automatic recognition method includes the following three major components:
(1) the digit extraction, (2) the digit segmentation, and (3) the digit recognition. The
experiment results show that the digits of the meter can be successfully recognized.
The automatic readings can reduce astronauts’ works and make them more conve-
nient while working. This new automatic recognition system has great promise for
the practical application.

Keywords Astronaut · Image recognition · Meter reading · Digit recognition ·
KNN

1 Introduction

At present, many meters used for the measurement do not have a special communi-
cation interface in astronautic application, which makes it impossible to read them
automatically. Reading the meters still requires artificial operation. However, the
astronauts themselves have a high degree of work intensity and complicated opera-
tions [1]. Reading meters will increase the workload of astronauts and make them
unable to concentrate on their missions. Machine vision can solve these problems,
recognize the meters automatically, and give feedback results to the astronauts. This
will make them work more easily.
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2 Digit Extraction Algorithm

Digit extraction refers to detecting the position of a digit in the image and extracting
images of a digit.

2.1 Background Subtraction Method

Since the camera position is fixed and the position of themeterwill hardly be changed,
the background area of the meter will not change in the picture. The frame subtrac-
tion method can be used to subtract two images. After the subtraction, the areas
that have not changed in the image will be close to zero, while the areas that have
changed will still retain a certain gray value. Therefore, this method can be used
to exclude background interference terms and extract digital areas. The background
subtraction method is a pixel-based target detection method, which extracts target
areas by performing a difference operation on similar frames in an image sequence.
The method is simple to implement and has high real-time performance [2].

The proposed main steps are shown in Fig. 1. First, we construct a background
model image to describe the background information. Then, we use the target image
and the background model to obtain the subtraction image, and then binarize it to get
the target image. In this image, if the value of a pixel is larger than or equal to a certain
threshold, the pixel is considered to belong to the certain target; otherwise, the pixel
is considered to belong to the background area if the value of the pixel is less than
this threshold. However, this method is also easy to cause “holes” and “ghosting.” To
solve that problem, we need a further mathematical morphology image processing
to reduce the impact [3].

Fig. 1 Computational
flowchart of background
subtraction

target image background image

image binarizing

image differencing

morphology image processing



An Automatic Meter Recognition Method for In-Orbit Application 405

Let us suppose the target image sequences are f1, f2, . . . , fn , the image is
fk(x, y), and its background image is fm(x, y). Their subtraction image Dk(x, y) is
computed by Eq. 1.

Dk (x, y) = | fk (x, y) − fm (x, y)| (1)

In Eq. 1, (x, y) represents the spatial coordinates of the pixels in the image. The
subtraction image Dk (x, y) is compared with a threshold T to determine whether
each pixel in the image is a target pixel or a backgroundpixel.And then,we can extract
the target Rk(x,y). The thresholdT can be given or determined by an adaptivemethod
shown in Eq. 2. Figure 2 shows the corresponding result of background subtraction.

Rk(x, y) =
{
1 target Dk(x, y) > T

0 background Dk(x, y) ≤ T
(2)

In order to accurately recognize the characters, we need the further processes
of the image and binarize the image to maximize the required information. We use
the Otsu algorithm which can automatically determine the threshold to binarize the
image [4] in this paper. Its basic principle is: The grayscale range of the image is [0,
255], the gray value of the point (x, y) is expressed as I(x, y), and the probability of
the point of gray level x is P(x). Then, the Otsu method can find the gray value m
shown in Eq. 1 that reaches themaximum value. Figure 3 presents the result of binary
processing. As we can see from Fig. 3, the information of the image that we need is

Fig. 2 Computational result of background subtraction method. Image a is the background image,
b is the target image, and c is the subtraction image
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Fig. 3 Original subtraction image and the image after binarization using the Otsu method

enhanced after the binarization. But it still has noise which needs to be removed.

Ym =
[∑255

x=0 xp(x) × ∑m
x=0 p(x) − ∑m

x=0 xp(x)
]2

∑m
x=0 p(x) × (

1 − ∑m
x=0 p(x)

) (3)

where m is the gray threshold.

2.2 Mathematical Morphology

The mathematical morphology operation can be regarded as the correspondence
between the shape of the figure in the image and the probe with a certain shape and
state in the morphology. It can use the “probe” to scan the image to get the graphic
structure of the image. The detection results are extracted and applied to the analysis
and the processing of the image. The application of mathematical morphology to
image analysis processing, regardless of the element, can be removed while main-
taining the image structure and morphology to enable the maximum degree of data
reduction, so that it is simple and clear. The mathematical morphology operation of
the image can be divided into the following two parts: the corrosion computation and
the dilation computation.

• The corrosion computation

When the structural element S moves on a given target image X, the S[x] has the
following three possible states relative to X:

1. S[x] ⊆ X, S[x] has the largest correlation with X.
2. S[x] ⊆ XC , S[x] is not related to X.
3. Neither S[x] ∩ X nor S[x] ∩ XC is empty.

In point 1, S[x] has the biggest correlation with X, so all the structural elements
in image point X are the maximum correlation point set S[x] of the image. We call it
S corrodes X, and it is denoted as X�S. The way is defined as Eq. 4. The corrosion
of the image can eliminate the information about the boundary points of the target
image. By selecting the appropriate structural element to remove objects smaller than
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Fig. 4 Result after the
corrosion and expansion
operation

the structural element, the edge of the contour of the object will be reduced by one or
more pixels. The eliminated objects are also different in size. The application of the
corrosion algorithm can reduce more useless background information and improve
the calculation speed.

X�S = {x |S[x] ⊆ X} (4)

• The dilation computation

The dilation of images is regarded as the dual operation of the erosion operation. The
dilation operation is to expand each point x in the image X, and it is denoted as X⊕S,
which is defined by a set method as Eq. 5. This algorithm is essentially equivalent to
moving the structural element on the original image. The pixels are added according
to the structural elements at positions that do not contain information in the image
to make the image larger. It is equivalent to merge the structural elements with the
original image. The dilation operation can make background information to be close
to the edges of the image, or two small parts are connected together. Therefore, after
the image processing, the expansion operation can be used to fill and repair the image
holes, which is used to reduce the target caused by the corrosion. After the corrosion
and expansion operation on the image, the image is obtained as shown in Fig. 4. At
the same time, this study uses a connected domain-based digit segmentation method.
The expanded digits can form a connected domain and avoid the fragmentation.

X ⊕ S = {x |S[x] �= �} (5)

2.3 Digit Segmentation Method

Thedigit segmentation generally includes the connected domain-based numeric char-
acter segmentation and the projectionmethods. This study uses the digit segmentation
method based on the connected domains [5]. We suppose f (x, y) is the pixel value
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Fig. 5 Digit segmentation
results

of the xth and yth columns in the image array, an m × n image has m rows and n
columns, and f (m-1, n-1) represents the pixel value in the lower right corner of the
image. We can traverse the image and find all the connected domains based on the
neighborhood connectivity criteria. Each separated area in the image can be detected
in this way. After finding all connected domains, the filtering is performed according
to the area of the connected domain, the shape of the reading, and the aspect ratio.
Then, we can exclude areas that do not meet the criteria. Then, we can directly
locate and divide each digit. The specific processes are: We calculate the area of
the connected domain; the area of the connected domain A is the number of points
with a pixel value of 255; that is, the number of pixels contained in the boundary of
the area is shown in Eq. 6. If the area of the connected domain is greater than 500
and less than 5000, the aspect ratio of the connected domain is bigger than 1.5 and
less than 2.5, and it will be extracted. If the above conditions are not met, it will be
discarded. We can get each digit by filtering out the connected domains that meet
the requirements. The digit segmentation results are shown in Fig. 5.

A =
m−1∑
x=0

n−1∑
y=0

f (x, y) (6)

3 Digit Recognition Algorithm

After the digital area is successfully extracted, we need to recognize the digits. The
most commonly used digit recognition algorithms are the template matching, the
artificial neural network-based, etc. The neural networks are also often used for
the digits’ recognition in recent years. This paper adopts the K-nearest neighbor
(KNN) algorithm. The KNN is a classic classification algorithm, which is mature in
application and has high recognition accuracy [6].

The KNN algorithm was originally proposed by Cover and Hart in 1968. The
basic idea of the algorithm is: According to the traditional vector space model,
the image is formalized into a weighted feature vector in the feature space, D =
D(T1,W1, T2,W2, . . . , Tn,Wn). For the image to be detected, we can calculate the
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similarity between it and each image in the training sample set, find theK most similar
images, and determine the category to which the test image belongs according to the
weighted distance sum. The algorithm recognition steps are as follows:

1. A set is generated for the images to be detected.
2. The similarity between the images to be detected and the images in the training

set are calculated. The calculation equation is shown in Eq. 7, where di is the
feature vector of the images to be detected, d j is the center vector of the j class,
M is the dimension of the feature vector, andWk is the k dimension of the vector.

Sim(di , d j ) =
∑M

i=1 Wik × Wjk√∑M
k=1 W

2
ik

√∑M
k=1 W

2
jk

(7)

3. The weight of each class in the K-nearest neighbors of the images to be detected
in turn is computed. The calculation equation is presented in Eq. 8, where x is the
feature vector of the image to be detected, Sim(x, di ) is the similarity calculation
equation, and b is a threshold.

P(X,C j ) =
{
1

∑
d∈KNN Sim(x, di )y(di ,C j ) − b ≥ 0

0 else
(8)

4. The images are classified by comparing the weights. Train the KNN model to
recognize the images.

4 The Experiments

A simulation experiment is performed to test the algorithm. The program is written
by C+ + onVS 2017. First, we extract the difference image and preprocess the image.
Then, we train the KNN model. The training of the KNN model is implemented by
an online database. There are totally 10 characters from 0 to 9, and each character
has 120 pictures. And then use the KNN model to recognize the images. Figure 6
shows out the simulation result.

Fig. 6 Recognition results
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5 Conclusion

In this paper, we present a method to recognize the digits on meter. According to
the digits displayed on meter, we use the background subtraction method to extract
the digital region; then, we use the method of the minimum connected domain to
segment each digit; finally, we use the KNN to recognize the digits. This study can
accurately recognize the meter reading automatically, which can be used for further
research experiments in the astronautic application.
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Investigation of Image Classification
Using HOG, GLCM Features, and SVM
Classifier

Jianyue Ge and Haoting Liu

Abstract Recently, in order to solve the problemof image classification, some image
features and classifiers playmore andmore important role in the related researchfield.
This article investigates an image classification method by the histogram of oriented
gradient (HOG) features, the gray-level co-occurrence matrix (GLCM) features, and
the support vector machine (SVM) classifier. By obtaining the HOG and the GLCM
features of image, the combination of them is inputted into the SVM for the training
and the test. The experiment results havemanifested the effectiveness of the proposed
method. The use of the combination of HOG features and GLCM features in image
classification is far superior to the use of them alone.

Keywords HOG · Gray-level co-occurrence matrix · SVM · Image classification

1 Introduction

With the rapid development of science and technology, the research trend of artificial
intelligence is constantly rising.More andmore people are investigating in the field of
machine learning and deep learning.As the direct carrier of information transmission,
people have paid more attention to the image classification. Including the subjective
image quality evaluation, themachine learning quality evaluation of the SVM+SVR
system formed by the BRISQUE [1] algorithm, and the deep learning quality evalua-
tionmodel of CNN IQA [2], people’s passion for image research burst out constantly.
Image classification is one of the contents in the field of image quality evaluation.
The results of image classification often have a great impact on the subsequent image
computation. This paper proposes an image classificationmethod using the histogram
of oriented gradient (HOG) features, the gray-level co-occurrence matrix (GLCM)
features, and the support vector machine (SVM) classifier. By extracting the HOG
features and the GLCM features, the SVM is used to perform the prediction.
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2 Algorithm Flow

There are about 300 pictures in this experiment, which are divided into four types:
car, cat, flower, and fish. The pictures above are divided into a test set and a training
set according to a certain proportion. The test set contains 50 pictures of car, 35
pictures of cat, 35 pictures of flower, and 60 pictures of fish. The test set sample is
shown in Fig. 1.

The algorithm flowchart is shown in Fig. 2, and the computation steps are
illustrated as follows.

Step 1: The system batches the pictures into the certain size for the following
experiment computation.
Step 2: This system reads the picture information, extracts the HOG features and
the GLCM features of the picture, and then merges the two features above.

Fig. 1 Samples of test set

Pictures 
batch pro-
cessing

HOG features and 
GLCM features 
extraction and 

merging 

SVM 
training 
and test-

ing

Results 
display 

and
analysis 

Fig. 2 Algorithm computation flowchart
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Step 3: The system inputs the feature vectors into the SVMand adopts a one-to-one
solution to train and test the SVM.
Step 4: This system displays the classification results and analyzes the results.

2.1 HOG Feature Extraction

TheHOGfeature is a kindof directional histogram feature. It is a typical image feature
that is widely used in various fields of image research. The general acquisition of
HOG features roughly goes through the following steps [3].

Step 1: The algorithm converts the original image into a grayscale image. The
Eq. (1) shows the process of converting a color image into a grayscale image:

Gray = 0.3 ∗ R + 0.59 ∗ G + 0.11 ∗ B (1)

where R, G, and B represent the color components of the corresponding position
of the image;
Step 2: The Gamma correction method [4] is used for image normalization. In the
case of uneven image illumination, Gamma correction can be used to increase or
decrease the overall brightness of the image. In practice, Gamma standardization
can be performed in two different ways, i.e., the square root and the logarithmic
method. In general, the square root method is usually used, and its formula is as
follows:

Y (x, y) = I (x, y)1/2 (2)

where I(x, y) represents the brightness of the corresponding position of the image;
Step 3: The algorithm calculates the gradient of each pixel of image separately;
Step 4: The algorithm divides the image into cell units and counts the gradient
direction of each cell unit;
Step 5: The algorithmcombines several cell units into blocks and then connects the
gradient directions of all blocks in the series to obtain the HOG features (Fig. 3).

Fig. 3 Example of HOG features. The original picture is shown in left and the picture of HOG
features is presented in right
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2.2 GLCM Feature Extraction

The GLCM [5] is an image recognition technology with strong robustness and adapt-
ability which can effectively realize the classification and retrieval of images. The
GLCM actually refers to the probability that a gray-level point leaves a certain posi-
tion d(Dx, Dy) and therefore reaches a j gray level. Equation (3) shows its definition
method. In this paper, in order to obtain the GLCMat different angles, four directions
are computed: 0, 45, 90, and 135. The corresponding features, including the contrast,
the inverse gap, the entropy, and the autocorrelation, are all calculated. And then, the
average and the variance of them are computed as the final extracted features.

Pd(i, j) (i, j = 0, 1, 2, 3, . . . . , L − 1) (3)

where L represents the gray level of the image pixel; i, j are used for the gray level
of pixel; d mainly refers to the direction and distance between two different pixels.

2.3 Svm

The SVM is a typical binary classifier. It is widely used in the field of machine
learning. As shown in Fig. 4, the hollow circles and black squares, respectively,
represent two types of linearly separable training samples. The symbol L is a clas-
sification line that separates the two classes without errors. The symbols L1 and L2
are the straight lines that pass through the nearest point in the two types of samples
to the classification line. And they are also parallel to L. The interval d between
L1 and L2 is called the classification interval. The optimal classification line can
maximize the classification interval d. If the above situation is extended to a high-
dimensional space, the optimal classification line is called the optimal classification
surface. The kernel function-based SVM maps linearly inseparable problems from

Fig. 4 SVM algorithm
sketch map

2L

d

1L

L
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the low-dimensional space to high-dimensional space through kernel mapping. Simi-
larly, the optimal classification surface in high-dimensional space can also be found
to solve the classification problem.

Although the SVM is just a typical binary classifier, it can also achieve the effect
of multi-classification. There are usually three types of schemes for implementing
the SVM: the remaining schemes, the one-to-one scheme, and the directed acyclic
graph scheme. We use a one-to-one solution in this paper. It is assumed that there
are a total of K categories in the sample; for a one-to-one solution, you need to
train a classifier for any two of the categories; thus, it is needed to train a number
of classifiers K(K − 1)/2 for each category. Although the number of classifiers is
larger, the total time spent in the training phase is much less than the other methods.

3 The Experiment Results

This experiment mainly uses MATLAB programming to process 300 pictures and
extracts theHOG features and theGLCM features.We also use the SVMalgorithm to
classify and obtain the classification results. And then, we calculate them in the form
of a confusionmatrix [6]. The accuracy and the recall of various image classifications
are used to judge the performance of our proposed method. There are 180 pictures in
the test set, which are divided into four types of pictures, including 50 pictures of car,
35 pictures of cat, 35 pictures of flower, and 60 pictures of fish. The classification
results are shown in Table 1.

It can be seen from Table 1 that the fish-type picture classification can get the
best result, and the flower type classification result is poor. After the data processing,
the accuracy and the recall rate are also obtained. The results are shown in Table
2. According to Table 2, it can be obtained that the average correct rate of the

Table 1 Test set classification results

Car Cat Flower Fish

Car 46 0 0 4

Cat 0 32 1 2

Flower 0 4 30 1

Fish 0 0 1 59

Table 2 Accuracy and the recall rate of test set

Car Cat Flower Fish

Accuracy 0.9200 0.9143 0.8571 0.9833

Recall rate 1 0.8889 0.9375 0.8939
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classification result of the test set is about 91.87%, and the classification effect is
relatively satisfactory.

In order to reflect the rationality of the combination of the HOG features and
the GLCM features, the classification experiments using only the HOG features or
the GLCM feature are done, respectively, in this paper. The respective classification
results are shown as follows.

From these Tables 3, 4, 5 and 6, it can be obtained that the average correct rate of
the classification result of the test set only using theHOGfeature is about 88.61%, and
the average correct rate of the classification result of the test set only using theGLCM
feature is about 83.06%. However, the average correct rate of the classification result
of the test set using both the HOG feature and the GLCM feature is about 91.87%.
Clearly, the use of the combination of HOG features and GLCM features in image
classification is far superior to the use of them alone.

Table 3 Test set classification results only using the HOG feature

Car Cat Flower Fish

Car 44 0 0 6

Cat 0 31 0 4

Flower 0 3 29 3

Fish 1 0 2 57

Table 4 Accuracy and the recall rate of test set only using the HOG feature

Car Cat Flower Fish

Accuracy 0.8800 0.8857 0.8286 0.9500

Recall rate 0.9778 0.9118 0.9354 0.8142

Table 5 Test set classification results only using the GLCM feature

Car Cat Flower Fish

Car 46 0 0 4

Cat 2 26 4 3

Flower 1 7 26 1

Fish 4 1 0 55

Table 6 Accuracy and the recall rate of test set only using the GLCM feature

Car Cat Flower Fish

Accuracy 0.9200 0.7428 0.7428 0.9167

Recall rate 0.8679 0.7647 0.8667 0.8730
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4 Conclusion

This paper analyzes a SVM image classification method based on the combination
of the HOG features and the GLCM feature. We also conduct the experimental
analysis of the corresponding algorithms. The classification results of this method
are reasonable.
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Relationship Between Individual
Perceptual Feature Demand
and Satisfaction in the Small Assistant
Robot Modeling Design

Yankun Yang, Bo Wang, Changhua Jiang, Yujing Cui, Ling Song,
and Xiaomeng Ma

Abstract Quantifying the human emotional experience for productmodeling design
has been a research hotspot. Focusing on the personalized design of small assistant
robots, the relationship between individual’s perceived feature needs and satisfac-
tion is studied. Five experiments were designed, including perceptual image vocab-
ulary selection, image mood board eye movement experiment, satisfaction survey,
perceptual imagery feature demand survey, and experiment on scoring the conformity
of modeling samples on different perceptual imagery vocabularies. Forty subjects
participated in the experiment. The results show that due to the diversity of indi-
vidual needs and the different degrees of perceived features, the satisfaction with the
same product modeling design is different. In addition, based on the Kano model,
a quantitative relationship between perceived features and overall satisfaction was
found. This study provides new ideas for further research on the needs of different
people for external modeling and the quantitative relationship between feature needs
and satisfaction.

Keywords Small assistant robot modeling · Kano model · Kansei engineering ·
Perceptual feature demand · Satisfaction

1 Introduction

There aremany varieties of small assistant robots, ranging frompersonal applications
to military applications. The traditional small assistant robot modeling design is
mainly based on the designer’s aesthetic consciousness. Donald Norman [1] pointed
out that people’s emotional experience with products is related to the level of brain
activity. By quantifying the level of human emotional experience, the model design
can be quantified.
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Bi [2] drew an image scale diagram containing shape, color, and material and
converted the perceptual image of the elderly user group into design elements. Based
on the matching data of industrial robot appearance modeling and user preferences
and emotional needs, Wang and Xiao [3] studied the mapping relationship between
typical perceptual image vocabulary and industrial robot key modeling features. Li
[4] used factor analysis and K-means cluster analysis to select perceptual vocabulary
that conforms to the image of the product and then used gray correlation analysis
to obtain the priority of modeling elements. Yao [5] carried out research on the
modeling features and perceptual image demand of automobile headlights based
on morphological analysis and Kano model and obtained the mapping relationship
between the modeling features of automobile headlights and the user perceptual
image demand level. Zhao [6] used eye tracker data acquisition and genetic algorithm
to optimize the design of the car’s front face and gave a behavior data-drivenmodeling
design method.

However, the existing modeling research methods have the following problems:
(1) lacks in-depth research on the difference of individual perceptual needs; (2) lacks
quantitative research on the relationship between the degree of modeling perceptual
feature and satisfaction. Satisfaction is the sense of pleasure after the demand is
satisfied, and it is the relative relationship between the customer’s expectation of
the product or service in advance and the actual experience obtained after actually
using the product or service. The higher the actual perception of the product than the
expectation, the more satisfied, and otherwise the less satisfied.

Under the trend of personalized consumption, studying the needs of different
individuals for external modeling will be the new direction of modeling research.
Therefore, using the perceptual image vocabulary (PIV) research method and Kano
model, this study is aimed at the modeling design of small assistant robots, collecting
eye movement fixation times and fixation time and exploring different individual
modeling needs. In addition, the quantitative relationship between modeling needs
and satisfaction is also studied.

2 Methods

2.1 Subjects

The experiment was conducted in the Usability Laboratory of the Astronaut Center.
We recruited a total of 40 participants, half male and female, aged between 24 and
40 years old, with normal or corrected vision. The academic qualifications of the
subjects are all undergraduate and above, and they are familiar with smart products.
All subjects have not been exposed to similar experiments. After the test, the subjects
can get corresponding remuneration.
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Fig. 1 Experiment flow

2.2 Experiment Process

The experiment is carried out as shown in Fig. 1.
The specific process is as follows:

2.2.1 Selection of Samples

In order to eliminate the impact of functional differences on follow-up research, the
scope of the robot is constrained: fixed, with voice and display interaction, the outer
contour is not more than 15 cm × 12 cm × 30 cm, and it is used in private life
or workplace. Twelve small assistant robots were selected as the research samples
(Fig. 2).

Fig. 2 Samples for this study
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2.2.2 Collection of Perceptual Image Words

From related literature, 48 pairs of perceptual image word pairs were collected.
Then, 40 subjects were invited to select the pairs of perceptual imagery vocabulary
that they thought were suitable for describing the models of the small assistant robot
and screened with 80% as the critical ratio. Finally, 12 pairs of perceptual imagery
vocabulary were selected, including: (1) Smart versus Stiff; (2) Alienated versus
Affinity; (3) Bored versus Interest; (4) Coordinated versus Awkward; (5) Cheap
versus High-end; (6) Conservative versus Avant-garde; (7) Wisdom versus Clumsy;
(8) Lively versus Stable; (9) Serious versus Cute; (10) Individualized versus Popular;
(11) Cumbersome versus Concise; and (12) Untrustworthy versus Trustworthy.

2.2.3 Eye Movement Experiment

In this experiment, the research sample was used as the mood board materials, which
can ensure that the subjects understand themeaning of the perceptual imagery vocab-
ulary in the small assistant robot’s modeling range, and was more familiar with the
research sample. The subjects were asked to express each material encoding that
matched the perceptual imagery vocabulary, and at the same time, we collect their
eye movement data.

We screened and counted the data to obtain 25 sets of valid data. The results
showed that the subjective and objective experimental data had the same results (as
in Example 1, shown in Fig. 3); for the same perceptual imagery vocabulary, the
matching models selected by different subjects may be different (as shown in Fig. 4).

Example 1 For the perceptual imagery vocabulary “smart,”, the subject 33 subjective
feedback matching modeling and eye-tracking results were both “a1” (a1 is the
modeling code).

Fig. 3 Eye movement test results of subject 33
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Fig. 4 Eye-tracking data

2.2.4 Modeling Satisfaction Survey

Twelve encoded material pictures are arranged randomly. The subjects scored the
satisfaction of the research samples. There are 21 grades; the higher the score is, the
higher the satisfaction is.

2.2.5 Perceptual Imagery Feature Demand Survey

The subjects ranked the importance of perceptual image vocabulary and answered the
positive and negative questions related to perceptual image vocabulary. According to
Kano evaluation standard (Table 1), the subjects’ perceptual images were classified,
and the perceptual features that had no effect on satisfaction results were screened out
according to the definition of non-difference attributes (whether or not the features
had no effect on satisfaction).

Table 1 Kano evaluation standard

User’s attitude toward
perceptual features

If the product does not have feature

Like It should be
so

Indifferent Accept
reluctantly

Dislike

If the
product
have
feature

Like Q A A A O

It should be
so

R I I I M

Indifferent R I I I M

Accept
reluctantly

R I I I M

dislike R R R R Q
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2.2.6 The Conformity of the Modeling Samples on Different Perceptual
Imagery Vocabularies

Twelve modeling samples and 12 pairs of perceptual image vocabularies appeared
randomly. The subjects evaluated the conformity of modeling samples on different
perceptual image vocabularies. Scores range from −3 to + 3, corresponding to two
pairs of perceptual image words.

3 Results

Take the data of subject 33 as an example to analyze the quantitative results.
Perceptual imagery feature demand investigation experiment completed the

attribute classification of perceptual imagery vocabulary, and the importance of each
perceptual feature was assigned according to the ranking results of the importance.

Satisfaction is related to the availability of perceptual feature. The importance
of each perceptual feature is different, and the impact on satisfaction is different.
Therefore, to calculate the relationship between multiple features and satisfaction, it
is necessary to convert the degree of possession of each perceptual feature into the
same impact dimension. Satisfaction score was obtained from satisfaction survey.
According to the perceptual imagery feature demand survey and the scoring exper-
iment of the degree of perceptual imagery features, the importance and initial
degree of perceptual features were obtained, respectively. The degree of percep-
tual feature is equal to the importance of perceptual feature multiplied by the degree
of initial perceptual feature. Based on the Kano evaluation criteria, perceptual image
vocabulary can be classified into three attributes related to satisfaction. Charisma
attributes, expected attributes, required attributes, and the results were shown in
Table 2. Attribute is a multi-dimensional variable, including different perceptual
image features. The conformity of the attributes contains the degree of conformity
of all perceptual intent features belonging to this attribute. Table 3 shows subject 33
evaluated the conformity of modeling samples on different attributes.

Suppose y = F(xa, xo, xm), y is the calculated degree of satisfaction, xa is the
degree of conformity with the charm attribute, xo is the degree of conformity with
the expected attribute, and xm is the degree of conformity with the required attribute.
Curve fitting is carried out in MATLAB. Among the 25 sets of effective data in the
experiment, each group is an independent satisfaction data because of the differences
in personality, experience, aesthetic etc, the coefficient of the formula can be different
in the formula of predicted satisfaction. If there are coefficients that make the formula
true, it shows that the relationship between the degree of satisfaction and the multiple
perceptual features can be calculated by this research method.

Taking subject 33 as an example, the formula for calculating satisfaction is:

y = 0.6869xa + 0.1731xo − 0.216xm + 0.6494 (1)
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Table 2 Perceptual imagery vocabulary survey results of subject 33

Perceptual feature Attributes Importance ranking Importance of perceptual feature

Individuality M 4 9/78

Smart A 6 7/78

Interest I 7 6/78

Trustworthy I 12 1/78

High end O 1 12/78

Affinity I 10 3/78

Avant-garde M 2 11/78

Cute A 5 8/78

Concise O 3 10/78

Wise I 9 4/78

Stable I 11 2/78

Coordinated I 8 5/78

Table 3 Conformity of each attribute and satisfaction value score of modeling

Modeling coding Conformity of
charm attributes
(xa)

Conformity of
conformity
attributes (xo)

Conformity of
required attributes
(xm)

Satisfaction (Y )

a1 21/78 6/78 60/78 15/21

a2 − 30/78 − 54/78 − 40/78 4/21

a3 9/78 − 4/78 29/78 18/21

a4 7/78 4/78 31/78 11/21

b1 − 30/78 − 34/78 − 40/78 13/21

b2 31/78 30/78 29/78 19/21

b3 − 30/78 − 8/78 − 22/78 7/21

b4 − 15/78 − 2/78 − 2/78 10/21

c1 31/78 32/78 29/78 17/21

c2 15/78 − 18/78 20/78 13/21

c3 22/78 14/78 13/78 17/21

c4 0 − 2/78 − 9/78 18/21

R2 = 0.6521, F_Inspection value = 4.9977>1, p (associated with significance
probability)= 0.0246 < 0.05, the formula holds. The satisfaction graph is as follows
(Fig. 5).
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Fig. 5 Satisfaction fitting curve of subject 33

4 Conclusions

It was verified that individuals have different perceptual needs for product modeling;
for the same product modeling, individuals had different levels of perceptual feature
and different satisfaction levels. Based on the Kanomodel, the individual’s modeling
feature needs were classified, and on this basis, it was found that the relation-
ship between the perceptual feature needs and overall satisfaction can be expressed
by. This study reveals the differences in individual’s perceptual needs for external
modeling and provides new ideas for further research on the quantitative relation-
ship between perceptual feature and satisfaction, which has practical application
significance for modeling design. The disadvantage is that this study can collect
multi-source data, such as EEG, to further study its mechanism.
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Model Evaluation of South Official Hat
Chairs Based on Image Recognition
Method

Hanzhou Qiu and Yun Liu

Abstract Furniture is the art of modeling. The beautiful modeling of a piece of
furniture is the first condition for people to have a feeling of love and then be willing
to buy or collect. When people observe the furniture, they scan and gaze at the
parts of the elements quickly, process the information of “feature binding” in the
human brain at the same time, and then make an overall evaluation of the furniture
model. The detailed information of the conscious eye movement process can be
obtained through the eye movement tracking experience. Based on this paper, an eye
tracking experiment hot spot image is proposed, which uses digital image recognition
processing method to extract relevant data for processing, analysis, and evaluation.
The hot spot image can transform eye tracking data into two-dimensional color
image, and image the number of fixation points, fixation duration, percentage of
total time, scanning path and other data into color, transparency, and so on. Visual
parameters are superimposed on the eye movement experimental stimulus material
as the background, which is represented by “green yellow red” color mapping. The
color features are extracted by “hue saturation brightness (HSV)” model, and the
discriminant functionmodel of shape evaluation is constructed to realize the aesthetic
evaluation of the traditional furniture models of south official hat chairs.

Keywords Pattern recognition · Eye tracking · Furniture model · Overall
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H. Qiu (B)
Ningde Normal University, Fujian 352100, China
e-mail: 80706779@qq.com

Y. Liu
Fuzhou University, Fujian 350108, China

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer
Nature Singapore Pte Ltd. 2021
S. Long and B. S. Dhillon (eds.), Man-Machine-Environment
System Engineering, Lecture Notes in Electrical Engineering 645,
https://doi.org/10.1007/978-981-15-6978-4_51

429

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_51&domain=pdf
mailto:80706779@qq.com
https://doi.org/10.1007/978-981-15-6978-4_51


430 H. Qiu and Y. Liu

1 Overall Perception of Furniture Model Based on Eye
Tracking

In February 2018, Zhejiang University and Alibaba established a joint laboratory
of intelligence, design, experience, and aesthetics. The IDEA Lab is committed
to promoting the research and industrial application of human–computer natural
interaction from three dimensions of design intelligence, experience computing, and
perception enhancement. In the vision of the IDEA Lab, there is a new dimension in
the field of design, which is AI [1]. If using the front camera of the mobile phone for
eye movement analysis, it can break through the small sample data research in the
laboratory research and invite the real user authorization, so as to analyze the big data
of eye movement in the real use situation and construct an emotion calculation model
with visual elements for optimization and expression, and then guide the designer to
research users, find problems, and make clear the design needs, and then think about
its function and content, etc., and then carry out user test, which is also a design
loop in design practice [2]. The design of making the robot “understand emotion and
aesthetics” is to turn the research related to human performance into a computable
formula algorithm and then verify with data. For example, the color, angle, and
geometric relationship distribution of graphic design can all affect human’s overall
perception. In the same way, the preference evaluation of furniture model can also
be obtained by extraction and analysis of big data.

2 Construction of Data Index System of Eye Movement Hot
Spot Image Processing

Define the hot spot image as a 2D function and then transform it into a matrix for
operation [3]. The color is sensed by the three basic characteristic variables of hue
(H), saturation (S), and value (V ) [4]. Its components are relatively independent and
independent of display equipment, and therefore, it is very suitable for color image
processing. Thus, the RGB mode of the hot spot image is transformed into the HSV
color model for color feature extraction. Because the eye movement hot spot image
adopts the unified saturation and value, the two components are not distinguishable,
and therefore, only the hue value is taken as the color feature, and the hue is generally
described by the angle, its H ∈ [0, 360], and the average value H of hue is taken as
the index [5].

H = 1

N

N∑

m=0

Hm (1)

In formula (1): N is the total number of pixels in the hot spot image, and Hm is
the hue value corresponding to the mth pixel (Table 1).
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Table 1 Statistical indicators based on grayscale histogram

Index name Interpretation Calculation formula

Gray mean value Reflect the average gray level of the
image

μ = ∑L−1
i=0 i P(i)

Gray variance Reflect the discrete distribution of
image gray value

σ 2 = ∑L−1
i=0 (i − μ)2P(i)

Skewness Reflect the asymmetry degree of gray
histogram distribution of image

μS = 1
σ 3

∑L−1
i=0 (i − μ)3P(i)

Kurtosis It reflects the gray distribution of the
image when it is close to the mean
value

μK = 1
σ 4

∑L−1
i=0 (i − μ)4P(i) − 3

Energy Reflect the uniformity of histogram
gray distribution

μN = ∑L−1
i=0 P2

(i)

3 Discriminant Function Model and Rule of Furniture
Model Evaluation

3.1 Linear Function Model Based on Fisher Discriminant

In essence, the evaluation of traditional folk furniture model can be classified as
the problem of sample classification. The common method is to show a group of
pictures of the furniture to be evaluated. Through observation or measurement, the
furniture models can be divided into several evaluation levels, such as “like”, “OK”,
and “dislike”. In practical application, the research samples are divided into two
categories, which is also known as binary classification problem [6].

Fisher discriminance [7] is the most suitable method for binary discriminant anal-
ysis, which basically has no requirement for sample data and is a method with high
accuracy and widely used in practice. In terms of coordinates, it uses the method
of projection to reduce the d-dimensional features to only one dimension, that is, to
project the samples ofmulti-dimensional space on a straight line in a certain direction
so as to minimize the differences of similar samples [8].

Such as the training sample set X: X = {X1, X2, . . . , Xn}; each sample
is d-dimensional, set one group of samples (category w1) from the whole as
X1 = {

x11 , x
1
2 , . . . , x

1
n1

}
, set the second group of samples (category w2) as X2 ={

x21 , x
2
2 , . . . , x

2
n2

}
, and set the samples after projection as yi = wT xi , i = 1, 2, . . . , n.

At first, the mean vector of each sample of the original multi-dimensional sample
space is calculated as:

mi = 1

ni

i=1,2∑

x j∈Xi

x j (2)

In formula (3), ni is the number of samples.
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The dispersion matrix among samples in each group can be defined as:

Si =
i=1,2∑

x j∈Xi

(x j − mi )(x j − mi )
T (3)

The overall dispersion matrix in the group is

Sw = S1 + S2 (4)

the values of (3) and (4) shall be as small as possible during discriminance:

The inter-group dispersion matrix is:

Sb = (m1 − m2)(m1 − m2)
T (5)

the value shall be as high as possible during discriminance;
After projection, multiple dimensions are transformed to be 1D space, and the

mean of the two categories is:

m̃i = 1

ni

i=1,2∑

y j∈yi
y j = 1

ni

i=1,2∑

x j∈xi
wTx j = wTmi (6)

While the intra-group dispersion matrix is transformed to be one value:

s̃i =
i=1,2∑

y j∈yi
(y j − m̃i )

2 (7)

The overall intra-group dispersion matrix is:

S̃w = S̃1 + S̃2 (8)

The inter-group dispersion matrix is:

S̃b = (m̃1 − m̃2)
2 (9)

After calculation on the basis of the principle of minimizing the intra-group
variance and maximizing the inter-group variance, the following Fisher’s criterion
function can be obtained:

max JF (ω) = S̃b

S̃w

JF (ω) = |m1 − m2|2
S21 + S22

= max . (10)
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The biggest solution of JF (ω) is the best vector and Fisher’s linear discriminant.

3.2 Sample Classification and Characteristic Index
of Furniture Models

One group of furniture models of the same category are divided into two categories:
i.e., G1 very like, and G2 dislike. By further compare the furniture models of the
two categories, the discriminative method of which the modeling aesthetics is more
suitable for the user is concluded and it can be used for the prediction and analysis
of the modeling aesthetics of other similar or newly designed furniture. Thus, based
on Fisher’s linear discriminant principle and criterion, the following definitions are
given:

Definition 1: suppose a set includes n furniture samples, A = {A1, A2, A3 . . . An},
taking the statistical data of color features and gray histogram features of the eye
movement hot spot image of furniture models as indicators, and the feature set is
X = {X1, X2, . . . , X6} wherein: X1 is gray mean (μ); X2 is gray variance (σ 2); X3

is skewness (μS); X4 is kurtosis (μK ); X5 is energy (μN ); X6 is hue mean (H ). The
values above constitute a feature matrix of 6 rows and n columns.

⎡

⎢⎢⎢⎢⎢⎢⎢⎣

X11 X21 X31 · · · Xn1

X12 X22 X32 · · · Xn2

X13 X23 X33 · · · Xn3

X14 X24 X34 · · · Xn4

X15 X25 · · · · · · Xn5

X16 · · · · · · · · · Xn6

⎤

⎥⎥⎥⎥⎥⎥⎥⎦

For the furniture j with the modeling A j ∈ A in a category, its feature value is{
X j1, X j2, X j3, X j4, X j5, X j6

}
,

It can constitute a 6D feature vector,

X j = (x1, x2, x3, x4, x5, x6)
T (11)

According to the 6 feature values, for the evaluation of the furniture model A j , it
can be judged to belong to category G1 or category G2.

Definition 2 construct the linear discriminant function facing furniture model, its
form is

u(x) = aTx = a1x1 + a2x2 + a3x3 + · · · + a6x6 (12)

In formula (12): u(x) is the discriminant value, x1,x6 x2 are the 6 feature values
based on the hot spot image of the furniture models of a category, a1, a2, …a6 are
discriminant coefficients and the weights of the discriminant feature values. The
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following decision-making rule is used for the binary classification judgment of the
furniture models:

u(x) =
⎧
⎨

⎩

< 0 S belongs toG1

> 0 S belongs toG2

= 0 belongs to any category above or rejects classification
(13)

4 Design of Experimental Method for the Evaluation
of Traditional Folk Furniture Models in Eastern Fujian

4.1 Selection of Training Samples and Related Eye
Movement Hot Spot Images

It is confirmed that the furniture models of each category can be classified as very
like (G1) and dislike (G2).

Eye movement experiment is carried out with the subjective scale for the purpose
of visual aesthetics. The mean value and median value of preference of all samples
of each group are used as the reference; the samples with the highest and lowest
scores in each group are selected as training samples; and the eye movement hot spot
images of these samples are extracted for feature analysis.

4.2 Feature Data Extraction of Eye Movement Hot Spot
Images of Training Samples

Based on MATLAB software [9], take a group of samples as the example to extract
the features of digital graphic processing of the eye movement hot spot images of
the two training samples with the highest and lowest scores of preference. The two
training samples both have eye movement hot spot images of 15 subjects, which are
generated by eye movement instrument, and the process is as follows:

1. Subtract with the generated eye movement hot spot image and its original image
without hot spot to remove the background of the training materials [10] and
carry out quantization and coding to color information and extract the hue value;

2. Process the pure hot spot color image of which the background is removed into
a gray image and then further transforms it into a gray histogram;

3. Extract the feature indexes of the eye movement hot spot images of 15 subjects
and then make the statistical table according to the scores of preference from
high to low.
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Fig. 1 Hot spot peeling and gray effect of training sample No. 1

5 Establishment and Verification of Discriminant Function
Models for the Evaluation of Traditional South Official
Hat Chairs in Eastern Fujian

5.1 Selection and Feature Extraction of Eye Movement Hot
Spot Image

The experiment result shows that the mean value of preference of all samples is 0.47
and the median is 0.43. The highest and lowest scores are 1.00 (original sample 6)
and 0.13 (original sample 5), respectively, which are of typical significance. They are
selected as training samples and numbered No.1 and No.2, respectively. Background
removal and gray processing are carried out to all subjects’ eye movement hot spot
images about these two pieces of furniture, and the processing effect is shown in
Fig. 1.

After processing the 15 subjects’ eye movement hot spot images, the statistical
value of the feature index is shown in Table 2.

5.2 Establishment and Test of Discriminant Function Model

(1) Establishment of the discriminant function model
In the R software environment, call the function discriminiant.fisher() to write
[11], and input Table 2 as the training sample. The obtained discriminant
equation is as follows:

u(x) = 0.6188x1 − 0.0037x2 + 0.3895x3 − 0.0118x4 − 12.6449x5 − 0.2055x6
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Table 2 Analysis results of training sample No. 1

Subjects X1 = μ X2 = σ 2 X3 = μS X4 = μK X5 = μN X6 = H

1 1.9644 69.3177 11.4361 145.2446 0.9284 4.2064

2 3.5503 179.4820 6.4695 45.3709 0.8587 8.6251

3 3.1027 153.6397 8.0989 79.3796 0.8743 7.5593

4 2.7971 119.8173 7.9331 70.5355 0.8817 7.2676

5 3.2902 186.7135 7.4103 62.9334 0.8875 6.8390

6 3.2882 148.2194 6.8577 51.8819 0.8510 9.2948

7 4.0515 203.6368 6.2889 48.0101 0.8190 11.4977

8 4.2516 219.9634 5.7513 35.6603 0.8043 12.2386

9 2.7984 111.2022 8.0369 73.7647 0.8638 8.4157

10 2.4817 104.0897 8.8596 87.6951 0.9072 5.5102

11 4.3621 245.9518 5.5940 32.7950 0.8254 11.0471

12 3.3764 155.8286 6.7426 50.0881 0.8444 9.7430

13 2.8831 105.9707 7.5537 66.2359 0.8461 9.7067

14 3.6050 163.6870 6.6256 49.3398 0.8159 11.4926

15 3.8575 218.9424 6.4405 47.7556 0.8595 8.5999

It is the discriminant of category II of the models of south official hat chairs.
Take 0 as the dividing point to carry out the eye tracking test for the user and
substitute the feature values of his hot spot image into the discriminant equation.
If the score is greater than 0, it indicates that the user does not like the chair,
and if the score is less than 0, it indicates that the user likes the chair.

(2) Test of the discriminant function model
Select the models of south official hat chairs as the samples to test the above
function models, and process the tested hot spot image and extract the feature
values according to the above process. Compare the results with those of SD
scale (−2 ~ 2). The T-test results of the independent samples show that P =
0.079, and there is no significant difference in the results.

6 Conclusion

The traditional folk furniture in eastern Fujian has rich and beautiful modeling, inge-
nious structure, elegant and popular decorative theme and exquisite and restrained
expression which condenses the aesthetic emotion and rich philosophy of the local
people. The inheritance of design of these design ideas is the contemporary expres-
sion of regional culture. According to today’s life and consumption style, it shall not
only absorb its classic modeling form, but also pay attention to the understanding,
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expression, and sublimation of the regional cultural symbols, and use more accu-
rate and richer design forms to awaken people’s memory and sense of identity of
the traditional culture, so that the traditional ideas and modern design and life can
complement each other.
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Design of College Student Luggage Based
on User Experience

Xiao Han, Ting Dong, Dongli Wang, and Xin Chen

Abstract It aims to redesign the college student luggage by surveying local college
students’ luggage usage habits and introducing the method of user experience trip
in service design. The study used questionnaire, external observation, participatory
observation and indirect observation methods. Use the customer journal map to
visualize the user needs and experience process. Identify typical user roles, and
summarize design opportunities. Clarify the characteristics and needs of college
students in the process of using luggage, and propose a more usable luggage design
plan to meeting the habits of college students. In the process of researching user
needs, while meeting the basic requirements for product usability, we should pay
more attention to the user’s emotional needs in the process of using the product.
Design product functions from the perspective of users’ psychological feelings and
behaviors as much as possible to make product services more suitable for user needs.

Keywords User experience map · Service design · College student · Luggage

1 Introduction

As a large group with frequent cross-regional exchanges, the demand for luggage
products by college students is increasing [1]. In recent years, the user groups and
user scenarios of luggage have been subdivided. But college students, as an important
user group of luggage products, have not received enough attention. At present, the
solutions proposed by domestic and foreign product manufacturers to the traditional
luggage pain point research institutes are highly homogenized and cannot be well
applied to the current status of domestic college students’ travel [4]. For this reason,
it is necessary to research the characteristics of the college students and find their
unique needs in the process of using the product in order to achieve a better using
experience.
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2 User Experience Design and Customer Journal Map

User experience was proposed by interaction design expert Donald Norman, which
refers to the purely subjective experience established by users in the process of using
the product. In the context of technology development and consumption upgrade, the
form of technological innovation is changing. User experience is more concerned by
designers and consumers, that is, how products or services connect with users and
play a role, and how people “contact” and “use” products [3]. The service experience
is composed of service contacts, presented by service contacts [8]. User experience
design methods can help designers better grasp the commonality of specific users on
the experience level, bringing better user experience and stronger user stickiness to
products.

Service design emphasizes the design of service experience for different service
contacts of the target user. Sort out the user touchpoints during product use, using the
UX journeymethod [9]. The user journeymapused in thisway is a formof visualizing
flowcharts to show the user needs and experiences in the service process. The most
important thing is the user’s behaviors and psychological feelings during the process
[7]. The corresponding touch points, emotions, and pain points are integrated to
identify pain points and find opportunities for product design.

2.1 User Analysis and Role Building of College Students

A questionnaire survey for students of Jiangsu University was used to investigate
the use of luggage among college students. In March 2019, 206 questionnaires were
issued through the online questionnaire. Statistics and analysis of the questionnaire
data can draw some conclusions.

• The luggage size of the respondents is mainly 24–28 inches, and the price is less
than 550 yuan. They have higher requirements on the durability and aesthetics of
the products. In terms of storage, most people said that they would classify and
place the items, and the bulge of luggage pull rod in the interior and the storage
of shoes often bothered them.

• In terms of use, majority of respondents said that they had encountered the situ-
ation that the luggage was inconvenient to carry when traveling, and when the
luggage was not in the sight range, they would worry about financial safety, with
an average score of 4.87 in the 7-level Likert scale. When they need to pick
up things from the suitcase, inconvenient opening and closing the suitcase and
worrying about being seen by others are their main concerns.

• Cross-analysis of suitcase usage habits based onuser gender can also see the differ-
ence: Female users have more suitcases thanmen. They prefer to use personalized
identification stickers to improve suitcase recognition; men’s luggage is generally
slightly larger than women’s, and they are more inclined to identify the suitcase
by its shape. In the use of shelves when traveling by high-speed rail, female
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respondents are often troubled by the weight of the luggage, while men are often
troubled that the size of the luggage is too large to be placed on the shelves.
Among college students participating in the questionnaire, women have higher
concerns about financial security and personal privacy than men (Fig. 1).

The method of establishing user roles can reduce the risk of designers relying
on subjective speculations to provide a basis for understanding the real needs of
users, better serving different types of users [2]. Analyzing the survey results can
cluster users, identify typical users of college students’ luggage, and determine user
roles. After a preliminary investigation, it can be seen that college students often
use backpacks and handbags when traveling with luggage. Electronic products are
used more frequently. In the school dormitory environment, the luggage also plays
a storage function (Fig. 2).

Fig. 1 Data analysis of some questionnaires

Fig. 2 Typical user portrait of college student luggage
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2.2 Construction of University Students’ Luggage Customer
Journey Maps and Pain Points and Opportunities

The customers’ journey map covers the user journey stages, requirement, behavior,
emotion, pain point, and opportunity point. By integrating these elements in the
journey map, designer can clearly see the corresponding relationship between the
elements and it is easy to find out the design opportunity points in the product use
process. The behavior of users in the context of returning home and school is mainly
divided into three stages: packing up, using and moving, and dormitory storage
(Fig. 3).

According to the user journey map, we can conclude that for Chen Pengfei, the
problem of sorting, moving, and accessing luggage is the main reason for depres-
sion. For Dong Qian, the handling of the suitcase and the financial security in a

Fig. 3 Customer journal map for typical user
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crowded environment will greatly reduce her experience. We can find design oppor-
tunities from customer journal map and consider design improvements in terms of
luggage storage, storage, handling, alarming, and improving the compatibility of the
dormitory environment.

2.3 In-Depth Research

Focus on user pain points and product design opportunities to conduct in-depth
research on users and luggage products on the market.

1. In terms of storage items

In the previous questionnaire survey, most users indicated that items would be clas-
sified and stored. In order to understand the classification habits of users, we used
thinking aloud to observe the classification and storage process of eight typical users
in the context of returning home and school. Thinking aloud is widely used in the
study of the thinking process of specific groups of people, and it can reflect the
thinking process of the user in a specific working state [10]. After certain training
and habitual thinking methods, users can choose their own types of luggage and
place travel items in accordance with their storage habits. At the same time, investi-
gators record the thinking process and count the types and placement of objects after
completion position (Fig. 4).

2. In terms of using and moving

Through the full-participation observation method, take the high-speed rail to
Shanghai and from Zhenjiang to learn about the user’s experience during the trip.
According to the previous questionnaire survey, we learned that users have high

Fig. 4 Luggage item storage classification chart by thinking aloud
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Fig. 5 Visualization of damage observations

requirements for the durability of the luggage, and the damage to the luggage mainly
comes from the handling process. Choose to indirectly observe the damage signs
of the luggage to trace and understand the possible sources of injury during the
transportation process [5] (Fig. 5).

3 Product Improvement Innovation

The innovative design of the luggage described in the article is targeted at the group
of college students who shuttle between home and school frequently. The shape of it
meets the taste of young people. The product is more convenient to handle and use,
adding intelligent functions.Product innovation design is based on user experience.

3.1 Design Concept

The product concept is based on the research results and design innovation. Using
structural design knowledge and brainstormingmethods in combinationwith existing
luggage design concepts, mainly by raising the crests, filling the emotional troughs
and optimizing the critical moments of contact with customers User experience.

According to the collation results after the storage by the think-aloud observation,
no particularly obvious commonality in storage habits was found. Therefore, more
consideration is given to the planning of the internal space to make the internal space
of the luggage more regular.

In terms of accessing items, most of the interviewees said that they need to
temporarily access items such as certificates and ticket manuals during the trip.
Considering the situation of the external tie rod, there will be a small amount of flat
space for the tie rod and the luggage. So that designers set a small mezzanine between
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the two levers to facilitate the user’s access to ticket. The opening and closing posi-
tion of the luggage is shifted away from the side of the tie rod. This way of opening
the luggage allows the luggage to be used in a smaller space, which meets the needs
of the user in schools with high traffic or limited space. Open and closed suitcase
needs in the dormitory scenario.

The inconvenience of the luggage in moving is mainly reflected in two aspects:
weight and poor placement. The weight mainly comes from the difficulty of reducing
theweight of the items stored by the user. Combinedwith previous research, the price
of luggage purchased by college students is mainly concentrated below 550 yuan,
which is a mid-to-low-end positioning on the market. So, designers could not add
the self-driving and auto-following design. In order to optimize the man–machine
relationship of the suitcases moving up and down from the high-speed rail racks,
designers utilize the mezzanine bottom space of the external pull rod to increase the
handle. Designers flatten the top of the luggage by using soft handles and recessing
around the top, in order to optimize the luggage experience as a storage table and
seat during the user’s journey.

From the collected damage traces of the luggage, we learned that themost severely
damaged portion of the luggage is the universal wheel. The damage mainly comes
from bumps during dragging and shocks similar to violent consignment, and it is
mainly caused by bumps and scratches which concentrated on the four corners of the
box away from the rod. Designers avoid this kind of shock by locking and retracting
the caster; at the same time, the shrinkable universal wheel is beneficial to meet the
cleaning requirements of storage in the dormitory environment.

Although the concept of a luggagedesignwith its ownpower supply and intelligent
services has emerged, such designs can easily reduce the durability of the luggage
and are more difficult to implement in the market positioning that users generally
choose. We are considering designing a functional accessory for the luggage, which
can be installed on the top of the luggage to provide electrical power for the user’s
electronic equipment, as well as provide the luggage positioning alarm function.

According to the situation of college students returning from home to school,
they have strong independence and are usually a person traveling. They are prone to
loneliness during the journey due to the change in the social circle accompanying
the change of location. It can meet the hidden needs of users through the modeling
semantics of “companion” and certain functional services, and pass the emotional
care of products to users [6] (Fig. 6).

3.2 Product Design Presentation

Based on the above design concept, on the basis of the original luggage structure
model, the three-dimensional modeling software Rhino andCreowere used to model
the structure of the product, and the material and model were given in combination
with the renderer KeyShot to derive the product rendering.
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Fig. 6 Product concept sketch

The main design point of the product is to optimize the product storage space and
the picking and carrying function by asymmetric opening, external tie rods, and the
use of external tie rods to set the pickup sandwich, and use the method of locking
and retracting the universal wheel to enhance luggage. The durability of the box,
combined with smart accessories, provides users with location alarms and travel
care (Fig. 7).

4 Summary

User experience is a new category in the field of product design in recent years.
Based on the user experience journey method, designers can understand users more
comprehensively and intuitively. They are able to propose product designs centered
on the user. This article studies the questionnaire method and interview method,
and observation conducts user surveys to identify typical users. Combined with the
customer journey map method, the user’s behaviors, emotions, and requirements are
analyzed, the pain points of the user in the process of using the product are sorted
out, and the product design opportunities are explored. From the user’s perspective,
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Fig. 7 Product illustration

the luggage design scheme for college students is proposed, which provides a refer-
ence for the future user’s more segmented luggage product design, which has good
practical significance.
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The Usability of Advance Intersection
Lane Control Signs at Intersections

Leibing An, Jun Ma, and Dan Zhao

Abstract Objectives To examine what and how factors affect the usability of
Advance Intersection Lane Control (AILC) signs. Method The naturalistic driving
test method and the eye tracker system were used to collect data of drivers using
AILC signs and arrow markings. A binary logistic regression model was established
to identify contributing factors of the usability of signs. Results The usability of
signs is positively correlated with the need of lane change, the number of lanes, and
the number of vehicles lined up in front, while negatively correlated with the lateral
distance between driver and sign and the use of arrow markings. The eye movement
data of drivers using AILC signs are significantly different from those of using arrow
markings by t-test: Drivers spend a shorter time in using signs, which means that
the efficiency of signs is higher than that of markings. However, the utilization rate
of signs is lower. Conclusions AILC signs convey information efficiently but are
ignored frequently for the improper position. It is suggested that we can improve
the self-explaining properties of roads or change the form of signs to upgrade guide
services provided by the road environment.

Keywords Usability of traffic sign · Naturalistic driving · Advance intersection
lane control sign · Situation awareness

1 Introduction

Drivers face three stages of decision-making when approaching an intersection:
driving route choice, lane choice, and driving operation. First, drivers make choices
among the different routes depending on the destination. Then, they decide to choose
a specific lane to go straight or make a turn. Finally, drivers take appropriate opera-
tion based on the traffic condition. Among them, if lane choice is not smooth, it may
impact on route choice and lead to driving errors [1].
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Lane choice problems are related to factors such as lane configuration and traffic
facilities. In thewake of increasingmeasures such as settingmultiple left-turn lanes to
reconstruct intersection to solve heavy traffic jams, roads lost regularity, consistency
and became unpredictable [2]. It is related to the concept of “self-explaining road”
which means drivers would develop expectations of the road without additional
explanation for the fixed pattern [3]. And the expectations are based on the schemata
and good situation awareness drivers developed in their brain when they encounter a
relatively certain and easy situation, which may lead to correct driving behaviors [4,
5].However, because of the uncertainty and irregularity of current road environments,
drivers can no longer form predictions about the road, because the complicated
situation could not help them to develop clear schema in their brain [6]. Drivers
must rely on traffic signs and other facilities, which inform drivers to take actions
that are necessary for the situation ahead [7]. This prior knowledge is essential for
safe driving, especially on roads lacking self-explanation. The road environment,
especially road sign, is increasingly important in the study of the driver–vehicle–
environment system [8].

Advance intersection lane control (AILC) signs are the most commonly used
signs on urban roads in China. These signs are usually cantilevered and indicate the
configuration of all lanes ahead [9]. In the past, most studies focused on the visibility
of signs including text, color, and other characteristics [10–12], while usability is a
broader concept involving form and other characteristics of signs affecting driver’s
psychology. Drivers always ignore traffic signs which are located improperly and
make good visibility of signs meaningless [13].

Usability is a significant concept in ergonomics. The definition given by the IEEE
(1990) is as follows: Usability is the convenience for users to learn the operation of
a system or component, prepare inputs, and interpret outputs [14]. According to ISO
9241, usability includes effectiveness, efficiency, and satisfaction [15]. Traffic signs
provide drivers with guide services. From the perspective of usability, the effective-
ness of signs focuses on results, which means they should effectively guide drivers
to accomplish driving tasks; efficiency emphasizes that the process of acquiring sign
information takes a short time.

Based on a long-term investigation, this study put forward the following
hypotheses: a. The effectiveness of the AILC sign is weak, and the utilization rate
of it is low. b. The effectiveness of AILC signs is correlated with the number of
lanes, the use of arrow markings, etc. In the case of multiple lanes (especially more
than four), drivers in the fast lane rarely use AILC signs but use arrow markings.
c. Although drivers often use arrow markings, the efficiency of arrow markings is
lower than that of AILC signs. Arrow markings are not an ideal alternative to AILC
signs.
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2 Data Collection

2.1 Naturalistic Driving Test

The naturalistic driving test and eye tracker system were employed with ErgoLAB
multimodal data synchronization cloud platform to collect relevant parameters of
using facilities during driving.A total of 12 driverswith normal visionwere recruited,
and all of them had a driving age of more than one year. They were unfamiliar
with the experimental route. No mobile navigation equipment was allowed during
driving. Eye movement data of drivers were recorded at a frequency of 30 times per
minute, and the road condition was recorded synchronously (Fig. 1). There were
two personnel monitoring data in the test vehicle to ensure that the equipment was
running normally and recording the driving events. After driving, drivers completed
a questionnaire to collect basic information such as age and gender. Then drivers
watched the driving replay to recall the psychological activities while driving and
were asked some questions about the process.

The test required drivers to follow the given route, with a total length of 15.9 km,
passing seven arterial roads, three sub-trunk roads, and two branch ways. Drivers
needed to turn left five times, go straight through intersection 24 times, and turn
right once; and the route contained 28 signalized intersections and two unsignalized
intersections. There were 14 intersections with AILC signs and 16 without AILC
signs. The distribution of AILC signs was as shown in Table 1.

The eye tracker equipment was greatly affected by the sunlight, and the missing
and abnormal values of eye movement data were removed. After processing, the eye
movement data of seven drivers (including 102 records of using facilities) were valid
samples. We also collected environment information and behavior of drivers.

Fig. 1 Experimental scenes and eye movement process of drivers showed in ErgoLAB platform
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Table 1 Information about the installation of AILC signs on test intersections

Number of
lanes

Number of
intersections

Sign setting
rate (%)

Number of
lanes

Number of
intersections

Sign setting
rate (%)

2 6 0.00 5 5 80.00

3 7 14.29 6 3 66.67

4 9 88.89 More than 6 0 0.00

Table 2 Parameter index of eye movement characteristics

Eye movement characteristics Indicator meaning

AOI total saccade duration Sum of duration of each entry in the area of interest

AOI average saccade duration Average time per visit to this area of interest

AOI saccade count Visits to this area of interest

AOI total fixation duration Total duration of fixation at the area of interest

AOI average fixation duration Average time of fixation at the area of interest

AOI fixation count Number of fixations on the area of interest

2.2 Eye Movement Characteristics Data

On the platform interface, AILC signs and arrow markings were delineated as areas
of interest (AOI) where eye movement data were collected, including saccade and
fixation. Themeaning of each index is shown inTable 2. Themain difference between
saccade and fixation is that the former is the search for information without cognitive
processing, but the latter completes the information processing. The data are sorted
as follows: (a) If the saccade time at AOI of the sign is not 0 and the driver chooses
lane correctly (the forced lane change is not included), the sign is considered to be
effective; otherwise it is ineffective. (b) If the fixation time on signs is not 0 and the
lane choice is correct, use both the saccade and fixation to evaluate the efficiency of
the sign.

3 Usability Analyses of AILC Signs

3.1 Extraction of Factors Influencing Sign Usability

Lane choice behavior of drivers is affected by factors such as the availability of
facilities and traffic conditions. In this study, the effectiveness of the AILC sign
was the dependent variable, 13 other variables were extracted to perform correlation
analysis, and uncorrelated variables were eliminated. The results show the usability
of AILC signs is correlated with five factors. The variables are shown in Table 3.
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Table 3 Model variables and their explanations

Variable Symbolic Meaning

Effectiveness of sign Y If the eye movement data indicate that the
driver has seen the sign and chooses the
correct lane, then Y = 1, otherwise Y = 0

Need of lane change X1 Whether the driver needs to change lanes
before driving to the sign, “Yes” is 1 and
“No” is 0

Number of lanes X2 The number of lanes on the road (not at
the intersection) before the driver
approaches the sign, an integer from 2 to 5

Number of vehicles lined up in front X3 The number of vehicles lined up in the
lane which driver is in before the driver
approaches the sign

Use of arrow markings X4 If the eye movement data indicate that the
driver has seen the arrow marking, the
value is 1; otherwise it is 0

Lateral distance between driver and sign X5 We use the position of vehicle on the road
cross section (integer from 1 to 5) to
represent the distance, and when the
vehicle is in the near-side lane, the value
is 1

3.2 Model Building and Interpretation

Binary logistic regression was used to analyze the usability of AILC signs, and the
estimation results are shown in Table 4. As can be seen, every independent variable
has a significant impact (p < 0.05), and the overall goodness of fit of the model
is 40.5%, X2(5) = 30.855, p < 0.001, indicating the model reveals the impact of
influencing factors for dependent variable well. The prediction accuracy of themodel
is 85.1%. Analysis of coefficients is as follows:

Table 4 Analysis of factors affecting the usability of AILC signs

Coefficients
(β̂)

Standard error p-value Odds ratio 95% confidence interval

Lower-bound Upper-bound

X1 1.443 0.680 0.034 4.235 1.118 16.043

X2 1.402 0.468 0.003 4.064 1.624 10.166

X3 0.140 0.070 0.044 1.151 1.004 1.319

X4 −1.295 0.628 0.039 0.274 0.080 0.937

X5 −1.286 0.540 0.017 0.276 0.096 0.796

Constant −3.369 1.325 0.011 0.034
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1. The coefficients ofX1,X2, andX3 are positive. TakeX1 as an example. The results
indicate that the need to change lanes greatly increases the estimated probability
of sign effectiveness. The odds ratio of sign effectiveness between lane change
required and lane change not required is 4.235. Similarly, each additional lane
on the road and each additional car in the queue ahead multiply the odds by
three times and 15.1%, respectively. Drivers are more likely to use signs in a
complicated environment.

2. The coefficients of X4 and X5 are negative. The odds ratio of sign effectiveness
between using markings and not using markings is 0.274, and we could infer that
the markings could be used as an alternative to AILC signs to a certain extent.
Each additional lane between driver and sign diminished the odds by 72.4%;
maybe it is the driving vision that restricts the effectiveness of signs, because
using AILC signs needs longer gaze distance and drivers have to look askance
at signs.

3.3 Analysis of Sign Use Efficiency

From the results above, it can be known that the effectiveness of AILC signs is
negatively correlated with the usage of arrow markings, and the effectiveness of
AILC signs is lower than that of arrowmarkings. Therefore, we studied the difference
between the two in efficiency to improve the usability of AILC signs.

3.3.1 Description of Eye Movement Data

Eye movement data at intersections were calculated where both AILC signs and
arrow markings existed (Table 5). Generally, a conclusion could be drawn that when
drivers use AILC signs, saccade and fixation time are shorter.

3.3.2 Difference of Eye Movement Data Between Signs and Markings

In order to further clarify the difference between signs and markings in efficiency,
t-test was performed, as shown in Table 6. Take AOI total saccade duration (s) as an
example; Levene’s test results show the two sets of data have unequal variances (F =
5.428, p < 0.05). Then the t-test results show the mean value difference is statistically
significant (t(28.4) = 2.694, p < 0.05).

Similarly, results indicate that the average saccade duration, total fixation duration,
and average fixation duration of drivers using AILC signs are significantly different
from arrow markings separately (t(24.3) = 3.282, p < 0.05; t(29.4) = 2.704, p <
0.05; t(42) = 2.439, p < 0.05).
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Table 5 Eye movement data of drivers using AILC signs and arrow markings

Sample size Minimum
value

Max value Average
value

Standard
deviation

AOI tota1
saccade
duration (s)

AILC
signs

21 0.033 0.700 0.283 0.1850

Arrow
markings

23 0.060 2.400 0.584 0.5007

AOI average
saccade
duration (s)

AILC
signs

21 0.033 0.273 0.159 0.0673

Arrow
markings

23 0.060 1.200 0.374 0.3059

AOI saccade
count

AILC
signs

21 1.000 3.000 1.760 0.8310

Arrow
markings

23 1.000 3.000 1.650 0.8320

AOI tota1
fixation
duration (s)

AILC
signs

21 0.060 0.840 0.270 0.1848

Arrow
markings

23 0.060 2.160 0.551 0.4605

AOI average
fixation
duration (s)

AILC
signs

21 0.060 0.260 0.149 0.0523

Arrow
markings

23 0.060 1.180 0.271 0.2228

AOI fixation
count

AILC
signs

21 1.000 5.000 1.810 0.9810

Arrow
markings

23 1.000 5.000 2.170 1.3020

As for AOI saccade count, Levene’s test results show the variances of two sets of
data are homogeneous. Then the t-test results show there is no significant difference
between drivers using AILC signs and arrow markings in saccade count. As well,
there is no significant difference between the two in fixation count.

It can be known that the saccade time and the fixation time of drivers using AILC
signs are shorter than arrow markings, which indicates that the searching time and
the cognition time are shorter when drivers use AILC signs.

4 Conclusions and Discussion

The results involve three aspects. First, determine whether drivers use AILC signs
and choose the correct lane through eye movement data and behavior data. If drivers
heed the AILC sign and choose the correct lane, the sign is effective. Results show
the effectiveness of the sign is poor (44.9%) and the usability is not good.
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Then, binary logistic regression was used to establish a model predicting the
effectiveness of AILC signs, which indicates the effectiveness of AILC signs is
positively correlated with the need of lane change, the number of lanes, and the
number of vehicles lined up in front, while negatively correlated with the lateral
distance between driver and sign and the use of arrow markings. As the number of
lanes increases, drivers should be more likely to use signs. However, when a vehicle
is in the fast lane of a multilane road, the effectiveness of AILC signs is worse,
indicating that the form of AILC signs makes the distance between driver and sign
longer and drivers have to look askance at them. It also shows for roadside signs,
the time for a driver to detect them depends on the position of vehicle on the road
cross section and the lateral offset of signs [16]. From a security perspective, drivers
should not move their eyes more than ten degrees away from the road ahead [17].
Then, when drivers miss AILC signs, they depend on arrow marking.

The t-test was used to explore the difference between AILC signs and arrow
markings in efficiency. Results indicate that drivers are more efficient in keeping
sights on signs and using them. The reason may be as follows: On the one hand, the
observation of arrowmarkings is a continuous process. Drivers notice arrowmarking
first and then keep track of it to know the whole arrow. The attention is more direct
to use signs, which is also mentioned by Costa [18]. On the other hand, when drivers
miss AILC signs in a complicated situation, they can only make up for the poor
situation awareness by detecting arrow markings. In a complicated environment,
using arrow markings is even more inefficient.

In summary, it is proposed to change the AILC sign to arrows for each lane
on separate signs and set them over the lane separately to improve the usability of
signs. Or we could improve the self-explaining properties of roads instead of setting
AILC signs to upgrade the quality of guide services provided by road environment.
However, this test is limited by the small number of samples and limited indicators.
The solution needs further research to be verified.
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Explore the Comfortable Seat Armrest
Height During the Upper Limb Motor
Imagery Training

Lu Liu, Xueying Sun, Hechen Zhang, and Feng He

Abstract In the upper limb motor imagery (MI) rehabilitation training, patients
need to naturally place their upper arm on the seat armrest for minimum 40 min.
The armrest height affects comfort and has become an important factor influ-
encing the training. In order to find the comfortable height, 19 healthy partici-
pants were invited to this study. Localized postural discomfort (LPD) body map
and comfort/discomfort questionnaire were used as subjective evaluation indicators.
Heart rate variability (HRV) and electroencephalogram (EEG) signals were recorded
as objective measures. Participants were asked to train tasks at different armrest
heights (83 cm, 86 cm, 89 cm, and 92 cm) in a same chair. The results indicated that
when the height is 89 cm, the participant’s overall comfort is the best, especially in
the quality of EEG signals. In conclusion, the height of arm placement during theMI
training may affect the user’s comfort experience. An appropriate height may obtain
high-quality EEG signals, which is helpful to the rehabilitation training.

Keywords MI-BCI · Comfort · Rehabilitation chair · Seat armrest height

1 Introduction

Ergonomically sized products which improve work efficiency and reduce error rates
can provide users with a comfortable experience. In the motor imagery (MI) reha-
bilitation training, patients need to perform the motor imagery of upper limbs or
lower limbs based on the MI system [1]. Especially during upper limb rehabilita-
tion training, patients need to naturally place their upper arms on the seat armrests
for minimum 40 min. The height of the armrest has become an important factor in
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the training. It will affect the user experience and even cause poor quality of the
electroencephalogram (EEG) signals and affect the rehabilitation effectiveness.

A comfortable upper limb position can reduce stress on the human body. Wells
et al.’s research has showed that using elbow supports with the armrest can minimize
muscle load on the upper limbs [2]. Studies by Aaras et al. also demonstrated that
arm support can reduce spinal load [3] Meanwhile, in the medical field, the main
approaches to improve adverse outcomes (such as extended hospital stay, fatality,
incorrect treatment) still mainly due to industrial design and human factors [4].
Focusing on human–computer interaction (HCI), Raffaele et al. studied that if the
upper limbs are supported by armrests during laparoscopic surgery, the accuracy of
laparoscopic surgery can be improved [5].

Many physicians are overly focused on the effects of medicaments on the treat-
ment of patients while neglecting the user experience of the medical device. As a
result, many medical devices still maintain poor design and are not improved [2]. Jie
Zhou et al. conducted an ergonomic study regarding the position of the brake pedals
and armrests in hospital beds. Their research showed that improper position of the
brake pedal can cause injuries to the lumbar spine of medical staff and bring a poor
experience for patients [6].

As motor imagery brain computer interface (MI-BCI) is researched more deeply
and applied more widely, its user group is also constantly expanding and may even
develop into a new interactionmode. Although the current research has some support
for the function and reliability ofMI-BCI, the basic research of ergonomics for related
devices is seldom [7].

The objective of this study is to find the optimal seat armrest height to optimize
the user experience, improve the quality of EEG signals during MI training, and
increase the purity of EEG signals.

2 Experiment

2.1 Experiment Plan

In order to explore the comfort of MI training at different seat armrest heights, an
experiment was designed. Participants need to complete two parts of an MI task at
four armrest heights of 83 cm, 86 cm, 89 cm, and 92 cm, respectively.

The first part is a pilot test, and the data was not collected. During the test,
participants were trained and instructed onMI tasks. Through such process, they can
identify the experimental purpose, process and specific MI tasks. In this way, we
ensure that they can meet the task requirements and proficient in imaginary actions.

The second part is the formal experiment, and the data were recorded. Participants
were asked to perform MI tasks at four different seat armrest heights, respectively.
Each height was randomly set to avoid the impact of fatigue at the later stage on
the experimental results. The specific process is as follows: The computer is used to
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Fig. 1 Required time to complete one unit of imagery using stimuli

display the video stimulus material. The participant watched it and interacted with
action imagery at the same time. The stimulus material is some directional icons that
appears randomly for 3 s and then enters a 7-s blank. These 10 s are a set of action
imagery, like shown in Fig. 1.

Participant was asked to start imagining when he saw a directional icon until the
next one appeared. Each piece of data contains the participant’s action label and the
length of actual sampled data (7 s). After each height test, the participant needed to
scan QR code with their mobile phone to complete three subjective questionnaires
regarding comfort/discomfort and emotional effects.

Before the experiment, the participant needs 20mins towear the devices, including
EEG cap with the conductive paste (no damage), heart rate and skin conductance
recorder. In the experiment, the first part takes 3 min. The second part takes 6 min,
including 3 min for the formal experiment and 3 min for the questionnaires. Each
height-experiment consists of the two parts. It takes about 56 min for one participant
to complete the entire content.

2.2 Equipments and Materials

The experiment setup is shown in Fig. 2. Each participant should wear: (1) An EEG
acquisition equipment (Brand:NeuroSky)with a sampling frequencyof 1024Hz.The
matched EEG cap with 64 active electrodes uses 10–20 system for data collection.
(2) Heart rate recorder (Brand: Ergolab) is used to measure participants’ heart rate
variability (HRV) during the experiment. (3) An ordinary computer is placed directly
in front of the participant to play the stimuli.

The materials for this experiment are as follows: (1) Questionnaires include the
comfort/discomfort questionnaire, local postural discomfort (LPD, 19 questions). (2)
A self-made height-adjustable armrest bracket was used in the experiment instead of
the armrests of the original seat to adjust different height. (3) The stimulus materials
are arrow icons in four directions: up, down, left, and right (Table 1).
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Fig. 2 Experiment setup

Table 1 Imagination actions corresponding to four arrow icons

↑ ↓ ← →
Tongue against palate Calf pacing Grab the ball with your left

hand
Grab the ball with your right
hand

2.3 Participants

A total of 19 healthy participants (11men and 8women, right-handed) were recruited
into this experiment. Their basic information is shown in Table 2.

3 Results

All collected subjective data was preprocessed, where MinMaxScaler [8] was used
to normalize all data to the span from 0 to 1. The student t-test was used to determine
the statistical difference between the two sets of data.

Table 2 Basic information of
the participants

Quantity (n) Age (years) Height (cm) Weight (kg)

19 24.4 ± 3.35 171.8 ± 7.2 66.4 ± 13.1
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Fig. 3 Comfort/discomfort regarding the four height-settings (0: min, 1: max)

3.1 The Results of Comfort/Discomfort Questionnaire

The normalized results of the comfort/discomfort questionnaire for the four different
heights are shown in Fig. 3. Green represents the level of comfort, and yellow repre-
sents discomfort. It can be observed that when the height is 83 cm (mean = 0.63,
STD = 0.31), the comfort is significantly better than 92 cm (mean = 0.29, STD =
0.58). In the other two options, 86 cm (mean = 0.39, STD = 0.56) and 89 cm (mean
= 0.38, STD = 0.35) are slightly different, but those differences are not statisti-
cally significant (P = 0.90). Regarding discomfort, the means and STDs of the four
height-settings are 0.39 ± 0.26 (83 cm), 0.56 ± 0.39 (86 cm), 0.46 ± 0.29 (89 cm),
and 0.59 ± 0.38(92 cm). There is no significant difference between the four heights
(P > 0.05).

3.2 The Result of LPD Body Map

Figure 4 shows the result of LPD body map. The study found that the participants
only have significant differences under Q (left hand), S (neck), X (right shoulder), G
(right back), and P (right hip). There are no significant differences in the remaining
parts (P > 0.05). RegardingQ (left hand), 86 cm is slightly better than 89 cm, but it has
no statistical significance (P = 0.82), followed by 83 cm. The worst is 92 cm. Only
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Fig. 4 Normalized scores of LPD on four height-settings (vertical axis: discomfort, 0 = minimal
level, 1 = maximal level, horizontal axis definitions can be found in [9], except W = head)

in X (right shoulder), the maximum score is 86 cm. The rest (S, G, P) scores were
best at 89 cm. Overall, when the height was 89 cm (average = 0.27, STD = 0.08),
the comfort level was better than 83 cm (P = 0.02, average 0.33, STD = 0.07) and
92 cm (P = 0.02, average = 0.37, STD = 0.10). Although they are slightly different
from 86 cm (mean = 0.29, STD = 0.10), these are not statistically significant (P =
0.56).

3.3 HRV Index

The four different heights have different effects on the HRV characteristics of the
participants (as shown in Table 3), which can be observed by the differences in the
Standard Deviation of the Normal, Normal (R-R) intervals (SDNN), and Proportion
of NN50 divided by the total number of normal to normal (R-R) intervals (PNN50)
and HF% (HF/(VLF + LF + HF), HF is a high frequency band of 0.15–0.4 Hz.
LF is a low frequency band of 0.04–0.15 Hz. VLF is a very low frequency band of
0.003–0.4 Hz). The results show that regarding SDNN, the score was slightly higher
than the other three, when the height was 89 cm. The lowest score was at 86 cm,
which was not statistically significant (P = 0.17). Regarding HF%, the score of the
height 89 cm was the lowest. But it was not statistically significant (P = 0.24, P =
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Table 3 Mean values of features of HRV regarding four different armrest heights

SDNN (ms) PNN50 (%) HF (%)

83 104.24 24.102 44.31

86 86.99 20.26 46.64

89 126.78 21.75 42.45

92 107.13 23.53 45.66

0.42). Regarding PNN50, the score of the height 83 cm was the highest. But it was
still not statistically significant (P = 0.43).

3.4 EEG Signals Quality

The result of EEG signal quality of 19 participants at four heights is shown in Table
4, and the calculation method can be found in the discussion. The results show that

Table 4 EEG signal quality of all participants at four different armrest heights

mv2 ‘83’ ‘86’ ‘89’ ‘92’ min

1 3.68135E−12 3.68454E−12 5.84601E−12 5.72648E−12 83

2 1.55881E−12 1.58247E−12 1.35106E−12 1.74098E−12 89

3 1.09798E−13 5.23184E−13 7.89148E−13 1.19259E−13 83

4 2.82898E−11 1.45584E−11 4.12511E−11 2.02345E−11 86

5 7.04773E−14 8.69623E−14 2.09302E−13 7.59660E−14 83

6 3.88568E−14 2.51990E−14 3.20746E−14 2.82311E−14 86

7 7.37252E−15 1.12622E−14 6.78513E−15 8.47270E−15 89

8 4.71921E−14 6.22805E−14 8.11677E−14 5.27851E−14 83

9 2.35743E−12 1.47878E−12 1.75612E−12 1.37172E−12 92

10 1.71719E−12 1.22319E−12 1.02688E−12 5.70432E−12 89

11 1.00540E−11 5.33061E−12 3.98196E−12 7.92126E−12 89

12 4.16228E−12 3.39644E−12 3.06452E−12 3.16454E−12 89

13 1.36791E−15 5.26427E−15 9.80703E−16 1.75997E−15 89

14 4.99751E−14 4.05605E−14 3.13627E−14 9.03451E−14 89

15 5.47580E−13 2.65747E−13 2.09809E−13 3.48865E−13 89

16 1.66043E−15 1.43792E−15 3.21619E−15 2.06138E−15 86

17 6.62606E−14 7.30896E−14 6.32695E−14 6.96338E−14 89

18 2.55539E−13 1.64701E−13 3.73881E−13 1.9982E−13 86

19 1.31461E−13 1.70819E−13 1.14673E−13 1.03785E−13 92
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different participant showed different seat armrest comfort heights. Nine of the 19
participants were preferred armrest height at 89 cm, while only two were at 92 cm.

4 Discussions

Vink and Hallbeck defined comfort as ‘a pleasant state or a feeling of relaxation of
human beings in their environment’ and discomfort as ‘an unpleasant state of the
human body in their physical environment’ [10]. The research in this article still
follows this conclusion.

From the results of the LPD body map, it can be concluded that when using the
89 cmheight, the participant’s discomfort in different parts of the bodywas lower than
other subjects, which is mainly due to changes in the participant’s mood. Previous
studies have shown that HRV can be used as an objective measure of assessing
emotional response [11], because the features of HRV are significantly correlated
with happiness and sadness [12]. The research by Ryuya et al. proves that HF% can
be used as a better tool to evaluate comfort [13]. In this experiment, the larger values
of SDNN and HF% indicated that 89 cm as the user’s first choice for the height
can bring a more comfortable experience and trigger user’s positive emotions, while
significantly improving the collected EEG signal quality.

In addition to recording and analysing the subjective and objective data, the influ-
ence of different heights on EEG signals is also been focused in this study. Because
the EEG signal has the features of random signals of non-stationary, non-linear, non-
Gaussian processes, we cannot apply a specific model to extract the EEG signal.
However, after the unremitting efforts of many researchers, we can know that the
frequency domain of EEG signals is in the range of 0–50 Hz [14]. Most of the EEG
studies focused on five frequency bands such as α, β,μ, θ, and δ [15]. In this study, we
use wavelet packet [16] to decompose the 64-channel EEG signal into five sub-bands
and then get a reconstructed signal matrix N. A formula was defined to calculate the
distance between the original signal matrix R, and reconstruct signal matrix N. It’s
used to judge the quality of the collected signal. The formula is as follows:

1

64N

64∑

j=1

(
N−1∑

i=0

(
Ri j − Ni j

)2
)

Through this method to analyse the EEG signal collected from the same subject
at four different heights, it can be known that the smaller the difference the less noise
was mixed in the collected data, which implied the less for this subject’s influence
due to external changes. From the result in Table 4, we collected that half of the
participants have the minimum value of mean square of the EEG signal noise at the
height of 89 cm.
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5 Limitations

There are some limitations to this study. Firstly, all participants were young, and
most of them were students. In fact, stroke patients are currently users during BCI
rehabilitation treatment, so the participants in this study may have some deviations
in their understanding of comfort. Secondly, in the results of comfort/discomfort
questionnaire, the comfort scores in descending order are 83 cm, 86 cm, 89 cm, and
92 cm. This is inconsistent with the results presented by other data, which may be
due to the subject’s bias in understanding the concepts of comfort and discomfort.

6 Conclusion

This study found that the 89 cm seat armrest height is the best choice for user
comfort and EEG signal quality in motor imagery training. With this height, it can
be obtained comfortable posture andminimal discomfort. In order tomore effectively
collect EEG data with better quality and improve the treatment effect, more attention
should be paid to similar configurations in this MI-BCI training.

Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Tianjin University.

All subjects who participated in the experiment were provided with and signed an informed
consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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A Generation Method and Verification
of Virtual Dataset

Pengxin Ding, Qingyang Shen, Tianguo Huang, and Minghui Wang

Abstract Target To construct amethod for generating object detection dataset based
on the virtual environment. The generated dataset can be used for object detection
tasks based on deep learning algorithms.Methods The procedural generationmethod
was used to create the city’s virtual environment, and also computer graphics were
used for rendering and automatic labeling. Results We constructed a virtual reality
environment and collected 1500 images through the virtual environment, including
1307 images containing valid vehicle and pedestrian information, and trained a deep
learning model based on this dataset. Conclusions A virtual reality environment is
successfully created, and the generated dataset can be used to train deep learning
object detection algorithms, and the trained models can also effectively perform
object detection in real world.

Keywords Virtual reality · Deep learning · Object detection · Dataset

1 Introduction

Creating a deep learning dataset is time-consuming and laborious, in order to solve
this problem, we propose to use a virtual environment to generate datasets and use
them to train and evaluate object detection algorithms.We name the dataset generated
by virtual environment a virtual dataset. A virtual dataset is a collection of images
and annotations. Through the experiments, we proved that the virtual dataset can be
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used to train object detection algorithms, and models that were trained by virtual
dataset can be effectively applied in real-world images.

The synthetic image of the virtual dataset has great advantages over real-world
dataset. The first is that it can quickly obtain large batches of data for training neural
networks [1], and the second is that it can save a lot of time when labeling datasets
and get accurate labeling. In terms of social impact, the use of cameras and other
data obtained in the real world requires consideration of personal privacy, laws and
regulations. While in virtual datasets, those needs are no longer considered at all.

2 City Virtual Environment Content Generation
Technology

The virtual environment is used to generate the object detection dataset. The idea is
to use computer graphics and virtual simulator to render and label the dataset [2].
Meanwhile, we also use simulated scenes and virtual cameras instead of real scenes
and cameras. Using the virtual environment can quickly generate the object detection
dataset in a large scale [3], and it is easier to modify the dataset.

In order to quickly obtain the vehicle object detection dataset, we introduced a
procedural generation method to create virtual environment of a city.

2.1 Virtual Environment Generation Process

First, we determine the scene composition of the virtual environment. A well-
simulated city scene should have static scene objects and dynamic scene objects.
In a virtual city, static scene objects mainly are road networks, buildings, street
signs, and some detail objects. A dynamic scene object consists of pedestrians, vehi-
cles, bicycles, and traffic lights [4]. All categories of objects in the dataset should
be included in the virtual environment, but objects in the virtual environment do not
necessarily have categories in the dataset. Extra objects can add some complexity to
the samples in the dataset, making the virtual dataset closer to the real-world dataset.

The purpose of procedural generation of road network is to accurately describe the
geometry and data structure of road networks. Before generating the road networks
in virtual city, we need to define the data structure to describe the roads [5]. The
road network mainly consists of several roads and intersections, each road consists
of several road sections, and a road section is described by two-way points and
information describing the road.

Through this road network generation method, urban road networks with certain
randomness can be created. The virtual environment of the city can be obtained by
assigning corresponding textures to the road model and filling the three-dimensional
model of the building along the generated road (Fig. 1).
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Fig. 1 Screenshot of the urban virtual environment rendering

2.2 Synthetic Virtual Environment Datasets

The virtual dataset for object detection in this paper used a partial synthesis method.
Some 3D models in this virtual environment are created by hand [6], and other
3D models are generated using procedural generation methods. In the process of
synthesizing the images of the virtual dataset, it is necessary to introduce randomness
in terms of color, texture, position, scale, rotation, deformation, and camera angle.
The use of a 3D graphics engine can easily control these features and produce real-
time, realistic graphics rendering. In recent years, game engines such as Unity3D and
Unreal Engine have developed rapidly and also meet the requirements for generating
and rendering virtual datasets. By using these engines, we can obtain the images
and appropriate labels of virtual dataset easily. For object detection tasks, the labels
are bounding boxes and categories. Synthetic datasets are also suitable for machine
learning tasks such as image classification, semantic segmentation, and autonomous
driving [7].

2.2.1 Automatic Labeling Method for Virtual Datasets

Through procedural generation method, we can create a virtual environment that
consists of road networks, vegetation, traffic lights, vehicles, and pedestrians. Adding
this virtual environment to Unity3D engine can produce real-time, realistic rendering
results [8], which are the images corresponding to traditional datasets captured by
cameras. In the process of creating a traditional dataset, after the images are obtained,
the images need to be manually labeled. This is because computers cannot directly
obtain information such as the category and position of objects in the images from the
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Fig. 2 Single color rendering of each scene object

real world. But the images rendered by the 3D graphics engine can accurately obtain
those information. Therefore, the images in the virtual dataset can be automatically
labeled by the computer (Fig. 2).

To manage the rendering colors of all meshes in a virtual scene, we need to track
different instances with the same parent object. Themanager script is used for storing
the category of scene objects, references to all meshes, the RGB color that encoded
by instance ID, and the controller for rendering. In this way, when creating a dataset,
we can choose whether to render objects of the same category to the same color to
create a semantic segment dataset, or to render an instance with different colors to
automatically label the object detection dataset.

3 Validation of the Dataset

In order to verify the effectiveness of virtual dataset in object detection tasks, we
designed the following experiment. First, we use the virtual dataset to train Yolo-v3
algorithm [9] and freeze the model after the model converged. Experiments showed
that using the model trained on our dataset can effectively perform object detection
tasks on real-world images.

We prepared 12 vehicle models and 15 human models, and then, added these
objects of vehicles and pedestrians to the virtual environment in the experiment, and
controlled the behavior of AI through the points and behavior trees. In the process
of creating the virtual dataset, by changing the lighting angle, light intensity, sky
box texture, and the visible distance of the volumetric fog, we created different
scenarios such as sunny, cloudy, sunset, and night, and then, used them in these
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Fig. 3 Model performs object detection on real-world pictures (vehicles and pedestrians)

environments. The camera bounded to the vehicle hood captures the rendered images
and the instance segmentation images. We take the batch size as 300 and output both
the images and the bounding box informationwhen every 300 images were collected.

We collected 1500 images in virtual environment, of which 1307 contained valid
vehicle and pedestrian information. Using Yolo-v3 as the object detection algorithm,
mAP was 90.78% when IoU was 0.5; mAP was 88.12% when IoU was 0.75, which
basically achieved the object detection task for vehicles and pedestrians (Figs. 3 and
4).

Yolo-v3 object detection model trained on the virtual dataset running on real-
world pictures is shown in the figures above. The training data of the algorithm is
all synthetic data, without the participation of real-world data. It can be seen that the
trained model can detect vehicles and pedestrians in the photos and has successfully
marked the bounding boxes and categories. This can prove that the object detection
dataset generated by the virtual environment can achieve a predetermined effect.

4 Results and Conclusions

This article used the procedural generation method to create a virtual environment
of a city and then used this virtual environment to quickly create a labeled object
detection dataset. Experimental verification shows that the virtual dataset can quickly
and effectively generate datasets that are suitable for object detection tasks. The



474 P. Ding et al.

Fig. 4 Model performs object detection on real-world pictures (only vehicles)

following work mainly includes two aspects: (1) improve the virtual environment
and implement the generation and automatic labeling of more models and scenes
and (2) implement automatic screening of images in the virtual dataset to obtain
higher-quality datasets.
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Study on the Influence Factors
of Garment Pattern Design Based
on Quantification Theory

Zhaowei Su, Yuhui Wei, and Long Sun

Abstract In order to systematically explore the main factors and its degree of the
overall design effect of garment pattern, taking the summer t-shirt as an example,
the overall design effect of pattern color (lightness, purity, hue), size, density of
arrangement, angle of inclination and fabric color (lightness, purity, hue) was studied
with the help of eye tracking technology and quantification theory. The results show
that the above factors will affect the overall design effect of clothing pattern to
varying degrees. Hue, size and layout density of pattern and fabric hum had a great
influence on the overall effect of garment design; pattern lightness and purity have
a slight influence on the overall effect of garment design. This conclusion provided
theoretical reference and data support for fashion designers to design pattern of
garment that is more in line with the aesthetic needs of consumers.

Keywords Pattern design · Summer T-shirt · Eye tracking technology · Heat
map · Overall effect of garment

1 Introduction

Pattern design is one of the key factors that restrict consumers’ purchasing deci-
sion because of its decorative and beautifying function [1–3]. However, the current
research on clothing pattern design mainly focuses on the pattern modeling features,
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cultural connotation, communication path and its modern application [4, 5]. And
little research provides feasible evidence of whether pattern design affects the final
purchase decision of consumers [3, 5]. The purpose of this study is to systemati-
cally analyze the influence of pattern design on the overall effect of clothing and the
relationship between pattern design and consumers’ purchase decision. Moreover,
with the development of eye tracking technology, eye tracker has been widely used
quantitative analysis method in human eye activities related to interface assessment,
cognitive research, scene research, human–computer interaction and so on [3–5].
Therefore, the influence of pattern color (lightness, purity, hue), size, arrangement
density and angle on the overall design effect of clothing pattern and consumers
preference was analyzed by using eye tracking technology and statistical analysis in
this study.

2 Experimental Details

2.1 Experimental Design

In order to quantitatively study themain factors of influencing garment pattern design
and its’ degree, summer T-shirt was used in this study. The specifications of exper-
imental variables and levels are listed in Table 1. Moreover, 24 college students
and postgraduates of different grades (12 male and 12 female, aged 18–27 years
old, colorless blindness or hypochromia) were recruited according to the accuracy
requirement of eye tracker experiment.

2.2 Test Methods

In order to quantitative analysis the effects of pattern size, color (lightness, purity,
hue), density and angle on the overall design of garment pattern, Tobiii Pro X3-
120 eye tracker equipment (Beijing KingFa Technology Co. Ltd.) and data software
ErgooLAB33.0 were used in this study.

3 Results and Discussion

3.1 Analysis of the Influence of Pattern Color

Table 2 showed the measurement results of the influence of pattern color on garment
design, T-shirt C1 (red) and C5 (black) had higher average fixation time, conversion
frequency andfixation number compared toT-shirtwith yellow, gray andblue pattern.
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Table 1 Experimental variables and levels

Color 

C1       C2       C3       C4       C5

Lightness 

L1       L2       L3       L4

Purity 

P1       P2       P3       P4

Size 

S1       S2       S3       S4

Permutation 

density 

D1       D2       D3       D4

Angle of 

inclination 

A1       A2       A3       A4       A5       A6       A7

sleveLselbairaV

This indicated that the color and hue of the design significantly affect the overall effect
of clothing design. And it founded that the average value of the conversion frequency,
the number of fixation points and the hot spot map were changed with difference
of the lightness and purity of the color. Compared with the four level of lightness,
the mean of fixation time, conversion frequency and number of fixation points of
L4 were higher than the other three levels of lower lightness. And the mean values
of P1 were 1.386 s, 3.569 and 3.159, respectively, which were higher than those of
the other three levels of purity. It can be concluded that the higher the purity of the
pattern color, the higher the average value of the conversion frequency, the number
of fixation points and the hot spot map. This is because the higher the lightness and
purity, the easier to be spotted the pattern, and thus is easy to lead consumer attention
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Table 2 Effect of pattern color on garment design

Number Average fixation time/s Average saccade count
(Ns−1)

Average blink count (N)

C1 1.126 3.497 5.955

C2 0.835 1.334 1.012

C3 1.151 3.335 2.169

C4 1.163 3.314 3.982

C5 2.117 8.993 7.382

L1 1.126 3.496 2.995

L2 1.736 4.833 3.799

L3 2.216 5.828 4.166

L4 2.722 6.331 5.334

P1 1.386 3.568 3.159

P2 1.139 2.331 1.988

P3 0.967 1.499 1.342

P4 0.908 1.217 1.027

and purchase behavior. In addition, combined with the hot spot chart (Table 6), it
found that the location of the pattern and near the collar was the focus of consumer
attention.

3.2 Analysis of the Influence of pattern’s Size

As seen fromTable 3, the size of patternwas too big or too small, the fixation time, the
number of fixation points, the number of fixation points and the degree of attention
decrease in varying degrees. This was because when the pattern was too large (S1),
the pattern was shown as a face instead of dot, and lead to the fixation time, the
number of fixation points, the number of fixation points and the degree of attention
decrease. When the size of the pattern was suitable (S3), the sense of magnitude was
relatively strong, and the pattern was easier to be recognized, and thus, the fixation
time was shorter. On the contrary, the pattern was too small (S4), it is not easy to

Table 3 Effect of pattern
size on garment design

Number Average fixation
time (s)

Average saccade
count (Ns−1)

Average blink
count (N)

S1 1.126 3.503 3.102

S2 0.704 1.323 1.497

S3 1.975 6.167 5.667

S4 1.151 4.494 2.493
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Table 4 Effect of pattern’s
permutation density on
garment design

Number Average fixation
time (s)

Average saccade
count (Ns−1)

Average blink
count (N)

D1 1.205 2.988 2.331

D2 1.338 2.671 1.499

D3 2.572 6.393 5.497

D4 3.105 7.161 6.995

be captured, and thus, the fixation time was prolonged. Therefore, the size of the
pattern should be taken into account when the designer was engaged in the pattern
design. In addition, comparing the eye movement data of four levels of pattern sizes,
it concluded that the pattern size also had a significant effect on the dispersion degree
of attention and the attention of the whole garment (Table 6).

3.3 Analysis of the Influence of pattern’s Permutation
Density

Thefixation timedecreasedwith the increase of pattern arrangement density as shown
in Table 4. And the conversion frequency and the fixation points increase with the
increase of pattern arrangement density. This was because the visual fatigue was
gradually enhanced with the increase of density, and, then the number of blink per
unit time and version frequency increased. In addition, it was found that the density
of pattern arrangement had little influence on the area of consumer’s attention (Table
6). In other words, people’s observation was both the collar and the center of the
garment regardless of the arrangement density.

3.4 Analysis of the Influence of pattern’s Angle

As seen from Table 5, the pattern inclination angle slightly affects the overall effect
of garment design, when the clothing pattern was composed of individual patterns
arranged in a certain order to form a surface feeling pattern. This is because the angle
of single pattern did not bring a big visual impact contrast. Therefore, the differences
in the number of fixation times, fixation time, fixation point number and hotspot map
were not obvious (as shown in Table 6).
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Table 5 Effect of pattern’s angle on garment design

Number Average fixation time (s) Average saccade count
(Ns−1)

Average blink count (N)

A1 1.151 2.664 1.162

A2 1.181 2.332 1.837

A3 1.203 2.067 2.332

A4 1.163 2.831 2.161

A5 1.102 2.967 1.901

A6 1.241 2.498 1.832

A7 1.238 2.004 1.167

Table 6 Hot spot map of different experiments

 sleveL selbairaV

Color 

     
C1       C2       C3       C4       C5

Lightness 

L1       L2       L3       L4

Purity 

   
P1       P2       P3       P4

Size 

    
S1       S2       S3       S4

Permutation 

density    
D1       D2       D3       D4

Angle of 

inclination 

A1       A2        A3       A4        A5        A6       A7 
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4 Conclusions

The influence of different pattern color (lightness, purity, hue), size, arrangement
density and inclination angle on the overall design effect of garment pattern were
systematically studied with the help of the TOBII PRO X3-120 eye tracker. Results
showed that the overall effect of the pattern was greatly influenced by the size, the
hue and the density of pattern, instead of the angle of the pattern. This conclusion
provided an effective method that designers obtained clothing pattern with more
in line with consumers’ aesthetic preferences through reasonable design of pattern
color, size and density and then solves the current clothingmarket supply and demand
imbalance.
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Design of Feed Mechanism Based
on Computer Cooperative
Human–Computer Interaction Design
Concept

Zijing Wang

Abstract This article constructs a collaborative work model for project design and
illustrates it with typical examples. It is pointed out that the concept of human–
computer interaction design based on computer collaboration technology determines
the quality of project design. By adopting serial or parallel design methods, it not
only provides methods and support for the modeling, simulation and implementation
of complex project design but also greatly shortens the project development cycle,
reduces costs and improves project completion efficiency.Thedesign schemecan also
be revised based on the simulation feedback, thereby greatly improving the reliability
of the project design. Further research shows that the human–computer interaction
design concept andworkingmodel based on computer collaboration technology have
important application value for timely understanding of design dynamics, obtaining
information on staged design results, promoting collaborative communication among
designers and sharing design resources.

Keywords Computer collaboration · Human computer interaction · Project
design · Design pattern

1 Introduction

Human–computer interaction and collaborative project design mean that under the
condition of computer technology, a group of designers relies on computers (systems)
to complete project design tasks together. It mainly involves real-time and non-real-
time interaction of design ideas, ideas and sub-project data. Realize serial, parallel
and interactive feedback of information between sub-projects. The serial, parallel and
mutual integration modes between projects not only provide methods and support
for the modeling, simulation and implementation of complex project designs but
also greatly shorten the project development cycle, reduce costs and increase project
efficiency and reliability.
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The engineering design process is a process that reflects the overall technical level
andmutual coordination. In the process of human–computer interaction design based
on computer collaboration technology, design schemes and parameters of different
types and different paths can be collected by a computer system, and matching simu-
lations can be verified. However, the main feature of collaborative design is that the
design of distributed sub-projects goes hand in hand. Therefore, it is necessary to rely
on an integrated platform of network information, functions, management, processes
and operations supported by big data and cloud computing. The platform can provide
a full range of specific design task collaborations, fully consider the parallelism in
project design and quickly respond to changes in the collaborative design process,
making it easy to query, locate and solve problems in order to coordinate the design
process management.

The main function of human–computer interaction collaborative engineering
design is not only to make different design contents cooperate with each other in
the design process, but also to make the design subject and computer system coop-
erate with each other. The autonomy and innovation of distributed participants will
be the same by computer systems. It can make design content such as function,
structure, layout, form, ergonomics work together to achieve the same purpose.

In the human–computer interaction design method based on computer collabora-
tion technology, different project tasks can achieve the same project goal. In order
to achieve a unified goal, there will be a cooperative mechanism to achieve the
common design goal and the common design goal, including communication proto-
cols, communication structures, conflict detection and arbitration [1]. In other words,
if the design ideas of any sub-project designer change, its design ideas and design
data will be quickly fed back to the entire system. The designers of each sub-project
will revise the design plan based on the information feedback. The final design will
be verified throughmodeling and simulation. The collaborative systemwill feedback
the problems in the simulation verification to the distributed designers in time. The
designer can further improve the design scheme based on the feedback information.

In project design, how to apply human–computer interaction designmethod based
on computer collaboration technology to accelerate the process of project design has
become a hot issue for experts and scholars.

2 Construction of Collaborative Project Design Model

2.1 Computer-Supported Collaborative Design Model

Model construction is the product of the combination of collaborative design tech-
nology and project information. Combined with the main content and characteristics
of the project design process and taking into account the cost, cycle, quality and other
factors of the project design, different project purposes and types will adopt different
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design methods. Therefore, computer-supported project design is also a multi-modal
collaborative design.

Generally, projects can be executed as a set of sub-projects, forming a project
tree. There is a certain relationship between projects, and the good collaborative
relationship between sub-projects determines the efficiency and quality of the project.

Collaborative design mode is a method to ensure the successful completion of
the project by coordinating and controlling the important design parameters and
design progress of each sub-project. In this design mode, a powerful project manage-
ment system is needed to complete the project decomposition, sub-project definition,
constraint management and project process control of collaborative design.

Generally speaking, computer-supported co-designmodels have twomodes: serial
and parallel. The application of serial and parallel modes relying on computer collab-
oration technology not only provides methods and supports for modeling, simulation
and implementation of complex project designs but also greatly shortens the project
development cycle, reduces costs and improves the efficiency and reliability of project
design completion [2].

2.2 Project Design Mode

Each sub-project is interrelated, and the modification of one sub-project may lead
to forced modification of other sub-projects. Due to the diversity and complexity
of the project, there must be a sub-project classification model, which is the key to
achieving collaborative project design. There are several typical collaborative design
patterns.

2.2.1 Serial Mode

The serial mode is to decompose the entire project into several sub-projects. Each
sub-project is independent and interrelated and is designed according to the order of
the projects. After the design of one project is completed, the second project design
is executed and merged until multiple sub-projects are completed to complete the
entire project design. In the serial process, the complete information generated by
the previous project is passed to the next project, while the next project design is
activated. Then, proceed in the sameway, in order of items. This is a typical sequential
design pattern.

The general process of the serial mode is as follows: Step 1: Propose the target
main project; step 2: Decompose the main project into sub-projects 1 to n; step 3:
Make design plans and steps for each sub-project and design; complete sub-projects
1, 2, … and n design tasks; step 6: Combine design sub-projects; step 7: Complete
the entire project design as shown in Fig. 1.
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Fig. 1 Serial pattern
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2.2.2 Parallel Mode

The parallel mode is to divide the entire project into several sub-projects. All sub-
projects are independent and coordinated at the same time. In the synchronous design
process, not only are there related relationships such as independence, no related
information, resource occupation, but also information exchange and constraints
such as mutual synchronization, interlocking and conflict arbitration as shown in
Fig. 2.

In the above-mentioned parallel mode, in order to realize the collaborative design
of the entire project, it is necessary to establish the parameter relationship between
the sub-projects and synchronize the design according to the virtual parameters to
manage and control the progress of the sub-projects. All sub-projects are checked
after the design is completed and integrated to complete the entire project design
smoothly.

3 Empirical Analysis

3.1 Review of Research Status

This research takes the feeding mechanism of the automated production line as an
example for empirical analysis.

With the continuous research on cam mechanism dynamics and vibration, the
performance of high-speed cams has been further optimized, and ultra-small and
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ultra-large worm cam mechanisms have appeared. The research on the theory of
cam mechanism kinematics, cam indexing mechanism, cam mechanism conjugate
surface and expert system has reached a high level. Some progress has been made
in CAD/CAM, application fields, processing equipment, CAM and supporting parts
processing technology. The future research direction is to improve the integrated
CAD system of plane cam and cylindrical cam, introduce artificial intelligence
CAD system or expert system and strengthen computer simulation research and
CAD/CAMintegration.This is the integration andpenetrationofmultiple disciplines.

3.2 Collaborative Design of Feeding Mechanism

The good cooperation between the components of the feedingmechanism determines
the good performance and safe operation of the feeder. The movement of the feed
mechanism is relatively complicated. Generally, it can only achieve a given move-
ment, so a large movement accuracy error and cumulative error will occur, which
will seriously affect the performance of the feed mechanism.

The design path of the feedingmechanism is on-site investigation > data collection
> innovative design > scheme demonstration > computer-aided analysis > determine
the best design > verification conclusion.

In serial mode, when the previous task is completed, the complete information it
generates can be passed to the next task as input to the next task, and the next task is
activated at the same time.

Obviously, the collaborative design of the feed mechanism fully shows that the
application of the human–computer interaction design method of the computer
collaborative technology can improve the motion characteristics, mechanical perfor-
mance and service life of the existing transmission mechanism system and obtain
high calculation accuracy and precise position [3].

In parallel mode, multiple sub-projects are designed using virtual parameters
simultaneously. When all sub-projects have been designed, they rely on computer
systems for verification and integration. After the verification and integration work is
completed, all parameters are generated at the same time to achieve the completion
of the overall goal.

3.3 Empirical Analysis

1. Empirical design

The feed mechanism studied in this paper consists of a cam, a follower and a frame,
also known as a cam mechanism. Generally, a cam is used as a driving part, which
rotates, swings or moves back and forth at the same speed [4].
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The feed mechanism relies on the direct contact between the convex contour line
and the follower, forcing the follower to make intermittent or continuous recipro-
cating motion (or swing). Therefore, in the design of the cam mechanism, in order
to obtain a predetermined movement rule of the follower, as long as an appropriate
convex contour line is designed, it can be achieved.

Empirical design method and steps:

1. Analyze and calculate the motion characteristics, mechanical properties and
service life of the feed mechanism system to determine the exact position of
the feed mechanism.

2. The transmissionmechanism should have the characteristics of large stroke, small
wear, long service life, good flexibility and so on.

3. Determine the best scheme of economic and practical transmission mechanism,
and summarize the overall design method with certain significance.

2. Simulation modeling

The cam profile determines the change rule of push rod speed, which is the key of
design. Therefore, a new PRT part is created in Creo by using MMNs part solid
template. Firstly, the main model of the cylindrical indexing cam is established, and
then, the driving push rod model and the frame model are established. Finally, the
optimal simulation model of the feed mechanism is established according to the
motion coordination relationship and combination.

1. Model construction of cylindrical indexing cam: In the feed mechanism, the
main model construction method of cylindrical indexing cam is to draw the
unfolded section line of the cam, wrap the section line on the cylinder through
the envelope command; use the scanning command to build the main body of
cylindrical indexing cam, and then, construct the hole, stiffener, chamfer and
other detailed features of the cam in turn.
Simulation steps:

(1) Using the intersection of the projection lines of the RIGHT and TOP planes
on the sketching plane as the center of the circle, an extruded surface with a
diameter of D circle is generated. By stretching the axis of 1, the reference
plane DTM1 is generated at an angle of 60° with the TOP surface; the refer-
ence plane DTM2 is generated perpendicular to DTM1; the FRONT plane
is selected as a reference, and the reference plane DTM3 is generated by
offset 9. Establish a reference coordinate system, select DTM2 and deter-
mine the length of the two horizontal lines, the distance between the right
end of the upper right horizontal line and the projection line of DTM1 on
the sketch plane and the distance between the two horizontal lines. Further-
more, the developed section line of the cylindrical indexing cam is simulated.
Select the model envelope origin, generate the envelope, and generate the
cylindrical indexing cam body.

(2) Create an extruded surface. Select the FRONT plane as the reference and
offset 9 to generate the reference plane DTM3. DTM3 and FRONT surfaces
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Fig. 3 Simulation model

were selected as sketching planes to generate extruded surfaces. Select the
FRONTsurface as the sketchingplane and the surface as the extruded surface
to create an extruded surface. Select the edges you want to project and the
faces you want to project on to create a projection. Select extrude under the
Extrude dashboard to create an extruded surface.

(3) Generate chamfers, fillets and ribs using commands such as extrude, sketch
and datum according to the drawing. The final solid model of the cylindrical
indexing cam is shown in Fig. 3.

2. Based on the above design data, the follower push rod model is constructed
by the same method.

3. Again, build a framework model.
4. According to the motion coordination relationship, the simulation model is

synthesized.
5. The simulation model is used to verify the design.

At this point, the optimal simulation model of feeding mechanism is obtained.

4 Conclusion

1. The degree of collaborative work determines the quality of the project design.
Research shows that the human–computer interaction design string and parallel
integration mode based on computer collaborative technology not only provides
methods and support for modeling, simulation and implementation of complex
project design, but also greatly shortens the project development cycle and
reduces costs.
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2. Establish the simulationmodel of the feedingmechanism, and use computer soft-
ware for simulation analysis to determine the economical and practical optimal
feeding mechanism scheme. It is because of the simulation that problems can be
found in time and the design plan can be revised.

3. The proposed feed mechanismmodel improves the mechanical performance and
service life of the feed mechanism and obtains higher calculation accuracy and
precise position.
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Study on Life Prediction Method
of MOSFET Thermal Environment
Experiments Based on Extended Kalman
Filter

Ke Li, Yuxiang Zhang, Shimin Song, Zhijian Zhao, and Lijing Wang

Abstract The prediction method of the residual service life of power MOSFET
is studied in this paper. By analyzing the data collected under the existing thermal
overload accelerated aging experiment, after processing the data, the failure threshold
was set by using the prediction algorithm based on data drive and model to predict
the residual life of power MOSFET. The traditional SVR algorithm requires a lot of
parameter selection and only a few parameter convergence. The prediction algorithm
model is basedonExtendedKalmanFilter, the extendedKalmanfilter is relative to the
advantage of support vectormachine (SVM) regression is used to predict the variance
is small, and can be found in a wide range of required to predict the sample interval
and the predicted results are more accurate, the test results verify the feasibility of
this method.

Keywords Power MOSFET · Accelerated aging · Failure mechanism · Life
prediction · Extended Kalman filter

1 Introduction

Power electronic devices such as metal-oxide semiconductor field effect transistors
(MOSFETs) and insulate-gate bipolar transistor (IGBTs) are important electronic
components that are widely used in communications, vehicle control, navigation
and radar systems of the spacecraft. Failure of these electronic devices is likely to

K. Li (B) · Y. Zhang · L. Wang
Fundamental Science on Ergonomics and Environment Control Laboratory, School of
Aeronautics Science and Engineering & Beijing Advanced Discipline Center for Unmanned
Aircraft System, Beihang University, 100191 Beijing, China
e-mail: like@buaa.edu.cn

S. Song
China Academy of Space Technology, 100094 Beijing, China

Z. Zhao
Naval Aeronautical University, 264000 Yantai, China

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer
Nature Singapore Pte Ltd. 2021
S. Long and B. S. Dhillon (eds.), Man-Machine-Environment
System Engineering, Lecture Notes in Electrical Engineering 645,
https://doi.org/10.1007/978-981-15-6978-4_58

495

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_58&domain=pdf
mailto:like@buaa.edu.cn
https://doi.org/10.1007/978-981-15-6978-4_58


496 K. Li et al.

cause overall system failure, so uncontrollable conditions caused by sudden failure
of the electronic device must be avoided.

The extended Kalman filter prediction technique proposed for power MOSFETs
in this paper is based on the accelerated aging experiment of MOSFET IRF520Npbf.
The accelerated aging method is to load a cycle of thermal and electrical power on a
100 V power MOSFET device and verify it through thermal environmental testing.
The feature basedon the normalizedon-resistance is obtainedby calculating real-time
measurement data of the electrothermal response. Support vector machine (SVM) is
one of algorithm method of predictive model. Another one is based on the extended
Kalman filter tracking Bayesian framework (the EKF) (Extended Kalman the Filter)
[1, 2]. Comparing two method of predict effects is achieved by the presenter, it can
be found that the Kalman filter is sufficient for predicting sample data, and prediction
is performed at any point after a certain time and the prediction results are relatively
accurate.

2 Algorithm

Extended Kalman Filter Principle
In the process of nonlinear relations, the estimated values around the current judgment
can be linearized by using the partial differential and measurement functions of the
process to calculate the estimator. To this end, some aspects involved in discrete
Kalman filtering must be modified.

As shown below:

xk ≈ x̃k + A
(
xk−1 − x̂k−1

) + Wwk−1 (1)

zk ≈ z̃k + H(xk − x̃k) + V vk (2)

xk is the actual state variable, and zk is the measurement variable;

x̃k is the approximate state variables, and z̃k is the approximate measured variables;

x̂k is the state posterior estimate of the step length k;

Random variables wk and vk represent process noise and measurement noise,
respectively;

A is the Jacobian matrix of the partial derivative of f to x:

A[i, j] = ∂ f[i]
∂x[ j]

(
x̂k−1, uk−1, 0

)
(3)

W is the Jacobian matrix of the partial derivative of f to w:
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W[i, j] = ∂ f[i]
∂w[ j]

(
x̂k−1, uk−1, 0

)
(4)

H is the Jacobian matrix of the partial derivative of h to x:

H[i, j] = ∂h[i]
∂x[ j]

(x̃k, 0) (5)

V is the Jacobian matrix of the partial derivative of h to v:

V[i, j] = ∂h[i]
∂v[ j]

(x̃k, 0) (6)

Here, i is the number of functions, and j is the number of variables. For the sake
of simplicity, the time subscripts of Jacobian matrix A,W, H and V are not used,
even if they are different at each time step. Define a new symbol for the prediction
error:

ẽxk ≡ xk − x̃k (7)

And measuring residuals:

ẽzk ≡ zk − z̃k (8)

Actually, xk in Eq. (14) is not available. It is the actual state vector, a value that
needs to be tried to estimate. On the other hand, zk in Eq. (15) is able to get. It
is the actual measured amount for estimating xk . Based on Eqs. (16) and (17), the
governing equation for error handling can be written as

ẽxk ≈ A
(
xk−1 − x̂k−1

) + εk (9)

ẽzk ≈ Hẽxk + ηk (10)

εk andηk represent zeromean and new independent randomvariable of the covariance
matrixWQWT and V RV T . Q and R are the same as expressed by Formulas (3) and
(4).

x̂k = x̃k + Kkẽzk = x̃k + Kk(zk − z̃k) (11)

Equation (18) is used to extend themeasurement update in theKalmanfilter. x̃k and
z̃k are from Eqs. (3) and (4). Kalman Kk is gained bymaking the appropriate replace-
ment in the measurement error covariance matrix R (Kk = P−

k HT (HP−
k HT +

R)−1).
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The complete extended Kalman filter equations are shown below [3]. Attention
to that x̃k has been replaced by x̂−

k . This is to be consistent with the previous “super
subtraction” a priori symbol, and let subscript k add to the Jacobian matrix A,W, H
and V , to reinforce the concept that they are different at different time steps (and
therefore must be recalculated at each step).

x̂−
k = f

(
x̂k−1, uk−1, 0

)
(12)

P−
k = Ak Pk−1A

T
k + WkQk−1W

T
k (13)

Like the basic discrete Kalman filter, the discrete Kalman filter time-update
equation pairs from the previous time step k − 1 to the time step k by now.
The state and covariance estimates were predicted. f in Formula (19) is from
x̃k = f

(
x̂k−1, uk−1, 0

)
, Ak and Wk are Jacobian matrix of the step size k, Qk is

process noise covariance of the step size k.

Kk = P−
k HT

k (Hk P
−
k HT

k + Vk RkV
T
k )−1 (14)

x̂k = x̂−
k + Kk

(
zk − h

(
x̂−
k , 0

))
(15)

Pk = (I − KkHk)P
−
k (16)

In essence, the discrete Kalman filter modifies the measurement update equation,
state estimation and covariance measurement. h in (15) is from z̃k = h(x̃k, 0), Hk

and V are Jacobian matrix of the step size k, and Ak is the measured noise covariance
of the step size k.

An important feature of the extended Kalman filter is Jacobian matrix Hk in the
Kalman gain equation Kk , where the relevant components of the measurement signal
can only be accurately propagated or “amplified.” If the measurement zk does not
pass the one-to-one mapping between States, then the Jacobian matrix Hk will affect
the Kalman gain, so it only amplifies the residuals affecting the state (zk −h

(
x̂−
k , 0

)
).

3 Life Prediction Model Based on Algorithm

The life prediction algorithm of the Kalman filter is an algorithm based on the
Bayesian estimation framework and based on the degradation model of the power
MOSFET. The extended Kalman filter life prediction model used in this paper is
shown in Fig. 1.
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Fig. 1 Whole process of life
prediction

3.1 Empirical Degradation Model

Based on the literature [4–10], it is proposed to observe accelerating the aging process
�RDS(on) of the device [11] and then get the empirical degradation model. The
degradation process is used to make amodel. Making R = �RDS(on), the empirical
degradation model for power MOSFET devices based on �RDS(on) is defined as
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follows:

R = α
(
eβ·t − 1

)
(17)

t is time, α and β are model parameters that are part of a static or online estimate in
the Bayesian tracking framework. The model structure can represent the exponential
behavior of different device degradation processes.

3.2 Parameter Update of Empirical Degradation Model

In order for the model to fit the data accurately and to predict the life accurately with
the model, we need to update the model parameters effectively. So, in this model,
state variables α and β will change with extended Kalman measurement variety in
the updated. The parameter update formula is as follows:

αnew = αold + (
e−βoldzk − 1

)
zk (18)

βnew = βold + (e−βoldzk )zk (19)

Such an update can effectively ensure that the prediction model can effectively
converge even if the pre-input parameter deviation is large. The disadvantage is that
it acts as an increasing function, the training samples will diverge when there are
many training samples, and the number of training samples needs to be controlled.

4 Experimental System

This experiment uses an accelerated aging test, which is also called accelerated
life testing. For some electronic components and systems with an expected life of
thousands of hours, it is not feasible to wait for the device to fail under normal
operation in order to calculate the failure time of these components or systems.
Therefore, accelerated life testing is required to complete the prediction of component
reliability.

The whole idea is to use the trend term of the powerMOSFET degradation param-
eter change to performdegradationmodeling and life prediction, and the random term
is used as noise rejection. In this paper, the wavelet analysis method is used to decom-
pose the variation of power MOSFET degradation parameters, and the results are
analyzed by stationary time series to determine the decomposition dimension and
trend term results.
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5 Remaining Life Prediction Results

The processed sampled data of one of the experimental components is selected for
prediction. For the time-ordered samples obtained after processing, the samples are
divided into two segments according to the characteristics of the algorithm, and the
previous segment is selected for training, and the latter segment is used for prediction.
The total sample distinguishes the number of training samples and predicted samples
as the distinguishing point parameters, performs mathematical processing to find the
distinguishing point parameters that converge the predicted results to the predicted
samples and observe the predicted results. In order to ensure the consistency of the
two types of algorithms and the practicability of the prediction itself, the interval
parameter interval is set at [100, 180].

5.1 Prediction Results Based on Support Vector Machine
Regression SVR

After debugging, it was found that the training samples were best at around 154.
The best 154 samples were chosen to compare the data with the extended Kalman
filter. As shown in Fig. 2, although the better results are obtained, the support vector
machine regression is extremely sensitive to the selection of the point parameters.
It is necessary to accurately select the point parameters to make it converge, and in
most cases, the prediction trend is divergent.

Fig. 2 Prediction effect
chart with distinguishing
point parameter 154
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Fig. 3 Prediction effect
chart with distinguishing
point parameter 130

5.2 Prediction Results Based on Extended Kalman Filter
EKF

This paper selects a set of data from all data for forecasting and evaluation. The
remaining life prediction begins with a sample of 130. The training samples and
the predicted samples are separated by a red five-pointed star. Figure 3 shows the
prediction results using extendedKalmanfiltering. Initializationα = 2.7×10−3, β =
8.55 × 10−5 obtained from the former 100 samples by the least square method.

6 Conclusions

As can be seen from the results of the two algorithms, the variance of the extended
Kalman filtering E KF prediction results is much smaller than the variance of the
support vector machine regression analysis results prediction results. Moreover, it
can be seen from Fig. 3 that the SVR distinguishing point parameter corresponding
to the prediction result variance is much higher than the EKF with the difference of
the parameter of the distinguishing point, and it can be said that the SVR algorithm is
more unstable. As summarized below, the advantage of EKF over SVR is that it has
good convergence and a wide range of results are relatively stable. The disadvantage
of EKF is that it relies too much on the degradation model and the parameter update
of its model, which limits its application and cannot be used to solve the problem
caused by non- RDS (on) rise.
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Research and Application of Multi-node
Wireless Skin Temperature
Measurement System

Chenming Li and Yuhong Shen

Abstract Skin temperature measurement has always been an important method for
evaluating the warm-keeping clothing in winter. In order to realize synchronous
real-time and accurate measurement of skin temperature, multi-person and multi-
node wireless skin temperature measurement system is designed. Based on LoRa
wireless transmission network, this research designed communication protocol and
lowpower consumption circuit anddeveloped amulti-person andmulti-nodewireless
skin temperature measurement system. Twenty-four subjects were selected by this
system in alpine regions for field tests on two kinds of warm-keeping clothing. The
test results show that the skin temperaturemeasurement systemhas the characteristics
of long transmission distance, high measurement accuracy and simple operation and
can meet the requirements of warm-keeping clothing test under extreme conditions.

Keywords Skin temperature · LoRa · Low power consumption

1 Introduction

Skin is the interface between human body and environment for energy exchange.
As an important parameter of human physiology, skin (body surface) tempera-

ture plays an important role in calculating human energy loss and analyzing body
temperature regulation. Multi-person and multi-node skin temperature measurement
has always been an important method for evaluating the warm-keeping clothing in
winter. The measurement of human skin temperature in daily life is mainly based on
single person and single point measurement. This method cannot reflect the temper-
ature distribution characteristics of different body segments of the human body nor
can it realize multi-person comparative test.
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Wireless sensor network technology has been widely used in industrial temper-
ature and humidity measurement and control. ZigBee, WiFi, FPGA and other
technologies provide various solutions for industrial temperature measurement
[1, 2]. Compared with industrial wireless temperature measurement technology,
human skinmeasurement requires highermeasurement accuracy, transmissionmode,
transmission distance, sensor structure, etc.

LoRa based on spread spectrum technology is an ultra-long distance and low
power data transmission technology below 1GHz. Compared with the mesh network
structure of ZigBee technology, LoRa adopts the star network structure with the
lowest delay and simplest. Compared with the high frequency band (2.4 GHz)
communication of Bluetooth, WiFi and other communication technologies, LoRa
has stronger low frequency band communication penetration capability, the commu-
nication distance can even reach 15 km, and the receiving current is only 10 mA,
thus realizing low power consumption long-distance wireless transmission.

This paper developed a multi-person and multi-node wireless skin temperature
measurement system based on LoRa transmission technology and carried outfield
application tests in the field, which solves the problems of limited transmission
distance, low measurement accuracy and inconvenient operation in skin temperature
measurement of group personnel.

2 System Composition

The LoRa-based multi-person wireless skin temperature measurement system is
mainly composed of terminal nodes, LoRa gateways, network servers and client
terminals, as shown in Fig. 1.

The terminal node comprises a skin temperature measurement node and an
ambient temperature measurement node. Each node consists of a temperature sensor
and a LoRa terminal module, which mainly completes the measurement, uploading
and timing receiving of temperature measurement downlink instructions on human
surface and external ambient temperature data. Among them, Murata high-precision
NTC temperature chip is selected for temperature sensor, SX1278 is selected for radio
frequency module in LoRa terminal module, and STM32F103 module is selected
for microcontroller (MCU) module.

LoRa gateway follows LoRaWAN protocol and is equipped with Ethernet, WIFI
and 4Gmodules. It can freely choose the communicationmode between gateway and
network server according to the actual situation of different test sites. The number of
gateways can be freely adjusted according to the number of nodes and transmission
distance. The network server converges and analyzes skin temperature data and
ambient temperature data. The client terminal uses the form of Web interface to
interact with the user, feeds back the test analysis results to the user and accepts the
user’s instructions at the same time.
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Fig. 1 System composition

3 Key Technologies

Themulti-nodewireless skin temperaturemeasurement systemmainlymonitors skin
temperature and ambient temperature by wearing. The skin temperature fluctuation
range is small, and the change frequency is low. Therefore, personalized design and
private communication protocol are adopted. At the same time, due to the influence
of human body structure, low power consumption design is adopted to reduce the
volume of terminal nodes [3].

3.1 Communication Protocol Design

The communication module of the system selects SX1278 radio frequency processor
with excellent remote communication capability. SX1278 realizes the physical layer
wireless data transceiver function and specifies the data frame format, but SX1278
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itself cannot ensure whether the communication data is valid. Therefore, it is neces-
sary to design the upper layer communication protocol to ensure effective data
communication. For this reason, DATA frame and Acknowledger (ACK) frame are
designed. A DATA frame includes six fields: frame type, frame sequence number,
destination address, source address, payload and FCS. The ACK frame acknowl-
edges whether the data is accepted. After the terminal node sends the data, if no
acknowledgement frame is received within a given time, the data is retransmitted,
and the ACK frame includes the frame type, destination address and FCS.

The communication network undertakes the remote dual-phase transmission of
measurement data and control information. The terminal node operates under the
timing control of a microcontroller (MCU). The transmitted information includes
measurement data and ACK data. The MCU controls the sensor to supply power and
collect measurement information by setting timing self-wake-up. Control SX1278
to enter the waiting state, write relevant information into the buffer, and enter the
data transmission state after detecting that the channel is idle. The server accepts
information in two states: One is to accept ACK data, and the other is to receive
control information. SX1278 uses CAD channel detection to ensure the safe recep-
tion of data. By setting SX1278 parameters, SX1278 is regularly awakened into
CAD channel detection mode. If the preamble is not detected within the specified
time, it is transferred to the waiting mode. Once the preamble is detected, the data
receiving mode is entered after receiving the preamble and successfully associating
the preamble, and the data receiving is completed.

3.2 Low Power Design

In order to reduce power consumption, the system design adopts the design concept
of low power consumption. The hardware platform is based on two processors with
low power consumption modes. MCU adopts STM32F103 series products. Its core
is a Cortex-M3 architecture microprocessor, which supports three low power opera-
tion modes of sleep, stop and wait. It is an ideal MCU for low power system design.
SX1278 adopts spread spectrummodulation communication, channel activity detec-
tion (CAD) and adaptive data rate (ADR) technologies. It has the characteristics of
strong anti-interference capability, high receiving sensitivity, low operating current,
adjustable transmission power and long-distance transmission. It supports three low
power consumption operation modes of sleep, CAD and waiting. In addition to
considering hardware design, it is more important to realize software control when
monitoring the low power consumption of the terminal. Software control is consid-
ered from two aspects: One is to control the power supply mode of the sensor (execu-
tion) component, and only when sensing information is collected regularly can the
sensor component be powered; the second is to be awakened regularly to collect,
send and receive perceived information. In most cases, the monitoring terminal is in
a low power consumption state such as waiting and sleeping, thus greatly reducing
the average working current.
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Fig. 2 Accuracy test result

4 Application Testing

4.1 Accuracy Test

According to the national measurement standard “JJF1183-2007 Temperature Trans-
mitter Calibration Specification,” the accuracy of 120 skin temperature measurement
terminals was tested in the 32.86 °C constant temperature air domain close to the
human skin temperature, and the test results are shown in Fig. 2.

As can be seen from Fig. 2, the measurement results for 120 skin temperature
measurement terminals are (32.85 ± 0.04) °C, and the maximum deviation of a
single point is 0.09 °C. Therefore, the multi-node skin temperature measurement
system has high measurement accuracy.

4.2 Field Application Test

The multi-node skin temperature measurement system is applied to test the warm-
keeping performance of winter clothing.

1. Subjects

Twenty-four healthy youngmen aged 18–24, 12 from the south and 12 from the north,
who lived in the test site for one year, were selected. The subjects were randomly
divided into two groups with 12 people in each group.

2. Tested Clothing

The tested clothing includes two kinds of matching A and B. Each matching includes
underwear, cold-proof vest, velvet clothing, cotton-padded clothing, coat, cold-proof
coat, head-mounted velvet hat, hand-mounted cotton gloves, foot-mounted winter
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socks and cold-proof shoes. The overall warm-keeping of clothing matching A is
6.58 clo and that of clothing matching B is 6.42 clo. In the first test, the first group
of subjects wore matching A, and the second group of subjects wore matching B. In
the second test, the two groups of subjects exchanged clothing matching types.

3. Test Indicators

Five terminal nodes were distributed on the body surface of each subject, which were
placed on the chest, arm, thigh, calf and toe, respectively. The toe temperature was
not involved in the calculation as a monitoring index to prevent foot frostbite, and
the skin temperature of the other four points was weighted for evaluation [4, 5].

4. Test Results

Each test period is 2 h. During the test, the subjects wear different clothes and
keep a sit-in posture. The average values of chest, arm, thigh, calf and weighted
skin temperatures of 24 subjects with the same clothing matching tested twice were
calculated, and the numerical changes are shown in Figs. 3, 4, 5, 6 and 7.

Fig. 3 Temperature curve of
chest

Fig. 4 Temperature curve of
arm
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Fig. 5 Temperature curve of
leg

Fig. 6 Temperature curve of
calf

Fig. 7 Weighted
temperature curve

As can be seen from Figs. 3, 4, 5, 6 and 7, at the beginning of the test, the average
skin temperature of each part of the subject is notmuch different, and the test is carried
out at any time. Due to the difference in the warm-keeping effect of clothing, the
skin temperature difference of each part gradually increases when wearing different
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matching. As can be seen from Fig. 7, the average skin temperature of the subjects
wearing matching A is 32.47 °C and that of the subjects wearing matching B is
32.12 °C, which is consistent with the overall warm-keeping of the two matching
previously measured. The calf temperature measured by the multi-node wireless
skin temperature measurement system is quite different when the subjects wear
different clothing matching. This is mainly because the warm-keeping layer material
of cotton-padded trousers in matching B clothing has poor compression resistance.
The subjects use sitting posture to test, resulting in greater stress on the knees and
calves of cotton trousers, smaller air layer in cotton trousers, lower warm-keeping
effect and lower and faster temperature of calves.

5 Conclusion

Based on LoRa wireless transmission network, this paper developed a multi-person
and multi-node wireless skin temperature measurement system through communica-
tion protocol design and low power consumption design and applied the system to the
field test of warm-keeping clothing. The field test results show that the multi-person
andmulti-nodewireless skin temperaturemeasurement systemhas the characteristics
of long transmission distance, high measurement accuracy and simple operation and
can meet the requirements of clothing warm-keeping test under extreme conditions.
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Research on Calculation Method
of Aircraft Skin Temperature Based
on Parameter Sensitivity Analysis

Yi Cao

Abstract From the perspective of heat transfer, according to factors that affect skin
temperature of civil aircraft, combined with the sensitivity analysis method, this
paper proposes a method for calculating the skin temperature of an aircraft without
inputting the wind speed outside aircraft. The accuracy of this method is verified by
the recovery temperature method, and the wind speed outside aircraft is expanded
to explain the applicable scope of this method. The results show that when the wind
speed outside aircraft is less than 110 m/s, the maximum deviation between the
calculated results of this method and the recovery temperature method is 1.9%, and
the calculated results are credible. The method is particularly suitable for ground
stop and climb condition that the wind speed outside aircraft is less than 110 m/s and
difficult to obtain.

Keywords Skin temperature of civil aircraft · Parameter sensitivity analysis ·
Recovery temperature

1 Introduction

The composite materialization for large civil aircraft structures has become an
inevitable tendency, especially for widebody aircraft that will use composite mate-
rials on a large scale. Because the properties of composite materials are particularly
sensitive to temperature, aircraft thermal analysis has become one of the most critical
parts of large aircraft design and airworthiness certification. In the calculation of civil
aircraft temperature field, the skin temperature value is the necessary parameter to
set area boundary.

In engineering calculations, the aircraft skin temperature usually uses the recovery
temperature value [1], which is the engineering experience value considering the
aerodynamic heating of aircraft skin by the wind outside aircraft [2]. The calculation
of recovery temperature involves the wind speed outside aircraft, which is usually

Y. Cao (B)
Shanghai Aircraft Design and Research Institute, 201210 Shanghai, China
e-mail: caoyi1@comac.cc

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer
Nature Singapore Pte Ltd. 2021
S. Long and B. S. Dhillon (eds.), Man-Machine-Environment
System Engineering, Lecture Notes in Electrical Engineering 645,
https://doi.org/10.1007/978-981-15-6978-4_60

513

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_60&domain=pdf
mailto:caoyi1@comac.cc
https://doi.org/10.1007/978-981-15-6978-4_60


514 Y. Cao

unavailable for ground stop and climb condition, so the assumed wind speed outside
aircraft is generally used for calculation. The assumed wind speed outside aircraft
will directly affect the skin temperature of aircraft, thereby affecting the accuracy of
the calculated results of the aircraft cabin area temperature field.

From the perspective of heat transfer, according to factors that affect skin temper-
ature of civil aircraft, combined with the sensitivity analysis method, this paper
proposes a method for calculating the skin temperature of an aircraft which does not
need to input the wind speed outside aircraft during the calculation. The accuracy
of this method is verified by the recovery temperature method commonly used in
engineering, and thewind speed outside aircraft is expanded to explain the applicable
scope of this method.

2 Theoretical Analysis of Heat Transfer for Aircraft Skin

Aircraft skin temperature is the result of multiple factors, including external factors,
internal factors and thermal characteristics of the skin materials. External factors
include convection heat transfer between external environment and skin, solar radi-
ation, ground radiation and sky radiation. Internal factors include convection heat
transfer between cabin environment and skin and radiation heat transfer between
cabin equipment and skin. The internal and external thermal environment influences
each other through aircraft skin. The coupling effect of these heat transfers determines
the temperature of aircraft skin [3].

In order to simplify the heat transfer process, the external convective heat transfer
coefficient hout is used to represent the convective and radiative heat transfer intensity
outside the cabin, and the internal convection heat transfer coefficient hin is used to
represent the convection and radiative heat transfer intensity in the cabin. When the
heat transfer of aircraft skin reaches a steady state, the process can be expressed by
the following equation:

q = hin ×
(
Tin − Tw_in

)
(1)

q = 1/R × (Tw_in − Tw_out) (2)

q = hout ×
(
Tw_out − Tamb

)
(3)

where q is heat flux, hin is internal heat transfer coefficient, Tin is cabin tempera-
ture, Tw_in is inner skin temperature, R is skin thermal resistance, Tw_out is outer
skin temperature, hout is external heat transfer coefficient, and T amb is ambient
temperature.

Therefore, the outer skin temperature of the aircraft is related to environment
temperature, cabin temperature, external heat transfer coefficient, internal heat
transfer coefficient and skin thermal resistance, which is Tw_out = f (T amb, T in, hout,
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hin, R). The following is the sensitivity analysis of each factor to determine the key
factor affecting Tw_out.

3 Sensitivity Analysis of Influencing Factors

Sensitivity analysis is a method for analyzing system stability, and this paper uses
single factor analysis method. There is a system whose system characteristic P is
mainly determined by n factors a = {a1, a2, …, an}, which is P = f (a1, a2, …, an).
In a certain reference state a* = {a1*, a2*, …, an*}, the system characteristic is P*.
Make each factor changes within its own possible range and analyze the tendency
and extent of deviation of system characteristic P from the reference state P* caused
by the changes of these factors, so as to determine the sensitive factors affecting the
system characteristics P [4].

The values of the factors affecting the outer skin temperature Tw_out are not fixed,
but vary within a certain range. Based on engineering experience, the values of each
factor are shown in Table 1.

For various working conditions in Table 1, the outer skin temperature value of
aircraft is calculated according to Formulas (1)–(3). After fitting, the relationship
between Tw_out and each factor is as follows:

Tw_out = 0.99× Tamb + 2.635 (4)

Tw_out = 0.0093× Tin + 214.9 (5)

Table 1 Value list of each factor

No. T amb (K) T in (K) hout (W/(m2 K)) hin (W/(m2 K)) R ((m2 K)/W)

1 217 218 50 1 0.001

2 218 233 75 2.5 0.005

3 233 253 100 5 0.01

4 253 273 125 7.5 0.05

5 273 283 150 10 0.1

6 283 293 175 12.5 0.5

7 288 295 200 15 1

8 293 297 225 17.5 5

9 298 298 250 20 10

10 303 300 275 22.5 15

11 308 303 300 25 20

12 313 313 325 27.5 25

13 328 328 350 30 50
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Tw_out = 42.25× h−0.8537
out + 214.9 (6)

Tw_out = −0.496× h−0.481
in + 217.9 (7)

Tw_out = 10.53× R−0.0693 + 208.3 (8)

Based on the Formulas (4)–(8), obtain the sensitivity coefficient within the range
of each factor. The sensitivity curves of each factor are shown in Figs. 1, 2, 3, 4 and
5.

In engineering, according to the size of sensitivity coefficient, each factor is
divided into: sensitive factor, relatively sensitive factor and insensitive factor. Factors

Fig. 1 Sensitivity curve of
T amb

Fig. 2 Sensitivity curve of
T in
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Fig. 3 Sensitivity curve of
hout

Fig. 4 Sensitivity curve of
hin

with the sensitivity coefficient greater than 0.2 are defined as sensitive factors,
between 0.04 and 0.2 are defined as relatively sensitive factors, less than 0.04 are
defined as insensitive factors [5]. From Figs. 1, 2, 3, 4 and 5, it can be seen that
within the scope of engineering experience, only T amb is the sensitive factor, while
the other factors are the insensitive factors.

Therefore, Formula (4) is the aircraft skin temperature calculation formula
proposed from the perspective of heat transfer.
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Fig. 5 Sensitivity curve of R

4 Verification of Calculation Method and Description
of Applicable Scope

At present, the recovery temperature is usually used as the aircraft skin temperature
for Mach number between 0 and 2 [6]. In the following, the accuracy and applicable
scope of the skin temperature calculationmethod proposed in this paper are explained
by comparison.

The ambient temperature T amb takes the conditions in Table 1. According to
the description in literature [6], the wind speed outside aircraft in the calculation
of recovery temperature is 6.5 m/s. The comparison of aircraft skin temperature
proposed in this paper and recovery temperature is shown in Fig. 6. As can be seen

Fig. 6 Comparison of
aircraft skin temperature
values between two methods
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from the figure, for this condition, the calculation method proposed in this paper is
in good agreement with the value calculated by the recovery temperature method,
with a maximum difference of about 0.1%.

Following are the conditions of different ambient temperatures in Table 1,
expanding the wind speed outside aircraft from 1 to 300 m/s in the calculation
of recovery temperature, to study the applicability of the aircraft skin temperature
calculation method proposed in this paper. It can be known from calculation that for
the same environment temperature and the samewind speed outside aircraft, the ratio
of the difference between the proposed calculation method and the recovery temper-
ature method and the recovery temperature value is basically constant, as shown in
Fig. 7. The proportional average value corresponding to each wind speed outside
aircraft is selected as an index to measure the deviation degree of the two calculation
methods under the corresponding wind speed. Figure 8 shows the ratio of the differ-
ence between the two methods and the recovery temperature value under different
external wind speeds. As can be seen from the figure, when the outside wind speed
is less than 110 m/s, the maximum deviation between the calculation results of this
method and the recovery temperature method is 1.9%, with good data consistency.
Therefore, the method proposed in this paper for calculating the skin temperature of
an aircraft without inputting the wind speed outside aircraft is particularly suitable
for ground stop and climb condition that the wind speed outside aircraft is less than
110 m/s and difficult to obtain.
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Fig. 7 Different percentage of results calculated by the two methods
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Fig. 8 Different percentage
of results calculated by the
two methods under different
wind speeds
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5 Conclusion

From the perspective of heat transfer, according to the factors that affect skin temper-
ature of civil aircraft, combined with the sensitivity analysis method, this paper
proposes a method for calculating the skin temperature of an aircraft. The accuracy
of this method is verified by the recovery temperature method commonly used in
engineering, and thewind speed outside aircraft is expanded to explain the applicable
scope of this method. The results show that when the wind speed outside aircraft is
6.5 m/s in the calculation of recovery temperature, the maximum difference between
the value calculated by thismethod and the recovery temperature value is about 0.1%,
and the calculation result of this method is basically accurate. By the calculation and
analysis of expanding the wind speed outside aircraft conditions, when the outside
wind speed is less than 110 m/s, the maximum deviation between the calculation
results of this method and the recovery temperature method is 1.9%, with good data
consistency. Therefore, this method is particularly suitable for ground stop and climb
condition that the wind speed outside aircraft is less than 110 m/s and difficult to
obtain, so as to provide a simple and accurate calculation method for the aircraft skin
temperature.
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Research on Adaptive Anti-interference
of Fire Control Radar Network

Jiang Luo, Yanyan Ding, Boqi Wang, and Wei Yu

Abstract According to the battlefield situation, the real-time accurate operation
control is an important prerequisite for giving full play to the operational effective-
ness of weapons and equipment. In the face of increasingly complex battlefield envi-
ronments and real-time changing air situations, it is urgent for army to make research
on the accurate control of air defense radars in the best state and full use of the overall
operational effectiveness of radar networks under different reconnaissance mission
situations. This article takes full advantage of radar anti-interference capability, aims
to develop a radar working status control method that fits the radar combat mission,
and is suitable for precise use and provides auxiliary decision support for air defense
group commanders.

Keywords Fire control radar · Networking · Adaptive · Anti-interference

1 Introduction

Radar networking is an effective measure against the “four anti-antibodies” and
plays a pivotal role in modern warfare. Fire control radar is an important equipment
for controlling the weapon system to shoot at the target, and its anti-interference
capability is particularly important for the air defense forces to carry out combat
tasks. Therefore, research on the dynamic coordination management of the anti-
interference means of the fire control radar in the network can effectively improve
the air defense fire control radar to complete the air combat mission.
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2 Analysis of Radar Anti-interference Resources

Radar anti-interference resources can be divided into controllable resources and
uncontrollable resources. Controllable resources refer to its own anti-interference
technical means, and uncontrollable resources refer to the anti-interference system
of radar when it is designed and manufactured.

2.1 Anti-interference Technology of Fire Control Radar
(Controllable Resources)

Anti-interference factor evaluationmodel for technical measures—Table 1 shows the
11 types of anti-interference measures nowadays widely used by fire control radar
and their contribution to the anti-interference capabilities of fire control radar [1].

In practical applications, after various technical measures are taken, the radar’s
anti-interference capability is close to the sum of their respective anti-interference
capabilities [2]. Therefore, the anti-interference factor evaluation model of technical
measures can be established as follows:

JK =
11∑

j=1

ω j · μ j

Among them, the value of ω j is 0 or 1. The radar adopts this system, it can take
1, otherwise take 0; μ j is the contribution degree of the j-th working system relative
to radar anti-interference capability of fire control radar.

2.2 Anti-interference System of Fire Control Radar
(Uncontrollable Resources)

In the anti-interference capability model, some basic factors such as the anti-
interference factor of the working system and the anti-interference factor of technical
measures are qualitatively described factors, and their quantification can be processed
by expert evaluationmethods. At present, the commonworking system of fire control
radar and its contribution to radar anti-interference capability are shown in Table 2.

The anti-interference factor evaluation model of the working system established
after analysis that is

TK =
7∑

i=1

ωi · μi
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Table 2 Contribution degree of working system to anti-interference capability

Working
system

Full
coherence

Single pulse Continuous
wave

Cone scan TV Infrared Laser

Contribution
degree

6 7 4 1 3 4 5

Among them, the value of ω j is 0 or 1. The radar adopts this system, it can take
1, otherwise take 0; μ j is the contribution degree of the i-th working system relative
to radar anti-interference capability of fire control radar.

3 Model Building

Coordinating the use of radar anti-interference measures should be based on the
principle of exerting the strongest anti-interference capabilities of radar network.
That is, for different types of interference, the radars belonging to the network
should be able to take the most suitable anti-interference measures in a short time to
ensure the stability of the targets found by the radar network. The essence of anti-
interference operation control also belongs to the objective optimization problem of
multiple constraints. Therefore, based on the formulation of anti-interference opera-
tion constraints, it is necessary to build an anti-interference-oriented working status
control model.

3.1 Optional Anti-interference Measures Constraints

In actual use, once the radar chooses one of the anti-interference measures of the
same type of control resources, other anti-interferencemeasureswill not be available.
From the perspective of constraints, the optional anti-interferencemeasure constraint
is similar to the optional detection resource constraint, that is, the choice of anti-
interference measures can only be made in the anti-interference measures that the
radar has, and the selection of the same type of resources is also unique.

Define the optional set of radar anti-interference measures as SAJ, the anti-
interference measures that the k-th radar has can be expressed as

(SAJ)k =

⎡

⎢⎢⎢⎣

s11 s12 . . . s1m
s21 s22 . . . s2m
...

...
...

...

sn1 sn2 . . . snm

⎤

⎥⎥⎥⎦

n×m
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Therefore, the selection of the k-th radar anti-interference measures can only be
performed in (SAJ)k . Moreover, the selection of the same type of anti-interference
measures needs to meet non-repeatable, that is,

si1 + si2 + · · · + si j + · · · sim ≤ 1

3.2 Interference Suppression Capability Constraints

Different anti-interference measures have different abilities to suppress interfer-
ence. For different types and intensity of interference, anti-interference measures
with strong ability to suppress interference should be selected first. The ability to
suppress interference is mainly reflected in two aspects: the improvement factor of
anti-interferencemeasures and the processing loss. The improvement factor indicates
the reduction effect of anti-interference measures on interference, and the processing
loss indicates the reduction effect of anti-interference measures on normal detection
of radar. Therefore, the larger the improvement factor and the smaller the processing
loss, the stronger is the ability to suppress interference.

Let I j be the improvement factor and L j be the processing loss, then the inter-
ference suppression capability of the anti-interference measure can be expressed
as

CAJ = I j − L j

The larger the improvement factor, the smaller is the processing loss, thus
the larger cAJ, the stronger is the interference suppression ability of the anti-
interference measures. In order to ensure the suppression effect of interference,
anti-interference measures with larger cAJ should be selected first. Therefore, the
interference suppression capability constraint can be expressed as

cAJ = max(I j − L j )

3.3 Auxiliary Decision-Making Model of Anti-interference
Operation Control

Radar network anti-interference capability model is

(AJC)net =
n∑

i=1

m∑

j=1

ωi jχi j
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In the formula:

ωi j The entropy weight of the j-th index in the i-th layer;
χi j The evaluation value of the j-th index in the i-th layer.

The goal of radar anti-interference operation control is to ensure that the radar
network has the best anti-interference effect under different types and intensity of
interference conditions. Therefore, the objective function of radar anti-interference
operation control can be constructed as

TAJC = max(AJC)net

In summary, the auxiliary decision-making model of radar anti-interference
operation control is as follows:

TAJC =max(AJC)net

s.t. =

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

si1 = si2 + · · · + si j + · · · sim ≤ 1
0◦ < Ai ≤ 360◦

cAJ = max(I j − L j )
n∑

i=1

m∑
j=1

ωi j = 1

4 Simulation Experiment and Result Analysis

The specific problem studied in this article is to seek the adjustment scheme of the
radar’s working status in the network to maximize the anti-interference efficiency
of the radar network under real-time air situation. Therefore, genetic algorithms are
selected from many optimization algorithms to solve the problem [3].

4.1 Simulation Conditions

Assume that a unit took air combat mission, and each of the radars A, B, and
C is deployed. The radar operating systems are full coherence, single pulse, and
photoelectric integration, and the numbers, respectively, are 1, 2, and 3.

The controllable working status resources of the three radars are described in
Table 3.
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Table 3 Controllable working status resources of three radars

Type Name Type Name

Transmission signal
control mode

Pulse compression Signal processing
control style

Sidelobe suppression

Variable repetition
frequency

Dicke-fix

Frequency agility Differential circuit

Variable cone sweep
frequency

MTD

4.2 Result Analysis

At the beginning of the initial group generation, this article directly incorporates
the uniqueness of the same type of working status into the coding strategy, which
effectively ensures the purity of the search space. In addition, in order to avoid the
occurrence of illegal individuals, the crossover and mutation operations in genetic
operations have been improved accordingly. The crossover and operation nodes have
been limited to make the algorithmmore targeted and effectively and to avoid a large
number of invalid solutions. To a large extent, the algorithm optimization time is
saved [4].

The optimal individuals generated by the algorithm are mapped to the radar
working status enabling programs in the network, and a visual auxiliary decision-
making program for radar working status regulation is further generated, which can
be used as a reference for air reconnaissance commanders of air defense group.

In order to clearly show the experimental results and further explain the results,
the generated control programs are listed, as described in Table 4.

This article assumes that the radar position has been deployed and the radar
network’sworking status during anti-interference air combat is dynamically adjusted.

As can be seen:

1. After adopting corresponding anti-interferencemeasures, the power of each radar
station can be effectively connected, which can form a more closely covered air
combat effect.

2. In this case, the maximum detection range of the air defense fire control radar in
service is about 50 km. From the average running time of the algorithm, it can
be known that within the time of generating the radar working status enabling
programs, assuming the air attack weapon flight speed is Ma2.0, its straight
flight distance is about 1.8 km,which is less than 3.6% of the radar’s maximum
detection range; assuming Ma1.0, its straight flight distance is close to 1 km,
which is less than 2% of the radar’s maximum detection range. Therefore, the
algorithm in this article canmeet the real-time requirements of the working status
control of the radar network in wartime.
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Table 4 Auxiliary decision-making programs for radar network working status control

Program No. Radar model Radar working
system

Transmission signal
control mode

Signal processing
control style

Program No. 1 A Full coherence Pulse compression Sidelobe
suppression

B Single pulse Variable repetition
frequency

MTD

C Photoelectric
integration

Variable cone sweep
frequency

Differential circuit

Program No. 2 A Full coherence Frequency agility MTD

B Single pulse Variable repetition
frequency

Dicke-fix

C Photoelectric
integration

Variable cone sweep
frequency

Sidelobe
suppression

Program No. 3 A Full coherence Variable repetition
frequency

MTD

B Single pulse Pulse compression Sidelobe
suppression

C Photoelectric
integration

Frequency agility Dicke-fix
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Study of Fire Control Radar Technology
Countering Electronic Attack

Wei Yu, Xiaolong Liang, Yan Sun, Jiang Luo, and Shilei Xin

Abstract Providing artillery or missile with firing data, the Fire Control Radar
(FCR) is often the key target of hostile electronic attack. Therefore, in order to better
counter electronic attack, it has to promote its capabilities in detecting, intercepting
and tracking enemy targets, controlling firepower and ensuring its own safety in such
six technological aspects as adopting such technologies as phased array radar, broad-
ened spectrum, complex signal processing, photoelectricity combination, bait laying
and multi-radar networking, which is of considerable significance in the overall
design of Fire Control Radar (FCR) anti-jamming.

Keywords Fire control radar · Electronic attack · Technology · Countermeasure

1 Introduction

Electronic warfare (EW) is understood as electronic attack, electronic protection
and electronic warfare support, of which the electronic attack refers to such offen-
sive actions against hostile personnel, assets or devices to reduce, weaken or destroy
enemy combat power bymeans of electromagnetic-energy or directed energyweapon
[1]. Electronic attack against radar may be conducted by way of compression
jamming or deception jamming to reduce or offset the radar’s combat effectiveness,
or bymeans of anti-radiation weapon to destroy the radar [2]. The Fire Control Radar
(FCR) is important air defense equipment to provide anti-aircraft guns or missiles
with firing data by detecting, identifying, intercepting and tracking aerial targets and

W. Yu (B) · X. Liang · J. Luo · S. Xin
Zhengzhou Campus, PLA Army Academy of Ground and Air Defense Artillery, 450052
Zhengzhou, China
e-mail: yuwei_19800701@163.com

Y. Sun
Zhengzhou Power Supply Company, State Grid Henan Electric Power Company, 450052
Zhengzhou, China

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer
Nature Singapore Pte Ltd. 2021
S. Long and B. S. Dhillon (eds.), Man-Machine-Environment
System Engineering, Lecture Notes in Electrical Engineering 645,
https://doi.org/10.1007/978-981-15-6978-4_62

531

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_62&domain=pdf
mailto:yuwei_19800701@163.com
https://doi.org/10.1007/978-981-15-6978-4_62


532 W. Yu et al.

is therefore the prioritized prey in the EW conditions. It is of great significance to
analyze the possible influences of electronic attack upon FCR so as to improve the
latter’s capabilities of anti-jamming and survival.

2 Possible Influences of Electronic Attack Upon FCR

2.1 Capabilities Against Passive Suppression Jamming

Electronic attack makes it difficult to conduct distant range air situation broadcast,
close range target indication and air situation exchanges. Without target indication,
the FCR has to depend on itself to search for hostile targets, which will take longer
time and make it more difficult and hence more liable to electronic attacks. Besides,
the FCR’s detecting power, range and efficiency may be reduced due to noise inter-
ference. Nowadays, the techniques and technology to cast decoys have been rapidly
developed, thus leaving FCR operators unable or difficult to judge genuine targets
from quantities of decoys.

2.2 Difficulty in Intercepting Aerial Targets

Exposed to strong noise interference, the FCR receiver will become saturated and
display no target echo waves. Then the FCR is hard to intercept aerial targets. In
other words, electronic attack will delay the opportunity for FCR to track targets or
even make it unable to track targets at all.

2.3 Reduction of Tracking Capability

While tracking targets, the FCR may lose stability of angular speed, thus resulting
in greater error, if it is under cross-interference or blinking jamming; the FCR’s
automatic range-tracking system may also mistakenly track the disturbances other
than genuine targets and the chain reactions that follow may lead to target loss
in bearing, leaving the FCR repeat the proceedings of detecting, intercepting and
tracking again and again.
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2.4 Reduction in Destructive Capability

The FCR’s increased measuring error due to jamming brings about greater error
of firing data, therefore seriously reducing the weapon system’s killing probability.
Deceptive jamming may even mislead the weapon system to fire at the empty air
space. The FCR under jamming that is strong enough may grow blind and fail to
compute firing data, leaving the entire weapon system in paralysis.

2.5 Vulnerability to Safety Threat

Electronic jamming on the FCR results in temporary disabled functionality of
detecting, intercepting and tracking, in contrast, the greatest threat in the battle space
comes from anti-radiation weapons which pose immediate threat to the FCR and its
operators. The anti-radiation weapon often adopted today is anti-radiation missile
featured by long striking range, high speed and good accuracy.

3 Technological Countermeasures FCR May Adopt

3.1 Phased Array Radar Technology

There has been more and more new type FCR adopting reasonably priced phased
array radar technology with the rapid development of modern technology. The minor
lobe level of phased array radar antenna may reach −40 or −50 dB or even lower
if compared with that of the traditional parabolic antenna, −20 to −30 dB. The
hostile protective jammer, because of the lower minor lobe level, has to increase its
transmitting power to ensure sufficient equivalent jamming power. If having detected
anti-radiation missile coming, the phased array radar antenna shall produce adaptive
nulls in that direction and effectively reduce the range of being detected and tracked.
There are two types of phased array radar: passive phased array and active phased
array, with the latter more and more adopted by FCRs.

3.2 Broadened Spectrum Technology

3.2.1 Frequency Hopping (FH)

Frequency hopping (FH)means that the frequency changes randomly in a wide range
so that the radar may be working on the frequency that is not jammed. Faster and
more randomchanges of frequency in awider range contribute to better anti-jamming
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capabilities. It is adaptive frequency hopping (ADFH) other than traditional manual
or electronic frequency hopping that is widely adopted in modern FCR, enabling
radar to conduct spectral analysis on jamming signals, identify the frequency point
with least jamming and change the carrier frequency of transmission signal to it.

3.2.2 Broadened Frequency Band

Traditional radars work on S, C and X wave band. More wave bands occupied by
one radar or radar network mean better anti-jamming capabilities. The wave band of
FCR tends to be broadened toward high frequency of millimeter wave band, which is
characterized by narrow wave beam, high angular resolution, wide frequency band,
good concealment, strong anti-jamming, small size and lightweight [3]. Compared
with IR or laser devices, it travels with better penetrability through smoke, dust, rain
or fog. Besides, the width of millimeter wave radar pulse and wave beam is narrow,
and the radar’s resolution cell is smaller than interrupted distributions in size, which
greatly reduces the jamming into the radar receiver, enhances the radar’s signal to
interference ratio (SIR) and well controls the adverse influences by meteorological
conditions of clouds, rain, snow and fog. With the development of millimeter wave
devices, the frequency in millimeter wave band has been broadened from 35 to
94 GHz to 140 GHz.

3.3 Complex Signal Processing Technology

3.3.1 Moving Target Detection

It requires greater than 50 dB of moving target improvement factor to improve the
target detecting capability under strong background interference, which is impossible
for traditional moving target indication technology to realize completely. According
to the relevant radar theory, poor stability of radar’s high-frequency system produces
some near-even stray component with clutter echoes, preventing the improvement
factor from reaching its maximum. The FCR usually adopts moving target detecting
technology and phase-coherent power amplifying transmitter instead of traditional
phase-locking coherent single-stage oscillators, remarkably enhancing the stability
of high frequency of the entire system. With the rapid development of digital
signal processing, FCRs may adopt even more complicated signal processors to
realize adaptive moving target detection, respond to the varied features of clutter
echo’s power level, spectral shape and width or Doppler frequency shift, to realize
theoretically optimal filtering and signal detection in the cluttering background.
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3.3.2 Pulse Compression Technology

Pulse compression means that the radar transmitter sends wide pulse signals which
vary regularly and the radar receiver compresses the echoes into narrow pulse signals.
Wide pulse transmission with high power ensures sufficient detecting range; narrow
pulse echoes produced by pulse compression technology ensure good range resolu-
tion, which well addresses the contradiction of long detection range and high range
resolution. FCR usually adopts linear, nonlinear frequency modulation and phase-
coded pulse compression of various pulse widths and applies narrow pulse in close
range tracking and wide pulse in long-range detecting, hence to address the contra-
diction between tracking distance and detecting power and reduce the likelihood of
being detected.

3.3.3 Multidimensional Signal Processing Technology

Multidimensional signal processing technology allows radar to fetch target informa-
tion out of interference noise as per the differences of target echoes and interference
noise in time, Azimuth, polarity, amplitude, Doppler frequency, reflection coeffi-
cient as well as statistical data. It is a tendency of technological development of
FCR to adopt multifunctional, programmable and adaptive multidimensional signal
processing technology so as to address the problem of high-resolution and high-
accuracy orientation and location of multiple targets and enhance the anti-jamming
capabilities.

3.4 Photoelectricity Combination Technology

It has been a widely used and important supplementary means as well as an anti-
jamming measure to adopt photoelectricity combination technology and equip FCRs
with various photoelectrical devices, such as command telescope, laser range finder,
IR tracking system and TV tracking system, which are immune to active or passive
microwave interference and are capable of angle and range measurement either inde-
pendently or together with the FCR. There is more than one duty type as is listed
in Table 1 that follows. The FCR usually adopts the duty type with IR tracking, TV
tracking and laser range detecting combined, which is characterized by all-weather,
high measurement accuracy, better anti-jamming and visual and overall target infor-
mation provision. It is worth noting that the laser range finder’s continuous working
time of is only a few minutes due to heat dissipation or other design issues and may
only serve as the temporary replacement of the FCR’s range detecting function.
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3.5 Bait Laying

Due to its inherent limitation, the anti-radiation missile is poor in sorting multiple
sources of radiation within its resolving angle and is impossible to differentiate
when radar signals are of identical frequency, pulse width and pulse repetition rate
[4], which allows one or more sources of radiation as baits laid in the peripheral
regions of the radar, leaving the anti-radiation missile diverge from the real radar.
High value radars including FCRs ought to have baits round them to improve battle
space survivability.

3.6 Multi-radar Networking

Modern air defense operation is featured by the confrontation between systems. An
FCR, as a node, cannot perform its maximal combat effectiveness unless connected
into an air defense network fromwhich it receives air situation broadcast, target indi-
cation and distribution and combat orders, intercepts and tracks targets according to
superior instruction and distribution, or reports local air situation. FCRs may as
well form a network, either to receive target information from adjacent nodes for
target guiding or firing data computation, or to share local tracking information with
adjacent units in the fire control network [5]. Networked FCRs may work comple-
mentarily and share information precisely and maintain the air defense firepower
threat. As long as there is one FCR working normally, all others in the network may
still share the captured target’s information. In addition, an FCR located by hostile
anti-radiation missiles may keep radio silence and work out firing data with the
information shared by other FCRs in the network, which makes it difficult for enemy
to detect the FCR and increases its survivability and the entire network’s destroy
resistance.

4 Conclusion

In the future battle space, it is fairly desirable that the FCR adopts advanced anti-
jamming technologies for survival and better combat effectiveness because tech-
nology serves as the foundation and makes it possible to conduct efficient confronta-
tion with tactical approaches and skillful operation. More efforts in developing new
anti-jamming technologies should be made for FCR in order to meet the demands of
increasingly important electronic warfare.



538 W. Yu et al.

References

1. Elsworth AT (2013) Electronic warfare. Translated by HU Shengliang, et al. National Defense
Industry Press, Beijing, pp 24–26

2. Zhang Y (2006) Theories of radar electronic warfare. National Defense Industry Press, Beijing,
pp 1–5

3. Yu J, Chen X (2018) Millimeter-wave and TeraHertz antenna measurement technology. Science
Press, Beijing, pp 4–6

4. Qiu Y, Ji X, Chen X, Liang J (2014) ARM simulation of networked fire control radar decoy
interference. Fire Power Command Control 39(4):49–53

5. Lyu X, Yu W (2019) Air defense forces fire control radar networking based upon command
information system. PLA Press, Beijing, pp 10–13



Experimental Study on Color
Optimization of Fighter Cockpit Interior
Decoration

Jian Du, Xiaochao Guo, Duanqin Xiong, Yanyan Wang, Wei Pan,
Shuang Bai, Liu Yang, and Juan Liu

Abstract Objective: To study the preference of fighter pilots for the color of cockpit
interior decoration and put forward the spraying color suitable for the whole cockpit
and the devices in it, which provides the basis for the color design of cockpit inte-
rior decoration. Methods: 164 fighter pilots were selected as experimental subjects.
Making two series of palettes of dark and light colors as experimental materials, in
which, the light color system is an alternative color for the cockpit bulkheadwhile the
dark system is for the main control devices. During the experiment, the subjects were
asked to choose the colors that they considered to be suitable for cockpit bulkhead
andmain control devices from the two series of palettes and then sort these colors and
finally choose the color they like in their daily life. Results: (1) The palette number
C5 (agate grey) has the highest level of preference among the light color system,
followed by C3 (misty grey), C4 (monky grey) and C6 (beige grey). Among the dark
color system, the palette number C′8 (medium grey) and C′1 (concrete grey) are the
most popular colors, followed by C′5 (cement grey). (2) The subjects’ preference for
12 light colors and 12 dark colors was different, which was statistically significant (P
< 0.001). Conclusions: In this study, the color of the bulkhead and the main control
equipment of the fighter cockpit are optimized, and it is found that the daily color
preference of pilots has no significant effect on their interior color selection of fighter
cockpit. The results can be used as an important reference for color design of cockpit
interior decoration.

Keywords Aircraft cockpit · Interior decoration color · Visual ergonomic · Fighter

1 Introduction

The cockpit is the main place for the pilot to perform tasks and exchange information
with the aircraft. During flights, pilots are usually vulnerable to different factors such
as the environment in the air, the machines and the physical condition [1]. Because of
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the increasing complexity and integration of aircraft, the limitation of cockpit space
and the particularity of flight environment, the design of color matching in cockpit
affects the pilot’s spatial positioning, visual load, operation comfort, psychological
feeling, etc. [2, 3].Good cockpit color and reasonable colormatching are an important
guarantee for pilots to complete tasks efficiently and comfortably. At the same time,
it can give full play to aircraft performance and improve the psychological comfort of
pilots [4]. In this paper, the color optimization experiment of fighter cockpit is carried
out, and the spraying color suitable for cockpit interior decoration and important
control equipment is proposed, which provides the basis for cockpit interior color
design.

2 Method

2.1 Subjects

One hundred and sixty-four male fighter pilots with normal color perception in active
service were selected as subject. The average age was 28–35 years old, and the
average flight time was 1205 ± 443 h.

2.2 Experimental Materials

The experimental materials mainly include the following four kinds:

1. Questionnaire
A professional questionnaire was designed to collect the personal information
of the subjects, including their color preferences in daily life and suggestions on
the interior color of the cockpit.

2. Test color palette
The color palettes were produced by specialized coating company and sprayed to
the desired colors for this research. On the basis of full investigation, contacting
professional manufacturers to make one set of dark color experimental palette
and one set of light color experimental palette according to the provisions of the
national military standard [5], containing 24 kinds of colors: nine shades of dark
greys, ten shades of light greys and five camel colors. The light color palette
includes ten light grey and two camel colors, and the dark color palette includes
ten dark greys and two camel colors. The color palettes were made of metal with
size of 10 cm × 19 cm. Every color palette and the color code are shown in
Table 1.
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Table 1 Color palette and the corresponding code

Light colors Dark colors

Palette number Color code Palette number Color code

C1 FS36595 Window grey C′1 FS36118 Concretegrey

C2 FS36495 Light grey C′2 FS36251 Green grey

C3 FS36473 misty grey C′3 FS36231 Traffic grey

C4 FS36628 monky grey C′4 FS36293 Iron grey

C5 FS36463 Agate grey C′5 FS36173 Cement grey

C6 FS36492 Beige grey C′6 FS36152 Pebble grey

C7 FS36586 Zephyr grey C′7 FS36270 Mouse grey

C8 FS36559 Sky grey C′8 FS36176 Medium grey

C9 FS36440 Slate grey C′9 FS36280 Anthracite grey

C10 FS36622 Basalt grey C′10 FS36279 Quartz grey

C11 FS37769 Silver grey C′11 FS37150 Umbra grey

C12 FS37189 Tele grey C′12 FS33531 Brown

3. National Standard Color Card
Figure 1 shows the scene in which pilot subjects are using the experimental color
palette to complete the experiment. Figure 2 shows a set of National Standard

Fig. 1 Color palettes for experiment
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Fig. 2 National Standard Color Card

Color Card. During the experiment, the pilots were asked to choose their favorite
color and fill them into the questionnaire.

4. Multiple light box for experiment

Judge II standard multiple light box (Fig. 3) produced by American X-Rite Limited
Company was used for palette selecting test. In particular, the experiment must be
carried out under the same light source.

2.3 Experimental Design and Method

This study adopted the methods of questionnaire and behavioral experiment. The
24 color palettes were divided into two series: the light (C1-C12) and the dark
(C′1–C′12).

Every two subjects formed a group and completed a round of experiments in pairs.
The classical ranking method in color preference test was adopted, that is to say, the
subjects were asked to sort the 12 colors based on their own preference. The subjects
ranked their favorite color as 1, and the least favorite color as 12. Sort the middle
colors according to this rule and so on.
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Fig. 3 Multiple light box

To avoid the influence of order and positions of the palettes, for each color
series, two times of sorting and four rounds of experiments were executed. The
specific experimental sequence was dark–light–light–dark and, light–dark–dark–
light. Before each sorting, the palettes should be shuffled to assure the order was
randomized.

2.4 Experimental Data Processing

SPSS18.0 was used for the statistical analysis of experimental data.

3 Results and Analysis

3.1 Daily Color Preference

In the experiment of daily color preference, colors of the same color system were
combined and recoded, such as dark blue and light blue were uniformly classified as
blue. According to their daily preferences, the subjects selected their favorite colors
from the National Standard Color Cards containing 83 kinds of colors. The results
showed that blue was the most favorite color of the pilot subjects and 94 pilots
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Table 2 Frequency distribution of daily color preference

Color in National standard color card Approvals of the paratroopers Percentage (%)

White 2 1.2

Red 17 10.4

Yellow 14 8.5

Gray 9 5.5

Blue 94 57.3

Green 26 15.9

Brown 2 1.2

Total 164 100.0

(57.3%) chose it. Then, the second favorite color was green and 26 pilots chose it
(15.9%). And then the third color was red and yellow (10.4 and 8.5%). Relatively,
few people like other colors (Table 2).

3.2 Results of Light Color System Sorting

Light colors were mainly used for aircraft cabin bulkhead interior. Pilot subjects’
ranking results of light colors were as follows. The data of the 12 light colors was
further analyzed to choose the best proper colors for fighter aircraft cabin, and the
sorting results were C5, C3, C6, C4, C10, C2, C9, C1, C8, C7, C11, C12. Detailed
sorting results of light color system were listed in Table 3.

Multiple sample test of nonparametric correlation analysis was taken to further
investigate whether the entire pilot subjects in the experiment like the same light
color. Statistical results showed significant differences, as shown in Table 4 (P <
0.001). It was indicated that among the 12 light colors, the pilots’ preferences were
not the same.

Table 3. 12 Light colors sorting results

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

Average
grade

6.68 5.59 4.73 5.35 4.31 5.20 8.08 7.09 5.79 5.48 9.70 9.81

Standard
deviation

2.2 2.0 3.8 1.9 3.3 2.0 2.8 2.5 4.0 1.8 3.1 3.3

P 0.48 0.58 0.66 0.60 0.70 0.62 0.36 0.45 0.56 0.59 0.21 0.20

Z −0.06 0.21 0.42 0.26 0.53 0.30 −0.36 −0.13 0.16 0.23 −0.81 −0.85

Z + 0.85 0.79 1.06 1.27 1.11 1.38 1.15 0.49 0.72 1.01 1.08 0.04 0

Ranks 8 6 2 4 1 3 10 9 7 5 11 12
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Table 4 Differences in
preference to 12 light colors

Statistical indicator Friedman test Kendall’s test

N 163 163

df 11 11

Chi-square 491.788 491.788

Asymp. Sig. 0.000 0.000

The data of the 12 light colors sorting was analyzed further to screen out several
suitable colors for aircraft. The statistical results showed that C5 is the pilots’ favorite
color, followed by C3 and C4. The significance level of C5 and C3 is less than 0.01,
which are the favorite two colors of pilot subjects. And the pilots have different
preferences for these two colors. On the basis of the sorting preference of 12 light
colors, the two sample nonparametric tests were carried out between the favorite
color C5 and each color of the other 11 colors. The specific results were shown in
Table 5.

Similarly, to distinguish how much the pilots liked the chosen color, the two
sample nonparametric tests were, respectively, carried out between each color of the
other 11 colors and the color of C3 and C4, as shown in Tables 6 and 7.

3.3 Results of Dark Color System Sorting

Dark colors were mainly used for the main control devices in aircraft cabin. Pilot
subjects’ ranking results of dark colors were as follows. The data of the 12 dark
colors was further analyzed to choose the best proper colors for the main control
devices, and the sorting results were C′8, C′1, C′5, C′6, C′3, C′2, C′4, C′7, C′9, C′10,
C′12 and C′11. Detailed sorting results of light color system were listed in Table 8.

Multiple sample test of nonparametric correlation analysis was taken to further
investigate whether the entire pilot subjects in the experiment like the same dark
color. Statistical results showed significant differences, as shown in Table 9 (P <
0.001). It was indicated that among the 12 dark colors, the pilots’ preferences were
not the same.

The data of the 12 dark colors sorting was analyzed further to screen out several
suitable colors for aircraft main control devices. The statistical results showed that
C′8 andC′1were the pilots’ favorite colors, followed byC′5. The significance level of
C′8 and C′1 is less than 0.01, which are the favorite two colors of pilot subjects. And
the pilots have different preferences for these two colors. On the basis of the sorting
preference of 12 dark colors, the two sample nonparametric tests were, respectively,
carried out between the favorite color C′8, C′1 and each color of the other 11 colors.
The specific results were shown in Tables 10 and 11.
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Table 8 Twelve dark colors sorting results

C′1 C′2 C′3 C′4 C′5 C′6 C′7 C′8 C′9 C′10 C′11 C′12
Average
grade

3.81 6.21 5.38 6.31 3.92 4.35 6.39 3.63 6.95 10.18 10.53 10.27

Standard
deviation

3.6 1.8 1.7 2.0 2.0 2.1 1.9 2.4 1.9 2.0 2.2 2.2

P 0.74 0.53 0.61 0.52 0.73 0.70 0.51 0.76 0.46 0.17 0.13 0.16

Z 0.65 0.08 0.28 0.06 0.62 0.53 0.03 0.71 −0.11 −0.96 −1.13 −1.00

Z + 1.13 1.78 1.21 1.41 1.19 1.75 1.66 1.16 1.84 1.02 0.17 0 0.13

Ranks 2 6 5 7 3 4 8 1 9 10 12 11

Table 9 Differences in preference to 12 dark colors

Statistical indicator Friedman test Kendall’s test

N 163 163

df 11 11

Chi-square 942.268 942.268

Asymp. Sig. 0.000 0.000

3.4 Correlation Analysis of Daily Color Preference
and Sorting

In order to explore whether pilots’ daily favorite colors affect their choice of fighter
interior colors, the statistical nonparametric test and analysis of multiple independent
samples on the ranking of 24 colors and daily favorite colors were carried out.
The light color results were shown in Table 12 and dark color in Table 13. The
results showed that pilots’ daily favorite colors did not affect their sorting results of
fighter interior decoration and the main device colors. When the pilot chooses the
proper color for the cockpit interior, it depends on their consideration of the work
environment, not their own color preferences.

4 Conclusions

Based on this experiments study, the following conclusions can be drawn:

1. According to the 164 pilots invited to interview, the 24 colors (12 light colors and
12 deep colors) have different suitability for fighter cockpit interior decoration
and main device.

2. The palette number C5 (agate grey) has the highest level of preference among the
light color system, followed by C3 (misty grey), C4 (monky grey) and C6 (Beige
grey). Among the dark color system, the palette number C′8 (medium grey) and
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C′1 (Concrete grey) are the most popular colors, followed by C′5 (Cement grey).
Camel series colors are not suitable for cockpit interior.

3. The daily color preference of pilots has no significant effect on their interior color
selection of fighter cockpit.

Compliance with Ethical Standards The studyhadobtained approval from theAir ForceMedical
Center of FMMU. All subjects participated in experiment had signed the informed consent. All
relevant safety, heath and rights had been met in relation to subject protection.
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The Construction of Marine Combat
Flight Environment Based on 4D
Simulation Technology

Yishuang Zhang, Yan Zhang, Fei Peng, Yang Liao, Huamiao Song,
Xueqian Deng, Duanqin Xiong, Juan Liu, and Liu Yang

Abstract Natural scene simulation is an important part of virtual reality technology.
When flying on the sea, it is a unique experience with vast expanse, few referential
landmarks, low visibility, and “pot bottom illusion”. In order to build a virtual system
of marine combat flight environment with strong immersion, based on 4D stereo
imaging system, the special texture fusion algorithm is used to simulate the cloud
effect through the process of making, coloring, and fusion; the fluid system is used
to simulate the sea surface; the method of surface triangle mesh custom polygon
is used to simulate the illusion of very low altitude flight by means of deforma-
tion modification, etc. Finally, a realistic virtual reality system of marine combat
flight environment is realized, which provides a reliable platform for marine flight
psychological training.

Keywords 4D simulation ·Marine combat flight environment · Special texture
fusion algorithm · Fluid system · Triangular mesh of curved surface

1 Technical Background

Sea flight refers to the flight over the sea area away from the coastline [1]. In recent
years, with the change of the international situation and the increase of our military
activities in the open sea, our army has paid more and more attention to the training
of pilots in sea flight operations [2]. The investigations show that pilots who carry
out maritime flight training tasks often face great psychological pressure due to the
complexmarine environment, few reference points of ground objects and landmarks,
prone to delusions, rapid changes in sea conditions and difficulties in navigation
[3, 4]. Especially for the pilots who take part in the sea mission for the first time, they
are more likely to have stress reactions such as fear and tension due to their lack of
understanding of the special environment at sea, which would affect the mental and
physical health of the pilots and could also threaten the flight safety if not regulated.
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The research shows that improving the pre-adaptability of workers to the working
environment through certain training methods can alleviate the work stress to a great
extent. Therefore, it has become the focus of military training research in various
countries that how to conduct pre-adaptation training for sea pilots so that they can
be familiar with the sea flight and operational environment as soon as possible.

Virtual reality technology can make use of computer to create a simulation envi-
ronment, which gives people a sense of immersion in the environment [5]. It has
been widely used in military and aerospace fields in recent years for providing pilots
with more real air environment experience under safe conditions, reducing the cost
of flight training, and improving training safety [6]. TheUSArmy used virtual reality
technology to simulate the real battlefield environment to train the air force pilots
when they were fighting in Iraq, which greatly reduced the difficulty and casualty
rate of the pilots to carry out combat tasks. This kind of training method is also
worth using for reference in the sea flight combat training, and how to simulate the
real ocean combat training environment and how to provide immersive experience
for participants should be one of the technical difficulties. This paper will intro-
duce a method of building virtual marine flight environment based on 4D simulation
technology.

2 4D Stereo Imaging System

2.1 Design Principle

The perception of depth in human visual system is caused by many clues, and binoc-
ular parallax, binocular accommodation, convergences are considered as the main
stereoscopic cues among them. Four-dimensional simulation products mainly use
the perspective difference of human eyes and convergence function to produce four-
dimensional effect products. Two pictures overlap on the screen when the product
is shown. With the help of special glasses or the radiation semi-cone lens grating
in front of the screen, audiences can see the pictures taken from the left perspective
through the left eye, the pictures taken from the right perspective through the right
eye, and then synthesize the three-dimensional perspective through the convergence
function of the two eyes.

2.2 The Realization of 4D Stereo Imaging System

Based on the principle of stereoscopic imaging system, this system used two projec-
tors to stack two pictures on the screen by off-axis method. Because the effect of
stereoscopic image depends on the distance between two projectors and between
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them and the projection plane, we set the projection distance as 1/20 of the projec-
tion plane distance to ensure a comfortable viewing effect. To ensure that the negative
parallax (the projection plane behind the object) does not exceed the eye spacing,
the measurement of the parallax angle is defined as follows:

θ = 2 tan−1

(
DX

2D

)
(1)

DX: the horizontal interval between the projection points of two eyes;D: the distance
between the eyes and the projection plane.

3 Cloud Simulation

The visibility experience in sea flight mainly depends on the simulation effect of
cloud. We use Houdini to simulate the cloud. Houdini supports all nodes to be
transformed into OTL, which can be easily controlled and modified. Therefore, the
shape of cloud based on Houdini can be controlled at will by adjusting any required
parameters. Figure 1 shows the simulation process of cloud effect. The main steps
include the following:

1. Use Houdini’s copy and mountain nodes to make some irregular balls in order
to simulate irregular clouds of different sizes. The scatter node can control

Fig. 1 Cloud simulation process
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the number of discrete points, that is, the number of small balls is ultimately
controlled;

2. Use themountain node and the point fromvolumenode to generatemany irregular
points to determine the general shape of the cloud;

3. Copymanymetaballs through the copy node and then generate the cloud through
the iso-offset node;

4. Use distance to measure the distance between each point and the point searched,
we can get the vector film length of the point. Use this distance to map to the
color, take (1-film length) as the output color, if the film length of this point is
greater than 1, (1-film length) < 0, the color is black; if the film length of this
point is less than 1, (1-film length) > 0, the color tends to red.

4 Ocean Simulation

It is an important visual experience when flying in the sea to be vast and open. Use
RealFlow, 3dsMax, Photoshop, and other software to simulate the oceanwhich could
be observed when flying at sea. In order to make the pilot really feel the distance
between the aircraft and the sea, different methods are used to simulate.

4.1 Close Sea Simulation

In order to reflect the effect of wave fluctuation, the real flow particle is used to
calculate the sea surface, and the statistical spectrum of “Tessendorf wave” is used to
create and adjust the wave crest to simulate the wave. In this way, a highly realistic
sea simulation effect can be achieved.

4.2 Distant Sea Simulation

For long-distance sea surface, 3ds Max is used for simulation. Firstly, adjust the
material type of water to anisotropic and adjust the diffuse, ambient, specular level,
glossiness, orientation, and other parameters of the material to simulate the texture
of the sea surface. Adjust the wave peaks and troughs of the distant sea surface by
adding smoke map in the bump map rollout and adjusting the relevant parameters.
In the bump rollout, add noise to simulate the small wave texture in the big wave
and add black and white ripple smoke channel in the displacement map to simulate
the overall vision. Figure 2 shows the key effects of sea surface and overall visual
simulation.
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Fig. 2 Effects of sea surface and overall visual simulation

4.3 Special Sea Conditions Simulation

When pilots fly at ultra-low altitude, they will have the illusion that the sea antenna
is higher than the position of the aircraft. At this time, the ocean is like an endless
pot, and the aircraft is flying at the bottom of the pot. This phenomenon could be
called as “pot bottom illusion”. In order to simulate this phenomenon, we can use the
surface triangle mesh of real wave to customize the polygon, through deformation
and displacement, and use a variety of predefined modifiers to simulate the distortion
phenomenon of the pilot when flying at low altitude on the sea surface, and more
precise in displaying the sense of pressure generated by flying at low altitude on the
sea surface. The process is as follows:

1. Import sea sequence frame;
2. Extract the area near the horizon through the color channel;
3. Blur the horizon area to make it look more realistic;
4. Meshwarp special effects are added to the adjusted sea synthesis to distort the sea

surface to form the pot bottom phenomenon according to the aircraft animation.
Figure 3 shows the comparison of the sea effects before and after distorted.

Fig. 3 Comparison before and after distorted
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5 Conclusion

When flying on the sea, it is a common visual experience to have a vast expanse, few
referential landmarks, and low visibility, and “pot bottom illusion” is also a unique
illusion experience in marine combat flight. In the simulation design, based on the
principle of 4D stereo imaging system, the sky, sea, and illusion effects are simulated
by various technical means to create a marine combat flight environment with strong
immersion, and finally a realistic virtual system of sea combat flight environment
is realized. Many flight experts have verified this system and pointed out that the
system is very suitable for pilots’ pre-adaptation training before flying at sea.
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Spacecraft Multifunctional
Micro-vibration Environment
Laboratory

Yao Wu, Tingfei Yan, Guiqian Fang, Xinming Li, Jungang Zhang, Lei Wang,
and Bo Wei

Abstract The problem of orbital micro-vibration has been troubling the develop-
ment of high-precision spacecraft. Experimental research onon-orbitmicro-vibration
during the satellite development stage is a very effectivemethod to solve this problem.
In order to carry out the ground micro-vibration test of spacecraft with higher accu-
racy, this paper introduces a micro-vibration laboratory designed in AIT, which has
excellent performance of vibration isolation and sound insulation. The background
noise index reaches 30 dBA, and the background vibration index reaches 10−5 g.
At the same time, the laboratory is designed according to the satellite development
process, which can be used to conduct all kinds of micro-vibration environmental
tests in the satellite development cycle under the same background environment.

Keywords Spacecraft ·Micro-vibration test ·Micro-vibration laboratory · Sound
absorption · Vibration isolation

1 Introduction

Themicro-vibration of the spacecraft in orbit is a kind of vibration accompanying the
movement of themoving parts.Different from the general reciprocating vibration that
occurs near the equilibrium position, it is a random reciprocating motion that occurs
at the movement position. It has the characteristics of small amplitude (typically on
the order ofmicrometers), wide frequency range, nonlinearity, and strong coupling. It
changes as theworking characteristics of themoving parts change. This kind of vibra-
tion caused by the work of moving parts such as the control moment gyro (CMG),
solar wing drive mechanism (SADA), and other general micro-vibration sources
does not cause structural damage but significantly affects the performance of high-
precision payloads [1–3]. On-orbit micro-vibration is an important factor that affects
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the key performances of imaging quality and pointing accuracy of high-precision
spacecraft such as space telescopes, high-resolution remote sensing satellites, and
laser communication satellites [4–6]. It is necessary to analyze the micro-vibration
problem at the same time as the satellite development stage [7].

2 Ground Micro-vibration Test

Before launching, conducting on-orbitmicro-vibration ground evaluation and ground
test research are necessary methods to solve this problem. However, each micro-
vibration test requires a special test environment, that is, an ultra-low vibration envi-
ronment, an ultra-low noise environment, and even an ultra-low gas flow environ-
ment. This is because the magnitude of micro-vibration is very small, and anyminute
vibration, noise, or airflow in the surrounding environment may have a great impact
on the test results.

Due to the special requirements of the test environment for the micro-vibration
test, themicro-vibration test is best performed in a specially designedmicro-vibration
test room. At present, most micro-vibration test laboratories only perform a part of
the micro-vibration tests in the development stage. The magnitude of the micro-
vibration is small, so the background noise will have a great impact on the test
results. Since the background noise of each micro-vibration laboratory is different,
this will cause different background noises of different single machines of the same
satellite to perform micro-vibration tests, which makes it difficult to evaluate the
results. Especially for the test of high-precision satellites, the accuracy is higher, so the
background noise requirements are higher, so that the test is even difficult to carry out.
Therefore, the construction of an ultra-clean laboratory with multi-purpose functions
can carry out micro-vibration tests under the same background environment during
the product development stage, which will make the research of micro-vibrations of
the product more convenient and accurate, and the same background noise will be
more conducive to the discovery of problem-solving problem.

3 Micro-vibration Laboratory Design

In order to facilitate the implementation of high-precision micro-vibration tests, a
multifunctional micro-vibration test laboratory was constructed in this paper.

The laboratory was converted from the original warehouse in the AIT factory. The
warehouse is on the first floor and is surrounded by the satellite assembly and test hall
(Fig. 1). Therefore, duringwork hours, otherworkwill generate randomvibration and
noise in this room. In addition, there is an air-conditioning room directly above the
room. The air-conditioning will work continuously day and night. These factors will
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Fig. 1 Original warehouse
in the AIT factory

cause continuous vibration and noise interference in the room. Therefore, the original
vibration environment in the room is 10−4 g, and the noise environment is 55 dB (A).
In order to meet the background noise environment required for the micro-vibration
test, the room was designed for vibration isolation and acoustic design.

3.1 Multistage Vibration Isolation System

Firstly, remove the concrete floor in the middle of the house, dig a deep pit about
2 m downward, and set up a laboratory vibration isolation foundation in the deep
pit. The wall and bottom of the vibration-isolating foundation are cast by concrete.
Rubber vibration-isolating materials are installed on the outside of the foundation
wall to avoid direct contact between the vibration-isolating foundation and the orig-
inal structure of the house and block the house structure from transmitting vibra-
tion signals to the vibration-isolating foundation. The first-stage vibration isolation
system was completed (Fig. 2).

Then, two vibration isolation platforms were built at the east and west locations
in the vibration isolation foundation. The size of the vibration isolation platforms 1
and 2 was 8 m × 2 m × 1 m and 7 m × 2 m × 1 m (length ×Width × height).

Each vibration isolation platform is composed of a concrete mass and several
spring vibration isolators to form a two-stage vibration isolation system (Fig. 3).
The embedded steel plate at the bottom of the concrete mass is linked to the spring
isolator and installed on the vibration-isolating foundation. The concrete mass is
used to install micro-vibration test equipment.

In order to ensure the installation accuracy of each test equipment, multiple
mounting steel plates are embedded in the upper surface of the platform, and ten
steel plates are installed on the top of the first vibration isolation platform, and on the
top of the second vibration isolation platform two large steel plates and four small
steel plates were installed.
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Fig. 2 First-stage vibration
isolation system

Fig. 3 Second-stage
vibration isolation system

Finally, the two vibration isolation foundations are flexibly connected to the
surrounding ground joints. Each vibration isolation platform can be simplified to a
mass spring system, and the first-order resonance frequency of the vibration isolation
platform is less than 2.5 Hz after construction.

f =
√

K

M
(1)

K The stiffness of the spring.
M The weight of the platform.
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Fig. 4 Isolation performance of micro-vibration laboratory

Figure 4 shows that when someone walks on the factory floor, it has no effect
on the vibration isolation platform. The background noise vibration index on the
vibration isolation platform can be better than 10−5 g.

Each vibration isolation platform can be simplified to a mass spring system, and
the first-order resonance frequency of the vibration isolation platform is less than
2.5 Hz after construction.

3.2 Sound Insulation and Absorption System

The noise interference of the micro-vibration laboratory is mainly divided into two
parts.Onepart is the noise transmitted from the surrounding room to the room through
thewall. The other part is the noise generated by thework of the test equipment during
the micro-vibration test. Noise interference is caused by reflection.

Therefore, the sound insulation design and the sound absorption design were
carried out separately.

Since the roomabove is the roomof the air-conditioningunit, the cost of renovation
is high and the construction is not convenient. Therefore, a damping layer is applied
to the top plate to reduce the floor vibration. The top corner of the room is equipped
with ventilation ducts for ventilating the AIT hall, which is very noisy. Therefore,
a sound insulation cover is designed for the ventilation duct to reduce the radiated
noise from the noise source.
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On the wall surface, multilayer sound insulation panels are installed. The sound
insulation structure is designed by comprehensively using cavity resonance and struc-
tural sound insulation methods. At the outermost side of the sound insulation struc-
ture, facing the interior side of the room, install sound-absorbing materials to absorb
the sound waves generated by the test product and avoid reflected sound waves from
affecting the micro-vibration test. Through sound insulation and sound absorption
design, the overall noise reduction of the room is more than 20 dB (A), the back-
ground noise is less than 30 dB (A), and the sound absorption rate of the wall is more
than 90%, realizing the construction of an ultra-quiet environment (Figs. 5 and 6).

Fig. 5 Multilayer sound insulation panels
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Fig. 6 Background noise of micro-vibration laboratory

3.3 Multifunctional Design for Micro-vibration Test

Most of the research on micro-vibration problems comes from three aspects: source,
path, and receiver, corresponding to the research of vibration source of micro-
vibration, the research of transmission path, and the research of micro-vibration
characteristics of sensitive load. Each part corresponds to different types of micro-
vibration experiments. It mainly includes micro-vibration disturbance source iden-
tification test, satellite system micro-vibration transmission path analysis test, simu-
lation of on-orbit micro-vibration environment test on the ground, sensitive micro-
vibration resistance verification test, and so on. In response, the functional design
of the micro-vibration laboratory was designed according to the main content of the
satellitemicro-vibration test and the satellite development process. It mainly includes
the following micro-vibration testing equipment:

1. Vacuum disturbance source interference micro-vibration test system
2. Multi-degree-of-freedom interference source simulation system
3. Satellite or payload micro-vibration response test system
4. High-precision optical path simulation system.

The high-precision optical path simulation system is set on the steel plate of No.
1 vibration isolation platform, and the multi-degree-of-freedom interference source
simulation system and vacuum disturbance source interference micro-vibration test
system are both set on the steel plate ofNo. 2 vibration isolation platform. In addition,
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a steel plate is also installed on the second seismic isolation platform, which is used
to carry out satellite or payload micro-vibration response test. The steel plate has
threaded holes. The rigid and flexible fixtures required for the micro-vibration test
can be directly mounted on this steel plate by bolts.

The function of the disturbance source test system is to identify the disturbance
source and quantify the output level of the disturbance source. It is used to identify
the micro-vibration disturbance force such as momentum wheel and control torque
gyro in a vacuum environment to obtain the micro-vibration output response.

The micro-vibration environmental performance verification system of a payload
is very sensitive to micro-vibrations, the main purpose is to create a micro-vibration
environment when the payload is working on orbit and then verify the performance
of the payload in this environment.

The spacecraft and payload micro-vibration response test system is mainly used
to analyze the transmission path of the spacecraft and evaluate the overall micro-
vibration response.

4 Conclusion

Themicro-vibration laboratory established in this paper can performmicro-vibration
test analysis under the same background noise during the entire satellite develop-
ment cycle, such as micro-vibration analysis of interference sources, transmission
path analysis, and micro-vibration response analysis. The test data is evaluated at
the same background noise level, which is more conducive to product analysis and
development. In addition, through the design of vibration reduction and noise reduc-
tion, the laboratory has extremely low background noise for micro-vibration testing.
The noise environment index of the laboratory is better than 30 dB (A), and the vibra-
tion environment index is better than 10−5 g. The design method has the function of
isolating external vibration and noise interference, and the method can be used for
the conventional AIT plant renovation.
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Study on the Paving Density of Lunar
Soil Simulant in the Indoor Ground Test
of Lunar Rover

Yanjing Yang, Shichao Fan, and Shuhong Xiang

Abstract As the basic property of lunar soil simulant, variation of the density will
affect the simulant bearing capacity, slope stability, heat exchange property and
so on, as well as the mobility of lunar rover. Experiment research reveals that the
stacking status has a significant influence on the mechanical property of the lunar
soil simulant, and reasonable paving density is critical to the effectiveness of rover
mobility experiment on ground. In this paper, the Duncan-Chang–Drucker–Prager
model was used for the numerical representation of lunar soil simulant in the finite
element model. Based on the analysis of bearing capacity of different lunar soil
simulant with different densities, the paving density of lunar soil simulant in the
indoor ground test of lunar rover was given.

Keywords Lunar rover · Ground test · Lunar soil simulant · Paving density

1 Introduction

The lunar gravity is only 1/6 g, and since lower gravity field changes the mechanical
properties of lunar soil, simulation of the in-situ lunar soil environment on ground
remains an important problem during the verification stage of lunar rover.

Considering low gravity environment was difficult to model on ground, numerical
method is always an effective tool in terramechanics analysis [1–3], finite element
modelling was used to study the mechanical property of lunar soil simulant with
different densities here, and proper density of lunar soil simulant was determined to
acquire equivalent in site lunar soil property.

In this paper, a nonlinear elastic–plastic constitutive model called DC–DP model
was used to model the lunar soil simulant, where the nonlinear elastic modulus of
the soil was defined by Duncan-Chang model, and the failure criterion was defined
by Drucker–Prager model. The stress varying property of lunar soil simulant can be
reflected by this model. The detail of this model can refer to our previous work [4].
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Table 1 Lunar soil simulant parameters of the DC–DP model

c (kPa) ϕ (°) Pa (kPa) β (°) d (kPa) K n Rf Kur

(ρ = 1.46 g/cm3) 1.1 39.9 101.3 58.5 2.3 197.9 0.93 0.62 3.0

(ρ = 1.50 g/cm3) 2.3 43.6 101.3 60.8 5.1 239.8 0.92 0.61 3.0

(ρ = 1.55 g/cm3) 2.9 46.1 101.3 62.2 5.5 507.8 0.91 0.75 3.0

(ρ = 1.65 g/cm3) 4.5 52.2 101.3 65.0 7.5 799.5 0.83 0.68 1.2

Using the constitutive parameters calculated via test, the DC–DP model was
implemented through UMAT subroutine in ABAQUS. Bearing capacity of lunar
soil simulant with different density was analysed to choose a proper simulant paving
density during the rover indoor ground test.

2 Model Parameter Determination and Verification

The results of triaxial compression tests were used to estimate four different densi-
ties lunar soil simulant material parameters for the proposed model. The material
parameters used in the simulation were given in Table 1, where c is cohesion, ϕ is
angle of internal friction, Pa is the atmospheric pressure, β is the slope of the linear
yield surface in p-q plane, d is the material cohesion, K is the modulus number, n
is the modulus exponent, Rf is the failure ratio, μ is Poisson’s ratio which equals to
0.45, and Kur is the reload modulus number.

The DC–DP model was implemented into UMAT of ABAQUS [5, 6]. Compar-
isons of the predicted andmeasured stress versus strain under three different confining
pressures of lunar soil simulant were given in Fig. 1. The modelled and measured
data agreed well at low confining pressure and small axial strains.

3 Plate Sinkage Test Simulation of Lunar Soil Simulant
with Different Densities

Sinkage characteristics of lunar soil simulant with different densities were analysed
in this section. The lunar soil simulant was modelled using a rectangular solid whose
sizes were 120× 120× 15 cm, 120× 120× 20 cm, 120× 120× 30 cm and 120×
120× 50 cm. A circular plate with a radius of 10 cm was placed on the centre on the
top surface of this FE model. Considering the symmetry characteristic of this model,
only one quarter of the FE model was built, and element type used in the model was
C3D8R. U1, U2 and U3 of the base surface were restricted. A displacement along
−Z was placed on the top surface of this model to simulate the downward sinking
process. The plate sinkage test modelled in ABAQUS was shown in the following
figure (see Fig. 2).
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Fig. 1 Comparison of test results and numerical predictions
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Fig. 2 FEA model of the
plate sinkage test (depth =
50 cm)

Sinkage curves of lunar soil simulant of different depths were shown in Figs. 3, 4,
5 and 6. Real lunar soil sinkage curves according to terrain mechanics test results of
surveyor mission [7] (kc = 1.4 KN/cmn + 1, kϕ = 820 KN/cmn + 2, n = 1) were also
shown in these figures. From these figures, it can be seen that under the same force,
the sinkage decreases as the density increases, and under the same force, the sinkage

Fig. 3 Sinkage curves of
lunar soil simulant with
different densities (depth =
15 cm)

Fig. 4 Sinkage curves of
lunar soil simulant with
different densities (depth =
20 cm)
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Fig. 5 Sinkage curves of
lunar soil simulant with
different densities (depth =
30 cm)

Fig. 6 Sinkage curves of
lunar soil simulant with
different densities (depth =
50 cm)

of different density lunar soil simulant was smaller than real lunar soil, which means
that these lunar soil simulants with different densities were “stiffer” than the real
lunar soil.

According to the relationship between the bearing capacity and density of lunar
soil simulant, bearing capacity is consistent with the real lunar soil and can be
acquired through adjustment of lunar soil simulant density. Force applied to the
plate on lunar soil simulant with different densities and the force on real lunar soil
under the same sinkage were shown in Table 2.

The curve fitting results of force applied on the plate versus density were shown
in Figs. 7, 8, 9 and 10, and the target density which produces the identical force with
the real lunar soil was shown with a dashed line. Target densities at different depths
were shown in Table 3.

Table 2 Force applied to the plate on lunar soil simulant with different densities and the force on
real lunar soil under the same sinkage (All forces are measured in KN)

Density (g/cm3) 1.46 1.50 1.55 1.65 Force on real lunar soil under same
sinkage (KN)

Force (Depth = 15 cm) 1.98 3.56 8.15 27.84 0.26

Force (Depth = 20 cm) 1.40 2.44 5.79 19.81

Force (Depth = 30 cm) 1.04 1.74 4.04 12.13

Force (Depth = 50 cm) 0.96 1.52 3.57 9.29
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Fig. 7 Curve fitting results
of force applied on the plate
versus lunar soil simulant
density (depth = 15 cm)

Fig. 8 Curve fitting results
of force applied on the plate
versus lunar soil simulant
density (depth = 20 cm)

Fig. 9 Curve fitting results
of force applied on the plate
versus lunar soil simulant
density (depth = 20 cm)
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Fig. 10 Curve fitting results
of force applied on the plate
versus lunar soil simulant
density (depth = 20 cm)

Table 3 Target densities of lunar soil simulant at different depths

Soil depth (cm) 10 15 20 30 50

Target density (g/cm3) 1.29 1.31 1.34 1.35 1.35

4 Conclusions

The DC–DP constitutive model was implemented on ABAQUS through UMAT
subroutine, and the FE model of lunar soil simulant was built. The plate sinkage
test of lunar soil simulant with different densities was simulated, and target paving
densities of lunar soil simulant at different depths were recommended according to
curve fitting results of forces applied on the plate versus densities.
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Numerical Study of Thermal Comfort
for Door Area in Civil Aircraft Cabin

Quan Peng, Chengyun Wu, Yudi Liu, Xuhan Zhang, and Huayuan Liu

Abstract In civil aircraft cabin, the requirement of comfort heating for passengers
and crew in door areas is increasing. For the benefit of proper design for supplemental
heating systems, a thermal model of door area is developed and the thermal comfort
is investigated with CFD method. Human thermal comfort, gray thermal radiation,
and Boussinesq hypothesis should be considered in physical modeling. The air distri-
bution including air temperature and air velocity at different height above the floor
is presented and analyzed according to ASHRAE 161 standard. The thermal model
is validated through flight test, and results show good consistency between CFD
solution and flight data.

Keywords Civil aircraft · Thermal comfort · Numerical simulation · Door area

1 Introduction

Nowadays, more people, including those with impaired health or who are otherwise
potentially sensitive to cabin environmental conditions, are traveling by air than ever
before. When traveling via short- and medium-haul routes in winter or long-haul
routes, passengers and flight attendants adjacent to the doors often complain about
coldness in the lower limbs and feet, which is suspected as “leakage of the door.”
This is mainly because the door movement area, where the cabin door is connected
to the fuselage door frame, is equipped with seals instead of thermal insulation layer.
In addition, the thin thermal insulation layer of the cabin door is also the cause of
the coldness in the door area.
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Airlines and aircraft manufacturers have taken measures to meet the increasing
demands for higher comfort level by the flying public, and comfort heating seems to
be the most popular one. Comfort heating is realized through supplemental heating
systems, mainly in the form of heated floor panels (HFP) or air heaters in ventilation
ducts. Comfort heating is widely applied in civil aircrafts by Airbus and Boeing,
such as A320, A330, A340, B767, B777, and B787.

Analysis of air distribution in the door area is a must for comfort heating design.
Experimental measurements and numerical simulations are the two popular methods
used in predicting, designing, and analyzing air distribution in the cabin [1, 2]. The
experimental measurements have usually been seen as more reliable although they
are more expensive and time-consuming. In fact, most of the numerical simulations
use computational fluid dynamics (CFD) can provide effectively detailed information
[3].

Studies on air distribution in commercial airliner cabin have been carried out by
many researchers [4], but the efforts on simulation of air distribution in door area are
extremely limited at this time. In this paper, a thermal model will be developed to
investigate air distribution in door area specifically. Distribution of air temperature
and air velocity at different height above floor is presented and analyzed according
to ASHRAE 161 standard [5]. The thermal model is validated through a flight test,
and the flight data is compared with the CFD solution of the flight test condition.

2 Thermal Model

2.1 Geometrical Model

In general, the computational domain covers two rows of passengers on either side of
the cabin door. The geometrical model is bounded by the air that directly contacts the
cabin interior and passengers. The components of the model need to be simplified to
shorten the computing time, such as seats, passengers, air supply grille.A geometrical
model of door area in cabin is shown in Fig. 1.

Accurate solution of numerical model requires high-quality mesh. The grid sizes
of the geometrical model of door area are usually set as follows:

1. Global: 30–50 mm
2. Windows, side wall, roof, and floor: 30 mm
3. Air inlet and air outlet: 10 mm.
4. Door: 20 mm.
5. Gap (clearance between the door interior and floor, unequipped with thermal

insulation layer): 5 mm.
6. Passengers and seats: 25 mm.
7. Boundary layer: 4 layers with a total thickness of 5 mm and a growth rate of 1.2.



Numerical Study of Thermal Comfort for Door Area in Civil … 581

Fig. 1 A geometrical model of door area in cabin

2.2 Physical Model

Thermal comfortmodel,which addresses local thermal sensations of human, is essen-
tial for physical modeling of door area in cabin. Developing a thermal comfort model
to evaluate thermal comfort asymmetrical environments or transient conditions has
being a hotspot of recent study. Cheng et al. [6] coupled two typical thermal comfort
models, the simple ISO 14505 standard method and the comprehensive UCBerkeley
thermal comfort model (UCB model), to CFD numerical simulation with different
process to evaluate thermal environment of a small office, and the results indicated
that compared with the UCB model, the ISO 14505 index could be applied with
caution as a convenient method to evaluate thermal comfort in non-uniform, overall
thermally neutral environments.

Gray thermal radiation and Boussinesq hypothesis should be taken into consider-
ation as well due to the significant temperature difference between the gap of door
area and the average operative seating area. In addition, Reynolds-averaged Navier–
Stokes equation modeling is recommended for CFD simulation of air distribution in
door area.

2.3 Analysis of Air Distribution

Aircraft cabin temperature design and operating requirements recorded in ASHRAE
161 standard [5] should be met during the air distribution design for door area, which
are listed in Table 1.
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Table 1 Aircraft cabin temperature design and operating requirements (excerpt)

Parameter Acceptable condition

Temperature spatial variations Vertical operative temperature variation within
a seat (seat centerline): <5 °F (2.8 °C) variation
in temperatures measured at 4 in., 24 in., and 43
in. (100 mm, 610 mm, and 1090 mm)

Maximum surface temperature differential for
seated occupants

Average temperature of sidewall surface shall
be within 10 °F (5.6 °C) of the average
operative seating area temperature (the average
for 4 in., 24 in., and 43 in. [100 mm, 610 mm,
and 1090 mm] from the floor). Temperature of
the floor surface measured at the occupant’s
feet shall be within 10 °F (5.6 °C) of the
average operative seating area temperature (the
average for 4 in., 24 in., and 43 in. [100 mm,
610 mm, and 1090 mm] from the floor)

Local airspeed Seated passengers and crew: <70 ft/min
(<0.36 m/s)
Draft sensitive bare body areas: <60 ft/min
(<0.30 m/s) [<40 ft/min (<0.20 m/s)
recommended]
Head level with PAO turned on: >200 ft/min
(>1.0 m/s)
Head level with PAO not installed: >20 ft/min
(>0.1 m/s)

By using the thermalmodel illustrated above, numerical simulation of air distribu-
tion for door area in aircraft which is cruising at 35,000 ft in extremely cold weather
is conducted. Figure 2 shows the shell temperature of passengers seated in door area.
The problem of thermal uncomfort in door area is replicated, since the shell temper-
atures of passengers adjacent to the doors (3A and 3E) are significantly low in the
feet, and the requirement for temperature spatial variations is apparently unmet.

The air temperature distribution at 25 mm, 610 mm, and 1090 mm above floor is
detailed in Figs. 3, 4 and 5, respectively. Temperature measured at passenger’s feet
adjacent to the door is as low as 14 °C, and the average operative seating area temper-
ature is 24 °C; thus, the requirement for maximum surface temperature differential
for seated occupants is unmet. The effect of coldness in door gap area on the section
at 610 mm or more above floor is quite limited.

The air velocity distribution at column E is shown in Fig. 6. A uniform velocity
distribution is achieved, and the requirement for local airspeed is met.
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Fig. 2 Shell temperature distribution of passengers seated in door area

Fig. 3 Air temperature distribution at 25 mm above floor
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Fig. 4 Air temperature distribution at 610 mm above floor

Fig. 5 Air temperature distribution at 1090 mm above floor
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Fig. 6 Air velocity distribution at column E (seat centerline)

3 Validation

A flight test is performed on the exact aircraft geometrically modeled in Fig. 1 to
validate the thermal modeling of air distribution in cabin door area. Flight data are
recorded when the aircraft is cruising at 35,000 ft in hot summer. The measure point
layouts in terms of wall temperature and environment temperature are demonstrated
in Figs. 7 and 8, respectively.

The description of locations of each measure point is detailed in Table 2, as well
as roles they played in the flight test.

The flight data is compared with the CFD solution of the flight test condition, as
shown in Table 3. A good consistency is achieved; thus, the thermal model developed
in this paper is successfully validated.
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Fig. 7 Layout of measure points for wall temperature

Fig. 8 Layout of measure points for environment temperature
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Table 2 Locations and functions of measure points

Measure point Location Function

E-L1, E-R1 Feet of passengers adjacent to doors Validation

E-L2, E-R2 Lower limbs of passengers adjacent to
doors

E-M1, E-M2 Armrest of seat 3C, 1C

W-L1, W-R1 Center of upper half of the doors

W-L2, W-R2 Center of lower half of the doors

W-L3, W-R3 Gap of the doors

E-L3, E-R3 Air inlet-top Boundary condition inputs for CFD

W-L4, W-R4 Center of window

W-L5, W-R5 Side wall

W-M1, W-M2 Roof

W-M3, W-M4 Floor

Table 3 Comparison between flight data and CFD solution

Measure point Flight data (°C) CFD solution (°C) Deviation (°C)

E-L1 21.3 24.1 +2.8

E-R1 21.6 20.8 −0.8

E-L2 23.0 25.1 +2.1

E-R2 23.3 24.9 +1.6

E-M1 24.1 25.6 +1.5

E-M2 24.3 26.0 +1.7

W-L1 21.1 23.7 +2.6

W-R1 20.5 24.0 +3.5

W-L2 21.8 23.5 +1.7

W-R2 21.0 23.4 +2.4

W-L3 11.9 8.3 −3.6

W-R3 10.7 7.8 −2.9
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Research on the Uniform Air Supply
Technology of the Static Pressure
Chamber in a Spray Room

Jianwu Chen, Yuan Bai, Bin Yang, Lindong Liu, Ye Tian, Yanqiu Sun,
and Weijiang Liu

Abstract The static pressure chamber has been widely used in the ventilation of a
spray room, and the uniform air supply at the bottom of a static pressure chamber
is very important for the control of toxic substances; therefore, the internal structure
of the static pressure chamber in a spray room is studied in this paper in order to get
the uniform air supply. The suitable roof structure of static pressure chamber with
uniform air supply in a spray room widely used in wooden furniture manufacturing
enterprise is put forward by comparing and analyzing the methods of uniform air
supply in duct. The models of static pressure chamber models are established by
CAD, and the numerical simulation was carried out by Fluent. The influences of
roof structure on the uniform air supply in a static pressure chamber were analyzed
based on the results of the simulation. The result shows that the best internal structure
of static pressure chamber in the spray roomwith uniform air supply is that the whole
roof is sloping.

Keywords Ventilation · Spray room · Static pressure chamber · Simulation ·
Uniform air supply

1 Purpose

A spray room can effectively trap the toxic substances produced by spray painting,
reduce the toxic concentration of spray painting environment, and protect the occupa-
tional health of workers, so the spray room has been widely used in many fields, such
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as furniture manufacturing [1]. The efficient ventilation system is very important for
human health in a spray room [2]. The push–pull ventilation system has been widely
used as an efficient ventilation system [3], and a static pressure chamber is often used
to achieve uniform air supply at the top of a spray room. Multilayer filter materials
are often used in the bottom of the static pressure chamber for the goal of uniform air
supply and purifying particles to ensure the quality of spray painting, but the wind
resistance lost is high and the effect of equalizing wind needs to be improved. J. Chen
et al. researched the performances of supply air for uniform air supply square hood
by numerical simulation [4], and X. Wu et al. studied the influence of rectangular
elbow on the uniform air supply in an exhaust hood [5]. X. Gao et al. studied and
optimized the air-conditioning and air supply system of the spray room [6]. T. Xiao
et al. studied the air distribution of uniform air supply in variable cross-sectional duct
by CFD simulation [7], and W. Yang et al. analyzed the air supply mechanism of a
uniform air supply duct [8]. There is little research on the structure of static pressure
chamber in spray room for uniform air supply at present, but an appropriate structure
of static pressure chamber can provide the uniformity of air supply and reduce the
wind resistance loss. Therefore, this paper studies the structure of static pressure
chamber in spray room in order to obtain uniform air supply.

2 Research Objects and Methods

2.1 Research Objects

Spray room has been widely used in the furniture manufacturing industry, and the
vertical push–pull ventilation with uniform air supply on the whole top is mostly
adopted [9, 10]. Therefore, the widely used static pressure chamber of spray room
in the furniture manufacturing industry was taken as the research object. The size of
the spray room is 9 m length× 7 mwidth× 4 m height, and there is a 1 m high static
pressure chamber in the upper part of the spray room. The static pressure chamber’s
structure with uniform air supply in the top of the spray room will be studied in this
paper. The top static chamber of the spray room is a cuboid, which can be viewed
as a rectangular duct, and the four methods of uniform air supply commonly used in
duct are shown in Fig. 1.

Structure (a) and (b) in Fig. 1 can achieve uniform air supply for holes or slots,
but the wind speed between hole/slot and hole/slot is difficult to be uniform or even
no wind. The uniform air supply on the whole surface of the bottom of the static
pressure chamber in needed in the spray room, so structure (a) and structure (b)
in Fig. 1 are not suitable for the uniform air supply in the static pressure chamber.
Structure (c) and (d) in Fig. 1 can achieve uniform air supply on the whole surface
of the bottom of the static pressure chamber, but structure (c) in Fig. 1 needs to set a
rectifier device with aperture at the lower part of the static pressure chamber, which
difficult to process, manufacture, and construction. Structure (d) in Fig. 1 can be
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Fig. 1 Four methods of uniform air supply commonly used in duct

achieved the uniform air supply for the whole bottom surface of the static pressure
chamber by improving the roof of the static pressure chamber, and the operation of
improving the roof of the static pressure chamber is relatively simple, so structure
(d) is the best one for the static pressure chamber with uniform air supply in spray
room, which is taken as the basic structure of the static pressure chamber for this
research.

2.2 Models Establishment

In order to ensure product quality, the efficiency filters should be installed at the
bottom of static pressure chamber to filter particulates, which is also helpful for
the uniform air supply. In order to study the internal structure of the static pressure
chamber with uniform air supply and simplify the numerical simulation analysis, the
filter at the bottom of the static pressure chamber is ignored in the model of the static
pressure chamber, and the research focuses on the internal structure of the model.
The static pressure chamber is located at the top of the spray room, and the size (9 m
length × 7 m width × 1 m height) of the static pressure chamber commonly used
in paint spraying room of furniture manufacturing industry is the basic structure for
this research. Based on it, the geometric models of the static pressure chamber with
three kinds of roof structures, namely horizontal roof as shown in Fig. 2a, front half
horizontal and back half sloping roof as shown in Fig. 2b, and sloping roof as shown
in Fig. 2c, are established by CAD, which is used to optimize and determine the roof
structure.

The left side of the static pressure chamber in the model is the velocity inlet, and
the bottom surface of the static pressure chamber is the pressure outlet, which is
shown as Fig. 3. The models are meshed by tetrahedrons with automatic production
based on patch-independent algorithm.
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Fig. 2 Models of static pressure chamber with different roof structures

Fig. 3 Sketch map of air distribution for a static pressure chamber

2.3 Calculation Method and Boundary Conditions

2.3.1 Calculation Method

In order to simplify the numerical simulation, the filter at the bottom of the static
pressure chamber is omitted in the model, and the air in the calculation is assumed
to be incompressible. Since the air temperature change is very small, the calculation
assumes that the temperature does not change and ignores the heat conduction. The
flow was assumed to be a fully developed turbulent flow and the viscosity between
fluid molecules was negligible, and only the momentum transfer was considered
in this study and heat transfer was ignored. These assumptions coincide with the
k-ε model, and the standard k-ε double-equation model has a reasonable accuracy
and has been widely adopted in engineering simulation calculations. The steady
incompressible Navier–Stokes equation and the standard k-ε double-equation are
used in the calculation as the other studies [5, 11, 12].

2.3.2 Boundary Conditions and Solution Parameters

The boundary condition of the air outlet, which is the bottom surface of the static
pressure model, is set to pressure outflow in the static pressure model. The size of
the inlet surface is 9 m length× 7 mwidth, so the area of the outlet surface (Aoutlet) is
63 m2. Assume that the velocity of outlet surface (voutlet) is 0.5 m/s commonly used
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wind speed in a spray room for the uniform air supply. The boundary condition of
the air inlet in the static pressure model is set to velocity inlet. The size of the inlet
surface is 7 m width× 1 m height, so the area of the air inlet surface (Aintlet) is 7 m2.
According to the law of conservation of air volume, the velocity of inlet surface is
4.5 m/s calculated by Eq. (1).

vinlet × Ainlet = voutlet × Aoutlet (1)

The turbulence intensity (I) of the velocity inlet is 3.08% calculated by Eq. (2).

I = 0.16Re(−1/8) (2)

where Re—Reynolds number, calculated by Eq. (3).

Re = ρ · v · d/η (3)

where

ρ Gas density, kg/m3. The gas density of air is 1.205 kg/m3 at 20 °C used in this
research.

v Face velocity, m/s. It is 4.5 m/s in this research.
d Hydraulic diameter, m. It is 1.75 m for the air inlet surface in this research.
η Dynamic viscosity, Pa s. The dynamic viscosity of air is 1.81× 10–5 Pa s at 20 °C

used in this research.

The SIMPLEC algorithm is used in this study as solver, which is a numerical
method for solving incompressible flow fields and can be used to solve the Navier–
Strokes equation. The boundary conditions and solution parameters used in this paper
are shown in Table 1.

Table 1 Boundary
conditions and solution
parameters

Boundary conditions and solution
parameters

Definition

Inlet boundary type Velocity inlet

Outlet boundary type Pressure outlet

Inlet velocity magnitude (m/s) 4.5

Inlet hydraulic diameter (m) 1.75

Inlet turbulence intensity (%) 3.08

Outlet boundary type Pressure outlet

Solver Segregated

Viscous model k-epsilon (k-ε)

Pressure–velocity coupling SIMPLEC

Discretization scheme Second-order upwind

Convergence criterion 10−6
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Fig. 4 Wind vector and air distribution for the chamber with different roof structures

3 Results

3.1 The Wind Vector and Air Distribution Simulation Results

The wind vector and air distribution simulation results at the bottom surface of the
static pressure chamber with different roof structures are shown in Fig. 4.

When the roof of the static pressure chamber is horizontal (as Fig. 4a), there is
a large amount of upward wind entering the static pressure chamber at the lower
side of the inlet of the chamber. When the back half roof is sloping (as Fig. 4b),
the upward airflow decreases, but it still exists. When the whole roof is sloping (as
Fig. 4c), there is almost no the upward airflow. It can be seen from Fig. 4 that with
the increase of roof inclination, the vertical downward wind speed becomes larger
and more uniform, so the whole roof incline is the best structure of the chamber for
the uniform air supply.

3.2 The Pressure Distribution Simulation Results

The static and dynamic pressure distribution simulation results at the bottom surface
of the static pressure chamber with different roof structures are shown in Fig. 5.

It can be seen from Fig. 5 that with the increase of roof inclination, the dynamic
pressure becomes bigger and more uniform, that is why the downward velocity
becomes bigger and more uniform.
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Fig. 5 Pressure distribution for the chamber with different roof structures

As the increase of roof inclination, the upward static pressure is getting smaller and
smaller, and this means that more static pressure is converted into dynamic pressure,
that is why the dynamic pressure becomes bigger. As the upward negative pressure
disappears, the airflow into the static ballast tank is avoided, and the static pressure,
dynamic pressure, and airflow are more uniform. The change law of pressure is the
same as that of wind speed, and it also explains why the roof is more sloping and the
downward wind speed is bigger and more uniform.

4 Discussions

The filter at the bottom of the static pressure chamber not only can filter particles,
but also has certain resistance. Therefore, it can prevent part of the upward airflow
into the static pressure chamber, so the wind speed at the bottom of the chamber
is more uniform. It is ignored in this paper in order to study the internal structure
of the chamber, but it definitely is used in practice. The optimal structure of the
static pressure chamber presented in this paper will have a better performance of air
uniform supply with the addition of filter at the bottom.

The optimum structure of static pressure chamber is proposed under the condition
of a certain size and a certain wind speed. When the wind speed or the size of
static pressure chamber changes, the optimal structure may change. Therefore, it is
necessary to study the optimal uniform air supply structure of the static pressure
chamber with different sizes and wind speeds in the future, and try to put forward
a general rule of eliminating the influence of geometric size and wind speed as in
reference [11].
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5 Conclusions

The sloping roof is helpful to convert the static pressure into dynamic pressure,
reduces the pressure loss of the static pressure chamber, and increases the air supply
velocity at the bottom surface of the static pressure chamber. When the whole roof
is sloping, the air supply at the bottom of the static pressure chamber is the most
uniform.

This work was funded by the National Key R&D Program of China
(2016YFC0801700) and the basic research funding of China Academy of Safety
Science and Technology (2019JBKY04 and 2019JBKY11).
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Research on the Effect of Elasticity
Distribution of Five-Zone Spring
Mattress on Human Supine Position
Spine Form

Huaiqiu Zhu, Tianyi Hu, Yuding Zhu, and Ronghui Yuan

Abstract Taking zonal spring mattress as the research object, the paper adopted
mattress sinking measurement and range method, by evaluation index include the
gap of lumbar and back and the sinking ratio of back, studied the effect of elasticity
distribution of spring mattress on body lied spine form. The results showed that,
the gap of lumbar and back is bigger when the flexibility of hip area of 25 kinds of
five-zone spring mattress is bigger and the flexibility of waist area is smaller; the gap
of lumbar and back is smaller when the flexibility of hip area and the flexibility of
waist area are smaller. When the range of the sinking ratio of back and buttock was
60–100%, the elastic distribution of mattress was good and human spine shape was
good. Elasticity distribution of spring mattress was a key factor of effecting body
spine form.

Keywords Spring mattress · Elastic distribution · Supine position · Spine
alignment

1 Introduction

One-third of a person’s life is spent in bed. Sleep is considered to be the most
important of all the ordinary bedroom activities, because it is the key to eliminating
fatigue and recovering energy.

The elasticity of each area of the partition spring mattress can be distributed
according to the weight of various parts of the body to make the mattress match the
body shape of the person as much as possible. According to statistics, only 20% of
people have not experienced back pain, and most people’s back health problems are
caused by prolonged improper posture or movement [1], and incorrect spinal support
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while sitting, working or sleeping often causes or aggravates low back pain. A correct
sleeping position should maintain the natural physiological curve of the spine, which
is similar to that of an upright position [2]. If this argument is assumed, the human
spine will form a straight line while sleeping on the side while maintaining a natural
“S” curve of cervical lordosis, thoracic kyphosis, and lumbar lordosis.When sleeping
on the back, the thoracic spine and lumbar lordosis are the same as in the upright
position, but are slightly smoother due to the longitudinal loss of gravity in the spine.

There havebeenmany researches on thehuman spine at homeandabroad, but there
are few studies on the influence of supine posture on the comfort of supine posture in
healthy people. Lahm and Lazzo studied 22 subjects with back pain which showed
that the stiffness of the sleep systemhadno significant effect on the subject’smyoelec-
tricity, heart rate, blood pressure, and subjective comfort, but had a greater impact
on spinal morphology [3]. Devocht et al. investigated the effects of four mattresses
on male subjects using contact surface pressure tests and spinal morphology tests.
Studies have shown that the impact of different mattresses on the human body is
significantly different, but the results are inconsistent—the mattress with the highest
pressure minimizes human spinal deformation [4]. Vincent used intelligent exper-
imental mattresses to study the effects of dynamic supine position spinal support
conditions on sleep quality, and discussed the effects of mattress support status on
spinal support and sleep quality [5]. Wei Mengmeng et al. measured the supine posi-
tion spine morphology of three middle-height subjects and explored the effect of
changes in the elastic segment of each area of the zonal spring mattress on the spine
morphology of the supine position [6]. Yosuke et al. studied the relationship between
sleep comfort and sleep posture in 20 subjects on 9 mattresses of different hardness
[7].

The human body has a natural curve, and the weight of each part varies greatly.
When lying on amattress of the same hardness, some parts of the human body cannot
be fully supported, and the spine will bend. Therefore, this article takes the five-zone
spring mattress as the research object and designs the elastic distribution of it, and
uses the mattress sink test to measure the effect of the different elastic distribution
of the five-zone spring mattress on the human supine position spinal morphology.

2 Materials and Methods

2.1 Test Subject

The subjects were 12 volunteer students, including 5 men and 7 women, aged 20–
30 years. The average weight of these male subjects was 63.5 kg and the average
heightwas 167.6 cm.Female subjects had an averageweight of 50.9 kg and an average
height of 162.6 cm. The subjects were in good health and were informed of the
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experimental process, experimental purpose, and precautions before the experiment.
Each subjectwas uniformly dressed,without a belt, without buttons, and other similar
decorations.

2.2 Test Method

A spinal morphology sinking measurement system developed by the laboratory was
used, and a zonal spring mattress was used as the test object. When the subject lies
on a mattress with a benchmark, the spine line can correspond to the straight line
formed by the benchmark. At this time, the amount of protrusion of the human body
on the mattress before and after the supine position can be measured. Calculate the
amount of sinking of each measurement point of the mattress, and draw the spine
shape of the human body supine position. By measuring the amount of sinking of
the shoulder, back, waist, and buttocks, and the horizontal distance, the waist-back
gap is calculated to reflect the spine shape in the supine position of the human body.
Waist-back gap [8], that is, the vertical distance from the high point of the waist-back
to the low point of the shoulder and hip, as shown in Fig. 1.

In order to quantify the distribution of the amount of mattress sinking when
the human body is lying down, by measuring the maximum sinking amount of the
back and buttocks, the ratio of the maximum sinking of the back to the buttocks is
calculated X = b/h, where b is the maximum sinking of the back, h is the maximum
sinking of the buttocks, as shown in Fig. 2.

Fig. 1 Waist-back gap schematic diagram

Fig. 2 Maximum sinking of back/buttocks
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2.3 Test Design

Because the elastic distribution of the five-zone spring mattress is mainly the elastic
distribution of the spring layer of the mattress, that is, the elastic distribution of the
spring layer, this experimentmainly uses the core layer elasticity (hereinafter referred
to as elasticity) of the back, waist, and hip regions that are closely related to spine
support as the main factor to design the orthogonal experiment. Taking the elasticity
of the back area, the waist area and the hip area as factors take 5 levels for each factor
to design orthogonal experiments. The factor levels are shown in Table 1. There are
six types of springs ➀ (1.8 65 6), ➁ (1.8 65 5), ➂ (2.0 65 6), ➃ (2.0 65 5), ➄ (2.2 65
6) and ➅ (2.2 65 5). The bedding material is a five-zone spring mattress assembled
according to the test protocol mattress specifications, which composed of ordinary
sponge with a thickness of 3 cm and a density of 20Kg/m3 and a layer of composite
fabric. The type of head and leg springs of the five-zone spring mattress is ➃ (2.0 65
5), which due to the large weight of the head and legs, especially the feet, and the
small contact area with the mattress while the force increase. Therefore, it is more
suitable to choose a spring type with medium hardness. The five types of hardness
in the back region, waist region, and buttock region are ➀ (1.8 65 6) with higher
hardness, ➁ (1.8 65 5) with high hardness, ➂ (2.0 65 6) with medium hardness, ➄
(2.2 65 6) with low hardness, and ➅ (2.2 65 5) with lower hardness [9]. Because the
hardness of the head and leg regions of the 25 test mattresses is the same, only the
spring type numbers of the back, waist, and hip regions are used to indicate the type
of mattress, such as ➀-➁-➂ type mattresses.

Table 1 Experimental mattress factor level table

Factor level A B C

Back elasticity Waist elasticity Hip elasticity

1 ➀ (1.8 65 6) ➀ (1.8 65 6) ➀ (1.8 65 6)

2 ➁ (1.8 65 5) ➁ (1.8 65 5) ➁ (1.8 65 5)

3 ➂ (2.0 65 6) ➂ (2.0 65 6) ➂ (2.0 65 6)

4 ➄ (2.2 65 6) ➄ (2.2 65 6) ➄ (2.2 65 6)

5 ➅ (2.2 65 5) ➅ (2.2 65 5) ➅ (2.2 65 5)

Note The horizontal numbers are five kinds of elasticity. The five types of springs represent five
kinds of elasticity and the order of ➀–➅ elasticity is from large to small. The size of the back spring
module (4× 15), the size of the waist spring module (3× 15), and the size of the hip spring module
(6 × 15)
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3 Result and Analysis

3.1 Analysis of Morphological Characteristics of Human
Body Supine Position

Spinal support conditions are changed by changes in back elasticity, waist elasticity,
and hip elasticity. The measurement of the mattress sinking when the human body is
supine can reflect the spine shape of the human body lying on the supine side under
different elastic distribution of the spring mattress. Figure 3 shows the human supine
position spine curve on 25 mattresses. The statistics of the two evaluation indexes
of the waist-back gap and the back-hip sag ratio of 25 five-zone spring mattresses
when human body lying on it, as shown in Table 2, are used to reflect the influence
of different elastic distributions on the human spine shape.

From the perspective of human bones and muscle structure, the height of the back
of the lumbar vertebrae in the supine position is reduced from 40–60 mm in the
natural state when standing to about 20–30 mm, which is close to the straight state
[10]. In general, the waist-back gap is more comfortable between 20 and 30 mm. If
the waist-back gap is too small and the spine is excessively straightened, people will
feel tired when lying for a long time; if the waist-back gap is too large, the degree
of spine curvature will be too large, and prolonged lying will cause lesions. It can
be known from Table 2 that the five-zone spring mattresses with different elastic
distributions have a different waist-back gap. Overall, the smaller the elasticity of
the mattress, the smaller the waist-back gap; otherwise, the greater the elasticity of
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Fig. 3 Human supine spine curve on 25 five-zone spring mattresses
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Table 2 Statistics of spinal morphological characteristics of 25 five-zone spring mattresses

Mattress type Waist-back gap (mm) Back-hip sag ratio (%)

Mean value SD (N = 12) Mean value SD (N = 12)

➀-➀-➀ 26.92 6.34 80.3 9.1

➁-➁-➁ 23.66 5.28 79.5 15.1

➂-➂-➂ 23.53 3.85 75.6 14.7

➄-➄-➄ 19.86 1.42 83.5 11.0

➅-➅-➅ 19.89 2.87 76.9 10.7

➀-➁-➂ 21.75 4.64 99.8 15.3

➁-➂-➄ 28.47 5.27 109.3 14.9

➂-➄-➅ 24.76 4.73 87.8 12.1

➄-➅-➀ 30.69 4.83 54.4 7.9

➅-➀-➁ 22.62 3.33 58.9 9.1

➀-➂-➅ 24.67 4.52 110.8 13.2

➁-➄-➀ 32.95 4.05 71.9 9.0

➂-➅-➁ 28.83 4.12 66.9 14.1

➄-➀-➂ 22.64 4.75 69.5 12.6

➅-➁-➄ 18.91 2.78 81.2 12.2

➀-➄-➁ 29.42 6.18 86.3 10.5

➁-➅-➂ 26.05 5.63 90.5 8.9

➂-➀-➄ 23.47 3.72 94.5 14.8

➄-➁-➅ 18.53 4.61 74.9 11.7

➅-➂-➀ 23.81 3.79 57.5 10.1

➀-➅-➄ 29.24 4.62 110.1 7.9

➁-➀-➅ 23.13 5.00 107.3 15.9

➂-➁-➀ 26.75 7.86 62.7 8.7

➄-➂-➁ 25.71 4.96 59.1 12.7

➅-➄-➂ 25.34 3.92 66.8 11.4

the mattress, the greater the waist-back gap. Among the subjects, the waist-back gap
of the subjects on the two five-zone spring mattresses of the➁-➄-➀ type and➄-➅-➀
type was greater than 30 mm. The subjects had less than 20 mm of waist-back gap on
the four five-zone spring mattresses of the ➄-➁-➅ type, ➄-➄-➄ type, ➅-➁-➄ type,
➅-➅-➅ type, and the waist-back gap on the other 19 five-zone spring mattresses is in
the range of 20–30 mm. The greater the hip elasticity, the lower the waist elasticity,
the larger the waist-back gap; the lower the elasticity of the back and hip regions,
the smaller the waist-back gap.

When the elasticity of the back region is greater and the elasticity of the hip region
is smaller, that is, the softer the back region and the harder the hip region, the greater
the back-hip sag ratio; when the elasticity of the back region is smaller and the
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elasticity of the hip region is greater, the smaller the back-hip sag ratio. The back-hip
sag ratio of these 25 five-zone spring mattresses is 54.4% minimum and 110.8%
maximum. The four types of mattresses ➀-➂-➅, ➀-➅-➄, ➁-➀-➅, and ➁-➂-➄ are
all more than 100%, the elasticity of the back area of which is much greater than
that of the hip area, and the back sag is greater than the hip sag. The back-hip sag
ratio on the remaining 17 five-zone spring mattresses is in the range of 60–100%.
The elasticity of the back region of these five-zone spring mattresses is not much
different from the elasticity of the hip region, that is, the same elasticity or slightly
larger or smaller.

It can be seen that the spine curves of human supine on different mattresses can
be divided into three categories: when the back-to-hip sag ratio is greater than 100%,
the human spine curve is inclined to the back, and such supine positions can be called
“chest supine positions.”When the back-to-hip sag ratio is less than 60%, the human
spine is completely tilted toward the buttocks. Such a supine position can be referred
to as a “butt supine position I.” When the back-to-hip sag ratio is in the range of
60–100%, the curve of the supine spine of the human body is similar to the curve of
the spine when standing. Such supine position can be called “hip type supine position
II” and people could have a better sleep on these elastically distributed mattresses
below. As shown in Fig. 4, the results of this study are consistent with the results of
Yosuke’s research on the relationship between sleep comfort and sleep posture.

When the human body is in the side-lying position, the human spine appears as a
straight line on a mattress with a reasonably elastic distribution, and the human spine
appears as a curve on a mattress with an unreasonably elastic distribution. When the
elasticity of the back region is greater, the elasticity of the waist region is smaller, that
is, the softer the back region and the harder the waist region, the smoother the curve
of the human spine. When the elasticity of the back region is smaller and the waist
region is larger, the spine line of the human body is more curved. When the elasticity
of the back region is the same, the elasticity of the waist region has a greater influence
on the human lateral lying spine morphology. The waist area has low elasticity and
can play a good role in supporting the spine. If the lumbar region is elastic, the spine
cannot be supported well, and the lumbar spine will bend down.
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Table 3 Statistics of the range of factors affecting the spine morphology of the human supine
position

Performance
indicators

Range Factors

A B C

Back area
elasticity

Waist area
elasticity

Hip area
elasticity

Waist-back gap R 3.26 4.74 6.03

Primary and secondary
factors

C > B > A

Back-hip sag ratio R 2.88 29.20 30.36

Primary and secondary
factors

C > B > A

3.2 Analysis of the Range of Factors Affecting the Spine
Morphology of Human Supine Position

In order to examine the degree of influence of back elasticity, waist elasticity, and
hip elasticity on various evaluation indicators, a range analysis method was used to
calculate the range R of these three factors below, as shown in Table 3.

The larger the range R value, the greater the influence of this factor on the eval-
uation index value. As can be seen from Table 3, taking the waist-back gap and
back-to-hip sag ratio as indicators, the factors affecting the order of primary and
secondary are C hip area elasticity > A back area elasticity > B waist area elasticity,
and hip area elasticity has the greatest influence.

4 Conclusion

To sum up, the evaluation index of waist-back gap, back-hip sag ratio of the supine
spine shape, and lateral spinal curve slope can better reflect the spinal support perfor-
mance of different elastic distribution of zonal spring mattresses. The elastic distri-
bution of the spring mattress is an important factor affecting the spine shape of the
human supine position. The greater the hip elasticity, the lower the waist elasticity,
the larger the waist-back gap; the lower the elasticity of the back and hip regions,
the smaller the waist-back gap. When the elasticity of the back region is greater
and the elasticity of the hip region is smaller, that is, the softer the back region and
the harder the hip region, the greater the back-hip sag ratio. When the elasticity of
the back region is greater, the elasticity of the waist region is smaller, that is, the
softer the back region and the harder the waist region, the smoother the curve of the
human spine, vice versa. The elasticity of the hip region has the greatest effect on the
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waist-back gap and the back-hip sag ratio when supine, and the elasticity of the waist
region has the greatest effect on the lateral spine curve. The results of this study can
provide reference for the design of zonal spring mattress.
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Attentional Allocation with Low-Limb
Assisted Exoskeleton During
Sit-to-Stand, Stand-to-Sit, and Walking

Jing Qiu, Lanlan Xu, and Jinlei Wang

Abstract More and more paraplegics and rehabilitation agencies use lower-limb
assisted exoskeleton to improve functional walking ability and to increase neuro-
muscular plasticity. However, users need to allocate their attention to the lower-limb
assisted exoskeleton when they wear it. This study aims to analysis how users in the
lower-limb assisted exoskeleton allocate their attention in sit-to-stand, stand-to-sit,
and walking. Nine participants performed three kinds of tasks (sit-to-stand, stand-
to-sit, and walking of four meters) to acquire data of eye movements. The attentional
allocation is almost no statistically significant difference between sit-to-stand and
stand-to-sit. Walking has statistically significant differences of attentional alloca-
tion in many attentional areas. During walking, participants paid more attention to
the areas strongly related with manipulation and pay less attention to positions of
orienting participants than the other two tasks. Participants select different patterns of
eye movements to the specific task context. The results provide effective suggestions
for developers and designers who want to integral information of eye movements
into control system.

Keywords Attentional allocation · Lower-limb assisted exoskeleton ·
Sit-to-stand · Stand-to-sit ·Walking

1 Introduction

Eyemovements are critical and proactive for humans to gather spatial and egocentric
information to plan the motor response, to reorient trunk, to enhance the steering
synergy, to initiate body movement of synergy while walking [1–3]. Eye movements
can be used to better understand the performance of the operators by identifying
links with eye movements. Eye movements such as fixation, saccade, blink, pupil
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diameter are used to probe their attentional focus and trajectory [4],memory accuracy
[5], visual search strategies [6, 7], hand–eye coordination [8], and the individual’s
actions [4] during operation. However, the literature hardly concerns how users in the
lower-limb assisted exoskeleton allocate their attention in activities of daily living.

The robotic exoskeleton in this study is a lower-limb assisted exoskeleton (Fig. 1)
that is to assist patients with nervous and muscular diseases to walk and recover.
It plays a positive role in gait assistance and rehabilitation for the patients with
muscular impairments or neurologic injury and reduces labor costs and therapist
effort for them [9]. The paraplegicwearing it canwalk like normal people by reducing
their net muscle moment to compensate for the added robotic torque [10], which is
important to live an independent life for paraplegic patients. Therefore, more and
more paraplegics and rehabilitation agencies use the lower-limb assisted exoskeleton
to improve functional walking ability and to increase neuromuscular plasticity. The
lower-limb assisted exoskeleton should be necessary for paraplegics’ life in the near
future. However, it is not easy to control the lower-limb assisted exoskeleton and to
keep the human-exoskeleton system balance especially for a novice. Using the lower-
limb assisted exoskeleton not only needs the assistance of others such as crutches,
but also demands the coordination of other parts of body such as the upper limb,
eyes.

Fig. 1 Participants wearing the lower-limb assisted exoskeleton and the mobile eye tracker
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The eye tracking as an important tool is applied to research many human activities
that are static [11] or dynamic [12, 13]. Before taking an action, human selectively
pays attention to targets and flexibly shift gaze to acquire the passive and active
information that serves to allocate resource of working memory and make decision
[3, 8]. The aim is to study how users in the lower-limb assisted exoskeleton allo-
cate their attention in activities of daily living and provide effective suggestions for
developers and designers who want to integral information of eye movements into
control system.

2 Method

2.1 Participants

We recruited a total of eleven voluntary participants aged 22–34 years with a mean
age of 24.44 (SD: 2.81) years. They are all healthy and flexible. All participants
in the lower-limb assisted exoskeleton must be able to do actions such as stand-
to-sit without eyeglasses. Because if the wearable eye tracker is worn before the
participants’ eyeglasses, it will slide up and down easily before eyes, which will
cause a calibration error. No one used eyeglasses or contact lenses to gain data in the
experiment.

Participants did not know the purpose of the study, but they were told that their
eye movements were recorded by the wearable eye tracker in doing actions with the
lower-limb assisted exoskeleton. Two participants were excluded from the analysis
due to the loss of data after buffering of communication in real time. The study was
approved by the Sichuan Provincial Rehabilitation Hospital Review Board, and each
participant consented before the starting of the study.

2.2 Experimental Equipment

Gaza data were acquired with a Tobii Pro Glasses 2 system (Fig. 1), which includes
a head unit (a wearable eye tracker) capturing the participants’ gaze, a recording unit
recording and saving the gaze data to one SD card, a tablet running the controller
software and managing the test time. The wearable eye-tracking tool has 4 eye
cameras, gaze sampling frequency of 50 Hz, scene camera resolution of 1920 ×
1080 pixels.

The lower-limb assisted exoskeleton (Fig. 1)mainly consists of themain controller
running control procedure on the back, four-node controllers distributed in hips
and knees, two columnar legs of variable length paralleling lateral surfaces of the
participants’ legs, many plantar sensors fixed in the soles, two adjustable crutches
with twocontrol keyboards interactingwith themain controllerwirelessly to assist the



612 J. Qiu et al.

balance human-exoskeleton system. The interfaces between the lower-limb assisted
exoskeleton and the participant’s body are: two foot bindings, two bands tied to the
front protection pad to constraint the calf, two bands tied to the back protection pad
to constraint the thigh, two buckled waist belts limiting the upper body in it.

2.3 Procedure

Prior to the start of the experiment, we asked participants to read and sign consent
forms. Then they tried on the lower-limb assisted exoskeleton to adjust the length
of leg. We needed to ensure the size of the lower-limb assisted exoskeleton fit
each participants’ height to complete three kinds of tasks: sit-to-stand, stand-to-
sit, walking of four meters. However, if the participant was a novice, he would spend
at least half an hour on training before the testing. To collect accurate gaze data,
the researcher must choose appropriate nose pad and calibrate each participant indi-
vidually. Each participant wearing the head unit was asked to focus on the center
of the calibration card which was held at a distance from 0.8 m to 1.2 m from the
participants’ eyes. The head unit was connected to the recording unit placed on the
buckled waist belt via a high-definition multimedia interface cable.

The tasks are given to each participant at random. During sit-to-stand, participants
wearing the experimental devices sited on cheers and handled the crutches naturally.
When they listened to the researcher’s order, they would press two keys on the
crutches at the same time to stand up and relay on the assistance of crutches to keep
human-exoskeleton system balance. Meanwhile, the researcher marked events on
the tablet. Likewise, during stand-to-sit participants must stand naturally and keep
human-exoskeleton system balance well before sitting down. And then they pressed
two keys on the crutches simultaneously to sit down. However, each participant
wearing the experimental devices pressed the button on the right crutch for every
step and walked 4 m straightly. The events such as one gait cycle in walking were
recorded on the controller software. And a researcher followed the participants to
ensure their safety throughout the whole experiment.

2.4 Data Processing

Video clips between the logged live events were exported in the Tobii Pro Lab
software and then parsed into video frames inMATLAB.The number of video frames
was so large that we had to select them combining with video clips. The number of
video frames was manually classified by predetermined areas (Fig. 2). The results
counted in Excel were analyzed further in SPSS and MATLAB. The main effects of
tasks (sit-to-stand, stand-to-sit, walking of four meters) on the collected or computed
variables are measured in the one-way repeated measures ANOVAs.
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Fig. 2 Attentional areas: 1.5 m away from the feet (A1), front (A2), the right crutch (A3), the left
crutch (A4), the area between two crutches (A5), feet (A6), knee (A7), thigh (A8)

3 Results

3.1 Attentional Allocation

The attentional allocation in this study is expressed as the ratio of the number of
video frames classified as some area to the total number of the video frames of one
task. In Fig. 2, the attentional areas are the distribution of participants’ concern in
doing tasks. For example, A1, A2 that are relative to the position of feet constantly
vary with it and they are weakly linked with operation. And A5 relative to A3, A4
varies with crutches’ position in real time and it usually is the instant target for
the next step. The participants orient their instant positions by the positions of A6,
A7, A8 and prepare to make decision for the next step and to control balance of
human-exoskeleton system.
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Fig. 3 Attentional allocation in the eight areas.Means (±SE) in percent for the attentional allocation
to the eight attentional areas in tasks

Figure 3 shows the means of attentional allocation with the standard error contour
of the collected variables in three tasks. Analysis with one-way repeated measures
ANOVAs shows that A5 (p= 0.034), A6 (p= 0.011), A7 (p= 0.009), A8 (p < 0.001)
have significant differences, while the other attentional areas have no significant
difference. The results of pairwise comparisons between three tasks in A5 show that
the attentional allocation to A5 during walking is the more than the two other tasks
(walking > sit-to-stand, p= 0.019; walking > stand-to-sit, p= 0.009). Moreover, the
results of pairwise comparisons between three tasks in A6 show that the attentional
allocation to A6 during stand-to-sit is more than the two other tasks (stand-to-sit >
walking, p = 0.004). The results of pairwise comparisons between three tasks in
A7 also show that the attentional allocation to A7 during sit-to-stand is the more
than the two tasks (sit-to-stand > sit-to-stand, p = 0.043; walking > walking, p =
0.020). Eventually, the results of pairwise comparisons between three tasks in A8
also show that the attentional allocation to A8 during stand-to-sit is the more than the
two other tasks (stand-to-sit > walking, p = 0.010). The ungiven results of pairwise
comparisons between tasks in A5, A6, A7, A8 indicate no significant difference.
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4 Discussion

From the results of attentional allocation, the only statistically significant difference
between stand-to-sit and sit-to-stand of attentional allocation is found inA7, and there
might be two reasons: in the initial phase of sit-to-stand participants are easier to see
A7 than A6, A8; during sit-to-stand participants mainly orient their instant positions
by A7. However, during sit-to-stand participants obviously pay more attention to
A4, A5, A7 than during stand-to-sit and pay less attention to A1, A2, A3, A6, A8
than during stand-to-sit. They have more attentional resources to A1, A2 weakly
relative to manipulation during stand-to-sit, which indicates that sit-to-stand is more
difficult than stand-to sit. The walking has statistically significant differences of
attentional allocation in many attentional areas compared to sit-to-stand, stand-to-sit.
Participants use top-down steering synergy [14] of human-exoskeleton to complete
walking while the use bottom-up control strategy to complete sit-to-stand and stand-
to-sit, so they pay the most attentional allocation to the area (A1) weakly related
with manipulation and the instant target (A5) for next step [2, 8] among the three
tasks. Meanwhile, A6, A7, A8 that are positions of orienting participants’ instant
positions during walking are given the least attentional allocation in three tasks.
To summarize the results of attentional allocation, after participants listened to the
researcher’s order, they needed to acquire relative information and plan for next step,
move crutches and adjust upper body to control the human-exoskeleton balance
before pressing control buttons on the crutches. Participants select different patterns
of eye movements to specific task context, which is similar to the conclusion from
[3].

The results of saccade proportion showed that the largest saccade proportion is
found in sit-to-stand and the smallest saccade proportion is found in walking, which
proved that participants needed more visional information and took more efforts
to complete stand-to-sit, and that the walking is easier than the two other tasks.
Furthermore, the results of degree of task difficulty are consistent with feedback
from participants after experiments.

5 Conclusions

This study aims to analysis how users in the lower-limb assisted exoskeleton allocate
their attention in activities of daily living. The results show that attentional allocation
is almost no statistically significant difference between sit-to-stand and stand-to-sit
except attentional allocation to knee. However, walking has statistically significant
differences of attentional allocation in many attentional areas compared to sit-to-
stand, stand-to-sit. Moreover, participants paid more attention to the areas (A4, A5)
strongly related with manipulation during walking than the other two tasks and
pay less attention to positions (A6, A7, A8) of orienting participants than the other
two tasks. In conclusion, participants select different patterns of eye movements
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to specific task context. The results of saccade proportion and the feedback from
participants after experiment showed that degree of task difficulty is: sit-to-stand >
stand-to-sit > walking.

There are some limitations related to the current study. First, the ground of labo-
ratory is blue with white and deep blue spots and reflects light highly so that the
eye-tracking heat map of areas of interesting could not be obtained. Second, only
nine participants are all male and the students of the University of Electronic Science
and Technology of China. They also were forced to remove their corrective glasses
due to calibration precision in time. Third, the expertise was not considered as one
variable that is an import factor of eye movement. Therefore, we suggest that future
studies select proper environments, use more participants to acquire data of eye
movements, examine the expertise of participants before experiments. Despite these
limitations, the results of the current study develop the knowledge of attentional allo-
cation during using exoskeleton and fill the gap in the region. This study also provides
useful suggestions for developers and designers who want to integral information of
eye movement into control system.

The study was approved by the Logistics Department for the Civilian Ethics
Committee of the University of Electronic Science and Technology of China. All
subjects who participated in the experiment were provided with and signed an
informed consent form. All relevant ethical safeguards have been met with regard to
subject protection.
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The Influence of Mattress Material
on Sleeping Comfort of Different Age

Jianjun Hou and Yuchun Zhang

Abstract This paper studied the relationship between the characteristic of mattress
materials and sleeping comfort with supine and lateral sleeping of different age
groups. The test adopted the pressure distribution system, subjective evaluation
and the subjective and objective analysis of correlation on ergonomics methods.
The results showed that, as the subjects’ age increasing, the subjects’ sensitivity of
mattress materials increased and had partiality for harder material. The elder subjects
had the highest sensitivity on different mattress materials. The young and middle-
aged subjects had high evaluation on memory foam, and latex mattress in supine and
lateral position. The young-elder subjects had higher evaluation on memory foam,
and coir mattress in supine and lateral position. And the elder subjects preferred coir
and cotton mattress in supine position and preferred memory foam and coir mattress
in lateral position. The subjects lay on back preferred softer material than subjects
lay on side.

Keywords Material of mattress · Different age groups · Supine and lateral
position · Subjective and objective evaluation

1 Introduction

With the development of technology and continuous appearance of new materials,
the kinds of mattress material on the market are increasing. There are many mattress
materials from the traditional cotton, coir, sponge, to modern technology manu-
facture partition spring, latex, memory foam, as well as the latest trends in the
water mattress and air mattress, etc. The diversification of mattress material brings
consumers different choices and experience, but what kind of mattress for different
age people and how to choose your own mattress become consumers’ problems.

In recent years, along with the development of ergonomics, some domestic and
foreign researchers studied on the mattress materials. Lee and Park [1] who used
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electroencephalograph (EEG), electro-oculogram (EOG), electromyogram (EMG)
and electrocardiogram (ECG) methods found that the mattress materials not only
directly affected the overall softness and flexibility but also made the difference of
physical body consumption. Kink [2] researched the different between spring and
coir mattresses and found that the subjects’ shallow sleep and wakefulness cycle
were shorter when used spring mattress. Buckle [3] selected six different mattresses
and analyzed the sleeping comfort of the youth and elderly. He found that the elder
subjects had more sensitive and easier distinction than youth subjects. Bader [4]
studied the influence of mattress hardness on sleeping comfort. They found that hard
beds were generally better than soft beds. The researchers come from Sun Yat-Sen
University [5] studied the effect of spring mattress, plank bed and foam mattress on
subjects’ sleeping quality. They found that the subjects used spring mattress which
support force was evenly distributed had better sleeping quality than plank bed and
foam mattress. In China, the studies of mattress concentrated in 18 to 30 years old
healthy subjects and materials of mattress were mostly spring and cotton.

Through the above studies at homeand abroad, the researches ofmattressmaterials
are still at the beginning stage. The researches lacked of systematicness and had less
reference to the users. The elder users who have more sensitive and demanding were
ignored in the studies. And the research performance of the elder mattress is almost
empty in China.

This paper studied the relationship between the influences of mattress materials
on sleeping comfort of different age groups. The test used the ergonomics methods of
pressure distribution system, subjective evaluation and the subjective and objective
analysis of correlation. This research wants to provide a theoretical basis for different
age users to choose the right mattress materials.

2 Materials and Methods

2.1 Participants

According to World Health Organization criteria for the classification of age (the
young less than 44 years old, the middle-age between 45 and 59 years old, the young-
elder between 60 and 74 years old, the elder over 75 years old), the information of
subjects shown in Table 1.

2.2 Experimental Material

This paper selected ➀ spring, ➁ cotton, ➂ coir, ➃ foam, ➄ latex, ➅ memory foam,
➆ waterbed and ➇ airbed for experimental materials. The information of mattress is
shown in Table 2.
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Table 2 Information of experimental mattress

Experimental Mattress Mattress Performance

➀ Spring Mattress Thickness of 200 mm

➁ Cotton Mattress Thickness of 40 mm

➂ Coir Mattress Thickness of 40 mm coir, compound bedspreada

➃ Foam Mattress Thickness of 40 mm, density of 25 kg/m3, compound bedspread

➄ Latex Mattress Thickness of 40 mm, density of 65 kg/m3, compound bedspread

➅ Memory Mattress Thickness of 40 mm, compound bedspread

➆ Waterbed Thickness of 150 mm, strip structure waterbed, material of PVC

➇ Airbed Thickness of 220 mm, honeycomb structure airbed, material of PVC

aCompound bedspread: cotton bed sheet + 25 mm polyester cotton + 30 mm foam + non-woven
fabrics

2.3 Experimental Method

The pressure distribution was measured and recorded using a Tekscan body pressure
measurement system (BPMS). Peak pressure and average pressure were calculated
based on recorded pressure distribution data. Peak pressure is the maximum pressure
on mattress. Average pressure is the mean value of all pressures on mattress.

The pressure-sensing mat placed on the subjects’ whole body and experimental
mattress. When pressure value was stable, the test recorded for 30 min, each
experiment repeated 3 times.

After pressure distribution, the subjects did the subjective evaluation which
through subjective status and evaluation of each part, as shown in Table 3.

Table 3 Standards of subjective evaluation

Part of
comfort

Score

+3 +2 +1 0 −1 −2 −3

The comfort
of back, arm,
waist, leg and
overall

Very comfort Comfort General Slight pain Little pain Pain Very pain
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3 Results and Analysis

3.1 Body Pressure Distribution

We dealt with the experiment data, results as shown in Table 4. We put average pres-
sure and average pressure gradient of different age subjects into a chart to compare,
as shown in Fig. 1.

When the subjects lying in supine position, the average pressure and peak pressure
of young, middle-age and young-elder subjects were lower in airbed, spring and
memory foam mattress. The elder subjects’ pressure was lower on memory foam,
coir mattress and airbed. All subjects’ pressure was higher on waterbed and cotton
mattress.

When the subjects lying in lateral position, the average pressure and peak pressure
of middle-age and the young-elder subjects were lower on airbed, foam and memory
foam mattress. The elder subjects’ pressure was lower on spring, foam and memory
foam mattress, and pressure was higher on coir and cotton.

When the subjects lying in supine or lateral position, the younger subjects’ pres-
sure gradient had smaller volatility on mattresses except airbed and waterbed. The
pressure gradient of the middle-aged and young-elderly subjects had the same trend,
but had greater diversity among different mattresses. The elder subjects’ pressure
gradient had the greatest diversity among peoples of all ages.

As the pressure gradient value is the measurement of the pressure change in each
direction, the value is smaller, the body feels more comfortable. On the contrary, the
pressure gradient value is higher, indicating that the difference of mattress is more
obvious.

By comparison, it was found that subjects’ peak pressure, average pressure, peak
pressure gradient, average pressure gradient and contact area when lying in lateral
position was greater than supine pressure values.

3.2 Subjective Evaluation

This paper recorded the subjects’ subjective evaluation about the body parts comfort
with different mattress materials in supine and lateral position, the overall evaluation
as shown in Fig. 2.

As shown in Fig. 2, the young and middle-age subjects’ overall evaluation was
higher on memory foam and latex mattresses. The young-elder subjects preferred
the memory foam and coir mattresses. When the elder subjects lying on coir and
cotton mattresses, the overall evaluation was higher in supine position, but the arm
evaluation was lower in lateral position. It can be found that with increasing age,
subjects inclined to the more rigid material.

The younger subjects had higher evaluation on waterbed and airbed, but another
age subjects thought them comfortless. When used waterbed and airbed for long
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Fig. 1 Average pressure and average gradient of different age subjects

Fig. 2 Overall evaluation of different age subjects

time, the subjects felt turning difficult, poor stability of the mattress, weak points
lending up support, and after the test subjects felt exhausted. The spring mattress
which is more widely used in life had a general evaluation of all age subjects.

3.3 The Correlation of Subjective and Objective

This paper analyzed the correlation of subjective and objective results which used
“fuzzy theory,” and the results are shown in Table 5.

When lying in supine position, the young and middle-age subjects’ back comfort
had a significant negative correlation with average pressure. The result showed that
with the increasing of pressure, the back comfort reduced. When lying in lateral
position, the young and elder subjects’ all part comfort had significant negative
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Table 5 Correlativity of subjective and objective results

Back (arm) comfort Waist
comfort

Leg comfort Overall comfort

Average
pressure

Younger −0.730* (−0.872**) −0.440
(−0.826*)

−0.387
(−0.748*)

−0.629
(−0.866**)

Middle-aged −0.829* (−0.650) −0.072
(0.052)

−0.131
(−0.411)

−0.778* (0.048)

Young-elder −0.293 (−0.138) −0.084
(0.301)

−0.185
(−0.285)

−0.586 (0.117)

elder −0.202 (0.536) 0.136
(0.418)

−0.289
(0.507)

−0.307 (0.621)

Average
pressure
gradient

Younger −0.252 (0.229) −0.075
(0.187)

−0.428
(0.459)

−0.502 (0.261)

Middle-aged 0.234 (0.121) −0.549
(−0.643)

−0.405
(−0.134)

−0.077 (−0.500)

Young-elder 0.758 (−0.144) 0.266
(−0.404)

0.524
(−0.046)

0.720 (−0.224)

elder −0.55 (−0.978**) −0.21
(−0.965**)

−0.66
(−0.924**)

−0.630
(−0.854**)

Note 1. *α = 0.05, **α = 0.01: 2. The left number is correlativity in supine position, and the right
number is correlativity in lateral position

correlation with average pressure and average pressure gradient. The results showed
that the resilience of material had great influence on body pressure.

4 Conclusions

All age subjects had different comfort evaluation on a different material mattress.
The distribution indicators and subjective comfort evaluation had some relevance,
but there also had differences.

Comprehensive subjective and objective test results were found that: The elder
subjects had the highest sensitivity on different mattress materials, followed by
the young-elder and middle-age subjects, and the young subjects had the lowest
sensitivity on each mattress.

The young and middle-age subjects had a consistent evaluation. They had the
higher evaluation on memory foam, foam and latex mattress in supine and lateral
position.

The young-elder subjects had higher evaluation onmemory foamand coirmattress
in supine and lateral position.And the elder subjects preferred coir and cottonmattress
in supine position and preferred memory foam and coir mattress in lateral position.
The people who were accustomed to sleep in lateral position prefers softer mattress.
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The younger subjects had higher evaluation on waterbed and airbed, but another
age subjects thought them comfortableness.When used waterbed and airbed for long
time, the subjects felt turning difficult, poor stability of the mattress, weak points
lending up support, and after the test subjects felt exhausted. The spring mattress
which is more widely used in life had a general evaluation of all age subjects.
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Study on Anthropomorphism
in Human–Computer Interaction Design

Weizhen Xiao and Canqun He

Abstract The status of anthropomorphic research is explored, and the anthropomor-
phized psychological model—the three-factor theory—is expounded in the paper,
which reveals that the generation and development of anthropomorphism are influ-
enced by elicited agent knowledge, effectance motivation and sociality motivation.
Meanwhile, the human–computer interaction of anthropomorphized model is estab-
lished from the perspective of emotionalization, combinedwithNorman’s three-level
theory of emotional design and Maslow’s hierarchy of needs. User demands are
divided into three types, which are matched with the three factors of anthropomor-
phic process and the three levels of emotional design. A bridge is built between user
anthropomorphic process and designer’s emotional design in the model, and design
recommendations are proposed for each level. Finally, how to reach the appropriate
degree to cross the uncanny valley and solve the new problem caused by over-
dependence on anthropomorphic products are the future prospect of anthropomorphic
research in human–computer interaction design.

Keywords Anthropomorphism · Human–computer interaction · Emotional
design · The uncanny valley

1 Introduction

Anthropomorphism refers to giving human characteristics such as characteristics,
intentions and psychological conditions to non-human individuals, so that they can
be regarded as living and thoughtful people [1], which simply means personifying
things. Human beings have an innate tendency of personification, so it has been
widely used in literary, film and other artistic creations in the long history of humans.
At present, there are abundant researches on anthropomorphism in related fields. For
example, Wang et al. [2] studied the changes in consumer attitudes toward the brand
and explored the impact of anthropomorphism on the brand image.
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Although anthropomorphism has appeared frequently in various fields for thou-
sands of years, there are few applications and researches in human–computer inter-
action and even fewer related researches in China. Yogeeswaran et al. [3] found that
when the appearance of a robot is highly anthropomorphic, it will be regarded as a
threat to human uniqueness, survival security, social resources and job opportunities,
thereby creating prejudice.

2 The Three-Factor Theory of Anthropomorphism

Anthropomorphization is a process of inductive reasoning on non-human subjects.
The basic cognitive operation for such reasoning is the same for anthropomorphismor
any other reasoning, including acquiring knowledge, activating or stimulating stored
knowledge and applying the activated knowledge to a given goal [4]. Specifically,
this process takes a highly accessible knowledge structure as an anchor or inductive
reasoning basis and then corrects and applies it to a non-human goal, as shown in
Fig. 1.

Epley et al. [5] believe that in this process, anthropomorphism is determined by
multiple factors, mainly including cognitive and motivational factors, and motiva-
tion can be divided into two kinds. Therefore, they proposed the three-factor theory
of anthropomorphism, which includes the elicited agent knowledge, the effectance
motivation and the sociality motivation, as shown in Fig. 2.

In anthropomorphism, the general knowledge of human being, that is, the knowl-
edge of self, is known and easily available, which can be used as the basis for inducing

Fig. 1 Anthropomorphic process

Fig. 2 Three-factor theory of anthropomorphism
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the characteristics of unknown factors. Human can directly obtain phenomenolog-
ical experience as human beings, but they cannot directly obtain any phenomenolog-
ical experience of non-human subjects. Therefore, one of the main determinants of
anthropomorphization is the inspiration to the elicited agent knowledge itself.

Anthropomorphism is influenced by human motivations to resolve uncertainty,
seek meaning and feel effective. White [6] calls it efficacy motivation, that is, self-
knowledge or human’s common sense, which can be used as a rich form of expres-
sion to obtain a sense of predictability and controllability when reasoning on non-
human subjects. Specifically, in anthropomorphism, the effectance motivation refers
to the motivation for effective interaction with non-human individuals (or perceived
individuals) and the environment, whose function is to enhance the ability of indi-
viduals to interpret the current complex stimuli and predict future stimulus behav-
iors. Attributing human characteristics and motivations to non-human individuals
increases the ability to understand their behavior, reduces the uncertainty associated
with it and increases confidence in future predictions.

Sociality describes the need and desire to establish social connections with others,
and anthropomorphism satisfies this need by establishing a perceived human-like
connectionwith a non-human subject. In otherwords, in the absence of social connec-
tionwith others, people create humanmedia from non-human beings through anthro-
pomorphism to meet their motivation for social connection. This need to establish
and maintain social contact with others, as well as the distinctiveness of non-human
subjects tomeet such need, constitutes the socialitymotivation of anthropomorphism.
Sociality motivation increases the tendency of personalize non-human individuals
through two different ways. First, it increases the accessibility criterion of social cues
including humanoid features and other features [7], thus increasing the tendency of
perceiving humanoid features. Second, it increases the tendency to personalize non-
human individuals by increasing the tendency to seek sources of social connections
in one’s environment actively.

Elicited agent knowledge is the basis for anthropomorphization, and effectance
motivation and sociality motivation are the driving forces for anthropomorphization.
The three factors above complement each other and are indispensable to constitute
a complete anthropomorphic process.

3 The Human–Computer Interaction
of Anthropomorphized Model

Design has gradually focused on the user’s psychological feelings from the priority
of functionality. From the perspective of cognitive psychology, Donald A. Norman
proposed the three-level theory of emotional design, which includes instinct level,
behavior level and reflection level [8]. In the three-level theory of emotional design,
the instinct level is the first level that users directly come into contact with.
Users choose products based on human instincts to meet the most basic demands.
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The behavior level is based on the user’s experience and feelings, emphasizing
the product’s operating efficiency. The reflection level requires users’ personal
experience, knowledge reserve, cultural background and other factors to make a
comprehensive judgment on the product.

According to Maslow’s hierarchy of needs theory, human needs can be divided
into five categories: physiological needs, security needs, social needs, respect needs
and self-actualization needs, which are arranged from the low level to the high level
like a ladder [9]. Generally speaking, people always produce and give priority to
meet the needs of the lower level. When the needs of a certain level are relatively
satisfied, they will develop to the higher level, and the pursuit of the higher level’s
needs will become the driving force for behavior.

Human has the motivation to promote anthropomorphism, which stems from a
variety of needs, and the requirements at various levels overlap with each other,
forming the cognitive basis and motivation of anthropomorphism. Meanwhile, the
purpose of anthropomorphism is to deepen the cognition of things through “human-
izing.” Therefore, anthropomorphism is actually to connect human and non-human
objects through emotion, which is part of emotional design.

In summary, the human–computer interaction of anthropomorphizedmodel can be
established by combining the three-factor theory of anthropomorphism, three-level
theory of emotional design and Maslow’s hierarchy of needs, as shown in Fig. 3.

When users come into contact with anthropomorphic products, basic physiolog-
ical needs will be generated, which will stimulate the elicited agent knowledge. In
the instinct level, designers can design from the aspects of the product’s appear-
ance, materials, colors, texture, voice and tone that are directly related to the user
experience channel and attract users to further experience.

When thephysiological needs of users aremet, security needswill arise,whichwill
affect people’s perception and judgment of the surrounding environment, resulting in
effectance motivation, and stimulate the development of behavior level. In practical
applications, this can be achieved through the design of anthropomorphic feedback.
For example, when a user sends an instruction to an interactive object, the system
should reply with text or voice in a human tone to shorten the distance with the

Fig. 3 Human–computer interaction of anthropomorphized model
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product. In addition, some feedback can also be anthropomorphic, such as waving
and thumbs up.

Social needs, respect needs and self-actualization come from the spiritual level,
which have a great impact on people’s communication, sociality and even personality,
constituting social motivation and forming a mapping in the reflection level. The
background, culture and story behind the product can inspire users to associate and
apply more experiences to search for more elicited agent knowledge. For example,
by repeating certain feedback actions or inspiring stinger plot introductions, the
“character” and “personality” of the product can be enhanced. In addition, we can
also integrate brand culture and brand atmosphere into the interactive design.

4 Problems and Thinking of Anthropomorphism
in Interaction Design

4.1 Concerns About the Uncanny Valley

Themovie of the same name adapted fromDisney’s 1994 animated film “Lion King”
won a high degree of attention once it was released on July 12, 2019.While receiving
applause and cheers, the movie was unexpectedly criticized and questioned. The new
version of “Lion King” adopts top-level CG technology, and the picture is extremely
realistic, giving people a shocking effect. However, such excellent technology has
had an adverse effect. Fans have made fun of the Simba character in the film. This
question is worth thinking. Why does such a realistic anthropomorphic character
bring a bad viewing experience to the audience?

As early as 1970, ProfessorMori of Japan proposed the famous “Uncanny Valley”
[10]. According to this theory, the appearance or action of a robot will give a more
realistic effectwith the increase of the degree of anthropomorphism in a certain range,
but it will suddenly drop to a trough after exceeding a certain critical point; robot
inside this trough range will give people the discomfort of “zombies,” “corpses,”
and “prosthetic limbs.” Only after breaking through this critical point can they get
human-like and anthropomorphic feelings again (Fig. 4). This trough range is called
the “Uncanny Valley,” which is an unavoidable design obstacle in anthropomorphic
design.

Therefore, when we see lifelike lions and hyenas in anthropomorphic behavior,
wewill have a fear similar to the “UncannyValley” effect. Since the valley of terror is
an inevitable design obstacle, how to balance this delicate relationship in the design
of human–computer interaction?

At the same time, thinking about it from another angle, is there anything useful?
The “Uncanny Valley” brings people a kind of fear which causes not only physical
discomfort, but also psychological worries about whether they will be replaced.
Robots in the future will be more and more intelligent in appearance and behavioral
interaction, which will give birth to other human psychological needs and concerns.
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Fig. 4 Curve of the “Uncanny Valley”

Can the “Uncanny Valley” be used to solve the problem of “too anthropomorphic” of
robots, and can we design a kind of “clumsy,” lovely and affinity anthropomorphic
robot?

4.2 Over-Dependence on Anthropomorphic Products

Anthropomorphization is a decoding processwith a strong emotional tendency.Users
will trigger and invest more emotions in the process of using anthropomorphic prod-
ucts. Compared with general emotional design, it is easier to reach the reflection
level. It is good for designers, but if users have been in contact with anthropomor-
phic products for a long time, their social motivation will gradually strengthen and
form a dependency tendency.

An excellent product not only needs to touch the user’s emotion, but also needs
to solve problems without bringing other negative effects. While some problems
in human–computer interaction can be solved, it may be counterproductive if users
develop excessive dependence and escapism from normal society after a long time
using, forming bad habits of making friends in real life. Undoubtedly, more andmore
robots will enter our daily life in the information age. In the face of cold technology
products, anthropomorphism will play a greater role and give humans more spiritual
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sustenance. Therefore,making anthropomorphismworking properlywithout causing
other adverse effects has become an urgent problem to be solved.

5 Conclusion

Because of the innate efficacy motivation and social motivation, anthropomorphism
is widely used in various fields to meet people’s psychological needs and emotional
needs. At present, there are not many researches on the human–computer interaction
of anthropomorphism, especially after entering the era of artificial intelligence, the
anthropomorphic interaction is not limited to how tomake the feedbackmore humane
in some details, but to look at the overall situation, from the aspects of appearance,
expression, emotion, interaction mode and so on, to achieve real anthropomorphism,
and its carrier will also change from ordinary “machines” to “intelligent robots” with
the development of science and technology. Therefore, how to truly meet the needs
of users and get rid of the “Uncanny Valley” effect remains to be further studied.
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Study on the Influence of Touch Screen
Button Size on Operation Performance

Bei Zhang, Ning Li, and Yingwei Zhou

Abstract Touch devices are widely used in our lives. The size of the touch screen
interface buttons will affect the user’s interaction efficiency and accuracy. At present,
research on the size of touch screen button is mainly focused on handheld mobile
devices and desktop touch devices. Research is still relatively scarce. In order to
improve the user’s operating efficiency and user’s experience, according to the actual
needs of the user, this study selects nine types of touch interface buttons sizes for a
desktop touch devicewith a screen tilt angle of 60°, and conducts comparative experi-
mental research, mainly using task performance indicators method of measurement.
The experiment results show that the minimum recommended button size for the
touch screen interface is 6.25 mm, and the larger the button size, the higher the
performance. The research conclusions can be used to support touch screen interface
design.

Keywords Touch screen · Button · Size
With the development of information technology, as an important input platform and
tool, touch screen has been increasingly used in social, personal and work activities
[1]. Efficiency is not consistent when performing operational tasks in different inter-
action modes [2], finger touch and mouse operation have significant differences in
the size design of the buttons, so many scholars have researched the size of touch
screen buttons.

In the field of mobile handheld devices, parhietal conducted a systematic research
on the optimal touch size under thumboperation. The results show that the completion
time of the task decreases with the increase of the target size. When the key size is
greater than 7.7 mm, there is no significant difference in click operation error rate
between the five sizes [3]. Zhang and others found that the button size has a significant
impact on the offset and error rate of the click operation [4]. Other scholars researched
the minimum center distance of the buttons. The research found that the minimum
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center distance of the buttons is 3.38 mm and 4.17 mm under the two task scenarios
of discrete index finger and discrete thumb [5]. A related study on a 19-inch touch
screen shows that if the target width is less than or equal to 0.5 cm, the response error
rate is high, which affects the safety and performance of the operation [6].

Combining the above research results, this research is aimed at desktop touch
devices with a screen tilt angle of 60°. Based on the current interface display design
requirements, the buttons in the interface are used as the object to explore the user’s
touch of different button sizes in specific application scenarios. The effect of oper-
ation performance provides scientific data support for button size design in related
interfaces.

1 Experimental Method

1.1 Experimental Device

The experiment was performed in the laboratory. The experimental materials
presented by the computer were used to control the experiment and the test
subjects were recorded. The display was a liquid crystal touch screen display (size:
25.8 * 19.4 cm, resolution: 1600 * 1200), and the screen inclined angle was 60°
(Fig. 1).

1.2 Experimental Variables and Design

The experimental variable was the size of the button, a total of nine kinds (4 mm,
6 mm, 8 mm, 10 mm, 12 mm, 14 mm, 16 mm, 18 mm, and 20 mm).

The dependent variables were the click accuracy rate and the right click time of
the participants.

Control variables included lighting, display resolution, button display range,
button color and shape, and more.

1.3 Participants

Twelve male participants were selected in this experiment. All of them had no color
blindness or color weakness, and their visual acuity or corrected visual acuity was
above 5.0, all were right-handed.
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Fig. 1 Picture of
experimental device

1.4 Experimental Materials and Tasks

In the experiment, nine kinds of target buttons were randomly displayed in a nine-
square grid of 9 cm * 9 cm in the center of the screen. Each button was marked with
a number from 1 to 9, and the digital content appeared randomly in each task. The
number font size on each button remained the same, all are 3 mm high. The back-
ground color of the entire operation area was dark gray (20.20.20), the background
size was full-screen display, the button color was light gray (230.230.230), square,
rounded corner radius was 2px, and character color was black (0.0.0).

The task of the participants was to click the corresponding button as quickly as
possible, in accordance with the numbers appearing at the top of the screen (Fig. 2).

1.5 Experiment Process

After entering the laboratory, the participants first adjusted their sitting position and
adjusted the seat height to keep the subjects’ eye height at about 105 cm and the line
of sight at about 60 cm.

In the experiment, the participants used the right hand for operation.
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Fig. 2 Experiment interface

In the middle of the screen, the instructions were presented first, and the partic-
ipants filled in the information according to the experimental requirements. Then,
they started 10 practice experiments. The practice experiments were the same as
the formal experimental procedures. They were mainly used to help the participants
become familiar with the experimental procedures (Fig. 3).

In the formal experiment, participants completed 90 tasks according to the
prompts.

Rest for three minutes to adjust eye fatigue.
Continue to complete the remaining 90 missions.
The experiment was over.
In the entire experiment, each participant completed a total of 180 judgments

(9 * 10 * 2), and the operation time of each task was 10 s. If it was more than 10 s,
it was automatically judged as a task failure.
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Fig. 3 Experiment first interface

2 Experimental Results

2.1 Click Response Time for Different Button Sizes

The click response time for different button sizes was analyzed. The experimental
results show that there is a negative correlation between the response time and
the button size. The larger the button size, the smaller the response time, and the
maximum response time is when the button size is 4 mm. Click on the response time
to perform a one-way analysis of variance. The results showed that the main effect
was significant (F = 88.64, p < 0.05). After goodness-of-fit analysis, the difference
was gradually reduced after 6.25 mm in size (Fig. 4).

2.2 Click Accuracy for Different Button Sizes

The correctness rate of the clicks of different button sizes was analyzed. The exper-
imental results showed that the correctness rate of the nine kinds of button clicks
was higher, and the correctness rate was greater than 98%, but the larger the size, the
higher the correctness rate (Fig. 5).
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Fig. 4 Click response time for nine sizes of buttons

Fig. 5 Click-through rate for nine sizes of buttons

3 Discussion

The results of this experiment show that the curve slows down when the button size
is above 6.25 mm, indicating that 6.25 mm is a dividing line, and the operating
performance is less than 6.25 mm, and the acceptable range is greater than or equal
to 6.25 mm, and the larger the size, the higher the efficiency. The higher the trend,
that is, the larger the size of the interface button, the larger the operating area, and
the higher the operating performance [7].
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However, in terms of correctness, the correctness of each size button is higher,
which may be due to the relatively small content presented in the interface, the rela-
tively simple experimental tasks, low complexity, and high probability of completion
within the time limit of the operation, which is not prone to misuse and operation
failure, etc.

4 Conclusion

According to the experimental results,when the screen angle is 60°, the recommended
minimum size of the touch screen interface button is 6.25 mm. At the same time,
it is necessary to consider the buttons that require high performance and safety.
According to the interface space and tasks, appropriately increase the size to meet
the operation needs.
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Research on Man–Car Relationship
in 5G Era

Ting Tang and Qiang Zhang

Abstract Objective To study the man–car relationship in the 5G era with the man–
computer interaction of future smart cars as the object. Method An analysis of the
current situation of man–car relations based on the development of automobiles and
conduct research on them in the 5G era. Taking the starting point of bringing a better
travel experience for users, by building a three-dimensional model of the future smart
cars, the man–car relationship in the 5G era will be integrated into the design process
of the future smart cars. Result (Combining with the changes in user needs and social
environment in the 5G era, discuss the relationship between smart cars and people
in the future, and form the design trend in the field of smart cars in the future).
Conclusion With the advent of the 5G era, unmanned driving is gradually realized,
users are liberated from the heavy driving tasks, the man and car cooperation will
be more harmonious during driving, and the man–car relationship will be closer.
The man–car relationship changed from a man adapt to car to a car adapt to man
and then a man and car adapt to each other and finally reached harmonious unity. In
the future, smart cars are no longer just a means of transportation, but more like a
close friend who accompanies you and understands you, bringing you intimate and
exclusive travel services.

Keywords 5G · Smart cars ·Man–car relationship

1 Research Background

The birth of the world’s first car has a history of more than 100 years. It has played
a huge role in social development and human life as the most important means of
transportation today. With the rapid development of automobiles, it is no longer just
an industrialized andmechanized product, and its role and connotation are constantly
being defined. With the integration of artificial intelligence and network information
technology with transportation, automobiles have begun to move from traditional
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industrial products to information interaction platforms. For users, the car is not just
a mobility tool; it integrates information exchange among man, man and cars, cars
and cars and brings users a better travel experience. The car has evolved from a single
carrying machine into a multifunctional interactive space.

With the advent of the 5G era, the connected car industry will gain new vitality.
The concept of the Internet of Vehicles originates from the Internet of Things; it takes
the moving vehicle as the information perception object and uses the new generation
of information and communication technology to achieve the network connection
between the vehicle andX (i.e., the vehicle and the vehicle, people, roads, and service
platforms), improve the overall intelligent driving level of the vehicle, provide users
with safe, comfortable, intelligent, and efficient driving experience and transportation
services, while improving transportation efficiency and the intelligent level of social
transportation services [1].

2 Research on Man–Car Relationship

Under the current social model, the vigorous development of Internet technology
has profoundly affected all aspects of people’s lives. With the continuous change
of the social environment, people have higher demand for products. The car as the
most important means of transportation for modern people, the ergonomics in the
traditional sense cannot fully satisfy the user’s diversified and humanized needs for
future smart cars.

2.1 Development of Man–Car

In 1886, the first gasoline engine car was born in Germany. This kind of “self-
propelled carts that do not rely on mans” has begun to appear constantly in Europe
and even the world, replacing rickshaws and horse-drawn carts as important means
of transport for human beings. (In terms of travel, the power of the car changes
from being derived from human to relying on itself. This development process has
liberated human beings). Humans have begun to adapt to the ease and convenience
that this transportation brings to their travels. The relationship between man and cars
has changed.

The birth of the car made people feel the impact of the age of industrial mecha-
nization on life. At this time, people only have functional requirements for cars, that
is, the “form follows function” advocated by the Bauhaus. At this time, the relation-
ship between the man and the car was a bit stiff and alienated, and there is only the
relationship between the need and be needed. With the emergence of assembly line
production methods, the cost of automobiles has been reduced, the scale of auto-
mobile production has been expanded, and automobile production has developed
rapidly. In the early twentieth century, American car companies such as Cadillac and
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Lincoln began to design car bodies according to the wishes of customers to serve
economically wealthy users. At the same time, some high-end and luxury automobile
manufacturing brands in Europe such as Rolls-Royce and Ferrari were exclusively
used by the rich. In order to meet the demands of vehicles for different groups of
users, armored vehicles, cargo vehicles, racing cars, and other models have appeared
one after another, making the types of cars gradually increase and tend to diversify.
The practical function of the car at this stage is the basic demand of the user. The
personalization, that is, the car can highlight the characteristics of the user’s identity
more attract the attention of customers. During this time, the car starts to adapt to the
demands of man, and the relationship between man and cars is no longer alienated.
It tends to “identify,” that is, the car can highlight the identity of the user, and users
can get psychological satisfaction and fulfillment from the car.

The emergence of user’s emotional demands makes designers realize that “form
follows not only function but also emotions.” Both are indispensable. Automotive
design should integrate users’ psychological demands (aesthetics, belonging, etc.)
in their functions. Seeing a car will produce different psychological characteristics
and emotions. The harmonious proportion of the car body can bring more security
to the user due to its visual integrity, and the stable morphological feeling can make
people feel solid, serene, and relaxed [2]. In today’s society, there are many types
of cars and prices vary. As long as users with a certain economic foundation will
consider buying a car, it is more convenient for them to travel and go wherever they
want. There is no need to squeeze the subway to work on weekdays, and you can
travel by car with friends or family on the weekends. (You don’t have to worry about
missing the subway or there is no seat on the bus, owning this car seems you heart
to be settled inside). Man and cars began to adapt to each other, and the car to the
user brought a sense of security and belonging.

2.2 New Trends in Man–Car Relationships

After more than a hundred years of continuous improvement and innovation, auto-
mobile manufacturing technology has become more and more mature. With the
widespread application of computer technology and network technology in the
field of vehicle transportation and the continuous development of vehicle-mounted
technology, the interior space, man–machine interface, operation and interactive
processes of the car are undergoing revolutionary changes [3].

2.2.1 Diversity of Driving Modes and Driving Spaces

At present, the information model inside a car has gradually developed from a single
driving and vehicle condition information model to a complex information system
including car information, car to car information, car and other information carriers
(Car to X) interaction information [4]. In such a complex information interaction
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Fig. 1 Weilai EVE driverless car

system, drivers need to interact with other information in the car in addition to
completing tasks such as controlling the car and monitoring road conditions, which
can easily distract drivers’ attention and affect traffic safety.

With the advent of 5G Internet era, the Internet of vehicles technology will get
more rapid development and application, and the unmanned driving technology
(automation level: l3–l5) will be applied to future cars. With the improvement of
the automation level of intelligent vehicles, users’ eyes and hands will be liberated
from tedious driving tasks, reducing driving safety risks. Meanwhile, users will lose
part of their vehicle control rights, which may be completely controlled by machines
in the unmanned driving stage.However, someusers enjoy the fun brought by driving,
so the trend of smart cars driving way in the future is that unmanned driving cannot
completely replace manual driving, both of which coexist, as shown in Fig. 1.

With the change in driving style, the driving space has expanded to other service
spaces, namely the “third space,” and the layout of the interior of the car has changed
dramatically, as shown in Fig. 2. Users can rest, entertain, work, etc., in this space.
Cars are evolving from a mechanical vehicle to design objects that include personal,
public, and social spaces.

2.2.2 Shared Services

The sharing economy will become the dominant consumption model in the twenty-
first century [5]. In order to meet the demands of urban traffic pressure and envi-
ronmental protection, the establishment of Shared Automated Vehicles (SAV) has
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Fig. 2 Internal space layout of Weilai EVE driverless car

become an important content of future urban traffic design and planning [6]. Accen-
ture proposes the concept of “Travel as a Service” for car sharing and services and
divides car sharing into multiple models, such as car rental, site-based car sharing,
instant use car, and network special car [7]. The emergence of the car sharing mode
allows users who cannot afford a car temporarily or do not want to buy a car to use
the car anytime, anywhere. At this time, the car is no longer an individual, and the
user only has the right to use the car and has no ownership. With the rise of driver-
less cars in the future, shared car borrowing, car return, autonomous parking, and
self-charging experiences will be further enhanced. At the same time, in the future,
the user’s private car can also be transformed into a “shared car” to serve those who
need it, and they can also make money for the owner to make the car play its biggest
role. The emergence of the sharing economy has changed the way users use cars and
increased the service value of cars.

2.2.3 Personalized

Personalization and customization have always been user demands and design trends
[8]. In the 5Gera, the traditional customizationmodel is far frommeeting users’ needs
for future smart cars’ personalization. Especially in the field of car sharing, users hope
that different vehicles used each time can provide exclusive services according to
their own needs, which cannot bemet by traditional customizationmodels. Biometric
technology will be applied to future smart cars. Through the integration of offline
biometrics information and online user big data, achieve the acquisition of vehicle
to human basic data, make the car is integrated into the user’s life, and man and the
car build tacit understanding and trust with each other. For example, the Weimar
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EX5 launched by Baidu, Huawei, and Tencent can use face recognition technology
to enter a Weimar account that is unique to the user. (According to the user’s daily
usage data recorded byWeimar account, including navigation route, air-conditioning
temperature, etc., from in-car environment setting to travel route planning, it canmeet
the individual needs of users [9]). Personalized account settings reduce the user’s
operating costs and use wisdom to provide a personalized experience for each user.

2.2.4 Intelligent Emotional Interaction

In the 5G era, on the basis of intelligent driving, users also hope that cars have a
certain emotional intelligence and intelligence and can “understand and think.” In
the future era of autonomous driving, smart cars should not only be tools to respond
to people’s instructions, but should also communicate and collaborate with users
[10]. Smart cars improve their IQ through emotion perception, autonomous learning,
personalized services, and interactive methods. At the same time, they interact with
and learn from users to continuously focus on and digest user demands and feedback
to improve their emotional intelligence. With the ability to “understand and think,”
smart cars can complete difficult tasks, assist users to complete driving tasks more
efficiently, and interact with users through multiple interaction modes such as voice,
gestures, and eye movements to meet users’ needs. As a smart carrier, a smart car
not only communicates and interacts with users inside the car, but also interacts
with other individuals outside the car, such as pedestrians outside the car, other
vehicles, and urban transportation facilities. In the future, the way of communication
and interaction between smart cars and surrounding vehicles will no longer rely on
the traditional whistle and lights, but pass communicate and interact with vehicles
that meet each other through various forms. Honda’s 2017 Urban EV concept car,
including the front face display of the headlights, can display suggestions, greetings
and even emoticons in different languages and interact emotionally with surrounding
traffic individuals [11], as shown in Fig. 3. Intelligent and emotional interactions will
help form good traffic etiquette in the future, So that everyone can experience the
wisdom of travel.

In the future, smart cars will continue to learn and think, and according to the
new demands of users, make corresponding upgrades and adjustments to the service
system and continue to meet users’ internal emotional demands. Let the car change
from a machine product to a “friend” with life, wisdom, emotion, resonance, ability
to judge, and truly understand users.

3 Application of Man–Car Relationship in Design Practice

Design background: With the popularity of 5G, the speed and scale of data trans-
mission will take a qualitative leap. The development of the Internet of Things and
the Internet of Vehicles will definitely bring a new era, and the automobile as a giant
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Fig. 3 2017 Honda’s concept vehicle Urban EV

of the modern manufacturing industry will also become a major component of the
intelligent mobile terminal in the future. What will happen to the future urban form
and people’s lives? How will the future smart cars drive? What kind of experience
will intelligent transportation bring? Design object: A smart car designed for young
people in the smart city of the future. Design process: First, analyze the future smart
city road architecture, understand young people’s living, working methods, physi-
ological and psychological demands, and investigate the types of cars that the new
generation of young people tends to. Secondly, the overall shape and style of this
smart car are determined by combining the new trends of human–car relations in
the 5G era. Finally, through continuous improvement and perfection, 3D modeling
and rendering are completed, as shown in Fig. 4. Design Result: This smart car is
an exclusive car and its size is small and lightweight. It can not only take you to
and from the city, but can also understand your “close friend” or accompany your
pet, know your demands. It allows you to enjoy your personal space on the road
of smart travel without feeling lonely. The overall modeling of the car tends to the
upper round lower square, giving a warm and lovely feeling. At the same time, the
car uses spherical tires to allow the cockpit to rotate 360° freely, bringing a better
experience to driving and making busy life have a little fun. In this design practice,
the relationship between man and cars is more intimate, and the emotional demands
of man for cars tend to be friendly and accompany, which will also be the trend of
smart cars design in the future.
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Fig. 4 3D model of smart car

4 Conclusion

In the 5G era, the relationship betweenman and cars in the future is not just to provide
simple travel services. Vehicles establish tacit understanding and trust with users
through big data. Smart cars are integrated into users’ lives, which enhance people’s
dependence on cars. Man and cars produce more closer relationship and deeper
emotional resonance between them. At the same time, smart cars are developing
from amechanical vehicle to design objects that include personal space, public space
and social space. Therefore, the new man–car relationship and the “third space” will
bring some inspiration to the future smart cars design. Smart cars in the future will
play a richer role in smart cities, bringing more smarter travel experiences to people.
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Optimal Design of Man–Machine
Interface for Integrated Situation Display
of Vehicle-Mounted Command
and Control Equipment

Mingjie Wan, Jinkuang Zhang, Jianjun Gao, Zaochen Liu, Xuewei Liu,
and Xiaolong Chang

Abstract Purpose is to improve man–machine interaction efficiency and support
optimal design of man–machine interface. Methods Application of new technology
is researched in man–machine interface design of integrated situation based on the
theory and researching methods of system engineering. Taking vehicle-mounted
command and control equipment of a certain type as the typical case, the inte-
grated situation display man–machine interface is designed and optimized. Result
After optimization system reaction time is largely shortened, command and control
efficiency is greatly improved and users’ demand is perfectly met. ConclusionMan–
machine interaction efficiency directly affects the combat effectiveness of weapons
and equipment. The application of advanced man–machine interaction technology
in the integrated situation display of command and control equipment is an effective
way to realize the deep integration between commanders and command and control
equipment and improve the combat effectiveness.

Keywords Command and control equipment · Situation display ·Man–machine
Interface ·Man–machine interaction

1 Introduction

The integrated situation display of vehicle-mounted command and control equipment
is a kind of integrated digital information set, which takes the form of the graph, text,
image, sound, table, military logo and other linkages to reflect the battlefield situation
in real time based on graphic interface. It is an important interface and channel to
realize bidirectional information interaction between commanders and battlefield,
it is a crucial part in the whole design of man–machine interface for command
and control equipment, and it is also a basic basis for commanders’ command and
decision. Through the command and control equipment, the commanders obtain the
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important information such as various combat situation, various operational states
of weapon system and battlefield situation evaluation, and make decisions based
on these information, and issue various combat instructions through man–machine
interface. Obviously, research on the optimal design and application ofman–machine
interface for integrated situation display of vehicle-mounted control equipment is of
great significance toward exercising combat performance of weapons and equipment
and improving combat effectiveness.

2 The Dynamic Development of Man–Machine Interaction
in Integrated Situation Display of Vehicle-Mounted
Command and Control Equipment

2.1 The Present Situation and Deficiencies

At present, the man–machine interaction technology adopted in the integrated situ-
ation display of vehicle-mounted command and control equipment is mostly in the
hierarchy of interactive graphical interface. The interactive devices adopted gener-
ally are computer display screen, joystick, track ball, etc. The display interface is
mostly static/dynamic, 2D graphics/image and other multi-media information. The
man–machine interaction stays in the stage of “centering on the machine,” which is
a kind of “people adapt to the machine” interactive mode.

Although considerable progress has been made concerning the research on the
man–machine interface of situation display for vehicle-mounted command and
control equipment in China, comparing with military transformation need in new
era there are still four gaps and deficiencies. Firstly, the integration of situation
display interaction means is not high; secondly, there are limitations in the optimal
design of situation display interface [1]; thirdly, the interactive operation mode of
situation display is not flexible enough; fourthly, the particularity of situation display
interaction is not considered comprehensively [2].

2.2 Developing Trend

In the future, there are four trends in the development of man–machine interaction
technology for integrated situation display of vehicle-mounted command and control
equipment. Firstly, situation display tends to bemore intuitive.With the development
of 3D display, holographic projection and other technologies the battlefield situation
visualization is realized and the informatization advantage will be transformed into
the decision-making advantage, which greatly improves the command efficiency [3].
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Secondly, man–machine interaction tends to be more natural. Through the introduc-
tion of speech input, touch and control and other multi-channel interaction technolo-
gies system operating efficiency is greatly improved. Thirdly, operation design tends
to be easier to use. Operation interface and menu are optimized; shortcut menu is
designed and warning information is perfected, thus, the professional requirements
and training difficulties for the operators will be greatly reduced. Fourthly, the auxil-
iary decision tends to be more intelligent. Taking big data as support and intelligence
processing as the core the system can provide important support for commanders
to make correct decisions, implement precise policies and employ troops rationally,
which greatly improves the efficiency of command and decision.

3 New Man–Machine Interaction Technology
for Integrated Situation Display of Vehicle-Mounted
Command and Control Equipment

3.1 Touch and Control Technology

In the early 1990s, a new kind of man–machine interaction equipment touch screen
appeared [4]. The touch screen technology supports single-point touch and multi-
point touch, and it provides a newly typed man–machine interaction input mode for
people. In vehicle-mounted command and control equipment, the touch screen is
applied to conduct integrated situation display. Through the touch screen comman-
ders can intuitively select the location, menu, key control, etc. Thus, the efficiency
of man–machine interaction is effectively improved.

3.2 Speech Recognition Technology

Speech recognition technology is to convert man speech information into computer-
readable input. Under the condition of speech recognition, the language is faster and
more effective than the keyboard input, whichmay reduce system reaction time; it can
liberate the users’ hands and provides more operation channel. With much higher
speech recognition rate, application concerning the important point of equipment
interactionwill be gradually expanded. Speech recognition technology can be applied
to assist text input, data binding, flight information reading, command instruction
receiving, etc.
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3.3 Multi-channel Man–Machine Interaction Technology

The multi-channel man–machine interaction technology introduces new interaction
channels such as voice, gesture, sight line, etc., which enables users to apply multiple
channels to conduct man–machine dialogue in a parallel manner, and improve the
flexibility of interaction, make up for the shortcomings of the existing interface.
Different from the traditional 2D interaction mode, multi-channel man–machine
interaction seeks for new interaction means to make full use of man organs such
as ears, mouth, hands and eyes, and make vision, hearing and touching channels
for mutual complementation. Thus, this way on man–machine interaction is more
similar to the daily communication among people. The interaction timeliness is
greatly enhanced and the interaction efficiency is greatly improved.

3.4 3D Situation Display Technology

Based on the narrow space of vehicle-mounted equipment 3D situation visualization
provides commanders with a really and comprehensively virtual natural environment
such as topography, landforms, surface features and electromagnetic environments
in a particular battlefield area. On this basis, it provides the real representation and
description on forces deployment and situation changes of both sides of the enemy
and us, so as to provide the commanderswith a visual representation of their situation.
Thereby, it is very convenient for commanders to make timely decisions according
to the battlefield situation [5, 6].

3.5 Big Data Processing Technology

Big data processing technology combines the advanced technologies such as big
data analysis and mining, processing and cloud computing and provides the possi-
bility for the adjustment and control of out of plan. Through specialized knowledge
and understanding of objective world from experts combat data is researched and
analyzed to form combat model database.When in operation, the integrated situation
display system receives battlefield intelligence information such as voice, text, signal,
etc., and then uses data mining technology to find meaningful mode from massive
databases, convert, and generate corresponding interface display models automati-
cally. At the same time, the continuous intelligence information is frequently updated
and integrated, which predicts the development of battlefield situation and provides
important reference for commanders’ command and decision.
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4 Empirical Analysis

Taking vehicle-mounted command and control equipment of a certain type as the
typical case, the design of man–machine interface for the integrated situation display
is optimized.

The man–machine interface for integrated situation display of command console
includes two parts: part one is man–machine interface for the integrated situation
display; part two is man–machine interface for the command console. Its overall
layout is shown in Fig. 1.

Fig. 1 System implementation flow. 1—man–machine interface of integrated situation display;
2—man–machine interface of command console
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Fig. 2 Block diagram of equipment three-dimensional modeling. 3—working state display section;
4—weapon unit state display section; 5—air information display section; 6—target flight elements
display section; 7—target information display section; 8—ammunition state display section; 9—
communication link and equipment status display section; 10—parameter setting display section;
11—flight track list display section

4.1 Man–Machine Interface of Integrated Situation Display

Man–machine interaction interface for integrated situation display of command
console is composed of nine display sections including air information, working
state, ammunition state, weapon units state, communication link and equipment state,
target flight elements, parameter settings, target information and track list. Its basic
layout is shown in Fig. 2.

4.2 Man–Machine Interface of Control Console

The operation panel of command console is divided into 5 sections: operation
keyboard 1 section, operation keyboard 2 section, communication equipment oper-
ation section, parameter input operation section, cursor operation section, etc. The
basic layout is shown in Fig. 3.
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Fig. 3 Man–machine interface layout of command console. 12—operation keyboard 1 section;
13—communication equipment operation section; 14—parameter input operation section; 15—
operation keyboard 2 section; 16—cursor operation section

4.3 Analyzing the Result

After optimal design man–machine interface for the integrated situation display of
command and control station includes nine sections, which can display the integrated
situation, AOR, the distribution of weapon units, the number of current targets, flight
direction, distance, altitude, bearing, longitude, latitude, ammunition preparation,
recording playback state, ammunition energizing state andmode, users’ usage mode,
ammunition consumption state, equipment technology state,working state, searching
and trackingmode, etc. Comparedwith the former command console, the three of the
integrated situation display sections have been increased and perfected, the 6 of them
have been optimized. At the same time, some functions such as speech dialogue and
interaction automatically are added to each display section, making man–machine
interaction more intuitive, convenient and easy, and the system reaction time has
been shortened by 65%.

After optimal design man–machine interface of command console has five
sections, which can realize the on/off of the device, selection and switching of
working mode and working state, the input and binding of various parameters,
weapon units selection, targets selection, Ammunition preparation and state display,
switching among various displays, various state changes and displays in combat,
work cancellation, stat reset, etc. Compared with the former command and control
system, the two of command console sections have been increased and the three of
them have been optimized, and the information urgently used and needed by users
has increased by 60%. The smooth man–machine interface has greatly improved the
working efficiency and met the users’ requirements.
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5 Conclusion

The integrated situation display of modern vehicle-mounted command and control
equipment is developing quickly toward intelligence, and the efficiency of man–
machine interaction will directly affect the decision-making of commanders. This
paper summarizes the present situation and development of man–machine interac-
tion technology of the integrated situation display and studies the related new tech-
nology of man–machine interaction. It also analyzes the basic principle, technical
characteristics, development status and application prospect of each technology in
the integrated situation display, and taking vehicle-mounted command and control
equipment as the typical case the papermakes an empirical analysis on optimal design
of man–machine interface of the integrated situation display. The result has shown
that the application of advanced man–machine interaction technology can greatly
improve the man–machine interaction efficiency of the integrated situation display
and promote its combat performance. Based on the integrated situation display, the
new man–machine interaction technology will take on better developing trends and
broad application prospect.
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Research on Respiratory Signals
for Visual Fatigue Caused by 3D Display

Guilei Sun

Abstract In order to study the relationship between visual fatigue and respiratory
characteristic parameters caused by 3D display, 30 subjects were invited to watch 3D
videos for 90min. A questionnaire surveywas performed in the initial state and every
15min afterwatching the video to obtain the subjective data, and7groups of datawere
collected. The characteristic parameters of breathing were acquired synchronously
using breathing sensors. The data was analyzed using SPSS. The results show that
subjective fatigue increases with the increase of time spent watching 3D videos, and
subjective visual fatigue increases extremely significantly from 45 to 60 min. The
mean of power, index of the respiratory frequency domain, and the corresponding
standard deviation show a highly significant linear negative correlation with time
and the consistency with subjective fatigue score reached 0.970, indicating that the
power value is effective for visual fatigue assessment. Therefore, based on the power
mean or standard deviation of the breathing signal, the time is used to estimate or
evaluate the time of watching 3D display.

Keywords Visual fatigue · respiratory signal · Respiratory frequency domain ·
Power index · Correlation analysis

1 Introduction

The development of 3D technology has involved all aspects of life, such as medical,
industrial, military, education, entertainment, film, and television. The application
of 3D technology also brings a new problem-visual fatigue. Many scholars have
carried out related research, such as: Wang [1] studied the effect of visual fatigue
on 3D polarized displays based on medical eye symptoms. Yano [2] pointed visual
fatigue was induced if the images were moved in depth according to a step pulse
function even if images were displayed within the corresponding range of depth
of focus. Kooi et al. [3] proposed that crosstalk and blur may be the factors that
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cause visual fatigue. Matsuura [4] proposed that the influential factors affecting the
viewing conditions in 3D stereo vision are interpupillary distance, visual function,
and viewers. Alhaag et al. [5] confirmed that 3D display at short distance is more
likely to cause visual fatigue than 2D display, but 3D display at a long distance has
a lesser effect on visual fatigue.

For the measurement of visual fatigue, the most extensive subjective measure-
ment is a questionnaire. For example, Lambooij [6] gave a visual fatigue question-
naire recognized by most scholars, namely the questionnaire for visual symptoms
of Sheedy; Li et al. [7] used EEG and ERP signals to measure 3D visual fatigue
and concluded that binocular parallax has effect on 3D visual fatigue. Tam et al.
[8] indicated that there is a significant difference in 3D tolerance among individ-
uals, and it is still impossible to distinguish whether it is caused by the stereo or the
individual. Park and Mun [9] mentioned that it is also good to use eye movement
parameters and physiological signals as 3D visual fatigue evaluation index when
measuring visual fatigue. Kim et al. [10] used ECG, GSR, and SKT to measure
the degree of fatigue affected by watching 3D video, indicating that skin electrical
response (GSR) and skin temperature (SKT) may also be used to assess the extent of
3D visual fatigue. Bruce [11] measured drivers’ fatigue by recording heart rate and
skin power. Ashrant et al. [12] used physiological indicators such as heart rate, EEG,
and infrared temperature to detect the physical fatigue of construction workers. Zhu
et al. [13] extracted the cycle, period standard deviation, amplitude, amplitude stan-
dard deviation, and frequent yawns of respiratory signals as characteristic parameters
for determining driving fatigue. Yu [14] proposed a model for judging the current
fatigue level and design and apply it to the mobile terminal (mobile phone appli-
cation). Xu [15] judged the driver fatigue based on physiological signals EEG and
ECG (heart rate signal). Ye [16] used physiological signals to classify driving fatigue
and established a driving fatigue evaluation model by collecting and analyzing EMG
and ECG. Fu et al. [17] used the wireless measurement equipment of physiological
signals to detect the driver’s fatigue state, and the prediction results based on the
Bayesian model and reached a good agreement with the subjective score results.

In the current research,many scholars use physiological signals to evaluate fatigue,
but the evaluation of respiratory signals is mainly for driving fatigue, which is
different from visual fatigue caused by 3D display. Therefore, it is necessary to
further correlate the respiratory characteristic parameters with 3D visual fatigue.

2 Experiment

2.1 Subject Selection

Thirty subjects (15 males and 15 females, aged from 19 to 45) were selected. The
subjects had naked eye or corrected vision of 5.0. They did not perform strenuous
exercise or watch movies and mobile phones for a long time before the test.
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2.2 Equipment Parameters

LG42LW4500 (resolution 1920 × 1080, non-flash (i.e., polarized) 3D technology,
screen ratio 16:9) was used with the parameters of contrast 95, backlight 100, and
brightness 50 (recommended 3D optimal brightness). Themeasured brightness value
in the mode is 102.12 cd/m2, and the photometer is Photo Research PR-680 model
in the USA).

2.3 Experiment Procedure

1. Fill in the participant information record form and survey questionnaires.
2. Wear physiological signal sensor and setting the viewing distance to 1.5 m.
3. Measure the physiological parameters in the initial state for 5 min in a quiet state.
4. Fill out a questionnaire every 15 min, with a total of 6 times.
5. Keep and back up the test data and export the data.

3 Data Analysis

3.1 Questionnaire Data Processing and Analysis

Subjective data obtained from subjective questionnaire surveys. The mean statistics
of the total subjective fatigue scores are shown in Table 1. The line chart of the
changes in scores over time is shown in Fig. 1. At 60 min, due to the limited backup
battery, battery replacement and recalibration procedures will be performed, which
will make the subjects have 90 s rest time, so 60 min to 75 min, the score may not
rise but may be the reason for getting rest. This also shows that during the period of
visual fatigue, a short rest period can make people recover to a certain extent.

Table 1 Statistics of questionnaire score

Time duration/min Minimum Maximum Mean Std. deviation

0 0.00 3.00 0.57 0.90

15 0.00 10.00 2.27 3.37

30 0.00 7.00 2.40 2.29

45 0.00 8.00 3.07 2.49

60 0.00 10.00 4.47 3.41

75 0.00 8.00 3.64 2.41

90 0.00 8.00 4.07 2.63
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Fig. 1 Polyline for mean of
fatigue score

Correlation analysis showed that at a test level of 0.01, the correlation coefficient
between the fatigue score of the questionnaire and the time spent watching 3D videos
was 0.894, which was extremely strong relationship. The Shapiro–Wilk test method
was used to test the fatigue score data for normality. The test results are shown in
Table 2.

Table 2 shows that the data for 45 min and after watching the 3D video conform
to the normal distribution, and the p-values of the previous data are less than 0.05,
which do not conform to the normal distribution. TheWilkerson symbol rank test and
the paired t-test were used to compare the different viewing times with those when
not watching, and the differences were analyzed. The results are shown in Table 3.

From the pairwise comparison in Table 3, it is known that the p-value of the
baseline data compared with the data of 30 min, 45 min, 60 min, 75 min, and 90
min are all less than 0.05. It shows that with the increase of time, subjective visual
fatigue has shown a significant increase. In addition, the comparison of the data of
the adjacent two groups shows that there is significant difference in the comparison
between 30–45 min and 45–60 min, which indicates that the subject has a stronger
sense of fatigue during this process, especially in the process of 45–60 min, which
also has statistically significant at the significance level of 0.01.

Table 2 Results of normality
test for the questionnaire

Time duration/min Shapiro–Wilk

Statistic Sig

0 0.701 0.000

15 0.686 0.000

30 0.867 0.031

45 0.922 0.205

60 0.886 0.059

75 0.960 0.684

90 0.925 0.231
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Table 3 Pared comparison
for fatigue score

Comparison Test method p-value

0 versus 15 Wilcoxon signed-rank test 0.058

0 versus 30 Wilcoxon signed-rank test 0.015

0 versus 45 Wilcoxon signed-rank test 0.004

0 versus 60 Wilcoxon signed-rank test 0.002

0 versus 75 Wilcoxon signed-rank test 0.002

0 versus 90 Wilcoxon signed-rank test 0.001

15 versus 30 Wilcoxon signed-rank test 0.796

30 versus 45 Wilcoxon signed-rank test 0.039

45 versus 60 Paired samples t-test 0.001

60 versus 75 Paired samples t-test 0.253

75 versus 90 Paired samples t-test 0.463

3.2 RESP Signal Analysis

3.2.1 Time Domain Analysis

Perform time domain analysis on the RESP signal, and analyze the average value of
the RESP over a period, that is, the average value of the respiratory frequency.

First, the data was tested for abnormality. Under the criterion of z = 3, there were
no abnormal values. Correlation analysis of respiratory frequency to time showed
that the respiratory frequency was significantly negatively correlated with time, with
a correlation coefficient of −0.784 and a p-value of 0.037.

Descriptive statistics of the mean respiratory frequency showed that the mean
value decreased from 24.5 rpm to 19.5714 rpm, but there was no significant change
in the entire data and time, as shown in Fig. 2. The normality of each group of data
was tested, and all groups were normally distributed. The paired samples t-test was
performed on the results. The test results are shown in Table 4. The results show that,
under the significance level of 0.05, although themean value of respiratory frequency
is significantly lower than that of the non-watched 3D videowhenwatching 90min of

Fig. 2 Mean of RESP value
to time
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Table 4 Paired samples t-test
results

Comparison p-value

0 versus 15 0.391

0 versus 30 0.174

0 versus 45 0.576

0 versus 60 0.127

0 versus 75 0.389

0 versus 90 0.078

15 versus 30 0.438

30 versus 45 0.346

45 versus 60 0.403

60 versus 75 0.562

75 versus 90 0.226

3D video, this change has not shown statistical significance. Therefore, visual fatigue
under 3D display cannot be accuratelymeasuredwith the time domain characteristics
of respiratory indicators.

3.2.2 Frequency Domain Analysis

The frequency domain analysis indicators of the breathing index are power and
peak, respectively. The two indexes represent the power of the breathing band and
themaximumvalue of the breathing frequency, that is, breathing power and breathing
peak. Descriptive statistics of the two indicators are shown in Table 5.

Correlation analysis between power and peak values and viewing time shows that
the average and standard deviation in power are strongly correlated and extremely
correlated with time, while all parameters in the peak index are extremely weakly
correlated or unrelated. Therefore, only the power value is analyzed.

In the power indicator, it can be seen clearly that the average value and the standard
deviation decrease gradually. The power value decreases from 538.6423%2 in the
initial state to 166.24%2 in the 90 min.

The datawas abnormal at 60min,which is consistentwith subjectivemeasurement
data. It showsvisual fatigue sharply from45 to60min.Andafter adjustment, it returns
to the normal level at 75 min. Removing the data at 60 min, a curve was drawn for the
mean of power and standard deviation as showed in Fig. 3. It shows a general trend of
slow decline. This indicator also reflects the decline of the human’s breathing power,
and the breathing gradually slows down.Combinedwith the subjective questionnaire,
it appears along with visual fatigue caused by 3D video viewing.

After entering the 3D video viewing state, the power mean basically shows an
obvious linear distribution. Pearson correlation between power mean and time is
−0.803 with sig.(2-tailed) 0.030, while the stand deviation is −0.779 and 0.039,
separately.
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Table 5 Paired samples t-test results

Index Duration/min Mean Std 95% confidence interval of the
difference

Lower Upper

Power (%2) 0 538.6423 471.1533 253.9272 823.3574

15 296.8508 287.2676 123.256718 470.444821

30 247.7692 249.6864 96.885269 398.653192

45 225.02 228.5998 86.878503 363.1615

60 85.8908 60.96885 49.047659 122.733880

75 188.9823 181.9452 79.033900 298.930715

90 166.24 181.1512 56.771437 275.708563

Peak (HZ) 0 0.6214 0.09750 0.5651 0.6777

15 0.6500 0.08549 0.6006 0.6994

30 0.6357 0.074495 0.5927 0.6787

45 0.657‘ 0.085163 0.6080 0.7063

60 0.6714 0.091387 0.6187 0.7242

75 0.6357 0.08419 0.5871 0.6843

90 0.6214 0.089258 0.5699 0.6730

Fig. 3 Power mean and standard deviation along with time

The trend lines are added separately to find that the relationships between the
power mean (Pm) for the breathing frequency domain and the time t for viewing the
3D video is consistent with:

Pm = −1.6075t + 306.95, R = 0.9587.
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Table 6 Power indicator
normally test

Duration/min Shapiro–Wilk

Statistics Sig

0 0.888 0.092

15 0.859 0.037

30 0.799 0.007

45 0.845 0.024

60 0.919 0.243

75 0.843 0.023

90 0.758 0.002

Relationships between the standard deviation of the power mean (Psd) and the
time t for watching 3D video:

Psd = −1.4277t + 298.54, R = 0.9534.

It can be seen from the fitting degree of the two trend lines that their fitting degrees
are both greater than 0.95, which indicates good fitting degree of the regression line to
time. Correlation analysis was performed between the mean and standard deviation
of power and subjective scores, the correlation coefficients were both −0.971, and
the p-value was 0. Therefore, visual fatigue can be evaluated using power or standard
deviation. And the 3D video viewing time (greater than 15 min) can be estimated
based on the power value of the RESP indicator, which provides guidance for the
application of future physiological indicators to monitor 3D visual fatigue.

In order to observe the regularity of the data distribution further, a normality test
was performed on the power value. The results are shown in Table 6.

Basedon the normality test results, under the test level of 0.05, fivegroups of power
indicators do not meet the normal distribution, and two groups of peak indicators
do not meet the normal distribution. The initial time is compared with the value of
each the remaining time periods, and the paired sample t-test and Wilkerson signed-
rank test are used for pairwise analysis, respectively. The results are shown in Table
7. There are significant differences between the viewing time and the initial time,
while the p-value does not show a significant change trend. Among the comparison
of neighboring 15 min, there are significant differences between 45 and 60 min and
between 60 and 70 min, which is consistent with the questionnaire analysis.

4 Conclusions

1. Questionnaire survey showed that subjective visual fatigue increased signifi-
cantly after watching 3D videos for 30–60 min, especially during the period of
45–60 min, subjective visual fatigue increased significantly.
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Table 7 Pair test of power
mean

Comparison Test method p

0 versus 15 Wilcoxon signed-rank test 0.039

0 versus 30 Wilcoxon signed-rank test 0.046

0 versus 45 Wilcoxon signed-rank test 0.046

0 versus 60 Pared samples t-test 0.005

0 versus 75 Wilcoxon signed-rank test 0.009

0 versus 90 Wilcoxon signed-rank test 0.016

15 versus 30 Wilcoxon signed-rank test 0.701

30 versus 45 Wilcoxon signed-rank test 0.279

45 versus 60 Wilcoxon signed-rank test 0.009

60 versus 75 Wilcoxon signed-rank test 0.028

75 versus 90 Wilcoxon signed-rank test 0.6

2. The consistency of the power mean and standard deviation in the breathing
frequency domain to subjective visual fatigue is 0.971. The powermean and stan-
dard deviation shows strong correlation with time, and the correlation coefficient
is −0.779 and −0.803, respectively.

3. After watching the 3D video for 15 min, the relationships between the power
mean (Pm) and standard deviation (Psd) in the breathing frequency domain and
time t meets: Pm =−1.6075t + 306.95, R2 = 0.9587; Psd =−1.4277t + 298.54,
R2 = 0.9534.

4. The increase in 3D visual fatigue leads to a decrease in respiratory frequency,
but the average respiratory frequency does not reflect the working time of visual
fatigue; there is no significant correlation between peak value and visual fatigue.
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Man-Machine System Design
for Rest-Office Seats

Jiawei Tang, Canqun He, Yuhong Wei, and Chenfei Cao

Abstract The modern people’s habit of sitting on the seat for a long time and lying
on the table for a rest has seriously affected their health. The reasonably designed
rest-office seats canprovide officeworkerswith healthywork conditions and comfort-
able rest conditions, helping office workers to reduce diseases such as spondylosis
and improve work efficiency. This paper analyzes the existing office seats from the
perspective of ergonomics and clarifies the basic functions and potential develop-
ment possibilities of rest-office seats. The two methods of element shape extraction
and user demand analysis were applied to the design and development of rest-office
seats. It has a certain guiding significance and reference value for the future office
seating style, the development of additional functions and the appearance design of
seats. It also improves the user experience.

Keywords Ergonomics, · Office seats · Healthy sitting position · Rest-office dual
use · Optimized design

1 Introduction

With the rapid development of technology in modern society, people sit at desks and
work longer and longer. According to surveys, modern people have been “sitting” for
more than half of their awake time. “Sedentariness” is likely to cause problems such
as poor blood circulation, compression of the spine and other problems, which has
become the mainstream harmful behavior [1]. Not only that, modern office workers
often lie on the desktop to take a break from time to time. Such changes in habits have
seriously affected the health of office workers and work efficiency. Therefore, the
designof seats that are closely related to rest andwork should bebasedon ergonomics,
fully consider the comfort of users when they work and rest, the additional needs of
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users and alleviate the occupational health problems of workers in the information-
based office environment. It further develops the “human-material-environment”
system design thinking in ergonomics.

2 Ergonomic Analysis of the Existing Seats

At present, the research of office seats is a popular direction of ergonomics research.
The main research topics include the matching between the size of the office

seat components and the size of the human body, the matching between the local
adjustment of the office seats and the change in sitting posture and the additional
functions of the office seats.

The office seats on the market generally have one or more of the following char-
acteristics: The functional dimensions of the seats conform to the size and curve
of the sitting posture, so as to increase the comfort [2]; the seat provides sufficient
support and stability; the seat has a high degree of adjustment, especially on the waist
support, which can meet the needs of users with different characteristics; the seat
is multi-functional, with additional functions to meet the needs of a certain crowd;
The cushions and backrests are mostly made of soft materials [3]; the styling lines,
texture and color matching are distinctive; the seat is intelligent.

3 The Analysis of Man-Machine System Design
for Rest-Office Seats

3.1 Sizes

In the design of a rest-office seat, size is the most basic [4]. The size parameters and
structure of the seat must meet the national standard human body size in sitting [5],
to meet the sitting comfort, operation comfort, and mobile convenience and so on.

3.1.1 Overall Size of the Seat

In the case of office seat, a user usually has an upright upper body, with the forearms
on the table, legs drooping on the ground, and the seat height can be adjusted to
meet the needs of most users [6]. Combined with human body size in sitting, the seat
height is designed to be 350–500 mm, adjustable. The main indicator of seat depth
is that when the body sits straight on the seat, the feet do not touch the ground [7].
According to the reference values of several common seat surface inclinations, the
seat surface inclination of office seats is 5° or less, and the seat surface inclination
of sofas is 8°–15° [8]. In order to have both functions of work and rest, according to
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the human back electromyography test results, when the seat surface is tilted back
about 23°, themuscle activity is the smallest to adapt to different working conditions.
Combined with human body size in sitting, the seat width is designed at 480 mm; the
seat depth is designed at 350–500 mm, which can be adjusted; the seat inclination is
designed at 3°–20°, adjustable. Common seats are 65–75 mm thick. Combined with
human body size in sitting, the seat thickness is designed to be 70 mm.

3.1.2 Size of Headrest

User needs to relax for a short time during the work process; the head and neck
should be supported accordingly. According to the human body size in sitting, the
width of the headrest is 290–330 mm, and the height is the best at 190–200 mm.
Therefore, the width of the headrest is designed to be 310 mm, and the height of the
headrest is designed to be 195 mm.

3.1.3 Size of Backrest and Lumbar Support

According to the human body size in sitting, the width of the backrest should be
slightly larger than the maximum width of shoulder and elbow in sitting position,
taking into account actual comfort. Therefore, the width of the backrest is designed
to be 480 mm. Depending on different support forms of the backrest [9], the back
angle of the office seat should be 93°, and the back angle of the rest seat should be
127°. The height of the backrest can be adjusted from 520 to 640 mm in combination
with the human body size in sitting, and the inclination of backrest can be adjusted
from 90° to 140°.

The lumbar support is a component that relieves waist fatigue from sitting for a
long time. The curve of the lumbar should be as close as possible to the physiological
curve of the humanbody, so as to play an effective supporting role, reduce the pressure
of the lumbar spine and reduce the static muscle load [10]. According to the human
body size in sitting, the width of the backrest is designed to be 480 mm, the height
of the backrest is designed to be 200 mm, and the backrest is about 225 mm from
the front edge of the armrest.

3.1.4 Size of Armrest

The distance between the armrests should be slightly wider than the horizontal size
of the human body and match the width of the seat back and seat surface, keeping the
arm parallel to the keyboard. Combined with human body size in sitting, the width
of the armrest is designed to be 50 mm; the height from the seat surface is adjustable
from 210 to 270 mm; the distance between the two armrests is adjustable from 380
to 500 mm.
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3.1.5 Size of Feet

Common seats are made up of five-star feet, consisting of a chassis and casters. In
consideration of stability, the diameter of the five-star feet should be compatible with
the widest size of the seat, usually 480–600 mm. Therefore, the design is 520 mm.

Based on the above analysis, a rest-office office seat is preliminarily designed.
Figure 1 is a schematic view of the back and side views of the rest-office seat.

3.2 Patterns

In the design practice, the product form is the appearance and visual experience of
the product design, and it is also a result that the designer has completed to achieve
product design [11]. The most basic requirement of users for the rest-office seat is
safety. On this basis, users want office seats to be elegant and harmonious with the
work environment. Through investigation, analysis and screening, the element of
Roman columns representing stability and element of shells representing elegant are
finally obtained.

Fig. 1 Rest-office seat
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The simplification of element is to gradually refine the element by choosing or
changing the secondary structural features while maintaining the main features of
the element [12]. The process of extracting the shape of the Roman column is shown
in left of Fig. 2. Based on the original shape of the Roman column, the line is simpli-
fied to extract the most important stripe features. The selection of the seat bottom
supporting pole and armrest supporting pole as the element application objects is
based on that they are the main functions of support and related to the inner meaning
of the Roman column element. It transforms the characteristics of safety implicitly
to users. The design is shown in the right of Fig. 2.

The process of extracting the shell shape is shown in left of Fig. 3. Firstly, the
overall texture of the shell is described.Delete the outer contours. Protrude the bumpy
lines on the surface of the shell. It maintains the characteristics of the shell and keeps

Fig. 2 Extraction process and the application of Roman columns

Fig. 3 Extraction process and the application of shells
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artistic beauty at the same time. Or delete the inner contour lines to highlight the
outer contour of the shell. Choosing the lever handle and the seat back as the design
objects is mainly based on the following two points: The lever handle can best reflect
the distinctive detail part; the shape of the seat back can best guide the appearance
to users. The design is shown in right of Fig. 3.

The shape design of the seat surface not only affects the shape of the entire seat,
but also relates to the user experience. The design should consider the principle
of uniform pressure distribution on the human body to minimize the pressure on
the thighs and concentrate the pressure on the ischial tuberosity [13]. Aiming at
the phenomenon of “slipping” (gradual sliding out of the seat) when sitting [14],
according to the sit-pressure distribution chart in Fig. 4 [15], the seat surface adopts
the W-shaped design as shown in Fig. 5, and the W-shaped design better fits to the
human hips. It can disperse force uniformly and relieve the pressure of sitting for a
long time.

Fig. 4 Sit-pressure distribution chart
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Fig. 5 Improved seat surface design

3.3 Features

Rest-office seats as office supplies should first have practical functions. According
to the survey, people are eager to office seat design can break the routine, in terms
of functional breakthroughs, should be added some additional features. Therefore,
scientific analysis of user behavior and use characteristics of seats is needed to design
a rest-office seat that meets the needs of people’s physiological and psychological
functions [16].

3.3.1 Automatic Hook, Effective Use of Space

Office space is limited and the items are cluttered. Clothes are hanging casually on
the seat and easily slipping and wrinkled. An automatic hook as shown in Fig. 6 is
provided on the backside of the seat, the connection between the headrest and the
backrest. It is openwhen in use. It automatically rebounds and retracts after removing
items on the hook. It does not prevent users from passing behind the seat. It makes
efficient use of space. This kind of hook has a bearing capacity of about 10 kg and
can be used to hang light weight objects such as clothes and briefcases.

3.3.2 Folding Footrest for a Comfortable Rest

The work area and the rest time are limited. In order to correct harmful sleeping
postures, a folding footrest is designed at the bottom of the seat as shown in Fig. 6.
It is flexible and scalable, and it does not take up space. Thickened steel pipe and
high elastic sponge effectively support legs. Telescopic length and inclination are
adjustable. After the leg is increased in support, it is not easy to slide, leg force is
reduced, and it gets your blood moving more smoothly.

3.3.3 Smart Automatic Adjustment Lumbar Support

Because most people use non-adjustable office seats. There are many uncomfortable
parts for users. A smart automatic adjustment lumbar support helpsmaintain accurate
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Fig. 6 Additional functions

body posture and alignment of the spine and neck. However, most users do not know
how to use the adjustment function or cannot adjust the product to the most suitable
state. In response to the above situation, the seat is designed with a smart lumbar
support as shown in Fig. 6. The rear of the smart lumbar support is provided with a
spring, which automatically adjusts the lumbar support inclination and elastic output
according to different body shapes and body pressures of the user. It maintains close
support at any time and reduces the impact of adverse health effects.
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4 Conclusion

The design of modern rest-office seats should keep “people” in the core and pay
more attention to the human–machine interaction factors in the adjustment, func-
tions of the seats to improve the rationality and comfort of the seat. However, the
higher the adjustability of the seat is, the worse the stability of the seat is. Therefore,
the adjustment designs are designed to use the way of locking adjustment, but the
wear caused by frequent adjustments cannot be completely avoided. The paper has
certain guiding significance and reference value for future rest methods in the office,
development of additional functions and appearance design and provides office staff
with more comfortable and healthy work environment.
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Concept Plan and Simulation
of On-Orbit Assembly Process Based
on Human–Robot Collaboration
for Erectable Truss Structure

Xinyue Zhu, Changhuan Wang, Meng Chen, Shiqi Li, and Junfeng Wang

Abstract Considering the future construction of large erectable truss structure in
space station, concept design and simulation of on-orbit assembly task are conducted
based on human–robot collaboration. The therbligs level tasks of truss structure
are decomposed layer-by-layer according to the characteristics of the truss bay.
An assembly task model is established based on hierarchical task analysis. The
human and robot functional performances associated with the assembly operation in
space are compared and analyzed to establish the description of human–robot ability
constraints. The comparing allocation principle is adopted to determine the distribu-
tion of human and robot collaborative assembly task. DELMIA is used to simulate
the assembly process of truss bay and the feasibility of human–robot collaboration
is verified.

Keywords Erectable truss structure · Human–robot collaboration · On-orbit
assembly · Task model · Therbligs · Plan and simulation

1 Introduction

On-orbit assembly is considered as an efficient method to construct large structural
platform of space station [1]. There are three phases for research and practices of
on-orbit assembly according to human–robot collaboration mode.

The first phase is the manual assembly stage of astronauts with assistance. From
the 1970s to the early 1990s, Langley Research Center (LRC) conducted a series of
research on the astronauts manual assembly with large space structures [2]. NASA
carried out the space assembly concept experiment of the erectable truss structure on
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the space shuttle Atlantis performing the mission STS-61B, which verified the feasi-
bility of on-orbit assembly of large space structures [3]. The second phase is space
robot assembly stage. In the early 1990s, LRC developed a remote-controlled robot
system for assembling of space truss structure [4]. At the third stage of assembly
based on human–robot collaboration, remote-controlled space robots have expanded
the opportunities for human and robot to work together in space [5]. Johnson Space
Center carried out a simplified extra-vehicular assembly task experiment to evaluate
the human–robot team cooperation strategy with different configurations of astro-
nauts and robonauts. Two robonauts and one astronaut participated in the ground
experiment of human–robot cooperation truss assembly based on STS-61B flight
experiment [6]. On-orbit services at space station based on human–robot collabo-
ration system also were paid more and more attention [7]. Astronauts and robots
could work independently and cooperatively so as to achieve their complementary
advantages, which can reduce the risk of completing space missions [8].

Aiming at the on-orbit human–robot collaborative assembly of erectable truss
structure, hierarchical task analysis (HTA) is adopted to build the task model, and
the human–robot characteristics under space environment are analyzed in this paper.
The assembly task flow of human–robot collaboration is planned, and the assembly
task of erectable truss structure is verified by virtual simulation.

2 The Erectable Truss Structure

The erectable truss structure of this paper composes of a several truss bay as shown
in Fig. 1a. A truss bay in Fig. 1b includes two pre-assembled components, four
electrical struts and four long struts. A pre-assembled component composes of four
short struts, four long struts and four nodes.

In the plan of assembly process, it is assumed that the pre-assembled components
in the cabin are mounded by long robot of space station and used to connect the
adjacent truss elements. The subsequent truss elements will be assembled on the
basis of the assembled truss structure. Therefore, the assembly task of truss structure

Fig. 1 Diagram of space truss. a Erectable truss and b truss bay
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in this paper can be regarded as the repeated assembly work of truss element on
the unit level. That is, there are eight struts will be assembled repeatedly based on
human–robot collaboration.

The assembly scene truss structure mainly includes one astronaut, one 6-DOF
robot arm and the truss transportation mechanism (Fig. 2). Considering the smaller
movement range and moving difficulty in the space environment, astronaut and
robot are fixed at two outsides of truss transportation direction. The transportation
mechanism extends outward after assembly of a truss bay.

In this paper, the geometric andprocess constraints of the truss are clear. Therefore,
the assembly sequence of the eight struts can be obtained by the assembly sequence
planning method based on the assembly priority constraint relationship and are not
detailed here.

Fig. 2 Diagram of on-orbit assembly scene
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3 HTA-Based Assembly Task Model for Truss Struts

3.1 Therbligs of Strut Assembly Tasks

Therblig is defined as the basic action required to complete a task [9]. Through the
analysis of therblig, the specific actions and attributes of assembly task are deter-
mined, which are the foundation of the modeling and allocation of assembly tasks.
The assembly task of truss struts can be regarded as the repeated assembly of a
different single strut which includes the similar type of therbligs. In this paper, the
assembly process of one strut is taken as an example to describe the analysis process.
The basic therbligs needed to complete the assembly of a single strut are reaching,
searching, selecting, holding, moving, positioning, assembling and releasing. Based
on qualitative and quantitative analysis, the corresponding action attributes of each
therblig are determined, as shown in Table 1.

In order to build the overall assembly process of truss structure, four levels archi-
tecture is constructed based on task, operation, activity and therblig layer. The highest
task level describes the assembly sequence of each truss bay. The three main stages
of strut assembly are at operation level. Each stage is then decomposed as several
assembly behaviors at activity layer. The lowest level shows the therbligs of each
action for assembly behaviors.

Table 1 Assembly therbligs of truss bay

Behavior Description of operation Therbligs Property

Assembly pre-positioning Preparatory action for
identification

Transport empty (TE) Reachable range

Identification Search (Sh) /

Choose strut Select assembly strut Select (St) /

Grasp strut Preparatory action for
grasping strut

Transport empty (TE) Reachable range

Grasp strut Grasp (G) Strut weight

Transport strut Transport strut to
assembly area

Transport loaded (TL) Reachable range

Position strut positioning of strut joint
and node joint

Position (P) Precision

Assembly strut Push down to fit the
strut and the node

Assemble (A) Assembly force

Task complete Release the strut to
complete the task

Release load (RL) /
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3.2 Assembly Task Model of Strut Based on HTA

HTA is amethod that describes the temporal relationship and the hierarchies between
tasks and their subtasks based on structured meta model [10]. On the basis of hierar-
chical decomposing of truss assembly task, a formal HTA model for assembly task
of truss structure is build using goal, task, plan and operation element (Fig. 3). The
new parameters of operation element are designed as object and property for strut
assembly process. Taken strut 3 as an example, there are seven assembly behaviors
which are described as plan 1 to plan 7. For each plan, there are different therbligs,
objects and properties in operation elements.

Fig. 3 Assembly task model based on HTA
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4 Assembly Task Allocation and Simulation

4.1 Human–Robot Task Assignment Considering Ability

The working ability of human and robot in space environment must be considered in
order to give full play to their advantages and complete space assembly tasks safely,
quickly and efficiently.

Under the influence of space environment and spacesuit, themovement ability and
operation flexibility of astronauts are reduced. But the hand operation of astronauts is
irreplaceable in extra-vehicular activities [11]. The robot arm has the characteristics
of high precision, large payload and working radius. From the three aspects [12],
i.e., perception, decision-making and execution, the assembly related characteristics
of human and robot are summarized in Table 2.

The task allocation principles between human and machine include comparative
principle, machine preferential principle, economic principle and dynamic allocation
principle [8]. The comparative principle is adopted in this study considering the
ability constraints of human–robot and the task allocation flow based on HTAmodel
is shown in Fig. 4.

According to the attribute and object in element of therbligs, four kinds of task for
human–robot collaborative work are classified, i.e., H type task executed by human,
R type task executed by robot, H/R type task executed by human or robot and H+R
type task executed by human–robot cooperation. The main attributes of a therblig are
defined differently for assembly operation, e.g., the reachable range is the attribute
of TE and TL therblig, the grabbing force is the attribute of G therblig, the accuracy
is the attribute of P therblig and the assembly force is the attribute of A therblig.

After the initial assignment of assembly task, H/R tasks are further allocated by
judging whether the adjacent therblig is one of the therbligs in an assembly behavior
andwhether the pre-therblig affects the current one. In order to reduce the complexity
and difficulty of operation executed by human or robot independently, we assign
higher priority of H+R tasks over H tasks and R tasks. Therefore, H/R tasks may be
further assigned as H+R tasks during the task assignment process.

Table 2 Comparison of human–robot functional characteristics in space

Aspects Human Robot

Perception Perceive overall comprehensive,
selective and ambiguous
information

Perceive single, precise and
quantitative information

Decision-making Strong comprehensive analysis
ability; deal with unexpected events

Large memory; weakness on
decision-making; only deal with
known issues

Execution Limited reachable range; small
operation force; difficulty of body
movement

Wider reachable range; higher
accuracy; large operation force and
effective load
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Fig. 4 Human–robot assembly task allocation flow based on ability constraints

According to the above process, the assembly task assignment results of electric
strut 3 are shown in Table 3. We take the assembly therblig as an example to explain
the task allocation. According to the attribute of assembly therblig, the required
assembly force of this strut is within the ability of astronaut and robot. So both
human and robot can complete the assembly operation which is classified as H/R
task firstly. The assembly therblig in this task has the same object attribute as the
pre-therblig position task. In order to keep the continuity of operation, the assembly
therblig in this step is assigned as H+R task, which is same as its pre-therblig and
executed by human–robot cooperation.
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Table 3 Assembly task allocation of electrical strut 3

Strut Plan Therbligs Property Correlation

Electric strut 3 Assembly pre-positioning TE R task R task

Sh R task R task

Choose strut St H/R task H/R task

Grasp strut TE R task R task

G H/R task R task

Transport strut TL R task R task

Position strut P H + R task H + R task

Assembly strut A H/R task H + R task

Task complete RL H/R task H + R task

Fig. 5 Virtual human–robot collaborative assembly simulation. a Strut 2 and b strut 7

4.2 Simulation of Human–Robot Collaborative Assembly
Process

DELMIA software is used to simulate the struts assembly process based on the
human–robot collaboration. According to the planned assembly sequence of struts,
human and robot can independently or collaboratively carry out the assigned
assembly tasks, which initially verified the feasibility of the truss assembly task
allocation scheme. As an example, the assembly simulation of strut 2 based on
human–robot collaboration and the assembly simulation of strut 7 based on robot
independent execution are shown in Fig. 5.

5 Conclusions and Future Work

Human–robot collaborative assembly of erectable truss structure is needed for future
on-orbit service. According to the task characteristics of assembly process, an
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assembly task model based on HTA is established. By analyzing the human–robot
operation ability in the space environment and adopting comparative assignment
principle, the assembly task assignment of the struts between human and robot is
completed. The virtual simulation is conducted in DELMIA and the feasibility of
assembly task allocation scheme is validated preliminarily. Verifying the scheme
rationality of human–robot collaborative truss assembly process based on ground
physical experiments is our ongoing work. The operation time of human–robot
assembly process will also be studied.
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Experimental Study on Dynamic
and Static Work of Shoulder-Mounted
Portable Equipment Operators

Zhaofeng Luo, Meng Kang, Peng Zhang, Han Zhang, Huashan Li,
Fan Zhou, and Kun Qu

Abstract The purpose of this paper is to improve the scientificity of operators’ work
by analyzing their dynamic and static work performance and how the performance
changes through a research on shoulder-mounted equipment operators to measure
and compare the operators’ work performance at a different time and after a different
distance of movement. Based on the Training Achievement Evaluating System, point
out the difference of dynamic and static work performance after analyzing the score
in a different time. Present the correlations obtained by comparing the performance
changes in varied conditions. In this way, find out a method to improve the training
of shoulder-mounted portable equipment operators.

Keywords Dynamic · Static ·Work efficiency

1 Significance of Research

The method often used to improve the performance of shoulder-mounted portable
equipment operators is to extend their training duration and solidify the operation
into habitual practice; however, evidences show it is harmful to operators’ health due
to erroneous training posture caused by overfatigue. This paper aims to study the
influences of trainingmethod upon operators’ performance and determine reasonable
training duration for them, which is of considerable significance as follows.

1.1 To Improve Training Scientificity

Quantitative survey of each operator’s performance is conducted to unveil the influ-
ences on his performance by varied (dynamic/static) training pattern and analyze
the availability and practicability of different training methods to improve training
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performance. It is hereby expected to improve the scientificity of training methods
[1, 2] by measuring and comparing relevant data.

1.2 To Probe into the Laws of Training Duration

Analysis of the effectiveness of various work durations is conducted according to
the changes of operators’ performance with respect to their work duration. Avoid
further training if operators are overwrought so as to promote the working efficiency
and training validity.

1.3 To Carry Forward Study on Human Factor

Quest for the noticeable changes of operators’ performance caused by variations of
training duration and training method in their work [3–5] is conducted to find out
similarities and differences so as to carry forward study on human factor based on
the analysis of operators’ performance in the respective experiment.

2 Objects and Methods

2.1 Objects

Objects of the experiments are 10 male cadets from an academy. Their average age
is 20, average height 173 cm and average weight 64 kg. Conditions of blood pressure
and heart rate are fine. All objects have undergone Cattell’s 16 Personality Factor
test and are psychologically normal.

2.2 Preparations

Kits: shoulder-mounted portable equipment, 1 set, weighing 13 kg. Experimental
instrument: heart rate telemetry watch model ACUMEN TZ-MAX100, 4 pcs;
hygrothermograph model CENTER310, 1 pc; Cattell’s 16 Personality Factor testing
application modified by East China Normal University, 1 set; and stopwatch, 1 pc.
Site: 200 m athletic field of good vision and illumination.
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2.3 Proceedings

On-the-spot static training stage: Evaluate the operators’ performance with the
Training Achievement Evaluating System after they have trained for four periods
such as 5, 10, 20 and 30 min, respectively. Dynamic training stage: Evaluate the
operators’ performance for three times with the Training Achievement Evaluating
System after their 0m, 50m, 100m and 200m run, respectively.Wewish to better the
training method by identifying the possible influences of static and dynamic training
pattern upon operators’ performance.

3 Data Analysis

3.1 Basic Data

We sorted out the physiological indexes of all operators before training as is shown
in Table 1.

3.2 Static Performance Analysis

As operators have completed different rounds of work within unit time, we hereby
take the average value of each operator’s performance to represent his achievement
per unit time as is shown in Table 2.

Seen fromTable 2, the training achievement tends to go up as the training duration
extends: Compared with that of 5 min, the training achievement of 10 min rises
remarkably; compared with that of 10 min, the training achievement of 20 min drops
mildly; compared with that of 20 min, the training achievement of 30 min rises
slightly. Therefore, the progressive extension of training duration is not witnessed to
have generated an evident growth of training achievement.

Now if to take 5 min as a unit time, we may have a close look and more detailed
analysis of the 10 and 20 min training, as shown in Table 3.

During the 10 min training, the training achievement appears to rise obviously,
and in comparison, the achievement of the first 5 min (5 min-1), 50.660, is superior
to that of the single 5 min training, 46.216. However, in the 20 min training, the
achievement shows a downward trend: The second 5 min (5 min-2) drops sharply if
compared with the first (5 min-1), and the third 5 min (5 min-3) drops a bit compared
with the second (5 min-2). It can thus be seen that a continuous training of 10 and
15 min is good for stable achievement, and that a continuous training of 10 min
contributes either a rise or a fall of achievement to some extent if compared with a
continuous training of 5 min, the reason of which needs further analysis.
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Table 2 Static training achievement (1)

S. No. 5 min 10 min 20 min 30 min Average

1 42.750 50.571 56.429 47.633 49.346

2 26.667 48.133 49.457 43.843 42.025

3 43.800 53.684 48.025 40.948 46.614

4 47.750 68.278 60.257 61.246 59.383

5 53.250 56.375 51.550 55.375 54.138

6 47.429 61.214 68.447 64.518 60.402

7 39.750 41.313 46.806 42.590 42.615

8 64.125 56.750 52.935 65.702 59.878

9 50.500 47.455 43.308 53.123 48.597

10 46.143 60.067 63.636 72.712 60.640

Average 46.216 54.384 54.085 54.769

Table 3 Static training achievement (2)

S. No. 10 min
5 min-1

10 min
5 min-2

20 min
5 min-1

20 min
5 min-2

20 min
5 min-3

20 min
5 min-4

1 45.571 55.571 59.222 55.333 53.333 58.000

2 41.143 54.250 56.222 43.111 53.000 45.000

3 53.889 53.500 49.300 51.300 42.700 48.800

4 64.125 71.600 71.333 59.333 54.875 54.889

5 66.571 48.444 55.800 46.300 53.800 50.300

6 61.714 60.714 76.100 69.889 72.000 54.556

7 39.000 43.111 49.333 51.125 38.250 48.889

8 59.000 55.000 59.250 53.833 59.250 41.111

9 31.750 56.429 51.000 47.750 48.833 33.111

10 43.833 70.889 71.250 66.429 62.333 56.000

Average 50.660 56.951 59.881 54.440 53.838 49.066

Table 4 shows the average result of operators’ training in 30 min, during which
the training achievement first rises and then descends, with the climax appearing at
20 min. The achievement of the first 5 min (5 min-1), 48.959, is higher than that of
the single 5 min training, 46.216, but lower than that of the continuous training of
10 min, 50.660. Training results of other periods in these 30 min, however, show no
noticeable increase than the previous experiments. For instance, it is 53.096 in the
third 5 min (5 min-3, from 10 to 15th minutes) but was 53.838 in the third 5 min
(5 min-3, from 10 to 15th minutes) of the 20 min training.
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Table 4 Static training achievement (3)

S. No. 30 min
5 min-1

30 min
5 min-2

30 min
5 min-3

30 min
5 min-4

30 min
5 min-5

30 min
5 min-6

1 49.000 37.375 45.000 48.222 49.000 57.125

2 39.250 42.125 42.250 43.889 37.222 57.444

3 30.000 45.000 44.700 43.400 39.200 42.700

4 49.667 57.889 52.400 67.667 70.000 69.000

5 46.000 58.444 57.778 52.556 60.300 56.500

6 70.444 57.778 66.556 59.444 64.700 67.800

7 37.200 43.000 36.100 52.000 44.800 42.455

8 57.333 67.500 57.778 80.500 64.100 65.727

9 37.800 45.000 50.800 68.300 65.700 49.111

10 72.900 73.167 77.600 74.200 67.000 69.556

Average 48.959 52.728 53.096 59.018 56.202 57.742

3.3 Dynamic Performance Analysis

Three rounds of operation are evaluated for operators after their 0, 50, 100 and 200m
run, and the results are shown in Table 5:

It is easily seen that the training achievement first descends and then rises as
the movement distance increases, which means that the 100 m run before operation
adversely affects the operators, but 200 m-plus run poses positive influence, and that
there is only a small decrement between the results of 50 and 0 m but a remarkable
one between the results of 100 and 50 m.

Table 5 Dynamic training achievement

S. No. 0 m 50 m 100 m 200 m Average

1 82.500 72.300 64.300 57.600 66.131

2 78.500 73.000 67.600 57.000 66.910

3 75.500 66.300 68.300 64.600 67.725

4 59.600 81.000 53.600 45.300 56.625

5 62.300 70.300 24.300 50.300 44.689

6 54.300 58.300 65.600 74.600 65.292

7 61.000 68.600 73.300 46.000 57.490

8 55.600 56.300 44.600 74.300 57.233

9 64.000 57.000 32.300 59.500 53.980

10 80.300 61.300 53.000 50.600 59.183

Average 67.360 66.440 54.690 57.980
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3.4 Comparative Analysis Between Static and Dynamic
Works

The operators’ achievement of static work is mostly lower than that of dynamic
work. The static maximum is 59.881 which appears at the first 5 min of the 10 min
continuous work, while the dynamic maximum is 67.360 that appears after 0 m run.
The result of 66.440 after 50 m run is still higher than the static maximum, 59.881.
The dynamic minimum is 54.690 that appears after 100 m run, but it is in the middle
of the list even if compared with the results of static training. Therefore, dynamic
training gives better results than static.

That the average achievement after 0 m run, 67.360, outweighs the result of any
static work is attributed to this: There are only 3 chances to operate in dynamic work
but 6.3 on average even in the shortest, 5 min, round of static work, and so operators
psychologically treasure the opportunity and value their achievement in the dynamic
training.

That only 2 operators amongst the top 5 operators in static work appear again in
the top 5 list of dynamic work indicates that operators perform differently in such
varied training patterns as static and dynamic work. According to SPSS analysis
[6], static work results are positively correlated with an operator’s eyesight, whilst
dynamic work results are positively correlated with PI but negatively correlated with
SPO2 and number of push-ups with unit time.

4 Conclusions

The dynamic training is better than static training in effect, no matter seen from
training achievement or training duration. Differed methods should be taken for
different operators primarily based on their PI value, SPO2 and number of push-
ups with unit time. Additionally, monotonous and repeated training does no good to
better performances.

Times of evaluation affect training result. Excessive evaluation gives rise to
operators’ psychological weariness.

In dynamic training, there is a rebound of training achievement after 200 m run,
which suggests a desirable standard or stage of dynamic training.

In static training, the climax appears at 20 min and then the performance drops,
which suggests that static training should last no longer than 20 min.

Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Air Defence Forces Academy.

All subjects who participated in the experiment were provided with and signed an informed
consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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Research on the Comfort of Human
Upper Back in Different Seat Back
Angles

Ligang Luo, Tianyi Hu, and Tinghua Wu

Abstract This study aimed to investigate the effect of upper seat back in different
vertical angles (5°, 10°, 15°, and 20°) on upper back support. The upper seat back
was taken as an independent component in experimental facility, so that it could
move and rotate in vertical angle relative to seat back of waist. Experimental results
showed that comfort sensations in upper back could be perfectly measured by body
pressure-measuring parameters and subjective comfort evaluation indicators. Proper
leaning of slightly vertical angle upper back support would improve the whole sitting
comfort compared with normal chairs.

Keywords Ergonomics · Sitting comfort · Upper seat back vertical angles

1 Introduction

In modern societies, increasing amounts of time are spent in seat [1]. Lack of upper
back support was received much more attention second to the lack of lower back
support. To keep a suitable upper back support, the upper seat back should be fit to
the body’s back plane [2]. The upper back support should be distributed with the
teres major, infraspinatus, and serratus posterior around the thoracic vertebra [3].
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Table 1 Subjects’ information

Item Average SD

Body height/cm 167.50 7.06

Seated deep/cm 65.00 9.41

Seated shoulder height/cm 57.25 3.82

2 Methods

2.1 Study Participants

Six healthy college students were selected in this experiment, including three males
and three females. The body size of participants was required to be universally
representative. Each part of the human body should stay between the 5th and 95th
percent of the human standard library [4]. There is a certain proportional relationship
between the sizes of normal human body parts. Therefore, it is reasonable to estimate
the structural size of each part based on the normal human body structure relationship
and the average standing height as the base. According to the national standard GB
10,000–1988, the height of participants is selected from the 5th percentile, 50th
percentile, and 95th percentile [5] (Table 1).

2.2 Protocol

The Pressure Distribution: Tekscan pressure distribution measurement system
(BPMS, body pressure measure system) is used for pressure distribution measure-
ment. Through the pressure distribution test, the average pressure, maximum pres-
sure, pressure value and pressure distribution matrix were read directly from the
contact area of BPMS to estimate the average pressure gradient, the position of hip
sciatic joint and the front and rear of total pressure, back pressure point position and
the upper and lower total pressure, etc. values.

The subjective comfort indicators: Subjective comfort evaluation semantic differ-
ence method was used to quantitatively evaluate comfort, and seven-level gauge was
used to reflect the different levels of human feelings and obtain the index values
beyond skin comfort, waist and buttock fitness, waist and buttock stress sensation,
as shown in Table 2.
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Table 2 Magnitude scale of subjective comfort

Grade Comfortable sensation Fitting sensation Stress sensation

Grade 7 Very comfortable Very fit Too much stress

Grade 6 Comfortable Fit Great stress

Grade 5 A little comfortable A little fit Big stress

Grade 4 Common Common Common

Grade 3 A little uncomfortable A little unfit A little stress

Grade 2 Not comfortable Unfit Little stress

Grade 1 Very uncomfortable Very unfit Too little stress

3 Results

3.1 Body pressure distribution of seat back in different
vertical angles

With the increase of upper seat back vertical angle, the contact area to upper seat
back varies from larger to smaller with a totally contrary situation to the change in
contact area to lower seat back. The contact position of upper seat back with back
body changes according to the upper seat back vertical angles (Fig. 1; Table 3).

With the increase of upper seat back vertical angles, the total and average pres-
sure of buttock becomes smaller and then greater while change in total and average
pressure of waist is opposite to it. Experiment shows that larger or smaller horizontal
angle in upper seat back would cause uncomfortable sensation for back pressure, and
hence, body initiatively adjusts back pressure by tightening up latissimus dorsi and
making body upright so as to transfer pressure from waist and back to buttocks.

Fig. 1 Different vertical angle of the back body pressure distribution
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With the increase of upper seat back vertical angles, average pressure gradient
of back would have a decrease initially but have an increase next, among which
horizontal trend of change in average pressure gradient is bigger than vertical trend
of it with excessive average pressure gradient causing uncomfortable sensation to
people.

3.2 Subjective assessment of seat back in different vertical
angles

When the value of upper seat back vertical angle is grade 2, 10°, over comfortable
sensation assessment is best; at the same time, under this condition, overall comfort-
able sensation assessments of back, waist, and legs are simultaneously best. The best
comfortable sensation assessment of buttock is with the value of grade 2, 15° upper
seat back vertical angle. With the value of grade 3 to waist, comfortable sensation
assessment is a little lower but higher than it with the value of grade 1 and grade 4.

With the increase of upper seat back vertical angles, back support gradually
increases and fitting sensation of contact area would go on improving and then
lessening. When the value of upper seat back vertical angle is 5°, the position of
back support is near to the inside that is the inner edge and the lower angle of the
scapula. And when it is 20°, the position of back support is close to the outside that
is acromion of scapula with strong sensation of being besieged. The condition of
back support position in acromion, and inner edge of scapula would make people
uncomfortable for fewer muscles in them.

With the increase of upper seat back vertical angles, back support of waist
decreases at first and then increases contrary to the change of fitting sensation of
contact area in waist. And when the value of upper seat back vertical angle is 10°,
it is the best condition for waist as an indication that appropriate position of upper
seat back can improve the comfortable sensation of waist.

With the increase of upper seat back vertical angles, back support of buttock
reduces firstly and then increases with opposite situation happening in fitting sensa-
tion of contact area in buttock. And when the value of upper seat back vertical angle
is 10°, it is the best condition for buttock as an indication that appropriate position
of upper seat back can improve the comfortable sensation of buttock.

There is a same trend between sitting posture stability and overall comfortable
sensation. When upper seat back horizontal angle is from 10° to 15°, it is the
wonderful sitting posture stability.

There is a negative correlation between comfortable sensation of each part and
average pressure of upper seat back and the cushion. The values of correlation
between average pressure of upper seat back and total comfortable sensation is −
0.949 and −0.930 in cushion of it. Experiment shows that consideration should be
taken into the influence of pressure in back and buttock to comfortable sensation in
the changing process of upper seat back vertical angle.
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There is a negative correlation between average pressure gradient of upper seat
back, cushion, and the comfortable sensation of each part, which means that when
the whole support comes from back, comfortable sensation assessment of each
part is bad. The reasonable pressure distribution of back is especially important
to comfortable sensation.

4 Conclusions

The upper seat back vertical angle affects comfortable sensation to the condition of
leaning. Left and right upper seat back vertical angle determines curvature of upper
seat back.When the value of included angle is 0°, one upper seat back is flushed with
the other with pressure in thoracic vertebra. For fewer muscles and less fat in surface
of thoracic vertebra, uncomfortable sensation occurs in back with great pressure.
With excessive upper seat back vertical angle, back is surrounded obviously with
scapula pressed in two sides. Hence, people also feel uncomfortable. Reasonable
fitting of upper seat back can distribute pressure in teres major, infraspinatus, and
serratus posterior around the thoracic vertebra. With the analysis of experiment, the
value around 10°of upper seat back vertical angle is relatively appropriate choice.
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An Organic Design
for Human–Computer Interaction

Hongjun Zhang and Baiqiao Huang

Abstract The accuracy and efficiency of human–computer interaction are critical
to the completion of the set tasks of an engineering system. In traditional human–
computer interaction, because software only has solidified logic which does not
change with the external conditions, resulting in the failure of operating personnel
to perform timely correction in the event of logical errors, an organic human–
computer interaction design is proposed which regards software as an autonomous
agent capable of perceiving, analyzing and learning. A software architecture with
organic characteristics is also put forward to improve the self-adaptability of software
by strengthening its perception, learning and optimization abilities, thus providing
method guidance for improving the accuracy and coordination of human–computer
interaction.

Keywords Man-machine-environment system engineering · Human–computer
interaction design · Organic · Self-perception · Self-learning · Self-optimization

1 Introduction

Man-made engineering systems are established to assist in the task of transforming
the world, and hence, humans, engineering systems and the environment consti-
tute a whole man-machine-environment system. Man-machine-environment system
engineering is a method for guiding the design of the man-machine-environment
system; it is a science that applies system science theories and system engineering
methods to correctly handle the relationships between the three elements of human,
machine and environment and further study the optimal combination of the man-
machine-environment system [1]. Man-machine-environment system engineering
was proposed by Long Shengzhao and developed under Qian Xuesen’s recognition
and concern, and its research focuses on the characteristics of human, machine and

H. Zhang · B. Huang (B)
System Engineering Research Institute of China State Shipbuilding Corporation, Beijing 100036,
China
e-mail: seafury@buaa.edu.cn

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer
Nature Singapore Pte Ltd. 2021
S. Long and B. S. Dhillon (eds.), Man-Machine-Environment
System Engineering, Lecture Notes in Electrical Engineering 645,
https://doi.org/10.1007/978-981-15-6978-4_81

707

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_81&domain=pdf
mailto:seafury@buaa.edu.cn
https://doi.org/10.1007/978-981-15-6978-4_81


708 H. Zhang and B. Huang

environment and the human–machine relationship, human–environment relation-
ship and machine–environment relationship, as well as the overall performance of
the man-machine-environment system.

In this world of information explosion, the computer has a special place in the
man-made engineering system as it can achieve automated control in combination
with information theory and control theory. Nearly, all modern engineering systems
involve the computer, which realizes information collection, processing and trans-
mission, as well as decision-making and execution. Therefore, we can conclude
that current engineering systems are computer-centered systems. Human–computer
interaction (HCI) is of extreme importance in the use of computers to assist in the
work, and its efficiency and accuracy will directly affect the use of the system. As
such, we chose HCI techniques as the aims of this research.

HCI techniques are technologies that enable human–computer conversation in an
effectiveway through computer input and output devices. HCI techniques include the
machine providing humans with abundant relevant information, tips and instructions
through the output or display equipment, and humans inputting relevant informa-
tion into the machine, answering questions and giving tips and instructions through
the input equipment. In the course of its development, HCI has undergone three
stages: the adaptation of humans to machines, the gradual adaptation of machines
to humans and human–machine cooperation design centered on humans [2]. The
first stage overemphasized improving mechanical efficiency rather than the adaptive
capacity and operating experience of humans and attempted to adapt humans to the
operation of machines by strengthening training. The second stage developed after
WorldWar II with increasingly sophisticated and complexmachines, but it was found
that simply emphasizing the adaptation of humans to machines could not guarantee
the effectiveness of the “human–machine system,” and only HCI design, which takes
the physiological and psychological limitations of humans into account, could help
people to better operate machines [3]. In particular, the emergence of graphical user
interface (GUI) technology simplified the user learning process and expanded the
number of computer users, further bolstering the development of HCI design [4].
In the third stage, the “human-oriented” concept was raised, and importance was
attached to the user experience in HCI design [5].

Humans and computers are partners in HCI, and HCI techniques consist of two
links: One is the reception, decision-making and operation of the information output
from the computer by the human and the other is the reception, decision-making and
operation of the human’s input by the computer. Traditional HCI techniques mainly
focus on the first link, that is, the cognitive theory of humans from the perspective of
operating personnel. A human is an organic object of high intelligence, and human
cognition is a kind of comprehensive cognitive ability. As a result, humans can take
remedial measures quickly once we realize that an incorrect operation has occurred
in the process of HCI, thus minimizing losses. However, for the machine in the
second link, its cognition and decision-making are processes based on the logic
judgment of code, so the computer will not be capable of correcting errors in the
case of incorrect code, and humans can only passively accept the results of system
task failures. Therefore, this imbalance between humans with our error correction
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ability and computer software with only solidified logic in the interaction process is
a natural shortcoming of the current HCI process which sometimes leads to serious
consequences. Taking the accidents of the Boeing 737 MAX 8 as an example, this
paper analyzes the shortcomings of the existing software architecture and the details
of the HCI processmodel and then puts forward amethod for building an adaptability
mechanism in software by strengthening its perception, learning and optimization
abilities in a bid to improve the adaptability of software to abnormal situations.

2 Analysis of the Limitations of Traditional HCI

2.1 Reflections on the 737 MAX 8

The Boeing 737MAX 8 suffered two accidents within five months in 2009, resulting
in a global ban on aircraft. The preliminary investigation concluded that due to an
added “maneuvering characteristics augmentation system” (MCAS) for automatic
anti-stall in the flight control system of the 737 MAX 8 aircraft, which was intended
to solve the flight attitude problem caused by the engine replacement, the software
would control the aircraft’s nose to automatically lower when the aircraft had too
large an angle of attack. The cause of a tragic accident is usually attributable to
multiple factors. Therefore, we will not delve into the fact that the Boeing aircraft
only had two attack angle sensors, and it only used the data from one of the sensors
to trigger the MCAS, causing no channel voting algorithm to be used. A 20-degree
difference in data between the two sensors was discovered in the Indonesian Lion
Air crash. Meanwhile, we will also not discuss in-depth the procedural issue that the
airworthiness certification of theMCASwas evaluated by Boeing itself instead of the
FAA. This papermainly concentrates on theHCI process in the two air crashes.When
each crash occurred, the MCAS was mistakenly triggered due to the failure of the
attack angle sensor, forcing the aircraft’s nose to be lowered, and the pilot repeatedly
tried to pull the aircraft up by manual operation, but failed because of the MCAS.
Such accidents speak volumes about the inflexible and obstinate characteristics of
software, which can be reflected in three aspects: First, the perception is too simple,
so the decision was made only by relying on the data of one sensor. Second, the
HCI process lacked cooperation with humans irrespective of its operation intention;
for the interaction, the operation of the other, i.e., the operating personnel, should
be taken as feedback for making corrections to decisions, which constitutes true
cooperation. And third, the HCI process lacked an error correction mechanism, so if
a decision was incorrect, it would ultimately remain incorrect.
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2.2 Analysis of the Shortcomings of Traditional Software
Architecture

1. Traditional software architecture is an event-triggered architecture based on the
message queue, and as such, it lacks flexibility.
As shown in Fig. 1, in traditional software system architecture, each module has
its own independent perception unit and decision-making unit, and the system
manages decision execution actions in a prioritized message queue. Such archi-
tecture leads to a dispersed perception that is not conducive to comprehensive
decision-making based on external input.

2. Traditional software has a solidified logic without flexibility, so it will always
remain incorrect when errors occur.
The traditional software system has a solidified execution logic, and the software
repeats the execution every time according to the established logic, so it cannot
adapt but only modify the software code once the external environment changes,
for which reason traditional software lacks flexibility and adaptability.

3. Traditional software saves the historical data of system operation, but does not
analyze it, so everything will start all over again after the software restarts.

Fig. 1 Traditional software system framework
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Traditional software stores a large amount of historical data in the database during
use, but the data is not utilized except in data query. Supported by big data and
machine learning technology, we can establish an optimized model of software
input and output from the stored historical data to guide the operation of the
software.

2.3 Analysis of the Decision-Making Model of the HCI
Process

Rasmussen [6] divides the decision-making process of humans in the HCI process
into three types, namely skill-based decision-making, rule-based decision-making
and knowledge-based decision-making. Because the use of software follows agreed
operating processes and specified rules, the decision-making in the HCI process of
software mainly follows a rule-based decision-making process, meaning that only
when the software encounters unexpected anomalies, will the operating personnel
face knowledge-based decision-making, raising the need to make decisions based
on the past experience for follow-up processing. Moreover, the human decision-
making process is an organic process of dynamic change. Humans have the ability to
make decisions in the face of changes and will modify their early decision-making
according to temporary new input information. If they realize that their previous
decision-making was wrong, humans will adjust their decision-making in time to
reduce the impact of incorrect decisions.As such,we believe that the human decision-
making process is an organic process that can be adapted flexibly.

At present, the decision-making process of a machine has only one type which
is based on rules. Moreover, the decisions are fixed and the machine does not judge
whether the decision is appropriate, nor can it adjust the decision dynamically; this
is why we say that the decision-making process of machines is an inorganic process.

3 Organic HCI Design

3.1 Organic Characteristics of Software System

To solve the contradiction between the organic human decision-making process and
inorganic software decision-making process in HCI, we chose the strategy of adding
an adaptive mechanism to the software. This is a new form of technology developed
to improve the ability of engineering systems to cope with complexity [7]. To realize
this mechanism, we need to make the following modifications to the software:

1. Integrated perception. The perception of the external environment comes from
many sources, not just a single one, which is similar to human senses perceiving
the outside environment via vision, hearing, smell, touch and taste. We suggest
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that the perception data of the software system be integrated for data fusing
analysis, and a comprehensive situation cognition model be established for the
external input of the software system.

2. Comprehensive decision-making. For some significant decision-making
processes, the relevant parameters are fully used for the mutual verification
of conditions on the basis of integrated perception, thereby avoiding incor-
rect decision-making caused by the error of the input conditions when making
decisions according to a single condition.

3. Cooperative interaction. In the HCI process, cooperative interaction with human
operation can be realized by increasing the understanding of the human oper-
ating intentions by sending feedback to the decision-making mechanism of the
software system, thus jointly modifying the decision-making of the software.

4. Dynamic adjustment. The software should have a changeable decision model
which can adapt to changes in the external environment through dynamic
adjustment, thereby further improving its adaptability.

3.2 Organic Software System Architecture

Three aspects are mainly considered in human–environment interaction design:
influence of environment on human’s physical health, influence of environment on
human–machine design and influence of special social environment of naval ships
on human’s mental health.

We propose an organic software architecture for realizing the organic character-
istics of software described in 3.1, as shown in Fig. 2.

An organic software system framework has the following characteristics
comparedwith the functional construction of humans and traditional software system
architecture;

Fig. 2 Organic software system framework
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First, the perception, decision-making and execution functions of the software
system are managed centrally to form a corresponding integration module.

Second, a learning module can be added so that the results of each execution
are fed back from the environment to the learning module. The rule parameters
in the system’s perception, decision-making and execution modules are updated
through the continuous accumulation and analysis of experience data, and the HCI
process is continuously optimized, such as modifying the monitoring range of input
parameters, modifying the parameters of decision-making conditions and optimizing
the parameters of operation control.

Third, comprehensive decision-making and organic decision-making shall be
stressed. Comprehensive decision-making means the comprehensive use of rele-
vant parameters for mutual verification between conditions to avoid decision-making
based on single conditions, while organic decision-making emphasizes dynamic
change in the decision-making process, namely changing decision-making conclu-
sions according to changes in the input parameters and the analysis of intentions fed
back from the operation of the user.

Fourth, a self-adaptive display interface shall be realized which can keep a record
of common interface configurations according to different user responsibilities,
thereby improving HCI efficiency.

3.3 Design Idea for Organic HCI

As an example, within the framework of organic HCI, we have improved the HCI
design for the Boeing 737 MAX 8 crash situation.

First, in terms of integrated perception, the MCAS integrates the perception func-
tion into a single module. Data on the angle of attack, speed, altitude, human oper-
ation feedback, etc., of the aircraft shall all be collected in the module. Second, in
the aspect of comprehensive decision-making, the MCAS cannot judge the status
of the aircraft only by the angle of elevation, but through multiple channels such
as the elevation angle, the altitude change trend, the speed change trend, and the
pilot’s operation intention, and other channels, ensuring that it will not to make the
incorrect decision to lower the nose. Third, for cooperative interaction, the MCAS
obtains the pilot’s operation feedback which says that the pilot has repeatedly tried
to pull the nose up; now, it can judge that the pilot’s operation is contradictory to its
own decision-making, so it will dynamically adjust its own decision-making to be in
line with that of the pilot. Through the analysis of this example, we can see that such
an organic HCI design can greatly improve the accuracy and coordination of HCI.
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4 Conclusions

By analyzing the Boeing 737 MAX 8 aircraft accidents, this paper highlights the
contradiction between the organic and adaptive human decision-making process and
the inorganic software decision-making process in the traditional process of human–
machine interaction. Based on an analysis of the shortcomings of the traditional
software framework and traditional decision-making model of HCI, the organic
HCI concept is proposed and the organic characteristics of the software system
analyzed. To realize an organic software system, this paper proposes a new software
system architecture that can centrally manage the perception, decision-making and
execution modules of the software system by analogy with human structure. At the
same time, a learning module is added to realize integrated perception, comprehen-
sive decision-making, cooperative interaction and dynamic adjustment in the HCI
process. Finally, this paper also explains the advantages of the organic HCI process
through the analysis of an example.
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Human–Machine Interface Optimization
Design Based on Ecological Interface
Design (EID) Theory

Guangjiang Wu, Yiqian Wu, Xi Lu, Shenghang Xu, and Chuan Wang

Abstract With the development and application of digital technology, the human–
machine interface of the console has been widely used with the computer as the core
of the digital display control interface. The paper analyzes the effect of the application
of EID theory in human–machine interface (HMI) in the nuclear power plant based
on the actual HMI examples in the nuclear power plant. The analysis shows that EID
has important application value in HMI design of the nuclear power plant, and the
application of EID theory in the nuclear power plant will better organize the display
information and improve operator’s ability to solve problems when encountering
unanticipated events.

Keywords Nuclear power plant · Control room · Ecological human–machine
interface

1 Introduction

The human–machine interface of the main control room is the main control medium
for the interaction between the operator and the system equipment of the nuclear
power plant. The operator completes the operation task of the power plant through
the human–machine interface [1–3]. With the rapid development of high-speed
processing chip and computer graphics technology, it has become an inevitable trend
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for the new generation of the human–machine interface of the main control room
to replace the traditional mechanical interface with the high-definition large-screen
computer integrated display equipment and touch control interface. On the one hand,
the digital display control technology with the ability of flexible data integration and
graphic display provides conditions for optimizing the human–machine interface and
human–machine interaction. On the other hand, if the information content, informa-
tion organization and display mode of the interface are not designed reasonably, it
will increase the cognitive load of the operator in the main control room and affect
the unit safety.

This paper proposes an idea and a method of human–machine interface design
according to the operator’s ecological interface design theory.

2 Ecological Interface Design

The ecological interface design is a theoretical system used to design the human–
machine interface in the complex social technology system, which is of great signif-
icance to knowledge workers. Research shows that it enhances people’s adapt-
ability and improves performance for solving problems. The main idea of ecological
interface design [4, 5] is as follows:

1. The interface design shall be user-oriented;
2. The interface design shall comprehensively analyze the working domain of the

system (including people, equipment and environment);
3. The interface shall provide enough feedback and appropriate information;
4. The mapping from information to interface shall be consistent and unique and

conform to the cognitive model;
5. The interface design shall adopt different levels of abstraction to provide informa-

tion and support people’s decision-making activities. The configuration diagram
is a kind of presentationmethod that provides information of a high-level abstract
level.

3 Analysis of Working Domain

For the design of the ecological human–machine interface, the corresponding
working domain information must be analyzed. Generally, we use “hierarchical
analysis” to analyze the working domain information. The “hierarchical analysis”
generally includes the following elements:

1. Hierarchy
2. Tree structure
3. Layered according to different dimensions
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In general, we describe a working domain through five different levels, and the
levels have a fixed and interrelated relationship. From the abstract to concrete, the
five levels are, respectively, functional purpose, abstract function, overall function,
physical function, and physical form.

4 Application of Ecological Interface

The human–machine interface in the nuclear power plant is the link between the
operator and the nuclear power plant system. The operator completes almost all
monitoring and operation tasks through the human–machine interface of the main
control room. On the one hand, the ecological interface design is based on the human
cognitive model and it is user-oriented to put forward the principle and idea of
interface graphic design. On the other hand, it uses different abstract levels to provide
information to assist in human decision-making activities. The application of the
ecological interface design theory in the human–machine interface design of the
nuclear power plant can effectively optimize the design, improve the user experience,
and reduce the operator’s workload. The following will explain with the screen
examples of the nuclear power plant.

4.1 Single Variable Display

A lot of single variables are displayed in the human–machine interface design of
nuclear power plant, such as the water level of water tank, the flow of pipeline, and
temperature of pump. For displaying the single variable information, the ecological
human–machine interface shall not only display the specific value, but also enable
the user to sense the relationship between the number and other related values, such
as the example of displaying the water level of water tank as shown in Fig. 1.

It can be seen from the example in Fig. 1 that the screen design before improvement
can represent the water level of the water tank through the isolated analog quantity.
Although it canmeet the user’s basic requirement of monitoring the water level of the
water tank, the relationship between the water level of the water tank and the upper
and lower limit values as well as the water level change trend cannot be intuitively
sensed. The improved ecological human–machine interface adopts the visual bar
chart combined with the analog quantity indicator with high accuracy to display the
water level of the water tank. At the same time, the upper and lower limit values of
the water level of the water tank are clearly identified in the bar chart. The up and
down arrows indicate the changing trend of the water level of the water tank. The
user can visually observe the relationship between the current water level and the
upper and lower limit values. It can be seen from the comparison that the ecological
interface not only pays attention to the specific values but also pays more attention
to the relationship and change trend between the variable and relevant parameters.
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Fig. 1 Example of single variable display

Through the ecological human–machine interface, the user can intuitively sense the
specific condition and development trend of the water level of the water tank, which
is conducive to the user’s observation and cognition.

4.2 Associated Variable Display

Besides displaying single variables, the nuclear power plant also needs to display
multiple associated variables. Because of the intrinsic correlation of these vari-
ables, the ecological human–machine interface shall not only present the values
of parameters but also present the intrinsic association properties of different
parameters.

In the test stage of a nuclear power plant, the pressure deviation among three
steam generators exceeds the limit value, which results in safety injection action.
Through accident analysis and subsequent reflection, the relevant human–machine
interface is optimized based on the design idea of the ecological human–machine
interface, and the modification scheme is shown in Fig. 2.

First, reduce the indication of pressure monitoring analog quantity, change the
pressure redundant probe into the comprehensive information through calculation,
reduce the screen information, and reduce the operator’s visual load. In addition,
increase the indication of pressure deviation among the three steam generators. In
order to show the deviation intuitively and make the user pay more attention to the
deviation and be in line with the user’s cognitive model, we use the bar chart to
indicate the pressure value and classify associated pressure bar charts into a group.
At the same time, the pressure bar charts are connected through a dynamic line.
The safety injection action is caused when the pressure deviation among the three
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Fig. 2 Example of correlative variable display

steam generators exceeds the limit value. Through accident analysis and subsequent
reflection, the relevant human–machine interface is optimized based on the design
idea of the ecological human–machine interface, and the modification scheme is
shown in the following figure:

When the three steam generators have the same pressure, the dynamic line is
vertical. When the three steam generators have different pressure, the dynamic line
will change according to the deviation. According to the distortion degree of the
dynamic line and the deviation limit reference line, the user can visually observe the
pressure deviation of the steam generators, which is convenient for the operator to
judge and evaluate the state of the power plant.

There are alsomany similar correlated parameters in the nuclear power plant, such
as the water level of the three pressure regulators, the flow of three loops, the flow
of upper flushing, and down discharge. All of these kinds of associated parameters
can be designed in the similar way.

4.3 Variable Polar Plot Display

Besides the single variable display and associated variable display, there is another
situation that the system state is determined together by multiple variables. In this
case, the ecological interface is often designed by using a higher level of abstraction
to provide information and support people’s decision-making activities, wherein
the polar plot is a kind of presentation mode that provides advanced abstract level
information.

With normalizing and displaying the data in the polar plot graph, the user could be
convenient to find an abnormal situation. The abnormal situation can be expressed
by different graphic features as the radial tilt screen shown in the example of Fig. 3.

The radial tilt calculation divides the core into four quadrants. Typical core temper-
ature measuring points are selected and normalized to calculate the radial tilt value.
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Fig. 3 Example of polar graphic

The normal radial tilt normalized value is “1”, and the radial tilt screen is used for
monitoring the radial tilt of the four quadrants of the core. In the original scheme,
the radial tilt of the four quadrants is displayed by specific values. After optimiza-
tion, the radial tilt of the core is displayed by polar coordinates, and the red square
background frame is fixed, indicating that the radial tilt of the core is normal. The
blue box will change with the change of the radial tilt of the four quadrants. The user
can observe the deviation of the blue box from the red box to observe the radial tilt
deviation of the core intuitively.

It can be known that the ecological human–machine interface is more intuitive
and more in line with human sensing features through the comparison between the
former and the latter schemes.

4.4 Big Data Display

When a large amount of data shall be displayed, the ecological interface is generally
designed and expressed by lines, circles, squares, and other shapes, and the state is
expressed by the bending of lines and the change of background color of squares.
The advantage of such processing is that the overall normal and abnormal condition
of these data can be directly observed, as shown in Fig. 4.

Fig. 4 Example of mass data display
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Fig. 5 Example of core temperature monitoring screen

The human–machine interface of the nuclear power plant also has a lot of data that
needs to be displayed. In order to make the user see the state of these data intuitively
and find abnormalities in time, not only specific values are displayed in the screen,
but also the normal and abnormal conditions of relevant parameters are presented
through the change of background color according to the idea of ecological interface
design, as the example of core temperature monitoring screen shown in Fig. 5.

Themonitoring screen of core temperature of nuclear power plant in Fig. 5 contin-
uously monitors the core temperature through 40 sets of core thermocouples, so that
the operator can know the change trend of core temperature and core subcooling
in real time during and after accidents. For such screen displaying a lot of data,
the operator is difficult to obtain the required information in a short time and easy
to miss important information. In order to solve the above problems, the screen is
optimized according to the ecological interface design idea. On the basis of the orig-
inal scheme, different background colors representing different temperature ranges
are added. No background color represents normal temperature, yellow represents
the high temperature needing attention, and red represents over-limit temperature
which needs to take corresponding measures immediately. The above optimization
increases the intuitiveness of the screen, which is convenient for the operator to
observe and quickly find the abnormality.

5 Analysis and Application of Working Domain

The safety parameter display screen of the nuclear power plant is used to display
the safety-related parameters of the power plant and assist the operator to judge the
safety state of the power plant. The traditional safety parameter display screen of the
nuclear power plant is shown in Fig. 6.

The analysis of working domain can optimize the above traditional safety param-
eter display screen into the ecological human–machine interface, and the optimized
screen is shown in Fig. 7.

Firstly, six major safety function indicators are arranged at the top of the screen
through analyzing the functional purpose of the screen so as to assist the operator to
evaluate the overall safety state of the power plant and receive the alarm information
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Fig. 6 Example of traditional SPDS display

Fig. 7 Example of SPDS display
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at the first time; secondly, the polar plot is designed at the top right of the screen to
display the integrity of the containment, and the hydrogen concentration is tracked
and displayed in real-time through the curve. For the reactor core cooling, the export
of heat quantity of one loop and the integrity of one loop, reactivity control, dose
monitoring, and other parameters, we group relevant parameters, for example, clas-
sifying the cold section temperatures of three loops as a group and displaying them
by the bar chart of correlated parameters.

Data are listed mechanically in the traditional safety parameter display screen
of the nuclear power plant, which is not convenient for the operator to observe
and analyze, nor to remind the operator. However, based on the above analysis of
working domain, we design the screen from the perspective of meeting the functional
requirements. The data are displayed by means of a bar chart, curve, limit chart, etc.
At the same time, the accident situation is alerted to the operator by sound and light
alarm. Such design is more conducive to the operator to find and solve the problem
in time and also can effectively reduce the operator’s observation and analysis load.

6 Conclusion

The analysis of the above design examples of the human–machine interface of nuclear
power plants proves that the ecological interface design can effectively support the
decision-making activities under unexpected events. The idea of ecological interface
design has important application value in the human–machine interface design of the
main control room as well as a guiding significance for screen design optimization.
It is an important direction for the subsequent screen optimization and improvement.

References

1. National Nuclear Security Administration (2004) HAF 102-2004 Nuclear power plant design
safety regulations. National Nuclear Security Administration, Beijing

2. Nuclear Industry Standardization Institute (2002) EJ/T 1143-2002 Nuclear power plant control
room design function analysis and distribution. China Standard Press, Beijing

3. Study on Human–Machine Interface Design of Nuclear Power Plant Control
4. Room (2019) 19th international conference on human-machine-environment system engi-

neering, Shanghai, P.R. China
5. Burns CM, Hajdukiewicz JR (2002) Ecological interface design. CRC Press LLC



Human–Computer Interaction Analysis
and Prediction for Task Operating
System Based on GOMS Model

Fang Xie, Yaofeng He, Sijuan Zheng, Liang Ling, and Zhiyou Fan

Abstract Objective—In view of the current application status for special vehicles,
along with increasing functions of task operating system interface, the operation
mode and interactive information are becoming more and more complex. In order to
achieve the purpose of optimizing the display-control interface scheme, a human–
computer interaction analysis method facing to task operating system is proposed.
Methods—Combined with the actual special vehicle tasks, quantitative analysis and
prediction of human–computer interaction process of task operating system interface
are performed using the principle of GOMS model. In addition, the verification
experiment is also carried out based on the task simulation platform system of special
vehicle. Results—The validity of the proposed quantitative analysis method based
on GOMS model is proved by the results analysis of the verification experiment. At
the same time, it is concluded that there exists a linear relationship between the task
completion time and subjective workload in the current test task. Conclusions—The
analysis results can be used in the ergonomics evaluation for task operating system
interface and provide reference for the future interface design and optimization.

Keywords Human–computer interaction · GOMS model · Control system ·
Quantitative analysis

1 Introduction

The human–machine interface of the task operating system is the interface and
channel between the operator and the system to realize information interaction and
energy interaction, which plays a key role in the overall combat effectiveness of
the weapon system. At present, with the development of computer technology and
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communication technology [1], the vehicle weapon system is developing toward
high speed, high mobility, long range, autonomous operation and high precision, so
as to meet the demanding operational functional requirements; however, at the same
time, the human–machine interfacewhich adapts to the requirements of combat func-
tion is becoming more and more complicated, and the human–machine relationship
contained in it is also undergoing profound changes.

The onboard display and control terminal of the special vehicle are an onboard
computer with integrated display and control features using for human–computer
interaction. With the in-depth application and comprehensive integration of automa-
tion, information and intelligent technologies in special vehicles, the task type of
special vehicle crew is also gradually changing to the advanced perception and
management functions such as multi-dimensional battlefield information collection
and monitoring, comprehensive planning, judgment and decision-making, as well
as multi-occupant collaborative operation [2]. During this process, the design of
human–computer interface interaction operational process, intelligent information
processing method, and the rationality and adaptability of multi-channel (visual,
auditory, tactile) information flow intensity design will directly affect the workload,
attention distribution mode and situation awareness ability of the combatant which
will lead to the change of the operational performance of the combatant, and then
affect the whole operational effectiveness and personnel safety.

Relevant studies show that at present, there are fewer accidents caused by vehicle
performance and working environment, but the proportion of unsafe events resulting
from occupant characteristics has not decreased obviously. Statistics show that about
70% of accidents in the field of special equipment are caused by human factors, and
the main reason lies in cognitive behavior errors in the process of crew information
processing. Therefore, it is of great significance to carry out ergonomic evaluation
in the early stage of human–machine interface development of new special vehicle
system.

In order to better meet the requirements in various battlefield situations, the
ergonomics tests are conducted based on the multi-occupant simulation platform
and real special vehicles; besides, the possible risk points in the design of human–
computer interface displaymode and interactive operational process under the current
technical state have been identified and diagnosed, as well as the optimization and
improvement suggestions are put forward from the view of ergonomics.

2 GOMS Theoretical Analysis Method

GOMS model is a modeling technology used to analyze the complexity of users
in interactive systems, which can be used to predict the operation time required
by an experienced operator to perform a specific task under a certain interface. It
refines a task in multiple levels and describes the behavior of operators according
to four elements: goal, operator, method and selection rules [3]. The GOMS model
framework is shown in Fig. 1.
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Fig. 1 GOMS modeling framework

Keystroke-level model (KLM) is a common method in GOMS model. According
to KLM, task execution includes four different types of body movement operations:
K (keystroke), P (pointing), H (homing) and D (drawing). In addition, there are
also a mental preparation operation m (mental preparation) and a system response
R (response). The total task execution time can be represented by the sum of the
individual execution times of these six different operations. Specifically:

(1) K represents key operation time, including keyboard, mouse or another button
operation. Each time of press a key, a key operation is recorded. Although it
takes different times to press different keys, however, when a large amount of
content is input, the key press time can be converted to an average approximate
value.

(2) P represents the pointing operation time, including the pointing operation time
of positioning controllers such as mouse and trackball, which can be calculated
by Fitts law, or the reference value obtained in the literature can be used as a
rough estimate.

(3) H represents the switching time of the operator between different devices. For
example, when the operator moves the mouse pointer to the target area, the hand
will move from the mouse to the keyboard, and then enter the text. The transfer
operation during this period is H.

(4) D represents the time of drawing line segmentwithmouse,which is related to the
number and length of line segment. D operation was defined at the beginning of
the theory. In today’s human–computer interaction system, there are also some
studies that use KLM to predict time without considering D.

(5) M refers to the psychological preparation of the operator before performing
the physical movement operation. In fact, the psychological preparation time
of operators before different operations various, but for the sake of simplifying
the calculation requirements, M is used in a unified way.
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Table 1 Heuristic rules for placing the M operations

Rule 0: initial insertion of candidate M
Insert M before all keystrokes K; insert M before all points P used to select the command; do
not insert M before P used to select command parameters

Rule 1: deletion of expected M
If the operation following an M is fully anticipated in the operation before M, then delete the M
(e.g., PMK → PK)

Rule 2: deletion of M in cognitive unit
If a string of MK belongs to the same cognitive unit (e.g., the name of a command), delete all
M’s but the first

Rule 3: deletion of M before continuous terminator
If K is the extra separator after a cognitive unit (e.g., the command terminator immediately after
the parameter terminator), delete the previous M

Rule 4: deletion of M as command terminator
If K is the separator followed by a constant string (e.g., the name of a command), the previous
M will be deleted; if K is the separator of a command parameter, the previousM will be retained

(6) R represents the response time of the system after the operation is completed.
This typical value needs to be defined by the analyst according to the actual
system performance and task characteristics. It should be noted that if R is
followed by a mental preparation m, and M takes longer than R, then r should
be deleted in calculation. Or, although the system needs a certain response time
R, it does not affect subsequent operations during this period, and the R should
also be deleted.

In the analysis of GOMS, the actions of key K, direction P and homing H are rela-
tively clear.When the operators will stop doing unconscious psychological activities,
that is, the location of psychological preparation time m, can refer to the following
rules [4], as shown in Table 1.

Based on Table 1, the parameters of the general KLM are optimized. Combined
with the part of experiment test of touch interaction mode of special vehicle simula-
tion platform in the current technical state, quantitative analysis is carried out on the
typical time and operation type for standard average skill subjects. See Table 2 for
details [5].

3 GOMS Analysis of Typical Tasks

3.1 GOMS Analysis of Direct Fire Task

The mission flow of direct fire mainly includes turn on the control panel equipment
low voltage, turn on the high voltage of the equipment, turn on the device, open the
turntable and other 16 operation steps, as shown in Fig. 2.
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Table 2 Quantitative analysis of operation execution time for special vehicle simulation platform

Operation type Operation description or illustration Time (s)

K_S (keystroking_Software) The time required to tap a key on the software interface

Average skilled operators 0.20

Enter random letters 0.50

Input complex symbols 0.75

K_H (keystroking_Hardware) Time required to touch a key on the hardware control of the
control panel

Average skilled operators 0.30

U (Understanding) The average speed of reading is about 300
words per minute, and the number of words
understood num

T = num*60/300

H (Homing) Reset the handle from the keyboard, mouse
and other devices

0.40

D (Drawing) nD is the number of line segments, and lD is
the total length of line segments

0.8nD + 0.16lD

M (Mentally preparing) Time for psychological preparation for
physical exercise operation

1.35

W (Watching) The search time T is a linear function of the
number of items N when the target exists

T = Ap + bN/2

According to the GOMS model, through the quantitative model of operation
execution timeof special vehicle simulation platform, the above-mentioned operation
steps of direct fire task are decomposed, and the total operation time is 127 s.

3.2 GOMS Analysis of Command Planning Task

The task flow of command planning task is divided into four steps: task decomposi-
tion, path planning, perception planning and strike planning.According to theGOMS
model, through the quantitative model of operation execution time of special vehicle
simulation platform, the operation steps of command planning task are decomposed,
and the total operation time is 178.05 s.

3.3 Verification Analysis of GOMS Method Based
on Measured Data

Based on the special vehicle simulation platform, the verification experiment is
performed according to the operational processes of command planning and direct
fire. The operators’ completion time of different tasks is recorded and used for
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Fig. 2 Flowchart of direct fire task

verifying the GOMS method. The GOMS theoretical prediction time of command
planning and direct fire tasks are shown in Table 3.

The results of correlation analysis between theoretical and practical performances
of GOMS model are shown in Table 4.

According to the correlation analysis between the completion time of experi-
mental operation task and the completion time predicted by GOMS theory, there

Table 3 Comparison of theoretical operation performance and practical operation performance for
multi-station

Task type Completion time of experiment
operation (s)

GOMS theoretical prediction time
(s)

Command planning 245 178.05

Direct fire 136 127.0
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Table 4 Correlation analysis between theoretical and practical operation performances for multi-
station

Completion time of
experiment operation

GOMS theoretical
prediction time

Completion time of
experiment operation

Pearson correlation 1 0.983*

Significance (double
tail)

0.017

Number of cases 4 4

GOMS theoretical
prediction time

Pearson correlation 0.983* 1

Significance (double
tail)

0.017

Number of cases 4 4

*At 0.05 level (double tail), the correlation was significant

is a significant high correlation between the completion time of experimental oper-
ation task and the completion time of actual measurement task (r = 0.983, P =
0.017). In addition, the trend of the theoretical prediction is consistent with that
of the experimental measurement, which verifies the effectiveness of the GOMS
theoretical analysis method used in this study.

4 Results and Conclusions

The quick, convenient, intuitive and concise operation interface provides an efficient
method and platform for the commander’s command. However, how to qualitatively
and quantitatively describe which operations are simple or difficult is the key to
human–computer interface evaluation and optimization design. The GOMS model
provides amethod for quantitative analysis of interface task operation time.However,
the application scope of GOMS model is limited, and the results obtained by using
this model are also the results under ideal conditions, so this method cannot be used
for unpredictable factors [6, 7]. In this study, we used the GOMS model to analyze
the human–computer interaction process of command planning, vertical strike, laser
irradiation and direct fire tasks under multi-station tasks, propose a quantitative anal-
ysis method based on GOMS, calculate the theoretical prediction task completion
time and complete the experimental verification through the task simulation plat-
form system of special vehicle. The theory and experimental method proposed in
this study can be used to guide the quantitative evaluation and analysis of human–
computer interface and can compare the changes of operation time before and after
the improvement of human–computer interface design, which provides a reference
for the design, modification and improvement of the interface of airborne command
and control system, and is of great significance to the interface optimization.
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Research on Visual Perception
and Modern Inheritance and Innovation
of Models of Traditional Sleeping Beds
in Eastern Fujian

Hanzhou Qiu and Yun Liu

Abstract Based on the theory of eye movement experiment and subjective eval-
uation psychology, this paper studies the visual perception of traditional sleeping
bed models in eastern Fujian and proposes a visual aesthetic method of traditional
folk furniture modelling based on eye movement tracking technology. Based on the
subjective intention evaluation, the representative samples are selected, and then the
typical samples with the highest and lowest preference are extracted with eye move-
ment hot spot map, and the interest is taken as the basis Based on the area and eye
movement tracking data, according to the principle of “point, line, face and body”
modelling elements, the typical samples are divided into AOI, the eye movement
variable data of visual attention and visual search are extracted for further anal-
ysis, and the integrity characteristics of visual aesthetics and the intensity laws of
modelling elements are obtained, and finally, the index system of typical samples is
constructed.

Keywords Eastern Fujian · Traditional furniture · Sleeping bed

1 Summary of Visual Perception of Models of Traditional
Furniture

Perception refers to the direct reflection of objective things in the human brain.
The objective things transmit stimulus to the brain in the form of images through
the human visual system and control the movement of human eyes through the
visual cortex area of the brain to express interest in images. This process is called as
visual perception [1]. Different persons will measure and judge the visual stimulus
according to their own visual experience, cultural literacy, etc., and then output their

H. Qiu (B)
Ningde Normal University, Fujian 352100, China
e-mail: 80706779@qq.com

Y. Liu
Fuzhou University, Fujian 350108, China

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer
Nature Singapore Pte Ltd. 2021
S. Long and B. S. Dhillon (eds.), Man-Machine-Environment
System Engineering, Lecture Notes in Electrical Engineering 645,
https://doi.org/10.1007/978-981-15-6978-4_84

733

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_84&domain=pdf
mailto:80706779@qq.com
https://doi.org/10.1007/978-981-15-6978-4_84


734 H. Qiu and Y. Liu

cognition of the objects that generate the stimulus, which is visual aesthetics [2]; for
example, when people see a piece of furniture through the visual organ, they can
quickly perceive its appearance characteristics, proportion, scale, etc., and then get
the conclusion that the furniture is beautiful or not beautiful or they like or dislike it
by understanding its overall texture sense and spatiality. The visual aesthetic sense is
the higher level of emotion of human beings, and the aesthetic sense is a unique higher
level of information processing mode of human beings, accompanied by extremely
complex aesthetic value judgement and aesthetic experience (aesthetic sense) [3].
The aesthetic experience obtained by the consumer from product design will affect
their perception and purchase of the product [4], and therefore, the beauty of the furni-
ture model is the core of design. However, people’s aesthetic ability and taste change
correspondinglywith the changes of the social history and regional environment. The
furniture models in different times and different regions have their own characteris-
tics, which is a comprehensive reflection of local people’s aesthetic consciousness
and ability of the corresponding times [5]. The folk furniture in each region has
formed a distinctive model aesthetic feeling in the long historical development, as
well as many points worthy of our exploration and reference.

2 Result and Analysis of Visual Perception Experiment
of Traditional Sleeping Beds in Eastern Fujian

2.1 Analysis of Shapes and Features of Traditional Sleeping
Beds in Eastern Fujian

The sleeping beds in eastern Fujian are generally divided into Jiazi beds and Babu
beds, which are extremely exquisitely made. They integrate wood carving art, japan-
ning art, poetry, calligraphy and painting into a whole. The sleeping beds in eastern
Fujian are typically characterized by flat feet, partition-type bed gates, interior cabi-
nets and drawers, unique pattern covers, Tiaoyan, Guangai, etc. The sleeping beds
can be divided into the Guangai type and flat-top type. The sleeping beds of flat-
top type are divided into the Tiaoyan type, Bingpanyan type and Wuyan type. The
sleeping beds of Guangai type are often made by combining with the Tiaoyan with
five pattern plates transversely arranged. The solid pattern plate type of the imitated
bamboo frame of the Wuyan flat-top type is also the unique shape of eastern Fujian.
The overall shape of the sleeping bed is very large, which seems to be a single “body”,
but in fact it can be abstracted as a comprehensive structure of points, lines, surfaces,
bodies and spaces [6].
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2.2 Model Elements and Shape Differences

The large-volume sleeping beds are enclosed by surfaces which are the important
model elements of the sleeping beds in eastern Fujian. The typical three-section bed
gates and the bed tops with diversified patterns with the characteristics of eastern
Fujian are divided into diversified large, medium and small surfaces. Chuangmei,
Chuangban, Chuangting, flat feet, Yaban, etc., are all surface-shaped pattern plates
of different sizes and shapes [7]. The boundary lines of different shapes, such as
square, round, Weijiao square, oval, Ruyi shape, Malus spectabilis shape and even
double frame,window lattice combination, etc., are formedby segmenting or drawing
outlines of these surfaces to make the large surfaces comprising of small surfaces be
vivid and rich. In the research of eye movement experiment, the front of the sleeping
bed can be considered as a large surface of which the areas of interest (AOI) [8] are
divided as (1) Chuangmei, (2) Chuangbang, (3) bed gates, (4) base, (5) Tiaoyan and
(6) Guangai.

3 Experiment Analysis of Visual Perception of Models
of Traditional Sleeping Beds in Eastern Fujian

Different senses of layering are formed by the combination of different surfaces of
the sleeping beds, and thus, it is more appropriate of changing the traditional feeling
as the sense of layering in the four variables of visual perception. In addition, the
volume of the sleeping beds is large, and the duration for presenting the picture is
set as 15 s.

3.1 Subjective Intention Evaluation

The subjective evaluation table corresponds to the subjects’ “visual perception of
models” and “preference”, as shown in Table 1.

The subjects have certain commonness in the visual perception of the models of
the sleeping beds in eastern Fujian: the 10 sleeping beds have good stability and high
decoration degree with certain differences in the sense of proportion and sense of
layering. According to the binary variable correlation analysis of all items of “the
visual perception ofmodel” and “preference”,whenP=0.01, the Pearson correlation
coefficient between the sense of proportion and preference is 0.867, and therefore, it
is believed that there is a strong positive correlation between the sense of proportion
and preference of the sleeping beds in eastern Fujian. When P = 0.05, the Pearson
correlation coefficient between the sense of layering and preference is 0.751, and
therefore, it is believed that there is also a certain positive correlation between the
stability and preference of the sleeping beds in eastern Fujian. At the same time, the
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Table 1 Correlation analysis of visual perception and preference of Eastern Fujian beds

Stability Sense of
level

Decoration
degree

Sense of
proportion

Preference

Stability Pearson
Relevance

1 0.025 −0.716* 0.506 0.313

Saliency 0.944 0.020 0.136 0.379

N 10 10 10 10

Sense of
level

Pearson
Relevance

1 0.079 0.639* 0.751*

Saliency 0.828 0.047 0.012

N 10 10 10

Decoration
degree

Pearson
Relevance

1 −0.271 −0.194

Saliency 0.448 0.592

N 10 10

Sense of
proportion

Pearson
Relevance

1 0.867**

Saliency 0.001

N 10

Preference Pearson
Relevance

1

Saliency

N

Pearson correlation coefficient between the decoration degree and the stability is −
0.716, indicating that there is negative correlation between the decoration degree and
stability.

3.2 Eye Movement Tracking Analysis

1. Eye movement tracking hot spot image

The combined hot spot image of 10 individual samples is obtained by the eye move-
ment tracking experiment. In the hot spot images of 10 individual samples, the hot
spot images of the sample 8 with the highest preference and the sample 2 with the
lowest preference are extracted for analysis, and then it found that all subjects focused
on gazing at the carvedYaban in themiddles of theChuangmei, thewonderful carving
positions of Chuangbang, the upper and middle parts of the middle of the bed gates
and the carved legs on both sides of Chuangwei of the two samples. In the overall
distribution of sightlines, the overall hot spot contour image of the sample 8 tends
to be stable square, and the common borders of the legs and the floor are more
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concerned. From the perspective of visual search, the subjects have high-density
fixation points on the Guanggai and Tiaoyan of the sample 2.

Combining with the hot spot image and the above analysis and summary, it is
believed that different types of sleeping beds in eastern Fujian have commonness as
well as their own characteristics in models. The Yaban at the middle of Chuangmei,
Chuangbang, themiddle of bed gates and flat legs are all the focus of visual aesthetics.
The design of theGuangai, Tiaoyan, etc., will improve the overall decoration, but they
cannot guarantee the balanced stability of the upper and lower vision and the overall
proportion coordination of the sleeping beds. Although the Bingpanyan is not the
highlight for attention, it plays an irreplaceable role in maintaining the overall sense
of proportion and stability. Compared with the mortise-and-tenon abstract patterns,
the concrete concave carve patterns with plots have more aesthetic universality.

2. Eye movement tracking and data analysis

According to the above analysis, the sample 8 which ranked first in model cognition
and preference is selected for the division of areas of interest so as to further analyse
the eye movement data.

(a) Visual attention analysis

According to statistics, the visual data of all model features are shown in Table 2.
It can be seen that: if arranging the total gazing time T tot and the number of gazing
pointsGn of all areas of interest from high to low, the order is bed gates, Chuangbang,
Chuangmei and bed base, indicating that the middle part of bed gates plays a major
role in the overall visual distribution, which is also related to its position, and if
arranging the average gazing time fromhigh to low, the order is bed base, Chuangmei,
Chuangbang and bed gates. Relatively speaking, the proportion of the bed base to
the front area of each sleeping bed is very small, but the eyes stay for the longest
time on it each time, indicating that the subjects have given more cognitive efforts
to this area of interest, and it becomes the subjects’ selective attention object.

(b) Visual search analysis

The visual search data of each model feature are shown in Table 3. It can be seen that
if arranging the average conversion times from high to low, the order is bed gates,
Chuangbang, Chuangmei and bed bases. The more the average conversion times of

Table 2 Visual attention data of style elements

Region of interest Total fixation
duration
T tot (ms)

Number of fixation
points Gn

Average fixation
duration (ms)

Proportion of
fixation time (%)

1. Bed lintel 25,947 92 282.03 23.43

2. Bed side 28,755 123 233.78 25.97

3. Bed curtain 35,750 178 200.84 32.29

4. Bed base 20,274 65 311.91 18.31
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Table 3 Visual search data of style elements

Region of interest Total fixation duration
T tot (ms)

Number of fixation
points Gn

Average fixation
duration (ms)

1. Bed lintel 4.50 1.80 3

2. Bed side 4.61 2.92 2

3. Bed curtain 5.60 3.67 8

4. Bed base 9.29 1.07 2

the bed gates are, the more interested the subjects will be to the area and the subjects
repeatedly gaze at the area. In addition, it has the highest number of first gazing
points which also means that the decoration of bed gates has the eye-catching effect,
and it is the easiest accessible important position for vision.

The average gazing frequency of the bed bases is the highest, indicating that their
information processing amount is high, and the concentration of gazing points is
relatively high when the subjects carry out feature analysis to these parts, indicating
that as the important members for measuring stability, the bed bases are highly
concerned.

3.3 Cognitive Strength of Aesthetic Features of Models

Based on the previous analysis, the sum of feature strength scores of all models is:∑4
i=1 θ i = 3.14.
The linear interpolation method is used to calculate the subjects’ aesthetic percep-

tion R(U) of the sample 8, make the scores (−2, 2) of the SD scale be corresponding
to the percentage (0, 100%) of the aesthetic perception. Because there are 4 elements,
the total score range is (−8, 8), and the calculation formula is as follows:

R(U ) =
[

Y0 + Y1 − Y0
X1 − X0

(X − X0)

]

× 100%

wherein, X0 = −8,Y0 = 0; X1 = 8,Y1 = 100%; X = 3.14. The calculation
result is R(U) = 69.63%.
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Fig. 1 Hot spots and grayscale histograms of training sample no. 7

4 Establishment and Verification of Discriminant Function
Model for the Evaluation of Traditional Sleeping Beds
in Eastern Fujian

4.1 Selection and Feature Extraction of Eye Movement Hot
Spot Image

Themean value of preference of all samples of the traditional sleeping beds in eastern
Fujian is 0.49, and themedian is 0.36. The highest and lowest scores are, respectively,
1.47 (the original sample 8) and 0.00 (the original sample 2). Respectively select the
hot spot image of one of the subjects, as shown in Figs. 1 and 2. Process the 15
subjects’ eye movement hot spot images as above, and after statistics, the feature
indicator values are shown in Table 4.

4.2 Establishment and Test of Discriminant Function Model

1. Establishment of the discriminant function model
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Fig. 2 Hot spots and grayscale histograms of training sample no. 8

Table 4 Analysis results of training sample no. 7

Subjects X1 = μ X2 = σ 2 X3 = μS X4 = μK X5 = μN X6 = H

1 2.5945 97.8348 8.3782 79.7750 0.8795 7.6012

2 4.2135 211.1854 6.1060 45.4843 0.8015 12.7922

3 4.7218 224.5285 5.7057 40.3223 0.7331 17.6270

4 2.9708 133.3150 8.4463 90.4251 0.8554 9.0713

5 2.3260 121.7954 10.228 120.9453 0.9446 3.1677

6 3.3153 133.6900 6.8466 52.7794 0.8122 12.1413

7 4.2127 186.4381 6.1144 48.2813 0.7581 16.2731

8 3.7150 188.6054 6.6638 53.9708 0.8457 9.7812

9 3.3385 120.4421 6.4887 48.3845 0.7932 13.8281

10 3.6277 189.0931 6.4375 44.1457 0.8491 9.8578

11 3.4528 194.2226 7.2084 59.8651 0.8713 7.9550

12 3.5785 157.6604 7.0837 64.9231 0.7983 13.2597

13 4.6070 248.5699 5.6943 37.9361 0.7838 14.4121

14 4.2929 218.4087 5.6862 35.0736 0.7945 13.3921

15 3.3860 170.8869 7.2826 64.2144 0.8544 9.4231

In the R software environment, call the function discriminant.fisher() to write [9],
and input Table 4 as the training sample. The obtained discriminant equation is as
follows:

u(x) = 0.3310x1 − 0.0034x2 − 0.1451x3 + 0.0055x4 − 14.2622x5 − 0.2540x6
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Table 5 Compared results between eye movement heat map and SD scale of no. 9

Subjects Calculation results of discriminant function SD Scale results

1 0.139 1

2 2.294 0

3 −1.252 2

4 0.889 1

5 4.119 −1

6 −0.2 2

7 1.206 1

8 1.03 1

9 2.388 0

10 1.276 1

11 −0.251 2

12 2.496 1

13 3.312 −1

14 2.153 0

15 0.537 1

Take 0 as the dividing point to carry out the eye-tracking test for the user and substitute
the feature values of his hot spot image into the discriminant equation. If the score
is greater than 0, it indicates that the user does not like the sleeping bed, and if the
score is less than 0, it indicates that the user likes the sleeping bed.

2. Test of the discriminant function model

Carry out the discriminant calculation on the basis of the R software and the discrim-
inant equation, and compare the results with the SD scale (−2 to 2). Refer to Table
5 for the results.

4.3 Relationship Between Visual Perception of Models
and Preference of Traditional Beds in Eastern Fujian

The specific steps are as follows: use the relevant programming language to carry out
Fisher calculation of two sets of numericalmatrices so as to get the linear discriminant
equation on the basis of the discriminant principle and criteria of Fisher discriminance
[10] and under the R software environment, and extract and test samples for the T-test
of independent samples, and the obtained Fisher linear discriminant equation of the
sleeping beds is as follows:

u(x) = 0.3310x1 − 0.0034x2 − 0.1451x3 + 0.0055x4 − 14.2622x5 − 0.2540x6
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The evaluationmethod provides a feasible technical way to realize the objectivity and
quantification of furniture model evaluation and can be used for building the model
of inheritance and innovation design, and putting forward personal suggestions.

4.4 Visual Perception Commonness of Different Shapes
of Traditional Sleeping Beds in Eastern Fujian

The calculation results show that the shape elements of the aesthetics of models
of the traditional beds in eastern Fujian are bed gates (1.07), Chuangbang (0.87),
Chuangmei (0.73) and bases (0.47) in order, which are worthy of attention and
continuation in inheritance and innovation.

5 Conclusion

Experimental analysis indicates that the traditionally sleeping beds in eastern Fujian
commonly have good stability and high decoration degree with certain differences
in the sense of proportion and sense of layering. Their sense of proportion is the
important factor that influences the subjects’ preference and has positive correlation
with the users’ preference. The sense of proportion of the sleeping beds mainly
depends on the composition of the whole surface, including the parts from Guangai
and Tiaoyan to Chuangting, flat feet, etc., of Chuangbang and bases. There is high
negative correlation between the stability and preference. The weak stability is often
caused by the heavy top ornaments and the bases that are not strong enough, which
brings heavy head but light feet. Bed gates dominate the overall distribution of
sightlines and are the main projection positions of gazing points, particularly the
centre of the screen plate, which is the most accessible part of the sightlines. The
Yaban of Chuangmei, the carved ornaments of Chuangbang and carved legs are
all the focuses of visual aesthetics. The research results show that the proportions,
positions and coordination of the elements all have a certain impact on the visual
perception and preference of the models of the traditional sleeping beds in eastern
Fujian.
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Research on User Interface Perception
Usability Evaluation of B2C Retailers
in Large Appliances

Xiaofang Yuan, Meng Zhang, Linhui Sun, and Qin Tian

Abstract The Internet industry is developing rapidly, and competition among
various home appliance websites is fierce, improve the user’s shopping experience
in the website is the first urgent issue. Website interface as the main medium of
user data exchange of information, to a large extent, affects the user experience and
purchase intention. In this study, representative websites A and B were selected, and
six groups of website interfaces that were representative in terms of design loca-
tion were selected at the same time. In addition, using eye movement experiment
to evaluate the usability of home appliance website interface perception, subjec-
tive perceived usability and objective eye movement indicators were measured and
compared and analyzed. The experimental results show that site A and site B have
significant differences in eye movement indicators, site A has a reasonable design in
terms of commodity classification and login mode, while site B has a better design
in terms of login, registration, customer service contact, delivery address, and after-
sales content display than site A. Overall, site B has a relatively reasonable layout
of functional areas.

Keywords B2C household appliance retailer website · Perceived usability · Eye
movement experiment

1 Introduction

With the development of Internet technology in China, the competition in the online
retail market is very fierce, and all kinds of e-commerce develop rapidly. People’s
online shopping behavior is becoming more and more common. Moreover, home
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appliance websites are directly oriented to users. To make users satisfied and retain
them, a very important factor is to give users a better experience in the perceived
usability of the website interface. From entering the website to completing the
purchase, the user has to go throughmultiple links of interactionwith thewebsite, and
the experience of each link will affect the user’s overall impression of the website.
Therefore, optimizing the website interface and improving the user’s online shop-
ping experience have become an important issue that the operators and designers of
home appliance websites must consider.

On the site, the choice of the images and navigation of thewebsitemaneuverability
play a decisive role; Julia Lamberz suggests that the combination of eye movement
technology and questionnaires has clear implications for the search patterns of the
test group, enabling researchers and website designers to make recommendations on
website positioning, structure, optimization, and understand ability [1]. Alexandre
and Javier et al. studied the effects of increasing website complexity on users’ cogni-
tion and emotion and showed that visual complexity of websites has multiple effects
on people’s cognition and emotion [2]. Taking group purchasing websites as an
example, guo fu and qu qingxing collected users’ eye movement data in the interac-
tion process through eye movement experiment, constructed the relationship model
between eye movement index and design elements of browsing task, search task,
search task, and login purchase task, respectively, by using partial least square regres-
sion method, and verified the effectiveness of the model. The research shows that the
level of interaction design can be reflected by the level of eye movement data when
the user completes the interaction task [3].

In today’s information flood, the attraction of headlines is very important. Zhang
yutu et al. took toutiao as an example to collect eye movement data of experimental
subjects when they watched simulated pages of news APP. Meanwhile, based on the
results of the questionnaire survey, research shows that entertainment news headlines
can attract audiences’ attention more than general news headlines and have better
communication effects, and entertainment news headlines in the form of “text +
pictures” can attract viewers’ attention more than plain text headlines. [4]

TakingwebsiteA andwebsiteB as examples, this study used eyemovement exper-
iment and questionnaire survey to study the cognition in the process of searching
targets located in different regions in different website interfaces. Analyze the
usability of website A and website B, and put forward some effective suggestions,
which have certain reference value for the layout and design of other some website
interfaces.

2 Design of Eye Movement Experiment

Randomly select 30 college students with more than two years of shopping experi-
ence, aged about 22, and have online shopping experience in recent month, and are
very familiar with online shopping processes and basic operations.
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This paper takes website A and website B as an example, selects website home
page, commodity classification, commodity introduction, order submission and after-
sales details, registers six pages, and designs six groups of tasks. Through the comple-
tion of six groups of tasks, it analyzes the disadvantages and advantages of website
A and website B and puts forward corresponding suggestions.

2.1 Search Tasks

The first part of the experimental design is search task. According to the different
locations of the function buttons of website A and website B, the following keywords
were selected: login and registration, cleaning service, online customer service,
and delivery address. The website interface corresponding to these keywords was
extracted and used as experimental material. There were four groups of tasks and
eight pictures. The keywords of the subjects are given before the display of the mate-
rial pictures. The subjects find the corresponding function buttons on the pictures
based on the keywords, which are the search task.

2.2 Interest Tasks

The task of the interest category is to intercept websites with the same functions but
different interfaces on website A and website B and ask subjects which group of
products can arouse their interest after browsing the different interfaces. In this way,
it is better to judge in which form the home appliance website interface should show
the effect.

The eye movement experiment instrument adopts RED5 desktop eye movement
instrument, the maximum sampling frequency of 500 HZ. The eye movement instru-
ment is mainly composed of computer, image display, the display at the bottom of the
two groups of infrared light source, and camera. During the whole experiment, after
correcting the sitting position, the subjects would browse the pictures or words on
the computer screen. The camera of the instrument would capture the eye movement
trajectory of the subjects and then transmit the eye movement data to the computer
database of the test and save it.
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Table 1 Comparison of indicators of websites A and B in login and registration interfaces

Task type Eye movement indicators

The number of eye
fixations

Total fixation time First watch time

Login and registration A 22 6789.98 456.23

B 11 3275.76 322.28

3 Data Analysis

3.1 Search Experimental Data Analysis

3.1.1 “Login Register” Interest Area

After observing the trajectories ofwebsiteAandwebsiteBand analyzing the repeated
measurements of eye movement data, it was found that the eye movement data of
the subjects under the condition of the registration button of the website A and the
website B had significant differences. As shown in Table 1, further found that the
number of fixation points of subjects in website A (MEAN = 22) was significantly
higher than that of subjects in website B (MEAN= 11). A website watching the total
length (MEAN= 6789.98) is significantly higher than B site subjects watching total
length (MEAN = 3275.76); A website watching the first time (MEAN = 456.23) is
significantly higher than B site first looking time (MEAN = 322.28).

In the login and registration module, website A is mainly located at the top left
of the page, while website B is located at the top right of the center of the interface.
Found that the subjects to browse through the experiment website “B” fixation point
number is less than “A” website, the participants browsing “A” website watching
the total length is greater than the “B” website, participants browsing website “B”
looking time less than “A” website for the first time, it shows the location of the login
module in “B” website registration area is superior to the location of “A” website
area.

3.1.2 “Cleaning Service” Interest Area

After observing the trajectories ofwebsiteAandwebsiteBand analyzing the repeated
measurements of eye movement data, it was found that there was a significant differ-
ence in the eye movement data of the subjects on the interface of website A and
website B under different cleaning service conditions. Further found that, as shown
in Table 2, in the classification of goods, the number of fixation point to “A” website
(MEAN = 26) was significantly lower than “B” website fixation point number of
participants (MEAN = 28); the total attention time of subjects on website “A”
(MEAN = 8628.76) was significantly lower than that of subjects on website “B”
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Table 2 Comparison of indicators of cleaning service interface A and B websites

Task type Eye movement indicators

The number of eye fixations Total fixation time First watch time

Cleaning services A 26 8628.76 171.17

B 28 13,543.49 252.96

(MEAN = 13,543.49). The first fixation time (MEAN = 171.17) of subjects on
website “A” was significantly lower than that of subjects on website “B” (MEAN=
252.96) (Table 2).

In the commodity classification module, website A is mainly located at the top of
the page and marked with A red background, while site B is located at the bottom of
the interface. Through the experiment, it was found that the time spent on browsing
the website interface of A was less than that on the website interface of B. And the
time of first entering the zone of interest is less than that of website B. It indicates
that the product classification of website A is better than that of website B.

3.1.3 “Contact Customer Service” Interest Area

After observing the trajectories ofwebsiteAandwebsiteBand analyzing the repeated
measurements of eye movement data, it was found that there was a significant differ-
ence between the eye movement data of the A site and the B site interface when
browsing the two sites’ interface to find the contact customer service area. As shown
in Table 3, it was further found that the number of fixation points during browsing
of website “A” (MEAN = 15) was significantly higher than that during browsing of
website “B” (MEAN = 11). The total fixation time (MEAN = 6117.6) of subjects
browsing pages ofwebsite “A”was significantly higher than that of subjects browsing
pages of website “B” (MEAN = 3359.1). Participants when viewing “A” web page
for the first time looking time (MEAN = 383.50) were significantly higher fixation
time for the first time browsing the web interface “B” (MEAN = 247.91).

The contact customer service area is located at the top right of website A and at the
bottom right of website B. Through the analysis of eye movement index data found
subjects in browsing the web interface, B web interface than A web interface to be
able to quickly find the target. B website interface contacts customer service button
on the right side of the purchase information. Generally, when browsing the web, the

Table 3 Comparison of indicators of A and B websites in contact customer service interface

Task type Eye movement indicators

The number of eye
fixations

Total fixation time First watch time

Contact customer
service

A 15 6117.6 383.50

B 11 3359.1 247.91
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subjects would be attracted by the product display pictures and product information
in the interface [5].With browsing habits, theywould naturally find the area to contact
customer service after browsing the purchase information of the product. In this way,
after they have browsed the products, they will contact the customer service for any
questions or questions they want to know.

3.1.4 “Shipping Address” Interest Area

After observing the trajectories ofwebsiteAandwebsiteBand analyzing the repeated
measurements of eye movement data, it was found that there was a significant differ-
ence in the eye movement data of the subjects on the interface of website A and
website B in different positions. As shown in Table 4, it was further found that the
number of fixation points in browsing the interface of website A (MEAN= 20) was
significantly higher than that in website B (MEAN = 14). The total fixation time
of subjects on website A (MEAN = 5559.38) was significantly higher than that on
website B (MEAN = 3304.59). The time taken for the subjects to enter the interest
zone for the first time by browsing the page of website A (MEAN = 388.48) was
higher than that by browsing the page of website B (MEAN = 223.01).

Previous studies have found that inmost habits, the information of the top position
is considered very important when the subjects browse the web. Users often notice
the top left part of the information, because this is the place where began to view
information [6]. People are used to viewing information from top to bottom, left to
right, so they often see elements in the upper left part of the page rather than the right
or lower part of the page.

People tend tomove their eyes from the top left to the bottom right when browsing
the web because people often read from left to right, from top to bottom [7]. In the
distribution address area, the distribution location in website B is on the upper left,
and the distribution location in website A is on the upper right. At the same time,
results show that the shipping address area “B” website interface position is better
than “A” website interface delivery address location area. B website design is more
reasonable, combined with users’ browsing habits, so that users can find the delivery
address information in the first time, and check and correct it, so that the design is
more user-friendly.

Table 4 Comparison of indexes of A and B websites in the delivery address interface

Task type Eye movement indicators

The number of eye fixations Total fixation time First watch time

Shipping address A 20 5559.38 388.48

B 14 3304.59 223.01
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3.2 Analysis of Interest Experimental Data

3.2.1 After-Sales Interface

1. Fixation trajectory analysis

Through comparison, it was found that when the subjects browsed the after-sales
content introduction page of website A, the hot zone diagram and trajectory diagram
were mainly reflected in the summary or guidance language at the beginning of
each paragraph. On the contrary, when the subjects browsed the after-sales content
introduction page of website B, the hot zone diagram and trajectory diagram were
mainly reflected in the frame diagram. From the perspective of the trajectory diagram,
the page trajectory of website B is more concentrated than that of website A, and it is
mainly concentrated in the key areas of framework diagram content. This shows that
subjects in the pure text after browsing A website content introduction page, reading
interest is low. However, when browsing the after-sales content page in the form
of frame diagram of B website, the browsing trajectory is relatively concentrated,
indicating a greater interest in reading and amore intuitive access to page information.

2. Questionnaire survey

After browsing the pictures in the eye movement experiment, it was found that 88%
of the subjects thought that the display form of frame diagrams was simpler, clearer,
and more interesting to read.

3.2.2 Login Method

After the end of eye movement experiment, through the questionnaire survey, we
found that most of the subjects like to use mobile phone login scan code directly.
Meanwhile, they said that they had too many accounts and passwords, which were
often confused and forgotten. They do not like to enter account and password, scan
code more convenient login.

4 Conclusion

By observing the completion of A series of eye movement experiments conducted
on the interfaces of website A and website B, and combining with the questionnaire
survey after the completion of the eye movement experiment, the advantages and
disadvantages of website design and layout can be reflected according to the evalu-
ation indexes of eye movement experiment. As can be seen from Table 5, there are
significant differences in eye movement indexes between website A and website B.
Website A has A reasonable design in terms of cleaning service and login mode,
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Table 5 Comparison of indicators of websites A and B

Task type Eye movement indicators The
questionnaireNumber of

fixation
points

Total fixation
time

First fixation
time

Search task Login and
registration

A 22 6789.9 456.23 –

B 11 3275.76 322.28 –

Cleaning
services

A 26 8628.76 171.17 –

B 28 13,543.49 252.97 –

Contact
customer
service

A 15 6117.6 383.50 –

B 11 3359.1 247.91 –

Shipping
address

A 20 5559.4 388.48 –

B 14 4136.16 223.01 –

Interest task After-sales
content

A – – – –

B – – – ✓

Login mode A – – – ✓

B – – – –

Note ✓ said stronger website interface usability

while website B has A better design in terms of login, registration, customer service
contact, delivery address and after-sales content display. On the whole, website B
has A relatively reasonable layout of functional areas.

5 Conclusions and Suggestions

In this eye movement experiment, a combination of subjective questionnaire survey
and objective eye movement measurement was adopted to conduct data analysis and
t test using eye movement indicators such as hot zone diagram, trajectory diagram,
first fixation time, number of fixation points, and total fixation time.Main conclusions
and recommendations are as follows:

1. Through a series of eye movement experiments, such as the comparison of first
fixation time, hot zone diagram and trajectory diagram, it can be seen that the
functional areas that need to be highlighted on the website interface should be
displayed in a striking way. Common functional prompts should highlight colors,
and simple and vivid ICONS should be used to improve the attractiveness of user
interface information and facilitate users to quickly identify.

2. Through the interest class experiment eyemovement indicators and survey found
that participants were more like charts, frame, and other way, for the pure text
display of interest degree is low. And the site interface information distribution
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should be moderate as far as possible to reduce the information density inter-
face. A large number of text expression will increase the difficulty of extracting
important information, affect the user experience. Should try to use diagrams,
frame and so on, and do it simple and clear.

3. In the account login way more toward mobile phone login code. This reflects that
it is a major direction to improve the usability of the interface and enhance the
sense of user experience by simplifying the steps of users and reducing unnec-
essary operations. Meanwhile users in the shortest possible time to complete the
shopping process, which can improve user satisfaction.
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Analysis of Human Heat Stress Response
in High Temperature Environment

Yuhong Shen and Chenming Li

Abstract The work efficiency of operators can be reduced at high temperature,
which would affect their health. In order to reduce the heat stress reaction of human
body, this paper analyzed the influence factors of operation in high temperature
environment, collected the heat stress analysis model, carried out test tests for three
kinds of protective clothing, and compared the test results with the prediction results
of the mathematical model. The test results show that the mathematical model can
accurately predict the change trend of human core temperature within a certain range,
which provides a preliminary basis for the accuracy of the prediction method to
alleviate thermal injury.

Keywords Heat stress · High temperature · Protective clothing

1 Introduction

The health of workers in high temperature environment has received widespread
attention. Continuous work in harsh environment will seriously affect the work effi-
ciency of workers. As time goes on, workers will suffer from fatigue, body tempera-
ture rise, heartbeat acceleration and other symptoms, thus reducing the tolerance time
of workers and affecting the work efficiency. US scholar Berko and others counted
10,649 deaths caused by environmental factors in the USA from 2006 to 2010. High
temperature accounted for 31% (3332) of deaths [1]. The Armed Forces Health
Surveillance Center (AFHSC) released an assessment report in 2016. On average,
1.56 out of every 1000 US soldiers were injured by overheating [2]. Injuries related
to thermal environment are usually divided into four categories: Heat stress, heat
failure, hyperthermia and heatstroke. Heat stress response mainly includes physio-
logical stress and sensory non-response and is usually related to physical activity
exposed to high temperature environment.
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2 Influence Factors

2.1 Foundation of Thermal Physiology

The humanbody canmaintain heat balancewithin a certain temperature range.Due to
the natural circadian rhythm, the body temperature of the human bodywill change by
about 0.5 °C. At the same time, the body temperature will fluctuate with the activity
intensity and environmental conditions. The fluctuation ranges of the core body
temperature that the human body can withstand are between 36 and 40 °C. However,
the microenvironment temperature between human skin and clothing is usually kept
at 28–30 °C to maintain the thermal balance in a static state. At the same time, due
to human metabolism and air flow, this ideal microclimate will change significantly
with physical activity. Heat transfer between human beings and the environment
occurs through four ways: Conduction, convection, radiation and evaporation. This
heat exchange process is usually called dynamic heat balance and can be expressed
by the following formula:

S = M ±W ± R ± C ± K − E

where S: heat storage rate of human body;M: metabolic rate;W: mechanical work
done by human body; R: environmental radiation calorific value; C: convection heat
exchange; E: evaporative heat dissipation.

According to the heat balance equation, when the heat dissipation of the human
body cannot compensate for the environment and the heat generation of motion, the
equation will transfer to the direction of heat storage of the human body and the
temperature of the human body will rise. In this process, the blood vessels in the
body relax, making more blood flow to the limbs of the human body, increasing heat
emission, and causing physiological changes such as heart rate rise to increase the
blood flow of the human body.

2.2 Effects of Clothing

Clothing provides protection for human beings for a long time. These protections
include protection against natural factors (high temperature, cold, sun exposure, rain,
etc.) and protection against special dangerous environments (flame retardant, bullet-
proof, antivirus, etc.). It is often difficult for a set of clothing to give consideration
to multiple performances. Therefore, special protective clothing usually increases
the thermal load worn, resulting in an increase in the risk of heat stress. The
overall thermal resistance of clothing is tested by a warm dummy, and the moisture
permeability index is tested by a sweaty dummy.
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Calculation formula of thermal resistance:

I = Ts − Ta
0.155H

where I is thermal resistance, clo; T s is the skin surface temperature, °C; T a is the
air temperature, °C; H is that non-evaporative heat dissipation rate per unit surface
area, W/m2.

Calculation formula of moisture permeability index:

i =
n∑

i=1

(Tsi − Ta)Hei

2.2ω(Psi − Pa)Hti

where i is the moisture permeability index; T si is the skin temperature of the i
stage, °C; T a is ambient temperature, °C; Hei is the evaporation heat dissipation rate
of the i stage, W/m2; Psi is the saturation steam pressure of the i stage, Pa; Pa is
ambient vapor pressure, Pa; H ti is the non-evaporative heat dissipation rate of stage
i, W/m2.

Wind has a great influence on the heat insulation and moisture permeability of
clothing. Wind speed, clothing thermal resistance and moisture permeability index
are all inputs of mathematical prediction models such as heat strain decision aid
(HSDA).

2.3 Matching of People and Clothing

Although the same principle can be used to test a single piece of clothing or clothing
matching, it is not possible to simply superimpose each layer or each part. This is
mainly because the air layer on the inner layer and the surface are different, whichwill
affect the clothing matching performance. Therefore, the overall thermal insulation
performance of clothing includes air layer, clothing layer and boundary layer. Air
layer factors play an important role in it.

3 Model

Mathematical models can be used to predict human thermal correspondence (such as
metabolism, core body temperature, tolerance time, etc.) caused by exercise, environ-
ment and clothing. Mathematical models are usually divided into theoretical models
and empirical models. The theoretical model is expressed mathematically based on
the understanding of human physiology, while the empirical model mainly reflects
the quantitative relationship between experimental data mathematically.
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Fig. 1 Schematic diagram of heat stress theoretical model

3.1 Theoretical Model

The theoretical model mainly analyzes the interaction between the core layer, muscle
layer, fat layer and skin layer of the human body and the relationship between clothing
and air layer. Figure 1 is a schematic diagram of theoretical model research [3].

The theoretical model can be simplified by comprehensively considering the heat
transfer of each layer of the human body, environmental conditions and temper-
ature regulation reactions (metabolism, vasomotor, sweat production and blood
accumulation), etc. [4]..

3.2 Empirical Model

Empirical model is a mathematical expression of test data, which is usually obtained
by regression or correlation analysis. As an empirical model, heat strain decision aid
(HSDA) is based on a large number of test data, including heat exchange principle
and physiological response prediction, which can predict core temperature, working
tolerance time, water demand, etc. Model inputs include 16 items in 4 categories, as
shown in Table 1 [5].

4 Tests and Results

4.1 Test

The test was carried out under the condition of ambient temperature (30± 2) °C, rela-
tive humidity (60± 5)% and nowind.Nine subjectswere selected towear firefighting
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Table 1 Inputs to HSDA model

Element Symbol Description Units

Anthropometrics/health state H t Height cm

W t Weight kg

DIH Days in heat; days of heat
acclimation

days

dhyd Dehydration status %

iTsk Initial skin temperature °C

iTc Initial core body temperature °C

Environmental conditions V Wind velocity m/s

RH Relative humidity %

T a Ambient temperature °C

Tmr Mean radiant temperature °C

Clothing biophysical Characteristics IT Total thermal resistance clo

ITVg Thermal resistance wind velocity
coefficient/gamma

N.D

im/clo Evaporative potential N.D

im/cloVg Evaporative potential wind velocity
coefficient/gamma

N.D

Physical activity/work rate M Metabolic heat
production/metabolic rate

W

W ex External work rate W

clothing, chemical protective clothing and fire protection clothing respectively for
the test. During the test, the subjects traveled on a treadmill with a speed of 5 km/h
and a slope of 0 for 60 min. EQ02 LifeMonitor was used to simultaneously test the
subjects’ heart rate, respiration, skin temperature and core body temperature. Oxygen
Pro was used to measure the oxygen uptake and carbon dioxide exhalation of the
subjects, and the energy metabolism was calculated.

4.2 Test Results

The average core temperature of the subjects and the predicted values of the model
for the three protective clothing tests are shown in Figs. 2, 3 and 4.

The root mean square error (RMSE) of themeasured value and the predicted value
of the model are calculated for the three kinds of garments, respectively. The root
mean square errors of the threemodels are 0.21 °C, 0.45 °C and 0.27 °C, respectively.
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Fig. 2 Firefighting clothing test result

Fig. 3 Chemical protective clothing test result

The prediction results of the models are within 1.25 times of the standard deviation
of the observation data, indicating that the models have high credibility.

Using the human body heat stress model can better understand the changes of
human body core temperature, formulate mitigation strategies in advance, and slow
down the generation of heat stress. However, from the analysis results, themodel also
has certain limitations. The model does not consider the differences in age, gender,
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Fig. 4 Fire protection clothing test result

region and physical health equipment. The subjects selected in this test are young
men, who often take physical exercise and have good physical quality, which may
lead to the measured results being generally lower than the predicted values of the
model. At present, some scholars have noticed this problem and studied the influence
of age and gender on the prediction results of the model [6].

5 Conclusion

Heat stress is a physiological threat that human body often faces in high temperature
working environment. This study analyzed the human heat stress model and tested
different kinds of protective clothing. The test results show that the empirical model
can accurately predict temperature changes, which provides a preliminary basis for
the accuracy of prediction methods to alleviate heat injury.

Compliance with Ethical Standards The study had obtained approval from the Army Key
Laboratory of SEEPC Ethics Committee.

All subjects participated in experiment had signed the informed consent.
All relevant safety, heath, and rights had been met in relation to subject protection.
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Study on Attention Characteristics
of Small-Arms Shooting at Moving
and Looming Targets

Xiang Gao, Haoyuan Li, Zhengbu Liu, Xin Wang, and Yang Li

Abstract In the process of small-arms shooting at the looming target and moving
target, one of the main objects in the target area, that is, the shooting target, is the
center of “attention,” while the other objects are at “the edge of attention.” In order to
study the effect of attention characteristics on the shooting of moving and looming
targets with small-arms, the attention of 55 shooters was tested in a certain army
department under different conditions. From the angle of factors affecting attention
and tests of attention, Through the analysis of the main influencing factors such
as age, length of military service and duration of continuous shooting training, the
influence of various factors on attention is discussed in this paper by using graphics,
hoping to provide some basis and foundation for small-arms shooting training.

Keywords Attention characteristics · Small-arms shooting · Looming target ·
Moving target

Attention is defined in psychology as clear consciousness, the work of forming
consciousness, the state of mental preparation for producing clarity, and the level of
sensitivity to the taste and form of something or can be understood simply as: the
psychological activities to a certain phenomenon of the direction and focus. Because
of this orientation and concentration, the small-arms shooters can clearly reflect
the specific phenomena in the target area environment, leaving aside the irrelevant
objects, so as to find the looming and moving target as soon as possible, make
corresponding actions and complete the shooting task.
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In the process of small-arms shooting at the looming target and moving target,
one of the main objects in the target area, that is, the shooting target, is the center of
“attention,” while the other objects are at “the edge of attention.”

When shooting at a looming target, the center and edge of the target are constantly
changing as the target appears or moves. At some point, one of the states is the
center of attention, the rest of the states are at the edge of attention; and at another
moment, maybe another state becomes the center of attention, and the original center
of attention becomes the edge of attention along with most of the other states. The
aiming characteristics of small arms determine that the range of attention is small
and the attention center changes quickly during the aiming process, therefore the
requirement for the shooter’s attention is higher.

The attention characteristic of the shooter is the key factor that determines the
shooting result, especially for moving or looming target shooting. It is necessary to
study the shooter’s attention stability, the persistence and the intensity of attention
and analyze the influencing factors of it.

1 Factors Affecting Attention

Studies have shown that the shooter’s age, sex, length of military service, duration
of continuous shooting practice, physical and psychological status, technical status
of small arms and environmental conditions are all related to attention. However,
considering that the majority of small-arms shooters in the army are male, gender is
not considered here. In addition, there is no difference in the technical state of small
arms and shooting range environment, so these two factors are also not considered.
Furthermore, physical andpsychological state fluctuations are very rare among small-
arms shooters, therefore not considered. The effects of age [1], length of military
service and duration of continuous shooting training on attention were taken into
consideration.

2 Tests of Attention

At present, the main achievements of attention detection technology include auditory
attention detection method based on binaural listening technology, eye movement
tracking technology widely used in dynamic measurement of visual attention and
attention measurement scale for visual attention detection.

Of all the senses, sight is the most important. The capacity of visual intelli-
gence is 250 times greater than that of the second most important sense-hearing.
Besides, considering the operability of the test in the army, the attention scale of
visual attention detection was used for the test [2].

Joseph Block, an American psychologist, has developed a checklist for testing
drivers’ attention. During the test, the driver is required to find the numbers 10–59
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in the table in turn and measure the call-reading time with a stopwatch. After a
long-term study, Dr. Block summarized the following rules: The response capacity
is above the middle with call-reading time at 10–30 s; the response capacity is poor
with call-reading time over 1 min, which means bad concentration and attention [3].

The attention characteristics of small-arms shooters tomoving and looming targets
are similar to that of automobile drivers. During the test, in order to avoid that when
the tester explained to the testee, the latter would easily remember the groups of
numbers in the first table, resulting in inaccurate test results; a table of the same type
was specially designed for explanation and practice [4]. There are four tables made
for the test, so altogether five tables (Figs. 1 and 2). During the test, five tables were
stick on the wall with a height of 1.7 m above the ground. The test subject shall stand
1.2 m in front of the table and point out the numbers from “10” to “59” in order. The
tester used a stopwatch to record the time. Explanations and exercises are given on
the exercise sheet. The first table was the test result before the training of firing on
moving and looming targets, the second table was 20 minutes after the continuous
training, the third one after 40 minutes, and the forth was the test result after 60
minutes of continuous training.

It is concluded from multiple tests that those who finished the first table within
50 s are good, those who finished the first table within 50–60 s are medium, and
those who finished the first table within 60 s are considered to be slow in perception
and inattentive. The read-through time of table 2, 3 and 4 indicates the stability of
attention, that is, if the read-through time is almost the same or decreases gradually,
it indicates the stability of attention is good.

34   19   42   54   45

26   16   39   28   57

40   35   14   56   30

12   29   44   51   23

50 43   36   24   11

37   20   55   32   47

25   41   17   53   38

13   22   48   10   58

52   18   21   31   46

27   49   33   15   59

Fig. 1 Table for explanation and practice
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21   43   35   40   29

33   13   54   50   27

25   47   14   59   19

38   30   44   56   32

10   15   34   48   11

36   52   17   20   24

26   41   57   42   37

18   49   22   46   53

23   55   58   12   31

28   45   39   51   16

23   19   26   47   21

14   41   36   12   16

30   53   56   28   38

20   35   46   51   43

39   33   11   50   59

13   29   42   57   24

45   37   10   40   55

49   25   58   22   31

17   52   44   48   15

27   32   54   18   34

59   14   42   50   22

35   28   32   16   55

46 15   45   29   36

19   24   39   10   43

47   40   26   58   18

53   11   23   27   57

54   25   30   12   34

17   31   33   37   48

49   38   41   20   56

21   52   44   51   13

16   30   35   43   23

38   12   56   48   57

20   45   52   34   15

27 40   24   55   19

33   14   31   44   50

29   47   18   26   11

36   41   22   39   28

10   54   51   59   58

17   49   37   21   53

25   42   32   46   13

Fig. 2 Test tables

3 Test Results and Analysis

3.1 Result Data

In this paper, a total of 55 small-arms shooters were tested. The age and length of
military service distribution of all shooters are shown in Fig. 3.

The test results are shown in Figs. 4, 5, and 6.

Fig. 3 Age and length of military service distribution of the tested shooters
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Fig. 4 Average test time for all age groups

Fig. 5 Average test time for shooters of different lengths of military services

Fig. 6 Test time for all shooters when having a different duration of continuous shooting practice

3.2 Relation Between Attention and Influencing Factors

Graphic made from the data of above tests as shown in Fig. 7.
Based on the analysis of the above curve, the following conclusions are drawn.
First of all, the curve of testing time of small-arms shooters is extended with the

increase of age. The average time of younger shooters is faster, which is consistent
with the physiological law. However, the range of time change of the older shooters’
call-reading of the following three tables is small, while the range of time extension
of younger shooters is obvious. There is notmuch difference between the time of call-
reading and the age curve of the shooters with different length of military services,
because the shooters with long length of military services are also older and have
more hours of shooting training on average, which cannot explain the influence of
length of military services or age on the shooters’ attention characteristics. However,
it can be explained that older shooters pay more attention to stability.

Secondly, in the case of prolonged continuous shooting training time, the shooter’s
call-reading time significantly prolonged, indicating that continuous shooting
training time has a greater impact on the shooter’s attention characteristics, which is
the main factor affecting the shooter’s attention.
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50

52

54

56

58

60

62

Below 20/Less than 2
years/0 minute

20-25/2-5
years/20minutes

25-30/5-8
years/40minutes

Over 30/More than 8
years/60minutes

test time for all age
groups

test time for shooters
of different length of
military services

test time for shooters
of different length of
military services

Fig. 7 Comparison chart of age, length of military service and duration of continuous shooting
training with test scores

Thirdly, the selection, teaching and training ofmoving and looming target shooters
should consider the corresponding factors, especially the time of continuous shooting
training should be strengthened.

Compliance with Ethical Standards The study was approved by the Logistics Department
for Civilian Ethics Committee of PLA Army Academy of Artillery and Air Defense Zhengzhou
Campus.

All subjects who participated in the experiment were provided with and signed an informed
consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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The Survey of Hand Grinding Operation
Work-Related Musculoskeletal Disorders

Zidai Xia, Yanqiu Sun, Jianwu Chen, Pei Wang, and Jie Xie

Abstract Objective—To study the occupational ergonomics of hand grinding oper-
ation, analyze the adverse ergonomic factors in handheld pneumatic angle grinder
grinding operation, study the occurrence law and preventive measures of muscu-
loskeletal diseases, so as to improve the working environment and ensure the occu-
pational health of workers. Methods—To investigate the WMSDs of hand grinding
workers by questionnaire and analyze the data with SPSS 25.0 software. Results—
The musculoskeletal diseases of the waist are more serious. There are also muscu-
loskeletal diseases of the shoulder, neck and wrist to some extent. The elbow, hip,
knee and ankle are in good condition. Conclusions—Posture load is the main risk
factor of this kind of diseases.

Keywords Hand grinding operation · Work-related musculoskeletal disorders ·
Research questionnaire · Statistical analysis

1 Research Purpose

There are a large number of hand grinding operations in the processing and manu-
facturing industry, and there are adverse ergonomic factors in the grinding operation,
such as badworking posture, repetitive operation, bending andweight-bearing,which
will cause musculoskeletal diseases such as lumbago and back pain, neck shoulder
syndrome and carpal tunnel syndrome, and seriously affect the occupational health
of workers [1–3]. At present, there are many researches on musculoskeletal diseases,
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but there are few analyses on the adverse ergonomics in the hand grinding operation.
The main purpose of this study is to study the occupational ergonomics in the hand
grinding operation, analyze the adverse ergonomic factors in the handheld pneu-
matic angle grinder grinding operation and study the occurrence law and preventive
measures of musculoskeletal diseases, so as to improve the working environment
and ensure the occupational health of workers.

2 Research Object and Study Method

2.1 Research Object

Using the method of judgment sampling, the grinding workers of a domestic unit
were selected as the research object. Thirty samples were selected for testing (only
10 samples were taken in the initial paper). Inclusion criteria: ➀ length of service
(working in the post) ≥1.0 year; ➁ exclusion of physical disability and muscu-
loskeletal injury caused by internal and surgical diseases; ➂ informed consent to
participate in the study. Rejection criteria: operators who fail to participate in the
field investigation or offer incomplete information when investigate [4].

2.2 Study Method

In this study, samples of ergonomic factors related to hand grinding were obtained
by questionnaire. On this basis, SPSS 25.0 software was used to process the samples,
and the questionnaire results were evaluated by Pearson chi-square test. The ques-
tionnaire consists of basic demographic characteristics, musculoskeletal symptoms,
ergonomic factors and working environment factors. Most of the questions in the
questionnaire are qualitative questions, with “yes” as “1” and “no” as “0”. In this
study, the criteria of work-related musculoskeletal disorders (WMSDs) are: In the
process of hand grinding, the musculoskeletal diseases are directly or indirectly
caused by occupational harmful factors, that is, the workers complained that they
had pain, numbness, limited activity and other symptoms in nine parts such as hand,
arm, neck, back and waist in the past year, asked for leave and excluded the physical
disability or musculoskeletal injury caused by other medical emergencies [4].

2.3 WMSDs Research

Based on the field investigation of hand grinding, this paper analyzes the adverse
ergonomic factors in handheld pneumatic angle grinder grinding, uses Yang Lei’s
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modified musculoskeletal disease questionnaire (Chinese version) [5] to investigate
the musculoskeletal symptoms and related factors of the working population and
uses Pearson chi-square test to evaluate the results of the questionnaire.

2.4 Statistical Analysis

SPSS 25.0 software was used for statistical analysis and test with Pearson chi-square.
The main indexes analyzed were age distribution, the prevalence of neck, shoulder,
back, elbow, waist, wrist, hip, knee, ankle and foot. And through the comparison of
the prevalence of different parts of the disease and the prevalence rate, we can find
out the rule of musculoskeletal disease in the hand grinding workers.

3 Analysis of Research Results

3.1 Research Results

It can be seen fromTable 1 the occurrence ofWMSDs in various parts. The criteria of
this study for WMSDs is feeling pain or discomfort in the past year and accordingly
asking for leave, and the symptoms continue to this day. List Table 2 separately.

The results of Pearson chi-square test are shown in Table 3.
From the table, we know that there is one person with WMSDs in the neck, with

a prevalence of 10%; one person with WMSDs in the shoulder, with a prevalence of
10%; one person with WMSDs in the back, with a prevalence of 10%; two people
with WMSDs in the waist, with a prevalence of 20%; and two people with WMSDs
in the wrist, with a prevalence of 20%. No one has WMSDs at elbow, hip, knee,
ankle and foot.

3.2 Analysis of Results

The total sample size is 10 (the sample size is small, and gender factors are not
considered temporarily). All subjects are male, aged 22.0–50.0 (36.0 ± 8.0) years
old. The musculoskeletal diseases of the waist are more serious, and there are also
musculoskeletal diseases of the shoulder, neck and wrist to a certain extent, while
the elbow, hip, knee and ankle and foot parts are in good condition.



774 Z. Xia et al.

Table 1 Research sample

Parts of body Condition Since taking
part in the work

In the past
year

In the past
week

Neck Pain or
discomfort

No 7 7 9

Pain or
discomfort

3 3 1

Ask for leave No 9 9 10

Ask for leave 1 1 0

Shoulder Pain or
discomfort

No 4 6 7

Pain or
discomfort

6 4 3

Ask for leave No 8 9 9

Ask for leave 2 1 1

Back Pain or
discomfort

No 6 7 8

Pain or
discomfort

4 3 2

Ask for leave No 8 9 9

Ask for leave 2 1 1

Elbow Pain or
discomfort

No 8 9 10

Pain or
discomfort

2 1 0

Ask for leave No 10 10 10

Ask for leave 0 0 0

Waist Pain or
discomfort

No 6 6 7

Pain or
discomfort

4 4 3

Ask for leave No 8 8 9

Ask for leave 2 2 1

Wrist Pain or
discomfort

No 5 5 6

Pain or
discomfort

5 5 4

Ask for leave No 7 8 9

Ask for leave 3 2 1

Hip Pain or
discomfort

No 9 9 10

Pain or
discomfort

1 1 0

(continued)
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Table 1 (continued)

Parts of body Condition Since taking
part in the work

In the past
year

In the past
week

Ask for leave No 10 10 10

Ask for leave 0 0 0

Knee Pain or
discomfort

No 9 10 10

Pain or
discomfort

1 0 0

Ask for leave No 10 10 10

Ask for leave 0 0 0

Ankle and
foot

Pain or
discomfort

No 9 10 10

Pain or
discomfort

1 0 0

Ask for leave No 10 10 10

Ask for leave 0 0 0

4 Conclusions and Suggestions

Posture load is the main risk factor of this kind of disease through the analysis of the
survey results. The prevalence of WMSDs was higher in the waist and wrists, and
WMSDsweremore likely in the neck, shoulder andback.After thefield investigation,
we found that the hand grinding workers are often in static load and repetitive load
in the actual work, the gap between the works is short, and the single work time is
too long. My suggestion is that the factory needs to adjust the working system of
the grinding personnel, appropriately increase the rest gap between the works and
provide working posture training to reduce the impact of posture load on the grinding
personnel and help the grinding personnel to take the right posture [6].

5 Discussions

There are still some limitations to be improved in this study; for example, the number
of samples is limited, the research factors included are limited, the factors of psycho-
logical load and the indicators of educational level are not considered and so on.
Future research can add indexes about the influence of whether to keep exercising
and the interval time between jobs on musculoskeletal diseases.
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Table 3 Test result

Test parameters Value Freedom Progressive significance (bilateral)

Pearson chi-square 22.306a 8 0.004

Likelihood ratio 28.712 8 0.000

Linear association 3.735 1 0.053

aPearson chi-square test value in Table 3 is 0.004 and less than α = 0.05, which shows that the
survey results are more accurate to reflect the actual situation
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Study on Pilots’ Color Requirements
for See-Through Displays in Desert Flight

Duanqin Xiong, Tao Jiang, Liu Yang, Yanyan Wang, Xiaochao Guo,
Jian Du, Yu Bai, Fang Su, Wen Dong, Rong Lin, and Juan Liu

Abstract Objective—To study the color requirements of displayed information in
see-through displays when pilots flying in the desert. Methods—The experimental
materials included some route and combat flight menus. There were eight fixed
colors and custom colors provided to be chosen. The experimental procedure was
programmed. One hundred and fifteen fighter pilots participated in the study. They
were required to choose the most suitable colors for the display elements in the
menus. Results—(1) For the two types of menus, the numbers of pilots that chose
colors for the same information elements were generally consistent. The number of
pilots choosing greenwas superior inmost long-time displayed information elements
including normal information. (2) For the information of flight element category and
flight instruction category, the numbers of pilots choosing green and choosing blue
were generally equal. For the dangerous information, unattackable information and
overrun information with unlong-time displayed information, the number of pilots
choosing red was superior. And for the information that was latent dangerous, the
number of pilots choosing yellow was superior. Conclusions—When flying in the
desert, pilots have evident requirements of colorful displayed information for see-
through displays. Their requirements were as follows: The main color was green.
The long-time displayed and normal and attackable information was tended to be
displayed in green. The dangerous, unattackable and overrun information was tended
to be displayed in red. And the latent dangerous information was tended to be
displayed in yellow.

Keywords Color requirement · See-through display · Desert flight · Pilots
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1 Introduction

See-through displays such as head-up display (HUD) and helmet-mounted display
(HMD) are the information display carriers in aircraft. They play important roles in
the course of flying and combating. The color of traditional see-through displays is
monochrome (green), because of their limited abilities to display images. But colorful
display can effectively improve the performance of search and recognition tasks.
Color coding is more effective than shape coding [1, 2] and can shorten response
time evidently [3]. Colorful display can enhance the situation awareness of flight
crew [4].

Some relative researches about the information colorization of see-throughdisplay
have been carried at home and abroad. For example, there has been study found
that colorful weapon symbols in HMD have evident superiority [5]. The effect of
information menu in HUD that main color was green and important parameters were
magenta was the best [6]. In the color coding of abnormal information with HUD, red
was better thanyellow, andgreenwas improper [7]. The study indicated that pilots had
evident requirements of colorful displayed information for see-through displays in
simulated aeromarine flight. They expected that some information including alerting
information could be displayed colorfully, which could make pilots observe and
recognize the displayed information and avail to improve their visual efficiency [8].
Moreover, the scholar studied the effect of symbol’s color coding on the compatibility
ofHUDandHDD (head-down display), and the results indicated that a different color
coding would result in pilots’ different searching efficiency and reaction time [9].

Flying over the desert is considered to be a challenging flight task by the pilots. It
is because that desert area is a special flight environment with single physiognomy,
simple color and lack of landmarks. This condition could be very apt to make pilots
produce visual fatigue, resulting in enlarged errors which were measured by sight
[10]. At the same time, a lot of pilots reflected that monochrome information in
see-through display shows in the desert background, which make pilots observe and
recognize information needed and pay attention to more hardly. If different colors
were coded, pilots’ searching loads would be lessened.

This study aimed to explore the pilots’ color requirements of see-through displays
when flying in the desert, for offering references for the colorization design of see-
through displays in the future.
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2 Method

2.1 Test Devices and Method

2.1.1 Task Design

In this study, the experimental materials included route flight menus and combat
menus of aircraft. There were nine categories of information elements in route
flight menu and ten in the combat menu. The dynamic experimental procedure was
programmed, with desert resemble images as the flying background. The pilots were
required to select the best color for various display elements according to their own
flight experiences. The chosen colors were eight fixed colors and custom ones. Eight
fixed colors were red, green, blue, white, amber, magenta, cyan and yellow, and
custom colors were freely selected by the pilots when they thought that the display
elements could not be displayed with the former fixed colors.

2.1.2 Test Materials and Devices

A set of color coding experimental procedure was adopted. The procedure included
four modules: (1) background informationmodule, collecting the pilots’ background
information; (2) practice module, providing some exercise tasks to enable pilots to
be familiar with the test tasks and experiment methods; (3) test module, providing
chosen colors for pilots to select; and (4) datamanagementmodule, recording, storing
and exporting the all test data.

Three sets of notebook computers and mouses were used in the experiment.

2.1.3 Experiment Methods and Steps

Man–machine dialogue was adopted in the experiment. Pilots first filled their back-
ground information in the experimental procedure and then did the exercise task.
After completing the exercise, they would enter the formal test phase to accomplish
the mission of selecting color for each display element in all menus.

The experimental procedure automatically recorded the values of R, G and Bwith
all selected colors.

2.2 Experimental Subjects

One hundred and fifteenmale fighter pilots participated in the experiment. Theywere
32.09 ± 5.72 years old with eyesight greater than 0.8 and without color blindness.
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2.3 Statistical Analysis

SPSS 19.0 software was used to analyze the test data. The number of pilots who
selected certain color for every element was a statistical indicator of the experimental
results. Frequency statistic and chi-square test of the number of pilots who chose
every color were carried.

3 Results and Analysis

3.1 Results of Color Choice for Each Category of Display
Elements in Route Flight Menu

In the route flight menu, the frequency results of the pilots who selected the best color
for each category of display elements are shown in Table 1. The results of chi-square
test are shown in Table 2.

In the nine categories of display elements, the categories 1–8 belonged to long-
time displayed information, and the category 9 belonged to unlong-time displayed
special information. For the normal information in the categories 1–3 and categories
6–9, the number of pilots who selected green was all dominant. In the category 4,
the pilots choosing blue were more than those choosing green. In the category 5,
although the pilots choosing green were slightly more than those choosing blue, the
former had evidently superiority. The overrun information in the categories 8–9 had
dangerous sense, and the number of pilots choosing red was clearly dominant. In
category 9, the information of element 9–2 was between the normal and overrun,
which was latent dangerous and needed pilots’ attention, and the number of pilots
choosing yellow was dominant.

In all displayed elements in Table 2, the results of difference test were very signif-
icant (p < 0.001). These results indicated that there were evident differences when
pilots chose colors for the nine categories of displayed elements.

According to the results in Tables 1 and 2, although several colors were provided
even pilots could custom the colors for all displayed elements, pilots considered that
most information such as long-time displayed and normal information needed to be
green, dangerous information needed to be red and between the former two needed
to be yellow. These results were accorded with the traditional usages of alerting
information in aircraft and were consistent with the results in the study on color
coding requirements for see-through displays in simulated aeromarine flight. For the
element of category 4, the number of pilots choosing blue was more than that of
choosing green. In the element of category 5, the number of pilots choosing green
was generally equal to that of choosing blue. The two results were not consistent
with those in the study on color coding requirements in simulated aeromarine flight,
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Table 2 Results of different tests for the number of pilots in route flight menu

Displayed element χ2 df Sig

Element 1 126.835 6 0.000

Element 2 193.270 8 0.000

Element 3 273.878 8 0.000

Element 4 121.035 7 0.000

Element 5 114.174 6 0.000

Element 6 182.235 5 0.000

Element 7 219.096 8 0.000

Element 8-1 182.948 7 0.000

Element 8-2 194.887 6 0.000

Element 9-1 259.052 7 0.000

Element 9-2 96.130 7 0.000

Element 9-3 180.035 6 0.000

because the visual effects were different when the two categories of information
overlaid on the desert or on the seawater background. Thus, it could be seen that
pilots’ color choices were based on different flight backgrounds.

3.2 Results of Color Choice for Each Category of Display
Elements in Combat Menu

In the combat menu, the frequency results of the pilots who selected the best color
for each category of display elements are shown in Table 3. The results of chi-square
test are shown in Table 4.

In the ten categories of display elements in Table 3, the categories 1–8 belonged
to long-time displayed information, and the categories 9–10 belonged to unlong-
time displayed special information that appeared in combat conditions. For normal
information in categories 1–3 and 6–8, and attackable information in category 9, the
number of pilots choosing greenwas evidently dominant. The results of the categories
4 and 5were consistent with those in Table 1. For overrun information in the category
8 and attackable information in the category 10, the number of pilots choosing red
was generally equal to that of choosing green. For unattackable information in the
categories 9 and 10, the number of pilots choosing red was evidently dominant.

In all displayed elements in Table 4, the results of difference test were very signif-
icant (p < 0.001), which indicated that there were evident differences when pilots
chose colors for the ten categories of displayed elements.

According to Tables 3 and 4, the results were inclined to be consistent with those
in above route flight menu, especially for the color choices of long-time displayed
and normal information. It is different that pilots choosing redwere greatlymore than
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Table 4 Results of different tests for the number of pilots in combat menu

Displayed element χ2 df Sig

Element 1 136.339 7 0.000

Element 2 189.983 8 0.000

Element 3 251.339 8 0.000

Element 4 130.035 8 0.000

Element 5 149.913 8 0.000

Element 6 207.913 6 0.000

Element 7 189.209 7 0.000

Element 8-1 101.696 7 0.000

Element 8-2 58.009 7 0.000

Element 9-1 275.130 8 0.000

Element 9-2 233.183 8 0.000

Element 10-1 109.687 8 0.000

Element 10-2 80.261 8 0.000

those choosing green and choosing blue for the element 8–2 in route flight menu. In
combat menu, the number of pilots choosing red, choosing green and choosing blue
was little different, which was probably related to pilots’ thought that this several
colors could clearly contrast to desert background.

4 Conclusions

Based on the results in this study, the conclusions were as follows:

1. Pilots had colorful coding requirements for information in see-through display
when flying in desert.

2. The main color was green in the menu.
3. Long-time displayed normal information and attackable informationwere tended

to be green. Dangerous information, unattackable information and overrun infor-
mation unlong-time displayed were tended to be red. And latent dangerous
information was tended to be yellow.

CompliancewithEthical Standards The studywas approved by theAcademic Ethics Committee
of Air Force Medical Center of FMMU. All subjects were provided with and signed an informed
consent form. All relevant ethical safeguards had been met with regard to subject protection.
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Analysis of the Diffusion of Cough
Particles in Non-full Load Cabin

Xianlin Shi and Xuhan Zhang

Abstract For a certain aircraft economy class that has completed the preliminary
layout, the diffusion process of particles generated by a passenger coughing under
non-full load cabin is analyzed. First, the boundary conditions of particles were
defined, including the particle size, number, and sedimentation rate. Secondly, the
sparse two-phase flow is used to describe the diffusion process of particles, and the
Euler-Lagrangian-Euler mixed model is used to simulate the steady-unsteady-steady
diffusion process. Finally, the analysis of the calculation results shows that reducing
the longitudinal flowof airflow in the cabin can control the diffusion range of particles
and reduce the infection risk for other passengers.

Keywords Aircraft cabin · Passenger cough · Particle diffusion

1 Introduction

For a certain aircraft, in order to improve passenger comfort and reflect differentiated
competitive advantages and reduce the risk of infectious for other passengers through
activities such as coughing, breathing and talking, the diffusion process of particles
by coughing in the cockpit needs to be evaluated during the preliminary design stage.
By analyzing the diffusion process of particles and its influencing factors under the
current cabin layout, it provides suggestions for improvement in the next stage design.

On the premise of convergence of the cockpit flow field, boundary conditions such
as particle size, number of particles, particle sedimentation rate and wall attach-
ment were set according to relevant criteria. A sparse two-phase flow and Euler-
Lagrangian-Euler mixed model were used to describe and simulate the diffusion
process of cough-produced particles under non-full load cabin.
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Fig. 1 Schematic of the cockpit layout

2 Methods

2.1 Modeling Object

Figure 1 is the 2-3-2 layout economy class of a certain duel-aisle aircraft. The design
parameters include the seat layout, the form, location, and size of the intake and
exhaust ports, the temperature, speed, and mass flow of the intake air have been
preliminary determined. According to the results of Liu [1], simulations with 4
rows of seats can represent the typical situation of the cabin. Assume a total of
14 passengers are riding at random, and the passenger in the middle of the third row
is infected with influenza. This article calculates and analyzes the diffusion process
of the particles produced by the passenger’s cough in the cabin under non-full load
conditions.

2.2 Boundary Condition

The particle size produced by the person’s breathing, coughing and speaking are
different. According to the research results of Yang et al. [2], the article simulates
passenger cough and takes mono-disperse particles with a diameter of 8.35 µm for
calculation.
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The calculation accuracy and calculation time are related to the number of particles
released. After irrelevant trial calculation, the number of particles [3] is determined
as 10,000,000 per cough according to formula 1.

Nnec =
ts
τ
Vroom

α(1 − exp(− ts
τ
))Vtarget

N ∗
target (1)

where ts is the particles release time, V room is the calculation domain volume, α is a
correction factor based on the error as 1%, V target is the target domain volume, N target

is the necessary particles number of the cabin and τ is the time constant of the cabin.
Wan et al. [4] have pointed out that the particle sedimentation rate of 2 µm is less

than 2%. As the particle size increases, the sedimentation rate increases. The particle
sedimentation rate of 28µm is over 60%. 10% of the 8.35µmparticle sedimentation
rate is appropriate.

Zhang and Chen [5] research showed that when particles hit the wall surface,
which will be attached to the wall surface, and the calculation process of particle
trajectory will be terminated immediately. In theory, when the particles hit the rigid
wall, the particles may return to the flow field with a certain rebound rate, but the
rebound rate lacks mathematical models and experimental data support. This article
considers that the particles hit the wall and the trajectory calculation is terminated.

2.3 Model of Diffusion Process

According to the volume fraction of particles in the air, the calculation method of
two-phase flow is divided into one-way coupling and two-way coupling. Elghobashi
[6] research shows that when the volume fraction of particles in the air is ≤10–6, the
effect of particles on air flow can be ignored, that is, one-way coupling. When the
particle volume fraction is >10–6, the effect of particles on air flow cannot be ignored,
that is, a sparse two-way coupling flow. When the particle volume fraction is >10–3,
that is, a dense two-way coupling flow. The average concentration of particles larger
than 10 µm in cabin is less than 50 µg/m3, which translates to a volume fraction is
much less than 10–6. Therefore, the motion of particles in cabin is a sparse two-phase
flow. The article considers the one-way coupling effect.

The diffusion process of particles is produced by passengers’ cough. Before the
cough, the air flow field is stable; when coughing, the air flow field will change from
a steady state to an unsteady state, and the particles will propagate with the unsteady
state flow field. After stopping the cough, the flow field gradually changed from the
unsteady state to the steady state, and the particle concentration gradually decreased
to the background concentration. This paper extends the model proposed by Chen
et al. [7], establishes a Euler-Lagrangian-Euler staged mixed model, to calculate the
steady-unsteady-steady state diffusion process of particles.



792 X. Shi and X. Zhang

2.4 Calculation Process

Meshing was performed using ICEM software, and FLUENT software and UDF
were used to simulate the diffusion process. First step, a particle release source is
set. The release time is 2 s. The particle size is 8.35 µm. The particle density is
912 kg/m3. The particle number is 10,000,000. Second step, all the walls are set to
“trap.” When the particle trajectory hits the wall, the calculation will terminate. All
air outlets are set to “escape.” When particles move to the air outlets position, the
trajectory calculation ends. The velocity entry is set to “reflect.”When particles have
bounced back to the calculation domain, the trajectory calculation continues. The
third step is to set the sparse two-phase flowmodule to define the physical properties
of the particles and the one-way coupling mode. Fourth step, a 0.001 s time step is
set to capture the transient characteristics of particle movement. The calculation time
is usually 4 times the time constant.

3 Result

As shown in Fig. 2a, the airflow flows from the air inlet at the top of the ceiling along
the wall to both sides of the cabin at the design speed, and rolls inward from the outer
seat to the middle of the cabin, forming the main largest vortex.

As shown in Fig. 2b, the airflow accelerates above the empty seats on both sides,
forming two secondary vortices in the aisle. The vortices converge on the longitudinal
section of the fuselage and formmultiple small eddies. The interaction and influence
of eddy currents are formedby the air in the cabin. The airflow longitudinalmovement
trend is remarkable.

As shown in Fig. 2c, in front of the third row of middle passengers, the airflow
moves upward from the legs and accelerates upward on the face. The small vortex
in the third row and the small vortex in the second row have opposite directions. The
two meet in the upper space in front of the third row, and the air velocity is reduced,
and the air current is almost frozen.

As shown in Fig. 3, the gravity of the 8.35 µm particles is negligible compared to
the buoyancy produced by the airflow, and the particles move with the airflow. After
coughing, the particles spread rapidly, staying in the front of the mouth at 0.2 s, and
the particles reached the passenger standing height after 3 s.

As shown in Fig. 4, after 60 s, the particles followed the airstream and spread
to the 4 rows of cockpits. The movement direction and velocity of the particles are
consistent with the trends and laws of vortex direction and air velocity as shown in
Fig. 2.
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Fig. 2 Airflow velocity vectors colored by velocity magnitude (m/s): a cabin, b x = 0 mm fuselage
longitudinal section of (a), c enlarged view of (b) in front of passenger in the middle of third row
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Fig. 3 Particle traces colored by particle velocity magnitude (m/s) in x = 0 mm section at different
times after passenger cough: a t = 0.2 s, b t = 1 s, c t = 2 s, d t = 3 s

4 Conclusions

For passengers are riding randomly in a non-full-load cabin, the analysis results show
that the airflow streamline and particle diffusion trajectory are consistent, and when
the airflow speed is low, particles are easy to accumulate. Although the cabin layout,
seat layout, intake and exhaust are all symmetrically designed, the interaction and
influence of the vortex, the fuselage produces a significant longitudinal flow, and the
airflow can quickly spread particles generated by passengers’ coughs to the entire
cabin. In the next stage of the design process, the diffusion range of the particles can
be reduced by reducing the longitudinal flow of the airflow in the cabin.
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Fig. 4 Distribution of particle traces colored by particle velocity magnitude (m/s) at 60 s after
passenger cough
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Study on the Diffusion of Gaseous
Pollutants from Passenger Cough
in Aircraft Cabin

Xianlin Shi and Xuhan Zhang

Abstract At the preliminary design stage, the cabin layout of a certain aircraft
requires the comfort assessment. The impact of “invisible” gaseous pollutants on
passenger comfort during long flights cannot be ignored. Appropriate cabin layout
helps control the spread of gaseous pollutants. First, for a certain aircraft, the struc-
tural digital model containing design details is cleaned, and the mesh is divided by
a mixed grid. Second, the emission rate of CO2, O3, and VOCs is defined, and the
position and speed of inlet and exhaust air are set. The Euler method calculates the
flow field change caused by a cough of a passenger in the middle of the cabin and
analyzes the diffusion range and concentration change trend of CO2 generated by the
cough. Finally, the cabin layout is evaluated to control the diffusion range of gaseous
pollution.

Keywords Cabin layout · Comfort assessment · Gaseous pollutants

1 Introduction

For certain aircraft, larger flight time means greater exposure probability to gaseous
pollutant for passengers. At preliminary design phase, the health impact of “invisible
and intangible” gaseous pollutants needs to be assessed in particular. Through proper
seat layout, reasonable air intake and exhaust positions and air speed settings, the
diffusion range of gaseous pollutants can be effectively analyzed, and the potential
health impact on other passengers could be evaluated.
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Gaseous pollutants are classified by type, including CO2, O3, VOCs, and irritating
odors. Gaseous pollutants are classified by source, including carpets, seats, cleaners,
human breathing, human skin, human skin ozonation, air fresheners, and food and
beverage. Gaseous pollution sources are classified according to the time of emission,
including continuous emission sources (such as floors, seats, human and personnel
breathing, etc.) and transient sources (such as sneezing, coughing, food, and air
fresheners, etc.).

The preliminary cabin layout for a certain aircraft has been completed, and five
rows of economy classes have been selected for analysis of gaseous pollutant diffu-
sion. Boundary conditions for calculation are defined, such as the CO2 emission
concentration, O3 emission rate, VOCs emission intensity and location distribution
in the cabin, and the emission concentration of pollutants entering and exhausting
the air. The Euler method was used to establish the calculation of gaseous pollutant
diffusion. Taking the CO2 produced by the passengers in themiddle of the cabin as an
example, the process of CO2 gaseous pollutant diffusion and concentration change
was calculated and analyzed. Because the influence of each gaseous pollutant on the
concentration of cabin pollutants is linearly superimposed, the results show that the
current cabin layout design is conducive to controlling the diffusion range of gaseous
pollutants.

2 Building the Model

2.1 Modeling Object

Figure 1 is the 2-3-2 cockpit layout of a certain economy class. The seat layout, air
intake and exhaust position, and air speed design have been initially completed. There
are dozens of rows of seats in the economy class. Due to the fluctuation of the flow
field of personnel near the toilet in the partition, other areas can be approximated
to quasi-steady state. In this paper, five rows [1] passenger cabins are selected as
the modeling objects for gaseous pollutants diffusion analysis. The flow field data
obtained and the diffusion trend of gaseous pollutants are typical.

2.2 Mixed Mesh

The structural digital model of the cockpit contains lots of design details. Too fine
structural grid will lead to increased calculation rounding error and truncation error,
which not only increases the calculation time, but also may affect the accuracy of
the calculation results. Under the premise of not changing the characteristics of the
flow field, the structural digital model is cleaned.
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Fig. 1 Schematic of cockpit layout

Under the premise of not changing the characteristics of the flow field, the digital
structure of the structure is cleaned to fill local small holes and smooth edges and
corners. For example, using regular shapes instead of seats and passengers, the seat
arrangement spacing, width, height and passenger’s mouth position are the same.
After the grid independence test, about 1.2 million per row of seats and a total of
about 6 million [2] of a tetrahedral and hexahedral mixed grid (Fig. 2) were used for

Fig. 2 X = 0 mm, YZ axial section grid
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calculation. Except for the fine boundary layer grid, the grid size near the air inlet
and exhaust vents are 5 mm, and the grid size in other areas is about 20 mm.

2.3 Boundary Conditions

The boundary of the CO2 air inlet is set as the concentration boundary, and the CO2

of the air exhaust exits the calculation domain with the airflow. When CO2 contacts
with the wall, adsorption is not considered and the surface boundary concentration
is set to zero. For the CO2 intensity generated by passengers in the cabin [3], take
0.005 L/s per person.

The boundary conditions of O3 at the inlet and exhaust vents are the same as
those of CO2. However, when O3 contacts the passenger skin and walls, O3 will react
chemically to produce a series of by-products. The amount of O3 sedimentation due
to the chemical reaction needs to be considered [4]. Ozone deposition on the wall:

Js = −γ v
4

l + γ v
4 · �y1

�c

C |y=�y1 (1)

where γ is the probability that O3 reacts with the wall, v is the sedimentation
speed, �y1 is the distance from the first grid center point of the wall boundary layer
to the wall, C is the O3 concentration, l is the free diameter of the O3 molecule and
�c is the O3 diffusion coefficient.

VOCs are mainly phenols (including benzene, toluene, xylene, ethylbenzene,
etc.), formaldehyde and acetone. Pollution sources are numerous and complex, with
carpets, seats, cleaners, human bodies and human breathing as the main sources.
According to the emission rate of the pollution source [5], combinedwith information
such as the number of carpets, the amount of detergent used, the seat area and
the number of passengers assumed in the preliminary design stage, the total VOCs
emission amount was calculated as the boundary condition.

3 Results

Table 1 gives the calculation input of the number of passengers, air intake, air intake
and exhaust speed, and temperature of a five-row economy class of aircraft in the
preliminary design stage.

Assume that the third-row middle passenger in the five-row cockpit coughs, the
coughing speed is 0.6 m/s, the duration is 1 s. The type of gaseous pollutant is CO2.
The RNG model was used to solve the time-averaged Navier–Stokes equation, the
k-ε turbulence model [6] was selected, and fluent UDFwas used to calculate the CO2
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Table 1 Calculation inputs Parameter Note

Air volume (L/s/p) 10

Passengers 35

Air supply speed (m/s) 0.6

Breathing speed (m/s) 0.4

Air supply direction Affixed air supply

Supply/exhaust temperature (°C) 23/28

Passenger skin (°C) 30

Seat (°C) Adiabatic

Floor (°C) 24

Cockpit wall (°C) 22

concentration. This method can give the time-averaged velocity of turbulence and its
average fluctuation with sufficient calculation accuracy and fast convergence speed.

Figure 3 is the detailed velocity vectors of third row and fourth row at x = 0 mm
YZ axial section. Relative to flow field of the fourth row, the relatively high-speed
air flow generated by passenger cough at third row drives the flow to shift forward.

Figure 4 is the CO2 concentration at 0.2 s, 0.4 s, 0.6 s, 0.8 s, 1.0 s and 1.2 s after the
passenger coughs. Figure 4 reflects the CO2 dynamic diffusion process and diffusion
range.

The change in CO2 concentration indicates that after the passenger coughed for
1.0 s, the CO2 diffused to the back of the front passenger. After the passenger stopped
coughing for 0.2 s, the range of CO2 diffusion sharply reduced to the front of the
passenger’s head.

Fig. 3 Detailed velocity vectors of third and fourth rows of middle at x = 0 mm YZ axial section
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Fig. 4 CO2 concentration

4 Conclusions

The cabin layout of a certain aircraft has completed preliminary design, including
seat layout, intake and exhaust positions, air mass and speed. To evaluate the impact
of gaseous pollutants on passenger comfort, a mixed grid of tetrahedrons and hexa-
hedrons of five rows of economy class sections was established. The RNS k-ε turbu-
lence model was used to define the boundary conditions for various types of gaseous
pollutants. The transient diffusion and concentration changes of CO2 from passenger
cough are calculated and analyzed. The results show that during the cough, CO2
spreads rapidly along the cough. Under the effect of airflow and seat blocking, the
range of cough influence is controlled in a row of seats. After the cough is stopped,
the CO2 concentration decays very quickly to the ambient CO2 concentration. In
summary, this article believes that the current cabin layout is conducive to controlling
the diffusion range of CO2 gaseous pollutants.
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The Empirical Research of the Emotional
Experience Ambulatory Assessment
of Built Environment by Wearable
Interactive Technologies

Liang Zhang, Xiangning Li, Lingxuan Cheng, Yuan Kang, Yu Zhang,
and Qi Guo

Abstract The study aims to explore the method of ambulatory assessment of urban
built environment by an empirical study, find out the interactive coupling relationship
between the built environment and human’s emotional experience, establish the link
between physiological indexes and the emotion experience, and thereby lay an empir-
ical foundation for this method to be applied in the field of urban study and design.
The virtual scene was constructed with a university campus environment video,
and college students were randomly selected as subjects. Wearable biosensors were
used to record the subjects’ physiological indicators in real time, and the emotional
variations were detected by the combination of mental maps and interviews, and
consequently evaluate the campus environment. The experiment verifies that the SC
value is the window reflecting emotion arousal, and the variation trend of the SCL
and the sum of the LF/HF value reflect the individual and overall emotion experience
in stages. This method could create a new layer of information for designers, enrich
citizens’ participation in urban space design, and help to create a high-quality urban
environment that meets people’s psychological and physiological needs.

Keywords Wearable interactive technology · Built environment · Emotional
experience · Ambulatory assessment · Empirical research

1 Introduction

The urban development in China has entered an inventory stage. The focus of urban
construction has gradually shifted from “quantity” expansion to “quality” improve-
ment. Contemporary urban researches pay more attention to the physical and mental
demands of users for the environment. The insight into users’ emotional experience
of the urban built environment can help designers propose design strategies based on
residents’ physical, psychological, and cognitive feedback, thereby improving the
quality of the environment and lives.
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How to accurately describe andmeasure people’s emotional experience has always
been the difficulty of study. The traditional measurement methods mainly focus on
the qualitative research based on subjective evaluation in psychological science [1],
by which individuals’ inner feelings are excavated through the subjective descrip-
tion. However, limited by interviewer effects, memory effects, and conscious expe-
rience, this kind of information lacks rigorous argument [2]. With the development
of neuroscience, wearable human–computer interaction technology, and biological
signal data analysis technology, the wearable sensors can help us to observe human
emotional experience more directly, making it possible to assess the environment
dynamically, which provides new idea and methods for human factor environment
research to promote urban environmental design more in line with the human cogni-
tive and emotional needs [3]. This kind of human–machine environmental interaction
mode provides a vast space for architecture and environmental design in the future.

2 Theoretical Basis

Specific physiological, behavioral, and cognitive patterns reflect individual’s
emotional state [4]. Neuro-physiological responses may be a window to identify
human’s emotional arousal [5]. EDA and ECG are the indicators commonly used in
previous studies.

2.1 EDA

The volatilities of the EDA reflect the exocrine level of the central nervous system
innervated by the sympathetic nerve, which are considered as sensitive marks of
the events of particular significance to the individual, mainly related to emotion,
novelty, and attention [6]. EDA data contains two types of information: SCL reveals
long-term activation level, which is often used as an indicator of periodic emotional
arousal level in the study. SCR shows the phasic discharge of sympathetic nerve,
and the physiological and psychological irritant state caused by stimulation, which
is the indicator of short-term brain response processes. It can be used as a sign of
the emotional arousal caused by external stimulation of novelty events. SC value is
fitted by SCL and SCR. These three are often used as observation indexes in the
study [7, 8].

2.2 LF/HF of the ECG

The high-frequency component, HF (0.15–0.40 Hz), and the low-frequency compo-
nent, LF (0.04–0.15 Hz), were calculated by analyzing the time interval of heartbeat
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Fig. 1 Experimental route and scene

by the maximum entropy method. LF reflects sympathetic nerve activity [9], and HF
reflects parasympathetic activity [10]. Studies have confirmed that there has always
been the parasympathetic tone when people are at rest and in a relaxed state, while
sympathetic sounds are associated with excitement and tension. The LF/HF value
can reflect the state of people’s emotional activation. The greater the ratio is, themore
active the sympathetic nerve is. Therefore, the LF/HF value is an effective method
to evaluate the emotional changes from the perspective of neuropsychology.

3 Materials and Methods

3.1 The Experiment Design

The Dushuhu Campus of Soochow University was used as the test site. A walking
routewas planned in the campus covering asmany potential emotional arousal factors
as possible (Fig. 1). A high-quality video taking along the planned route was used
as the stimulus material for the experiment. Forty college students were recruited in
the campus as the subjects, and the ratio of male and female was limited around 1:1.

The experiment is based on the ErgoLAB man-machine environment synchro-
nization platform developed by Beijing Jinfa Technology Limited Company, which
is equipped with wearable wireless physiological recordingmodule and eye-tracking
analysis module.

3.2 The Purpose of Experiment

The main purpose is to explore the feasibility of dynamic assessment of the envi-
ronment based on wearable interactive technology through empirical research and
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to verify the reliability of the method through traditional environmental assess-
ment methods such as interviews and mental maps. At the same time, the explana-
tory significance of physiological data and their combinations on environmental
emotional experience is further revealed through the comparison of multiple
physiological indicators.

3.3 The Process of Experiment

The first step is to collect the baseline data. The following situations were excluded
through interviews, including subjects’ physical and mental illness, recent mood
swings, and the use of prescription drugs. Participants were required to sit still for
3 min, and the baseline levels of individual measurement parameters were collected.

The second step is the calibration experiment. Play an audio of a balloon explosion
(around 80 dB) to evoke a terrible response for the subjects and obtain a threshold
for their uncomfortable response.

The third step is the formal experiment. Participants were required to watch the
video, and any unrelated behaviors were prohibited during the process. The wearable
physiological recorder records the subject’s EDA and ECG index as well as other
physiological data at a sampling rate of 100 Hz (10-bit resolution). The eye tracker
tracked the subjects’ eye movements and changes in focus in real time.

The fourth step is review report. Participants review the process of emotional
experience, drawmentalmaps, and describe the triggers leading to emotional changes
verbally or in words.

3.4 Data Analysis

The ErgoLAB platform was used to complete the fusion of ECG, physiological, and
eye movement data, as well as data process and output. SPSS22.0 software was used
for sample data processing and statistical analysis.

4 Results

4.1 SC Value is a Window Reflecting Emotional Arousal

The experimental results show that the SC value is a valuable reference index for
judging emotional arousal, which can reflect the impact of transient stimuli on people.
In the experiment, we detected the emotional triggers of the campus environment,



The Empirical Research of the Emotional Experience Ambulatory … 809

including the parking of motor vehicles or bicycles, the passing of bicycles or pedes-
trians from the side, the appearance of landmark buildings, beautiful landscapes, and
the chirping of birds, etc. Among them, the first two factors bring negative emotional
experience, whereas the last three result in a positive feeling. All of the emotional
awakenings are embodied as peaks in the SC index. Comparedwith the physiological
baseline value of the subject and the threshold generated by the balloon explosion,
the degree of emotional arousal could be determined by interpolation. The valence
of emotion has to be determined by subjective descriptions after the experiment.

Figure 2 shows that the SC value of the participant of ID8 has a significant crest
when he passed a parking lot and saw nearby vehicles. When he reached a small
green area in the middle, the SC value decreased and gradually became flat. At the
time, the subject’s focus was the canopy in the distance, indicated with the red dot
in the figure. And the SC value increased again when he continued to move forward
and passed the vehicles parked on the side of the road.

4.2 The Variation Trend of SCL Reflects Individual Periodic
Emotional Experience

The variation trend of SCL reflects the emotional experience for a participant for
a stage. Figure 3 is the matrix of the EDA data of the subject ID1 for the entire
experimental process of 12 stages. Green line indicates the SCL value. It can be seen
from the figure that four stages S1, S3, S6, and S10 show an upward trend, which
correspond to the section at the entrance of the canteen with messy bicycle parking,
the lengthy road along the reeds, the road passing across the urban street, and the
road nearby the parking lot. The three stages of S2, S4, and S11 show a significant
decline, which correspond to the road along a large area of greenery, the road by the
waterfront, and the lawn, respectively. The S9 also shows a slight trend of decline
because participants can see trees of red and green on the opposite in this section. In
other stages, the trends are basically flat. Both S5 and S12 show an obvious growth
after a flat period. In the second half of these two stages, a large number of cyclists
and walkers passed by the subjects, verifying that traffic is the main factor resulting
in the fluctuations of EDA value.

4.3 The Sum of LF/HF Reflects the Overall Periodic
Emotional Experience

The LF/HF values can be quantified, and the average level of the entire subjects
group can be calculated, reflecting the emotional experience results of all participants.
Generally, when the LF/HF value is low, the parasympathetic nerve is excited, and
the subject is in a relaxed state. On the contrary, when the LF/HF value is high, the
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Fig. 2 EDA indicators and eye movement data of ID8 in section 10

sympathetic nerve is excited. In this case, there are two possibilities. One is positive,
that is joy and happiness, and the other is negative which means the generation of
stress. As same as the EDA indicators, the judgment of emotional valence requires
the subjective descriptions.

Data analysis (Table 1) shows that S6, passing across the urban street, has the
highest value, which indicates that the safety factor generates the greatest pressure
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Fig. 3 EDA data matrix of ID1 in 12 sections

Table 1 The sum of LF/HF value in 12 sections

on the subjects, followed by S1, bicycle parking at the entrance of canteen, S9,
the road leading to the Business College, and S10, parking lot on the west side of
the Business College. According to the subjective description, subjects have higher
cognitive loads in S6, S1, and S10 due to parking along the street and traffic, leading
to negative emotional experience. 21% of the subjects marked S9 as positive in the
mental maps, because they felt happy and novel when they saw the red and green
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trees across the road. Under the circumstances, the higher LF/HF value could be
interpreted as the excitement brought by the novelty, reflecting a positive emotional
activation.

The LF/HF values of S4, waterfront landscape, and S11, lawn, were the lowest,
which proved to be the most relaxed period for the subjects. It can be found that the
conclusion is highly consistent with the result obtained by the variation trend of SCL
value.

As for the landscape environment, the research on the restorative environment
proves that water seems to have stronger pressure-relieving effect than the greenery
[11]. But in this experiment, the median value of LF/HF of S4 is higher than S11,
likely because that vehicles parking around the waterfront prevented the subjects
to see and perceive the water. Only in the corner, the water showed up, and 71%
of the participants expressed a good mood at that point in subjective descriptions
because they can see the water and the weeping willows. Therefore, it can be inferred
that vehicles parking along the water reduced the recovery benefits of waterfront
landscape in the campus.

For roads, it can be clearly seen that the LF/HF values are generally high for the
roads with roadside parking, such as S1 and S10. The values are lower for the roads
without parking, indicating a more relaxing walking experience, for example, the
road along a large area of greenery to the south of the Architecture School (S2),
and the walkway to the underground passage (S7). We also found that the effect on
the subjects was reduced when the parking is away from a distance or shaded by
the shrubs. For example, the LF/HF values of S5 and S9 are lower than that of the
roads with roadside parking. In S5, walkways and parking areas are insulated with
greenery, and in S9, vehicles are parked on the other side of the pavement.

5 Discussion

The case selected in this empirical experiment is a typical newly built university
campus, with abundant land and obvious characteristics of motorization, which is
embodied in large scale, wide roads, and mixed traffic. Motorized traffic in the
campus is bound to bring a sense of pressure to pedestrians, and vehicles passing by
or parked along the street will increase pedestrians’ pressure response. It is suggested
to optimize the traffic design of the campus, rationally plan the parking lot, avoid
parking along the road asmuch as possible, increase the green isolation zone between
the parking lot and the main walking space, optimize the road section design, add the
isolation belt between pedestrians and vehicles or bicycles, and reduce themixing and
crossing between people and cars. In the campus of large scale, the psychological and
behavioral rules of students in walking process should be fully considered, especially
for the road connecting the residential area and the classroom area. The diversity and
interest of the walkways should be increased through design to avoid the negative
feeling that the road will never end.
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Large-scale landscapes, like lawn and water, are common in newly built univer-
sity campuses, which can play an important role in alleviating learning fatigue and
promoting cognitive ability recovery. However, the accessibility and availability of
the environment should be taken seriously to allow students to immerse themselves
in the environment instead of watching from a distance. In this case, it is suggested to
replace the parking around thewaterfrontwith a space for sitting and staying activities
to enhance the permeability of the water landscape to the surrounding environment.

6 Conclusions

This article introduces an empirical experiment using people as sensors to evaluate
the built environment. Based on a virtual scene by the video recording in the campus,
select college students as subjects by random and use the method combining real-
time measured physiological indicators (objective measurements) with mental maps
and interviews (subjective description), to detect the emotional variations of the
participants in the simulated walking process and evaluate the advantages and disad-
vantages of the design of the campus space and environment from the perspective
of users’ perception. The experimental results prove that the method of ambulatory
assessment of emotional experience can help designers to see the interdependence
between users and the environment and establish an innovative model for the people-
oriented design process, which provides important references for the improvement of
the built environment. This experiment verifies the characteristic physiological indi-
cators that reflect emotional state: The SC value is the window reflecting emotion
arousal, and the variation trend of the SCL and the sum of the LF/HF value reflect
the individual and overall emotion experience in stages. The discovery of these indi-
cators has enriched the research results in related fields and established quantitative
reference standards for the application of neuro-physiological measurements in the
process of architecture and urban design.

The study will be further optimized and improved from two aspects in the next
step. Firstly, the current judgment of emotional valence still depends on subjective
interview. More sensor parameters, such as the introduction of EEG data, could
be used to promote the process of emotion extraction from manual recognition to
automatic recognition in the future. Secondly, the guidance of the participants should
be strengthened in the experimental process to reduce the interference of irrelevant
factors. In addition, it is necessary to use virtual augmentation technology, such as
combining sensory evaluation and cave automatic virtual environment technology,
the VR-Platform CAVE system, to construct more immersive and more realistic
experimental scenes for a more reliable environmental experience.

In summary, the approach for assessing the emotional experience of a built envi-
ronment based on neuro-biological measurement, combining quantitative measure-
ment and qualitative interpretation for urban environmental study, can create a new
information layer for designers and enrich the process of citizen participation in
the design of urban space. Measuring people’s feelings and perceptions of the
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built environment objectively represents the refinement and inclusiveness of design,
which is conducive to creating a high-quality urban environment that meets people’s
psychological and physiological demands.
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Study on the Effect of 12-h Flight
Simulated on Visual Function

Dawei Tian, Feng Wu, Haibo Sheng, Yange Zhang, Qin Yao, Bin Ma, Bin Li,
Fengfeng Mo, and Lue Deng

Abstract Objective To explore the effects of 12-h flight on the visual system
and lay a theoretical foundation for developing visual fatigue protection measures.
Methods The visual function of six healthy subjects tested with Optec-6500 (Stereo
Corp, USA) for 12-h flight. Different spatial frequencies (1, 3, 6, 12, 18 cpd) and
distant vision and near vision were compared with preflight and postflight. Results
Compared with preflight, the contrast sensitivity CS value (frequency 3) was signif-
icantly lower than postflight. The contrast sensitivity CS value (frequency 1.5, 6,
12, 18) has a downward trend during flight. Conclusion 12 h of flight and sleep
deprivation may affect visual contrast and central visual function quality. It is vital
to formulate systematic, scientific and rapid visual fatigue protection measures to
reduce long-term flight and sleep deprivation to reduce the visual information load
of flight personnel.

Keywords Simulated flight · Long flight · Visual function · Contrast sensitivity ·
Flight fatigue · Sleep deprivation

1 Introduction

Flight is a labor with high risk and an important social significance. The complicated
factors of aerospace include complex angular acceleration, flight illusion, continuous
flight across whole day, which can make the flight personnel in a state of fatigue,
change the sleep rhythm, affect the flight ability and change the emotional state,
and even lead to serious flight accidents [1]. After flying, the pilot generally reflects
visual fatigue, reduced visual sensitivity, difficulty in observing the instrument and
error-prone areas. At the same time, the visual acuity decreases at night, the visual
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error increases during landing, the ability of attention distribution and diversion
decreases, and sometimes, transient gray or black vision occurs [2]. In this study, the
physiological functions of special vision were evaluated by simulating 12-h flight
visual stimulation test, which provided a theoretical basis for further study of long-
time flight-induced visual fatigue protection measures.

2 Subjects and Methods

2.1 Subjects

Six healthy subjects were selected, all male, aged 19–22 years. The corrected visual
acuity was above 1.0, and there was no organic ocular disease and no abnormal eye
examination. Subjects had no allergies or drug resistance to this study drug. Subjects
were reviewed by the relevant ethics committee of the Institute of AviationMedicine,
Air Force, voluntarily participated in the study and signed informed consent.

2.2 Methods

2.2.1 Medical Instruments and Equipment and Treatment Process

The subjects wore matching flight suit, helmet, mask and urine collection device.
Sitting on the simulated 12-hour flight seat, the simulation flight is carried out by
operating the flight control lever, throttle, rudder and keyboard on the computer
platform, and the set 12-h flight tasks are completed in sequence. Lock on flying
cliffs 3 is used to simulate the actual flight for 12 hours. During the flight, pay
attention to the brightness changes of light, instrument and screen display during the
alternation of day and night, and remind the subjects to keep vigilance at any time.
Optoc 6500 visual function analyzer (USA) was used to detect near vision, far vision
and contrast sensitivity at different frequencies. Near and far vision is tested under
the background of fixed brightness. Near visual acuity is the nearest distance that
the subjects can see the visual target of near vision chart 1.0. Contrast sensitivity
test is to check the resolution of human eyes in the case of complex transformation
of different brightness backgrounds. The contrast sensitivity of subjects at different
spatial frequencies of the light stripe was detected. The contrast sensitivity of five
spatial frequencies in three frequency regions, low frequency (1.5 cycles / degree),
3c/d, intermediate frequency (6c/d) andhigh frequency (12c/d, 18c/d),was examined.
There were nine different contrast gratings with fixed spatial frequency on each slide.
During the examination, the subjects were asked to watch the spatial frequency stripe
shape and then gradually change the contrast until they could not see clearly the
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articles. A total of three tests were conducted, and the mean value was calculated,
and the test results of contrast sensitivity were given.

2.2.2 Statistical Processing

Using SPSS 22.0 statistical software for statistical analysis of the data, using paired
t test, experimental data expressed in x̄ ± s, P < 0.05 is considered statistically
significant.

3 Results

Compared with the simulated preflight before, the binocular near vision and distant
vision have no obvious effect after two simulated flight tests, but the binocular near
vision and distant vision have a downward trend after two simulated flights, and the
results are detailed in Table 1.

The value of binocular contrast sensitivity CS (frequency 3) after two flight tests
was significantly lower than preflight, and the value of binocular contrast sensitivity
CS (frequency 1.5, 6, 12, 18) after two flight simulations showed a downward trend,
and the results are detailed in Table 2.

Table 1 Modeling changes of single, binocular distant, and myopic before and after 12-h flight
(x̄ ± s)

Time Grouping Binocular vision function

Near vision Distant vision

First 12 h Preflight 1.38 ± 0.29 1.23 ± 0.26

Postflight 1.25 ± 0.30a 1.20 ± 0.28b

t 1.512 1.000

P >0.05 >0.05

Second 12 h Preflight 1.38 ± 0.29 1.32 ± 0.22

Postflight 1.32 ± 0.21a 1.28 ± 0.28b

t 0.830 0.395

P >0.05 >0.05

Note Compare with preflight, near vision postflight
aP > 0.05; compare with preflight, near vision postflight
bP > 0.05
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4 Discussion

A study on the fatigue of long-range transport flight crew has been carried out by
the NASA abroad. The results suggest that the central nervous system and nervous
fatigue are increased during the mission compared with those before the mission.
Russian scholars found that 12 h time monotonous instrument and screen display
operation in flight 2–3 h fatigue, 4–5 after more obvious. Visual perception and
processing of instrumentation information slows down at the onset of sleepiness and
then becomes less alert and sometimes falls asleep briefly, prone to illusions and
hallucinations [3]. These studies suggest that the continuous appearance of a large
number of instruments and screen displays in the cabin leads to a lack of movement
and observation space of the eyeball, which may be in a forced position for a period
of 12 h; the continuous observation environment outside the cabin is single and lack
of change; the combination of the above factors, such as eye irritation, disturbance
of biological rhythm, and jet lag effect caused by different brightness environments
such as sea flight, glare, and night, may lead to visual fatigue [4].

The mechanism of long-term flight visual fatigue may be due to electromagnetic
radiation from aerospace environment, ultraviolet and blue light emitted by display
panel and instrument. These stimulating environments strongly stimulate visual cells.
Long-termcumulative injury can cause eye fatigue, blurred vision and even headache.
The light intensity, flicker, poor clarity, uneven brightness and glare effect of day and
night alternation can interfere with the adjustment and stimulate the visual nerve,
leading to the central nervous system reaction function decline, and then affect the
visual cortex of the brain processing of vision [5, 6]. The long-term contraction
of the ciliary muscle will lead to reduced flexibility and cause visual fatigue. In
addition, the adjustment force level of the eyes after long flight is often reduced,
which leads to the tension of the ciliary muscle caused by long-term near vision
defocusing after the retina, which lasts until a certain time and reaches the limit after
a certain degree; when it cannot be compensated, it will suddenly give up, and the
tension of the eye becomes relaxed, and the symptoms of blurred vision or heavy
shadow appear immediately [6]. The flicker of the screen display instrument can
lead to symptoms such as visual fatigue and irritability, headache. The resolution,
clarity, font, paragraph gap, contrast, and brightness of the screen all affect the visual
function. Alternating day and night and dazzling light can form reflective, show off,
and interfere with the visual system and may be involved in the occurrence of visual
fatigue.

The mechanism of visual fatigue caused by long-time flight is not clear, which
may be related to the following aspects: ➀ Fatigue stimulates serotonin receptors in
the central system to increase the release of GABA and weaken the arousal level of
the central nervous system [7, 8]. However, brain regions related to cognitive function
which include limbic system, such as hippocampus (encoding executive function),
and thalamus (continuous and stable function) have lower utilization of glucose by
neurons [9]. ➁ Studies have confirmed that the retina, as a specialized part of the
central nervous system, plays an important role in retinal function. In addition, the
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changes of glutamate and its receptors may be involved in retinal diseases caused
by many other factors [10]. ➂ Tong studied the correlation between nerve activity
in the high-level visual area of the occipitotemporal lobe of human brain and visual
consciousness in binocular competition through functional magnetic resonance and
found that the lack ofGABAwill lead to the degeneration of nerve cells, thus reducing
the visual selection ability of Macacamulatta. The visual cortex cells can restore the
orientation and direction selectivity of visual stimulation to a greater extent [11, 12].
➃ Recent brain imaging studies have shown that visual working memory and even
visual perception tasks can activate the medial temporal lobe, especially the marginal
cortex adjacent to the hippocampus. In addition, the study of patients with bilateral
medial temporal lobe injury showed that thememory ability of the subjects decreased
significantly after completing the visual work of complex information [13].

Simulator flight operation based on virtual reality technology is a complex flight
cognitive operation task, 12-h time flight will have a bad effect on human cognitive
operation ability, through the change of normal circadian rhythm to make the level
of flight control ability to show periodic, volatile changes, and sleep deprivation will
cause a series of changes in mood, learning memory, immune function, etc.; with the
increase of fatigue, itwill also cause a series of physiological, psychological, and even
behavioral changes. The compound superposition effect of the two is reflected in the
fluctuation change of human physiological function, and the decline of physiological
function in severe cases may affect the change of visual function. Contrast sensitivity
is the reciprocal of the black-and-white fringe threshold for the lowest recognition
spatial frequency (size, thickness) of the human eye [14]. Contrast sensitivity is the
ability of humaneyes to recognize the lowest spatial frequency, including the ability to
distinguish the difference of different visible areas under average brightness, which
can reflect the visual function sensitively and truly [15]. The clinical significance
of contrast sensitivity varies from frequency region to frequency region. The high
frequency region mainly reflects the ability of visual sensitivity, while the middle
frequency region reflects the comprehensive ability of visual contrast and central
vision. The change of medium frequency contrast sensitivity is closely related to the
quality of central visual function [16]. The experimental results show that the near
vision and distant vision of both eyes have no obvious effect after two flight tests,
but the near vision and distant vision of both eyes have a downward trend after two
simulated flights. The value of binocular contrast sensitivity CS (frequency 3) after
two flight tests was significantly lower than that pre-flight, and the value of binocular
contrast sensitivity CS (frequency 1.5, 6, 12, 18) after two flight simulations showed
a downward trend. The results showed that 12-h time flight and sleep deprivation
may cause human body fatigue awareness, reduce the ability of stress response, and
have a certain inhibitory effect on the central system, while the contrast sensitivity
mid-frequency region has a decreasing trend, reflecting the flight fatigue and sleep
deprivation may affect optic nerve cells through the central nervous marginal region
[9].
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5 Conclusion

Long-time flight and sleep deprivation make the human body in a state of low
arousal. At this time, the mood of the human body deteriorates and the cognitive
level decreases, which may have a certain impact on the visual function. Visual
fatigue may be involved in the decline of neural activity in the limbic system related
brain regions, leaving the body in a low arousal state. This inhibition is achieved
by increasing the neural activity associated with the limbic system and reducing the
arousal state of the body. In this study, after long-term flight and sleep deprivation,
the contrast sensitivity of intermediate frequency decreased significantly, and the
contrast sensitivity (full frequency region) showed a decreasing trend, which may
be caused by inhibition factors caused by flight fatigue. Combined with the above
mechanism analysis, whether flight fatigue participates in the process of low arousal
of optic nerve is through acting on 5-HT receptor, reducing glutamate release or
activating other regions of limbic system, which needs to be further studied through
animal experiments and molecular biological experiments.
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Evaluation and Analysis of Intelligent
EarlyWarning System in Crowded Places

Qiquan Wang, Meiming Liu, Haibo Xu, Yanhua Meng, Ping Chen, Yu Zhu,
and Xi Sun

Abstract In order to deal with accidents in crowded places, research on technical
methods for accident prevention and control and intelligent early warning systems
in crowded places have been widely used. Based on the analytic hierarchy process
and fuzzy comprehensive evaluation method, an intelligent monitoring and early
warning evaluation index system for crowded places are constructed. Combined with
the analysis and study of the situation of specific personnel-intensive places, the use
of intelligent early warning systems is verified through quantitative data analysis,
providing a scientific reference for the further improvement of the system.

Keywords Crowded places · Crowd density · Intelligent early warning · Fuzzy
comprehensive evaluation method

1 Introduction

People-intensive places mainly refer to public activity places with more than 50
people gathered at the same time. In recent years, security incidents in people-
intensive places have shown a trend of frequent growth [1]. According to the incom-
plete statistics, the number of accidents in people-intensive places at home and abroad
in the past five years has occurred. It shows an increasing trend, causing great harm
to people’s lives and property safety [2]. The accidents that occur are mainly prone to
secondary derivative accidents such as trampling and catastrophic accidents, and the
main reasons include people, machines, environment, and management [3]. There-
fore, constructing an evaluation index system for the monitoring and early warning
system of personnel-intensive places, and establishing an intelligent early warning
system for personnel-intensive places are of a great significance for scientifically
preventing accidents in personnel-intensive places.
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Fig. 1 Indicator system for crowded places

2 Construction of Intelligent Monitoring and Early
Warning Assessment Index System
in Personnel-Intensive Places

The monitoring and early warning indicator system for personnel-intensive places
such as subway stations and the composition of various subsystems in personnel-
intensive places and their corresponding functions are used to construct an intelligent
monitoring and early warning evaluation indicator system for personnel-intensive
places [4]. The intelligent monitoring and early warning system for people-intensive
places are divided into two levels of indicators, as shown in Fig. 1.

3 Analytic Hierarchy Process to Determine Weights

In the intelligent early warning evaluation indicators of personnel-intensive places,
the evaluation factor judgment matrix is determined by six experts according to the
importance definition table in the analytic hierarchy process. The weight vector is
calculated using the normalization method, and the average value is used to obtain
the weight value. After processing and consistency check, the weights of all levels
in the system are shown in Table 1.

4 Fuzzy Comprehensive Evaluation Analysis

As a typical crowded place, the subway has played an irreplaceable role in the
development of the city. Because the subway is underground and its crowd density is
high, it is difficult to evacuate. This article chooses a subway station as an example
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Table 1 Weighting table of
intelligent monitoring and
early warning index system

Level 1 indicator Level 2 indicator Weights

Crowd density detection
system
0.2521

Video information
collection

0.6270

RFID information
collection

0.2923

Data processing system 0.0807

Early warning system
0.5752

Crowd density
assessment

0.7500

Early warning measures
launched

0.2500

Emergency evacuation
system
0.1727

Monitoring population
distribution

0.5679

Planning an evacuation
route

0.3339

Rescuer command 0.0982

to verify the intelligent detection of crowded places and the normal operation of the
early warning system. In the selection of subway stations, a Beijing subway station
was selected for example verification. The experimental subway stations should
have characteristics such as large pedestrian turnover (transfer stations) and suitable
entrance amount (5 or more). Verification and analysis of the intelligent monitoring
and early warning system for densely populated places. After selecting the subway
station as the verification target of the example, the verification is performed. A
schematic diagram of a subway station in Beijing is shown in Fig. 2.

Fig. 2 A subway station in
Beijing
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4.1 Establish a Rank Matrix

After determining the weights in the intelligent monitoring and early warning system
of the subway station according to the analytic hierarchy process, the fuzzy compre-
hensive evaluation method was used to evaluate the system and evaluate its effect.
The membership values of the five experts’ scores were comprehensively analyzed
and normalized. The establishment of the factor rank matrix from top to bottom R1
R2 R3 is shown below.

R1 =

⎧
⎪⎨

⎪⎩

0.2, 0.4, 0.4, 0

0.2, 0.4, 0.2, 0.2

0.2, 0.6, 0.2, 0

⎫
⎪⎬

⎪⎭
R2 =

{
0.2, 0.6, 0.2, 0

0.2, 0.4, 0.2, 0.2

}

R3 =

⎧
⎪⎨

⎪⎩

0.2, 0.4, 0.4, 0

0.4, 0.2, 0.2, 0.2

0.6, 0.2, 0.2, 0

⎫
⎪⎬

⎪⎭

4.2 First-Level Fuzzy Comprehensive Evaluation

The indicator weights obtained by referring to the data in Table 1 are as follows:

A = {0.2521, 0.5752, 0.1727}
A1 = {0.6270, 0.2923, 0.0807}
A2 = {0.7500, 0.2500}
A3 = {0.5679, 0.3339, 0.0982}.

According to the expert’s assessment, the M (∧∨) operator is used to obtain the
first-level fuzzy evaluation B1.

B1 = A1 × R1 = {0.6270, 0.2923, 0.0807} ×

⎧
⎪⎨

⎪⎩

0.2, 0.4, 0.4, 0

0.2, 0.4, 0.2, 0.2

0.2, 0.6, 0.2, 0

⎫
⎪⎬

⎪⎭

= {0.2, 0.4, 0.4, 0}

B2 = A2 × R2 = {0.7500, 0.2500} ×
{
0.2, 0.6, 0.2, 0

0.2, 0.4, 0.2, 0.2

}

= {0.2, 0.6, 0.25, 0.2}

B3 = A3 × R3 = {0.5679, 0.3339, 0.0982} ×

⎧
⎪⎨

⎪⎩

0.2, 0.4, 0.4, 0

0.4, 0.2, 0.2, 0.2

0.6, 0.2, 0.2, 0

⎫
⎪⎬

⎪⎭

= {0.3339, 0.4, 0.4, 0.2}
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Normalization process to establish the overall evaluation matrix B.

B =

⎧
⎪⎨

⎪⎩

0.2725, 0.2875, 0.3810, 0

0.2725, 0.4286, 0.2380, 0.5000

0.4550, 0.2857, 0.3810, 0.5000

⎫
⎪⎬

⎪⎭

4.3 Secondary Fuzzy Comprehensive Evaluation

On the basis of the first-level fuzzy evaluation, a second-level fuzzy comprehen-
sive evaluation is required. The second-level fuzzy evaluation can show the impact
of all elements in the index on the overall evaluation, so a second-level fuzzy
comprehensive evaluation is required. Doing so makes the result error lower with
confidence.

A = {0.2521, 0.5752, 0.1727}, B is a matrix calculated in the first-level fuzzy
evaluation, so C is the product of A and B.

C = A × B = {0.2521, 0.5752, 0.1727} ×

⎧
⎪⎨

⎪⎩

0.2725, 0.2875, 0.3810, 0

0.2725, 0.4286, 0.2380, 0.5000

0.4550, 0.2857, 0.3810, 0.5000

⎫
⎪⎬

⎪⎭

= {0.3040, 0.3679, 0.2987, 0.1740}

After normalization, the result is

C = {0.3261, 0.2736, 0.2221, 0.1382}

4.4 Processing of Fuzzy Comprehensive Evaluation Results

The above calculation process shows that the safety status of the entire subway station
intelligent monitoring and early warning system is graded, and the various grades
are given points based on the percentage system as shown in Table 2. According to
Table 2, the total score f of the entire system can be calculated.

Table 2 Security level table

Fraction 100 80 60 40

Security level Excellent Good Average Poor
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Based on the specific scores in the table and the normalized resultC, the total score
of the intelligent monitoring system for personnel-intensive places is calculated as
follows.

f = 100 × 0.3261 + 80 × 0.2736 + 60 × 0.2221 + 40 × 0.1382 = 73.352

According to the result, the safety status of the intelligent monitoring and early
warning system of the subway station are medium and close to good; therefore, the
probability of accidents is not high. Adding an intelligent monitoring and prevention
system in a crowded place can effectively reduce the probability of an accident. The
security is improved, and the feasibility and effect of the intelligent monitoring and
early warning system are verified.

4.5 Evaluation Analysis and Improvement

The fuzzy comprehensive evaluation method is used to estimate the scores of the
intelligent early warning system of the entire densely populated place, and it is
found that the overall condition is good, and the accident can be effectively prevented.
Through weighting and expert judgment, it can be seen that in the crowd density.
The detection method is used to judge, and the accuracy of the detection needs to be
improved. The combination of RFID and infrared acquisition technology can be used
to detect and improve the accuracy of crowd density detection. The precautionary
measures should be based on the grading warning; according to specific application,
sites are adapted to local conditions and improve the system’s suitability for early
warning and prevention in personnel-intensive places [5]. In terms of emergency
measures, it is necessary to establish a database of accidents in personnel-intensive
places, improve the emergency measures by analyzing the causes of accidents, and
integrate emergency rescue plans with combine the system, strengthen the training of
on-site management personnel, be familiar with the relevant measures in the system,
ensure that the rescue is quickly carried out when an accident occurs, improve the
efficiency of rescue, and ensure the safe operation of personnel-intensive places.

5 Conclusion

Constructing an intelligent monitoring and early warning evaluation index system,
use the analytic hierarchy process to determine theweight of the index system, select a
suitable subway station in Beijing to launch example analysis, evaluate the feasibility
and effect of the intelligent earlywarning linkage system in a densely populated place.
Using fuzzy comprehensive evaluation method to conduct a quantitative verification
of intelligent early warning system, based on the obtained quantitative analysis data
to propose corresponding improvement ideas and solutions.
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Application of RULA to Research
the Ergonomics Risk of Hand-Held
Grinding Operation

Yanqiu Sun, Zhenlong Lu, Jianwu Chen, Bin Yang, Weijiang Liu,
and Zidai Xia

Abstract Objective—To study the risk of work-related musculoskeletal disorders
(WMSDs) of four working positions of hand-held grinding in the mechanical manu-
facturing industry. Methods—Application of rapid upper limb assessment (RULA),
the bad postures of arm and wrist, neck, trunk and leg are scored, respectively; the
total score is obtained by combining with the corresponding muscle use score and
force/load score, then assess the risk grade according to the total score. Results—
The bad posture of upper arm, wrist, neck and trunk is more obvious; the lower arm
is followed; the bad posture of legs is not obvious; muscle use and force/load are
not obvious. Conclusion—The results show that there are middle and high grades
WMSDs ergonomic risks in the working process of four kinds of hand-held grinding
postures, which need further study and take corresponding ergonomic improvement
measures.

Keywords Rapid upper limb assessment ·Work-related musculoskeletal
disorders · Hand-held grinding operation · Ergonomics · Risk grade

1 Research Purpose

Work-related musculoskeletal disorders which are caused by working can cause
discomfort, pain and injury of musculoskeletal system in neck, shoulder, back and
so on [1, 2]. Epidemiological studies show that WMSDs covers a wide range of
industries and has a high prevalence rate; it not only has a serious influence on
workers’ health, but also causes a huge economic burden to the society [3, 4]. In
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recent years, WMSDs which is caused by multiple parts of the body has attracted
much attention.

The rapid upper limb assessment (RULA) was developed by Lynn McAtamney
and E. Nigel Corlett, who are in the institute of occupational ergonomics, University
of Nottingham, the UK, which is a screening tool to assess the whole body biome-
chanics and postural load, the RULA can also estimate the upper limb disorder
risks. It is widely used in risk assessment of work-related musculoskeletal disor-
ders (WMSDs) in abroad [5–7]. RILA as a method of assessment is used to eval-
uate WMSDs ergonomic risk in the process of shipbuilding, mask production and
shoemaking. The squat posture may have harmful effects on the musculoskeletal
system, so for the hand-held grinding operation workers, stand working posture is
superior to squat posture. This study is based on the above research, and hand-held
grindingworkers take different working postures for different grindingworkpieces in
the mechanical manufacturing enterprises [8, 9]. In the study, we used the RULA to
assess risk grade ofwork-relatedmusculoskeletal disorders in four kinds of hand-held
grinding working postures and put forward improvement measures and suggestions.

2 Research Object and Method

2.1 Research Object

Grinding is a common job in machinery manufacturing industry. In this study, we
took four working postures of hand-held grinding as the research objects, and they
are stand working posture grinding (small pieces), stand working posture grinding
(big pieces), leaning bend grinding (big pieces) and squat posture grinding, which
are shown in Figs. 1, 2, 3, and 4.

Fig. 1 Stand working
posture grinding (small
pieces)
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Fig. 2 Stand working
posture grinding (big pieces)

Fig. 3 Leaning bend
grinding (big pieces)

2.2 Research Method

RULA is mainly according to human posture; at the same time, it considers the add
force/load and muscle use (including static force and repeatability) and at last gives
the final score of arm, wrist, neck, trunk, leg and prevention suggestions, which are
used to improve the design of workplace, design hand operation or guide the redesign
of existing operations [10]. RULA assessment gives quick and systematic assessment
of the postural risks. The analysis can be conducted before and after an intervention
to demonstrate that the intervention has worked to lower the risk of injury. There are
totally 15 steps in RULA assessment. By checking the bad posture of different parts
of body, muscle use and force/load, the bad postures of arm and wrist (collectively
referred to as part A), neck, trunk, and leg (collectively referred to as part B) are
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Fig. 4 Squat posture
grinding

scored, respectively, the total score is obtained by combining with the corresponding
muscle use score and force/load score and then assesses the risk grade according to
the total score.

The risk is divided into four grades according to the total score (1–7 score), I grade
is 1 or 2 score, almost no risk, acceptable posture. II grade is 3 or 4 score, low risk,
further investigation, change may be needed. III grade is 5 or 6 score, moderate risk,
further investigation, change soon. IV grade is 7 score, very high risk, investigation
and implement change.

3 Conclusions

3.1 Arm and Wrist Posture Analysis Results

Arm and wrist scores of four working positions of hand-held grinding are as follows:
upper arm score is 2–4, in which the stand working posture grinding (big pieces)
is the highest score, lower arm score is 1–3, wrist score is 4, wrist twist is score 1,
posture score A is 4–6, muscle use score is 1, force/load score is 0, the wrist and arm
total score is 5–7, the details are shown in Table 1.

3.2 Neck, Trunk and Leg Posture Analysis Results

Neck, trunk and leg scores of four working positions of hand-held grinding are as
follows: neck score is 3–4, trunk score is 3–6, in which the leaning bend grinding
(big pieces) is the highest score, leg score is 1–3, posture score B is 4–8, muscle use
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Table 1 Arm and wrist posture analysis results

Working
posture

Upper
arm
score

Lower
arm
score

Wrist
score

Wrist
twist
score

Posture
score A

Muscle
use score

Force/load
score

Wrist
and
arm
score

Stand
working
posture
grinding
(small
pieces)

2 1 4 1 4 1 0 5

Stand
working
posture
grinding
(big
pieces)

4 3 4 1 6 1 0 7

Leaning
bend
grinding
(big
pieces)

3 3 4 1 5 1 0 6

Squat
posture
grinding

2 2 4 1 4 1 0 5

score is 1, force/load score is 0, the neck, trunk and leg total score is 5–9, the details
are shown in Table 2.

3.3 Final Score and Risk Grade

The total scores of four working positions of hand-held grinding are 6–7. The risk
grade of stand working posture grinding (small pieces) is III, moderate risk, further
investigation, change soon. The risk grades of stand working posture grinding (big
pieces), leaning bend grinding (big pieces) and squat posture grinding are IV, very
high risk, investigation and implement change. The details are shown in Table 3.

3.4 Ergonomic Improvement Measures and Suggestions

The risk grade of stand working grinding (small pieces) is III, and the risk factors
for workers are shown as follows: upper arm is abducted in the process of grinding
operation, wrist is twisted in mid-range in the operation of hand-held angle grinder,
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Table 2 Neck, trunk and leg analysis results

Working
posture

Neck
score

Trunk
score

Leg
score

Posture
score B

Muscle use
score

Force/load
score

Neck, trunk
and leg
score

Stand
working
posture
grinding
(small
pieces)

3 3 1 4 1 0 5

Stand
working
posture
grinding
(big
pieces)

3 4 1 5 1 0 6

Leaning
bend
grinding
(big
pieces)

4 6 1 8 1 0 9

Squat
posture
grinding

3 4 1 5 1 0 6

Table 3 RULA analysis results of four working postures

Working posture Wrist and Arm Score Neck, trunk and leg
score

Final score Risk grade

Stand working posture
grinding (small pieces)

5 5 6 III

Stand working posture
grinding (big pieces)

7 6 7 IV

Leaning bend grinding
(big pieces)

6 9 7 IV

Squat posture grinding 5 6 7 IV

neck and trunk are twisted with the different of workpiece position. The suggestion
is to place the workpieces correctly during working, reduce working posture of the
abduction of upper arm, twisted of neck and trunk.

The risk grade of stand working posture grinding (big pieces) is IV, upper arm
score is the highest, the risk factors for workers are shown as follows: because of
the grinding big pieces is large, upper arm is abducted in the process of grinding
operation, lower arm is worked across midline or out to side of body, wrist is twisted
in mid-range in the operation of hand-held angle grinder, trunk is twisted with the
different of workpiece position. The suggestion is to set the workpiece placing bench
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to automatically adjust the position of the workpiece, reduce working posture of the
abduction of upper arm, twisted of trunk, and avoid lower arm is worked across
midline or out to side of body.

The risk grade of leaningbendgrinding (big pieces) is IV, trunk score is the highest,
the risk factors for workers are shown as follows: because of complex structure of
the workpiece, upper arm is abducted in the process of grinding operation, wrist
is twisted in mid-range in the operation of hand-held angle grinder, neck is side
bending, trunk is twisted and side bending. The suggestion is to set the workpiece
placing bench to automatically adjust the position of the workpiece, avoid neck is
side bending, working posture of twisted and side bending of the trunk.

The risk grade of squat posture grinding is IV, the risk factors for workers are
shown as follows: the worker needs to take squat posture, wrist is twisted in mid-
range in the operation of hand-held angle grinder, trunk is twisted with the different
of workpiece position. The suggestion is to set the workpiece placing bench, take
stand working posture, and avoid trunk is twisted in working.

4 Conclusions

The results show that there are middle and high grades WMSDs ergonomic risks in
the working process of four kinds of hand-held grinding postures, which need further
study and take corresponding ergonomic improvement measures.

Manual activity is mainly used in the process of hand-held grinding operation, and
the characteristics of adverse ergonomic factors are shown as follows: the bad posture
of upper arm, wrist, neck and trunk is more obvious, the lower arm is followed, the
bad posture of legs is not obvious, muscle use and force/load are not obvious. We
should choose the hand-held grinding tool less than 2 kg as far as possible to reduce
the force/load, whichmakes sure that a large force/load is not required in the grinding
process. The adverse ergonomic factors of hand-held grindingmainly caused by poor
working posture and repeated operation. It is suggested to correct according to the
improvement measures and reduce the frequency of repeated operation.

5 Discussions

The RULA method is applied to study the WMSDs ergonomic risk in the process
of hand-held grinding in machinery manufacturing industry in the paper and
discovery that there are middle and high grades WMSDs ergonomic risks and
adverse ergonomic factors. Considering that there are many methods to evaluate
the ergonomic factors of WMSDs, different methods have their own characteristics
and applicable conditions, we need to explore different identification and evalua-
tion methods in the future, identify and evaluate WMSDs ergonomic risk of hand
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grindingworkersmore comprehensive and systematic,which canprovidemeaningful
reference for preventive measures.
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Analysis of the Fighter Pilots
Acceleration Tolerance Selection Method
and Results

Rong Lin, Baohui Li, Yan Xu, Lihui Zhang, Hong Wang, Xiaoyang Wei,
Yifeng Li, Jinghui Yang, Xichen Geng, Liu Yang, Juan Liu, Duanqin Xiong,
and Zhao Jin

Abstract Objective To discuss and analyze the +Gz tolerance selection results of
high-performance aircraft pilots. Methods One thousand and seven hundred forty-
three aircraft pilots +Gz tolerance data were collected and analyzed by cross-
sectional study. The +Gz tolerance examination method, qualification rate and the
correlation of that between age and flying hour were analyzed. Results Straining
was not banned strictly, furthermore, the pilot was permitted to adopt the breathing
method of HPmaneuver during+Gz tolerance examination. Of the 1743 pilots, 1569
completed the selection run, and the qualification rate was 90%. The qualification
rate was significantly related to the age (r = 0.891, P = 0.000) and flying hours (r
= 0.9281, P = 0.004). When reaching the end point of G tolerance, 39.3% pilots
got a change of vision and the incidence of A-LOC and G-LOC was 1.7% and 2.6%,
respectively. Conclusions The high-performance aircraft pilots+Gz tolerance selec-
tion qualification rate was greater than formerly reported. Less +Gz exposure runs,
standardized breathing maneuver and muscular straining may contribute to the high
qualification rate.

Keywords Acceleration · Centrifuge · G tolerance · Pilots

1 Introduction

In order to select high-performance fighter pilots with excellent G tolerance, the air
forces of various countries have developed corresponding +Gz tolerance evaluation
methods and standards for pilots [1–4]. In order to exclude the effect of the anti-G
equipment and anti-G straining maneuver (AGSM) on G tolerance, the unprotected,
relaxed+Gz tolerance testwas adopted extensively [5–7]. The “basic”+Gz tolerance
selection of our high-performance aircraft pilots is used to carry out according to
GJB 3293-1998 “ Assessment and test methods of sustained positive acceleration
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tolerance for pilots” [4] on an old “Six-three” human centrifuge. The pilots were
exposed +Gz acceleration without anti-G equipment, and breathing naturally and
intended straining muscle were not permitted. Since the centrifuge was replaced
with a new high performance one, the physiology experts engaged in this work also
modified the basic +Gz tolerance selection method. The +Gz tolerance selection
method and results were analyzed and discussed in this study.

2 Subjects and Methods

2.1 Subjects

The subjects were 1743 fighter pilots who have accepted basic +Gz tolerance selec-
tion, the average age was 28 (21–45) years and the flying hours was 796 ± 233 h
(93–3460 h).

2.2 Basic +Gz Tolerance Selection

The basic+Gz tolerance selection for fighter pilots was performed in the new human
centrifuge. The pilots were exposed three runs at the onset rate of 1 G/s, and the peak
duration of +Gz exposure was 10 s. The selection would be qualified if the +Gz
tolerance was not lower than the evaluation standard. The pilots were asked to adopt
the breathing method of HP maneuver during +Gz exposure [8].

2.3 Data Analysis

SPSS 18.0 software was used to manage the data and conduct the statistical analysis.
The critical level of significance was set at P < 0.05.

3 Results

3.1 Result of Fighter Pilots +Gz Tolerance Selection

About 1569 (90%) of the 1743 pilots were qualified, 132 pilots (7.6%) reached the
peak G level but did not maintain for 10 s. Thirty-eight pilots tolerance lower than
moderate 1, nine of them had experienced G-LOC, two of them had experienced
A-LOC, and six of them had experienced black vision (Table 1).
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Table 1 Result of fighter pilots +Gz tolerance selection

+Gz tolerance Peak G-level duration (s) n Percentage (%)

Low 1 <10 22 1.3

Low 2 10 3 0.2

Moderate 1 <10 13 0.7

Moderate 2 10 4 0.2

Almost qualified <10 132 7.6

Qualified 10 1569 90.0

Total 1743 100

Table 2 Age distribution of the fighter pilots +Gz tolerance qualification rate

Age groups (yrs) Total Qualified number Qualification rate (%)

21–25 564 508 90.1

26–30 761 670 88.0

31–35 266 246 92.5

36–40 112 105 93.8

≥41 40 40 100.0

Total 1743 1569 90

3.2 The Age Distribution of +Gz Tolerance Qualification
Rate for Pilots

There are 1325 pilots aged between 21 and 30 years, accounting for 76% of all pilots.
The difference of qualification rate between different age groups was of statistically
significant (χ2 = 11.275, P = 0.024). The analysis of correlation test showed that
there was a significant correlation between the selection qualification rate and age (r
= 0.891, P = 0.000) (Table 2).

3.3 The Relation Between Qualification Rate of Basic +Gz
Tolerance Selection and Flying Hour

The difference of qualification rate among different flying hour groups was of statis-
tically significant (χ2 = 18.315, P = 0.005). The analysis of correlation test showed
that there was a significant correlation between the selection qualification rate and
flying hour (r = 0.9281, P = 0.004) (Table 3).
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Table 3 +Gz tolerance qualification rate in different flying hour groups

Flying hours (h) Total Qualified number Qualification rate (%)

100–500 782 704 90.0

501–1000 502 434 86.5

1001–1500 219 199 90.9

1501–2000 130 124 95.4

2001–2500 71 69 97.2

2501–3000 23 23 100.0

≥3001 3 3 90.0

Total 1730 1556 100

3.4 Change of Vision and Consciousness When Reaching
the End Point of G Tolerance

Except for one pilot who felt dizzy and asked to terminate examination, of the other
1742 pilots, 984 (56.5%) pilots were of no complain and 684 (39.3%) pilots got
a change of vision when reaching the end point of G tolerance. Forty-five pilots
(2.6%) had experienced G-induced loss of consciousness (G-LOC). Twenty-nine
pilots (1.7%) had experienced almost loss of consciousness (A-LOC). The difference
of qualification rate among different complain groupswas statistically significant (χ2

= 469.254, P = 0.000) (Table 4).

Table 4 Change of vision or consciousness at the end point of G tolerance and qualification rate

Complain n Percentage (%) Qualification rate (%)

No complain 984 56.5 97.4

Peripheral light dimmed 524 30.1 95.4

Peripheral light loss 27 1.5 70.4

Peripheral lights loss with central light dimmed 100 5.7 85.0

Blackout 33 1.9 27.3

G-induced loss of consciousness 45 2.6 8.9

G-induced almost loss of consciousness 29 1.7 3.4

Total 1742 100
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4 Discussions

Because the false breathing method would decrease +Gz tolerance, the pilots in this
study were permitted to breath according to the essentials of HP maneuver. It is
difficult to avoid or prevent the pilots from straining muscles or performing ASGM
when +Gz exposure; this would have some effect on the selection.

The results of this study indicated that the qualification rate of +Gz tolerance
selection for high-performance fighter pilot based on new human centrifuge was as
high as 90%, but there were still very few pilots who did not meet the +Gz tolerance
standards. The qualification rate of +Gz tolerance selection for pilots was positively
correlated with age, and the qualification rate of pilots over 31 years old was greater
than pilots under 30 years old.

When reaching the end point of G tolerance, various changes of vision and
consciousness that occur can be divided into the following types and recorded: no
complain, peripheral light dimmed, peripheral light loss, peripheral light loss with
central light dimmed, blackout, G-induced loss of consciousness (G-LOC) and G-
induced almost loss of consciousness (A-LOC), which can be applied in the general
sort of +Gz tolerance for pilots.

The present pilot +Gz tolerance examination methods and standards were very
different from the past in some ways as follows:

1. Different +Gz exposure profile
According to the requirements of GJB 3293-1998, the G exposure started from a
low G value to the qualified run increasing by 0.25–0.5 G each time. Each pilot
experienced about five G exposures. The examination in this study performed
only three G exposures increasing by 0.75–1.0 G each time.

2. Different requirements
According to GJB 3293-1998, the pilots were required to breathe naturally and
do not intend to straining muscles actively during the examination. In this study,
the pilots could adopt the breathing method of HP maneuver and the muscle
straining was not strictly controlled. In fact, the examination result above was
not “basic” +Gz tolerance anymore.

3. Different standards

In early reports [9, 10], the assessment standard specified in GJB 3293-1998 [4]
was used as pilot +Gz tolerance selection which was more difficult to pass than that
of this study.

5 Conclusions

According to the present examination method, the qualification rate of +Gz toler-
ance selection for fighter pilot reached 90%. Less +Gz exposure runs, standardized
breathing maneuver and muscular straining may contribute to the high qualification
rate.
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Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Air Force Medical Center of FMMU. All subjects who participated
in the experiment were provided with and signed an informed consent form. All relevant ethical
safeguards have been met with regard to subject protection.
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Study on the Impact
and Countermeasure of Plateau Alpine
Region on Shooting of a Type of Light
Weapons

He Wu, Xiang Gao, Zhengbu Liu, Yanyan Ding, Haoyuan Li, and Xin Wang

Abstract Theplateau alpine region is vast, and the climate is changeable. Theunique
geographical environment will have a greater impact on the shooting effect of light
weapons. We made statistics on the shooting results of light weapons of a unit in
the plains and in the plateau alpine region and analyzed the decline percentage at all
levels. Aiming at the characteristics of the environment in the plateau alpine region,
the impact of the environment on weapon effectiveness and the physical and mental
function of the shooter during the light weapon shooting training in the region was
found, and countermeasures and suggestions for reducing the impact and improving
the shooting results were proposed.

Keywords Plateau · Alpine · Shooting · Impact

The plateau alpine region refers to a mountainous area with an altitude of more than
3000 m, a cold climate, and thin air. Its main environmental characteristics are cold
climate and low average temperature, especially in areas above 4500 m above sea
level. It is winter in all seasons, the average temperature is 8–9 °C lower than the
plain area at the same latitude, and extreme temperatures are close to minus 40 °C.
Low air pressure and low air density are only about 80% of the plain area and about
35% less oxygen content than the plain area; the temperature difference is large, the
wind and snow are obvious, the sun is so hot during the day, and the temperature is
as high as 20–30 °C. At night and early morning, temperatures may drop below 0 °C
[1].

Fighting in the plateau alpine regions, the natural environment is harsh, the battle-
field conditions are difficult, the social support is poor, and the support of weapons
and equipment is arduous, which will have a great impact on combat operations.
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1 Influence of Plateau Alpine Region on Light Weapon
Effectiveness

The plateau alpine regions have low oxygen content, low air pressure, and low air
density. The resistance of light weapons to projectiles after shooting is reduced,
which is easily prone to projectile deviation, long range, and low accuracy. At the
same time, due to the great changes in wind and direction, shooting accuracy will be
seriously affected.

The following table is the shooting results of a type of light weapons for a unit
we contacted in one year, including the results of the usual station and the plateau
training field, five times in each region. The personnel involved in the statistics were
a company with a total of 103 people. Each time they shot, they used personally fixed
firearms (Tables 1, 2 and 3).

From the training results, it can be seen that when shooting a type of light weapons
at an altitude of 3650 m, the proportion of people above good dropped by 19.1%;
the proportion of passing people increased slightly, mainly because of excellent and
good personnel; the proportion of people who failed rise a lot, up to 15.2%. From
the analysis of results, the shooting accuracy of the same shooter is generally lower
than that of the plain area. Data show that when shooting at 3700 m above sea level,
the impact point is 3–4 cm high on average, and when shooting at 4500 m above sea
level, it is 4–5 cm high on average [2].

In addition, the performance ofweapons and equipment decreases, and the damage
rate increases. At an altitude of 4500 m, the performance of weapons and equipment
fell by about 30%, and the damage rate was twice as high as that in the plains [2].
On the one hand, the plateau areas have strong wind and sand and heavy rain and
snow. The resistance of the counter-recoil machine for light weapons must increase
during shooting, and it is not easy to move in place. Besides, it is prone to jamming

Table 1 Results statistics of shooting training of a type of light weapons in ordinary regions

Training
conditions

Station
altitude

Total no Results

Five rounds,
100 m, chest
silhouette,
precision
shooting

310 m 103 people No. of
excellent (45
rings or
more)

No. of good
(35–44
rings)

No. of pass
(30–34
rings)

No. of fail
(below 30
rings)

First round 36 45 19 3

Second round 38 42 21 2

Third round 35 49 18 1

Fourth round 40 47 15 1

Fifth round 44 41 17 1

Average score 38.6 44.8 18 1.6

Average score ratio by level (%) 37.5 43.5 17.5 1.5
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Table 2 Results statistics of shooting training of a type of light weapons in the plateau regions

Training
conditions

Station
altitude

Total no Results

Five rounds,
100 m, chest
silhouette,
precision
shooting

3650 m 103 people No. of
excellent (45
rings or
more)

No. of good
(35–44
rings)

No. of pass
(30–34
rings)

No. of fail
(below 30
rings)

First round 21 39 28 15

Second round 19 42 24 18

Third round 24 37 25 17

Fourth round 25 44 19 15

Fifth round 28 40 14 21

Average score 23.4 40.4 22 17.2

Average score ratio by level (%) 22.7 39.2 21.4 16.7

Table 3 Comparison of training results

Training
conditions

Total no Results

Five rounds,
100 m, chest
silhouette,
precision
shooting

103 people No. of excellent
(45 rings or
more)

No. of good
(35–44 rings)

No. of pass
(30–34 rings)

No. of fail
(below 30
rings)

Average score in ordinary
regions

38.6 44.8 18 1.6

Average score ratio in
ordinary regions (%)

37.5 43.5 17.5 1.5

Average score in the plateau
regions

23.4 40.4 22 17.2

Average score ratio in the
plateau regions

22.7% 39.2% 21.4% 16.7%

Ratio comparison Down 14.8% Down 4.3% Up 3.9% Up 15.2%

or non-returning of the shell. Secondly, the low temperature and changing climate
easily damage the parts of light weapons, especially the plastic parts in light weapons,
which are more likely to age. Third, the heat dissipation performance of the weapon
is reduced. Due to the thin air, the effectiveness of the heat conduction and convection
of the air is reduced, which can easily cause the weapon temperature to be too high,
which will cause performance degradation and shorten the life.
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2 Influence of Plateau Alpine Region on the Physical
and Mental Functions of the Shooter

The first is that hypobaric hypoxia seriously affects human body functions. Due to the
low pressure and hypoxia of the plateau, it is easy to cause the decline of personnel
function, and slow movement, slow response, and weakened endurance are the basic
states of people in the plateau region. People with mild conditions are prone to
common high-altitude diseases such as dizziness, vomiting, palpitation, cough, and
indigestion. In severe cases, heart failure, respiratory failure, pulmonary edema, and
coma are very common. They have a significant impact on the combat effectiveness
of personnel. Plateau tests show that in areas above 4500 m above sea level, people’s
physical strength has dropped by 40%, trekking speed has decreased by 50%, and
poor personnel’s response and endurance have a direct impact on weapon control
[3].

The second is that cold temperatures seriously affect human behavior. The plateau
cold is another natural factor that is second only to the effects of hypoxia on human
body function. Under low-temperature conditions, in order to maintain normal body
temperature, on the one hand, in order to reduce the consumption of calories, the
body begins to stop sweating and blood vessels dilate to increase blood flow to warm
the skin. On the other hand, the body strengthens its metabolic functions, causing
involuntary tremors to generate more heat. These aspects have a huge impact on the
control of the weapon when the shooter shoots light weapons.

Third, the harsh environment seriously affects people’s psychological quality. In
the plateau environment, the central nervous system is most sensitive to hypoxia and
consumes large amounts of oxygen. In mild hypoxia, the inhibition in the cerebral
cortex weakens and the excitement increases. The higher the altitude, the heavier
the hypoxia, the more the hypoxia changes from the excitement to the inhibition,
the symptoms of distracted attention, unresponsive thinking, decreased memory, and
other symptoms directly affect people psychologically. When shooting a rifle in this
state, the shooter is affected by the brain and cannot maintain a consistent focus when
aiming. The shooting action cannot be made according to “unconscious” shooting,
which greatly affects the shooting accuracy.

3 Countermeasures to Improve the Shooting Effect
of Light Weapons in Plateau Alpine Regions

3.1 Improve Weapon Performance and Enhance Weapon
Reliability

The first is to enhance the module design and expand the weapon function. Aiming
at the problem that the existing weapons and equipment, especially the gun family,
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are difficult to quickly convert, taking into account the distance and near firepower,
to meet the needs of a variety of combat tasks, new light weapons should strengthen
the module design concept, strengthen automata, gage sharing, universal interface,
expansion interface, connection interfaces, and rapid combination of modules to
achieve operational requirements in different regions and different environments.

The second is to increase the effective range and enhance the power ofweapons. In
modern warfare, the defense depth is usually 300–600 m, the plateau mountains and
sea defenses even reach to 800 m, the first echelon company has a defense depth of
about 1000m, and the battalion defense positions are 2000–3000m. In response to the
different needs of offensive and defensive operations, in order to make the defensive
operations effectively delay the enemy’s actions and obtain the fire support of the
first and second echelon, the enemy’s firepower should be effectively suppressed
during the offense. The range of light weapons should be increased to enhance the
ability to strike at medium and long distances.

The third is to reduce the weight of the parts and increase the life of the weapon.
The plateau alpine region has severe weather, heavy personnel dressing, and incon-
venient mobility. In order to reduce the load of individual soldiers and increase
the flexibility of personnel operations, it is required that weapons and equipment
should further improve the structure and use lightweight materials such as newmate-
rials to adapt to the characteristics of training and combat in plateau alpine regions
and strengthen the application research of wear-resistant, ablation-resistant barrel
technology, and high-efficiency and low-ablation propellant technology to further
improve the service life of weapons in harsh environments [4].

3.2 Improve Manual Efficiency and Reduce Operational
Dependence

At present, rifles rely heavily on people when shooting, and there are obviously
individual differences. Especially in plateau alpine regions, it is difficult to achieve
breath-holding shooting essentials. Experts have conducted special experiments in
the cold plateau area of the modified gun family. The experimental data show that
the adaptability and stability of weapon aiming of individual shooters are signifi-
cantly different in high-altitude and anoxic environments compared with ordinary
environments, with an average decrease of about 60% and a decrease in shooting
performance of about 50%. Therefore, it is necessary to increase the improvement
of weapon manual mechanics.

The first is to increase the use of adaptive technology. In the development of a new
generation of light weapons equipment, adaptive technologies such as recognition
and perception, shooting control, gage setting, ballistic calculation, and shooting
correction should be used to reduce the dependence of weapons on people. The
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research on new technologies such as automatic trajectory correction, target locking,
and high-efficiency bullets for shooting statistics should be strengthened to explore
the integration of information technology and traditional light weapons to improve
the convenience of use.

The second is to improve the ergonomic design. Due to poor road conditions
and traffic conditions in the alpine region, troops often need to ride or walk when
performing training and combat tasks. The roads are bumpy, and problems such as
weak weapon locks often occur. In addition, like the trigger mechanism, it is not
easy to fire with thick cold gloves. These all need to improve the ergonomic design
of light weapons to facilitate their use in alpine regions.

The third is to improve the availability of weapons and equipment. It is rela-
tively difficult to care and maintain artificially in plateau alpine regions. We need
to organize adaptive training in the region to explore the maintenance methods of
weapons and equipment that are suitable for the environmental characteristics of the
area. Maximize the combination of personnel and equipment, ensure the integrity
of weapons and equipment, and reduce non-combat losses and unnecessary manual
maintenance. For example, for the characteristics of low temperature, use thermal
insulation materials to wrap and cover weapons.

3.3 Improve Training Methods and Personnel Adaptability

The light weapons firing in the plateau alpine regions is affected not only by the
weather environment, weapons, and other factors, but also the basic capabilities and
military qualities of personnel.

The first is to strengthen the physical fitness of officers and men. High-altitude
hypoxic environment has a greater impact on aerobic endurance training, significantly
affects people’s cognitive function, increases reaction time, and reduces coordination
and accuracy of movement. Light weapons require officers and men to overcome
these adverse effectswhen shooting. Troops in plateau cold regions need to strengthen
their physical fitness training scientifically. Focus on training people’s ability to
adapt to extreme environments and their ability to operate weapons and explore
scientific training models. According to the geographical location and altitude of
troop’s stationed and main training, the plateau military fitness training modes can
be divided into “high station high training,” “high station low training,” “low station
high training,” and other modes [5].

The second is to strengthen the psychological quality training of officers andmen.
Due to the special geographical environment, in high and cold areas of the plateau,
mental disorders and psychological trauma exist more or less, light or severe in
everyone’s heart. Improving the psychological quality of soldiers, especially the
officers and soldiers during live-fire shooting, is an important way to improve and
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enhance the combat effectiveness of troops.Wemust increase the intensity of psycho-
logical education and apply healthy psychological knowledge to training. It is neces-
sary to carry out targeted psychological tolerance training, especially to strengthen
the psychological tolerance of officers and men in extreme environments.

The third is to strengthen the training of officers and men in fighting spirit. War
is full of dangers and challenges. It is a test of blood and fire, life and death. The
cruelty and complexity of the battlefield environment place high demands on the will
quality and fighting spirit of soldiers.Modern soldiersmust be able to endure physical
exertion, disease attacks, accidental blows, and extreme fatigue; they must be able to
maintain optimism and perseverance in order to stand the test of combat readiness and
war. Therefore, in high-intensity training, it is necessary to further strengthen faith
education, cultivate the soldiers’ mental qualities of hard work, self-improvement,
and continuous transcendence.

Compliance with Ethical Standards The study was approved by the Logistics Department
for Civilian Ethics Committee of PLA Army Academy of Artillery and Air Defense Zhengzhou
Campus.

All subjects who participated in the experiment were provided with and signed an informed
consent form.

All relevant ethical safeguards have been met with regard to subject protection.

References

1. China natural geography. People’s Education Publishing House
2. YuY (2007) Demonstration of environmental adaptability of weapons and equipment. Ordnance

Industry Press, Beijing
3. Li Z (2011) Military physical education. Military Science Press, Beijing
4. Xu X (2010) Impact of plateau environment on support equipment and its adaptability. Environ

Eng 10(7–5):100–101
5. He D (2018) Research hotspots and development trends of plateau physical fitness training.

Stationery Technol 2



Research on the Overall Performance
of Man-Machine-Environment System



Study on the Organic Integration of High
Intensity Interval Training Regime
and Physical Fitness Training of Special
Operation Forces

Chunlai Wang

Abstract Innovative training ideas become a consensus with the advance ofmilitary
thoughts about the defense in the new era. Purpose of innovation inmilitary training is
to improve the overall efficiency and better match the military training practice. The
paper is attempting to discuss the proper integration of the high intensity interval
training regime for the army. Appropriate integration and flexible use of interval
training with high intensity can effectively improve special operation forces physical
fitness training efficiency. The conclusion after deep studying about the organic
integration of high intensity interval training regime is below. First, high intensity
interval training regime should better match military subjects. Thus, the exercising
content of high intensity interval training regime must be arranged properly. Second,
the recovery period should be arranged appropriately during the training process.
And the third, the intensity should be optimized to avoid overtraining and injury.

Keywords High intensity interval training regime · Physical fitness training ·
Organic integration

1 Introduction

Thebasic physical fitness training of special operation soldiersmust be closely related
to the nature of special combat skills, meet the requirements of special operations, to
improve the contribution rate of physical fitness training in the integration of special
operations elements.

The basic physical fitness training of special operation soldiers should be carried
out according to the requirements of professional post competency. The intensity,
density and difficulty of training should more reflect the hardship, even cruelty of
the occupational characteristics, which make physical and mental preparations for
the subsequent military skill training.
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Based on the foreign theoretical research and the practice of foreign military
training, this paper attempts to research the organic integration of the high intensity
interval training regime and the physical fitness training of special operations soldiers
from the technical level. Creative use of interval training can achieve the existing
military training objectives with high quality.

2 Definition and Function of the Interval Training
with High Intensity

2.1 Basic Definition

The interval training with high intensity originated from the interval training which
is a training method with the maximum lactate steady-state load or the load intensity
equal to or greater than the anaerobic threshold from several seconds to several
minutes, and the incomplete recovery is arranged between every two exercises.

Now, the interval training with high intensity has gradually become an effective
training method, which is used to produce a particular stimulation on the parts of
body, only if those variables were manipulated appropriately.

2.2 Physiological Function

There is a common consensus among scientists around the world that HIIT regime
can stimulate the aerobic and anaerobic energy supply system of the body at the same
time, and the effect is better than the low intensity continuous training.

According to the research, high intensive interval training regime is determined to
produce positive stimulation on the body in the following sports physiology aspects
and meet the requirements of basic military physical fitness training.

2.2.1 Aerobic Capacity

HIIT regime, compared to interval training models with lower intensity or endurance
training with high intensity, is considered to be a more feasible and more efficient
training method that can produce the same effect. HIIT has been shown that the
exercises are conducted three times in a week, and such body exercising lasted for
no more than 10 min in less than 30 min each time, including warm-up, interval
recovery and cooling, can improve aerobic ability [1].

Also HIIT regime can significantly improve the VO2 max of young men and
women through interval training exercises with high intensity, and the better result
(P < 0.05) was correlated with baseline (P = 0.05) VO2 max [2].
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Comparedwith those longer distance exercisingwith lactate threshold, the interval
exercising with high intensity significantly increased VO2 max (P < 0.01). In the
aspect of improving VO2 max, the effect of interval training with high intensity is
obviously better than those same works [3].

2.2.2 Cardiovascular Fitness

In 2015, an experimental analysis of some adults exercising with interval training
found that interval training with high intensity can lead to significantly improved
in cardiovascular fitness compared with those participants in traditional endurance
training [4]. Another analysis also found that training programs with high intensity
lasted for one month can also effectively improve the cardiovascular health status of
those adolescents [5]. In addition, a separate systematic analysis of seven sessions of
exercisingwith high intensity found that the approach (4-min rest, 85–95%maximum
heart rate) was more effective in improving vascular function than those continuous
training with medium intensity [6].

2.2.3 Metabolic Effects

HIIT model, compared with continuous training, can significantly reduce insulin
resistance of the body and resulted in a slight decrease in the level ofweight losswhile
those who did not receive the intervention of physical activity remain unchanged
[7]. Another data of the study showed that moderate intensity continuous training
decreasing insulin levels about 9% was less effective than that of interval exercises
with high intensity (about 31% decrease) [8].

2.2.4 Fat Oxidation

Some deepen study on skeletal muscle adaptation with HIIT model has found that
during seven periods exercising of two weeks, HIIT way was proved that the ability
of moderate active women to oxidize body fat and skeletal muscle fat was improved.
A review on weight loss of HIIT approach summarizes the results of exercising with
high intensity, which can moderately reduce subcutaneous fat in young and healthy
people and reduce more for those overweight people [9].

Trapp found that a greater reduction in abdominal fat (>10 kg) was available in
the team of young women trained with high intensity interval exercising at 15 weeks,
while the body status in another young women group without any training maintains
stable [8].
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Fig. 1 Mechanism of
interval training with high
intensity

3 Mechanism of the Interval Training with High Intensity

Usually, PGC-1α is often regarded the vital regulator of mitochondrial biogenesis
in the muscle of the body. And it can be activated after physical exercises with
high intensity increased mitochondrial capacity. The manner PGC-1α stimulated is
that some changes in energy status in the body muscles are associated with a slight
decrease in ATP concentration, leading to an increase in adenosine monophosphate
(AMP), in which the AMP-activated protein kinase (AMPK) was activated. Those
AMPKs stimulate the activation of PGC-1α, which eventually leads tomitochondrial
biogenesis and therefore increases an capacity to generate ATP aerobically (Fig. 1).

4 Models of the Interval Training with High Intensity

In all these famousmodels above, repeatedly exercisingwas controlled at an intensity
within several minutes, rested from one to five minutes for different aims (Table 1).
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Table 1 Models of the interval training with high intensity

Model Year Object/Name Approach Intensity

Gösta Holmér 1937 Fartlek method Run by alternating
between fast runs
and slow jogs

90% of VO2 max

Peter Coe 1970s Sebastian Coe 200 m run followed
by 30 s recovery

90% of VO2 max

Wingate test 1970s Power bike 30 s followed by
30 s of rest repeated
4–6 times

90% of VO2 max

Izumi Tabata 1996 Speed skaters 20 s exercise with
10 s recovery for
4 mins

170% of VO2 max

Gibala 2010 Students 60 s exercise with
75 s recovery

95% of VO2 max

Zuniga 2011 Students 30 s followed by
30 s of rest

90% of VO2 max

Timmons 2012 Power bike 20 s full throttle
with 1–5 min
recovery

90% of VO2 max

Gunnarsson and
Bangsbo

2012 Copenhagen method 30 s low intensity
running, 20 s
moderate intensity,
10 s high intensity
with 60 s recovery

90% of VO2 max

5 Examples of Foreign Military Interval Training
with High Intensity

5.1 British Army Physical Fitness Course with HIIT Regime

In Britain, physical fitness within the royal marines is considered the key foundations
within Corps life. Candidates will be required to demonstrate a high standard of
physical fitness, mental robustness and an understanding of basic military physical
training techniques before attending commando training center royal marines. To
that end, the army staffs have set out a four-week program. Thursday’s workouts
with HIIT of the program below are selected from week 1, week 3 and week 4,
respectively (Table 2).
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Table 2 Programs of the British physical training course of Thursday (excerpt)

Thursday 40 Minute ‘Fartlek’ run • Run at a steady pace for 5 mins to warm up
• Increase the pace to your best effort for 30 s
• Slow back down to a steady pace to reduce your
breathing and heart rate for 1 min

• Repeat the process for a total of 20 times
• On completion, run for a further 10 min at a steady pace
to complete the session

Thursday ‘Tabata’ circuit • Tabata press ups, 20 s conducting exercise 10 s rest for
4 min

• 400 m sprint
• Tabata sit ups, 20 s conducting exercise 10 s rest for 4 min
• 400 m sprint
• Tabata squats, 20 s conducting exercise 10 s rest for 4 min
• 400 m sprint
• Repeat Tabata and sprints to 3 mins and 2 min

Thursday Hill sprints/Leg circuit • Find a hill that takes approximately 1 min to Sprint up
• Sprint up the hill followed by a steady jog back down
• On each occasion at the bottom of the hill carry out 20
squats and 15 press ups

• Rest for 30 s
• Carry out for 10× reps

Source https://www.royalnavy.mod.uk/careers/royal-marines/get-fit-to-join/my-fitness-plan

5.2 Program of Military College in Canada with HIIT
Regime

The College of Royal Military in Canada highly emphasizes the physical and mental
development of soldiers. Each member of the Canadian Armed Forces (CAF) is
required to complete the physical fitness test successfully through the program of
high intensity interval training arrangement. Parts of that program with HIIT regime
are seen below (Table 3).

5.3 US Marine Corps Physical Fitness Program with HIIT
Regime

The main purpose of the physical fitness program of US Marine Corps is to improve
the operational adaptability level of the active and reserveMarine Corps and optimize
the operational readiness and recovery capability. This comprehensive strength and
condition training program takes into account the physical requirements of combat-
related activities to optimize the physical performance during combat (Table 4).

https://www.royalnavy.mod.uk/careers/royal-marines/get-fit-to-join/my-fitness-plan
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Table 3 Physical fitness program of Canada military college (excerpt)

Day Monday
Tempo run

Tuesday
Circuit

Wednesday
Speed

Thursday
Circuit

Friday
LSD

1 5 min Jog
2.4 km run @
RPE10
Then
1× max push
ups

5 min jog
20 min AMRAP
1–2 pull ups, 3–5
push ups
10 air squats, 10
sit ups
15 glute bridge,
15 jumping jacks

5 min Jog
10 × 1 min
sprint @ RPE9
Walk 3 min
between sets
5 min cool
down jog

5 Rounds
1 Lap around
sports field
(200 m)
5–10 push ups,
30 s plank
15–20 sit ups,
30 s side
Plank/Side

5 min warm up
walk
Run 3 km @
RPE3
Then
3 × 50% of
push ups from
Monday, rest
90 s

2 5 min jog
3 × 10 min run
@ RPE8
Walk 2 min
between sets
Then
5 min max push
ups

5 min jog
25 min AMRAP
1–2 pull ups, 3–5
push ups
10 air squats, 10
sit ups
15 glute bridge,
15 jumping jacks

5 min jog
15 × 45 s
sprint @ RPE9
Walk 2 min
between sets
5 min cool
down jog

6 Rounds
1 Lap around
sports field
(200 m)
5–10 push ups,
30 s plank
15–20 sit ups,
30 s side
Plank/Side

5 min warm up
walk
Run 4 km @
RPE3
Then
3 × 50% of
push ups from
Monday wk 1,
rest 60 s

3 5 min jog
6× 5 min run @
RPE8
Walk 2 min
between sets
Then
5 min max push
ups

5 min jog
30 min AMRAP
1–2 pull ups, 3–5
push ups
10 air squats, 10
sit ups
15 glute bridge,
15 jumping jacks

5 min jog
15 × 30 s
sprint @ RPE9
Walk 90 s
between sets
5 min cool
down jog

7 Rounds
1 Lap around
sports field
(200 m)
5–10 push ups,
30 s plank
15–20 sit ups,
30 s side
Plank/Side

5 min warm up
walk
Run 5 km @
RPE3
Then
3 × 60% of
push ups from
Monday wk 1,
rest 90 s

Source https://www.rmc-cmr.ca/en/athletic-department/physical-fitness-guide

6 Results and Conclusions

6.1 HIIT Regime Should Better Match Military Subjects

HIIT regime should better match military subjects, which means that the high inten-
sity interval training could be adopted only when it is closely related to military
training subjects. In order to improve the training results and meet the needs of
physical fitness test, the exercising content of HIIT regime should be arranged
properly.

In practice, it is hard to find the optimal polarized training mode. Then the interval
trainingwith high intensity can be founded by the control of the variables of intensity,
duration and rest mode to meet combat needs of military physical fitness training
subjects and to create suitable training adaptations.

https://www.rmc-cmr.ca/en/athletic-department/physical-fitness-guide
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Table 4 US marine Corps physical fitness program with HIIT regime (excerpt)

Agility

Exercises Sets Rest (s)

Cone zig zag drill 2 60

Cone attack and retreat 2 60

Prone 3 cone drill 2 60

Cone J-hook reverse sprint 2 60

Strength and power

Exercises Sets Reps Time Rest (s)

Deadlift 4 6 None 90

Barbell front squat 4 6 None 90

Barbell military press 3 8 None 60

Ammo can lateral lunge 3 None 30 s 15

Sandbag bent over row 3 None 30 s 15

Med Ball oblique toss 3 None 30 s 15

Rope alternating waves 3 None 30 s 15

Notes Can be performed as a circuit or stand-alone exercises. Perform each cone movement 2 times
in each direction
NotesComplete all sets of the first 3 exercises to moving on to the shaded exercises. The non-shaded
exercises should be performed as primary exercises focusing on strength and power development.
The shaded exercises are to be conducted as a circuit and performed after completion of all sets of
the primary exercises
Source https://www.fitness.marines.mil/Warrior/

6.2 Best Arrangement of the Recovery Period

The arrangement of the recovery period means the choice of the best work-to-rest
(WR) ratio. For example, WR ratio of 1:2 means that if a person who exercised 20 s
with HIIT regime, the recovery interval equals 10 s. Truth is that different WR ratio
will produce different training effects. Therefore, the appropriate WR ratio should
be selected according to the actual physical fitness training situation and different
training objectives.

Generally, the fast energy system was benefited from a 1 versus 3 work-to-rest
ratio; if the short time glycolysis energy supply system was considered to increase
moderately, the WR ratio of 1/2 may be correct; while the longtime aerobic energy
system was thought to be changed, the 1/1 WR ratio or 1/1.5 WR ratio sounds good.

https://www.fitness.marines.mil/Warrior/
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6.3 Optimization of Intensity to Avoid Overtraining
and Injury

Different HIIT models have different properties, and overtraining eventually leads
to injury because of breaking the character of the high intensity interval exercising
regime. When engaging in high intensity interval training activities, the variable
intensity should be advanced step by step and completed according to our ability to
avoid overtraining and injury.

For achieving varying health outcome without any injury, the better intensity
exercising mode more suitable to subjects through the way of VO2 max should be
done correctly.
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Study on Training of 400-m Armed
Island-Landing Obstacles

Min Chen, Huifang Wang, Zhengbu Liu, Xiang Gao, Xin Wang,
and Ming Kong

Abstract The aim of study on training of 400-meter (400 m) armed island-landing
obstacles is to improve the training effect. The obstacle course is set specially for the
training. Each obstacle has its own unique purpose and function. In order to achieve
good effects, the trainees will first get themselves familiar with each obstacle one
by one, and then after the trainees have command the skills to pass each obstacle,
they will pass several obstacle at one time. At last, the whole-process training will be
conducted. In order to test the training result, experiments are carried out, through
which one systematic training method is obtained and examined. Based on the daily
training and experiments, gradual principle and step method are proved efficient, and
basic qualities are also found important to the training result.

Keywords 400 m armed island-landing obstacles · Training method · Gradual
training · Step-by-step method

1 Introduction

The training of 400m armed island-landing obstacles focuses on the needs of landing
operations, with adaptive training as the key point. It simulates obstacles that may be
encountered in landing. With mechanical principles, it integrates the stages such
as loading, sailing, transfer, beach landing, and so on. It is highly targeted and
difficult to train. Through simulation training on land, trainees can strengthen their
balance, strength, flexibility, anti-vertigo, and psychological qualities under unstable
conditions [1].
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2 Site Setting

The 400 m armed island-landing obstacle course is generally set in a polyline shape
and can also be designed in a ring shape according to the actual situation. The whole
course is 400 m, and the runway is 4.5 m wide. It consists of 10 obstacles. The order
of passing is as follows, soft bridge → spiral ladder → high and low crossbars →
rope net→ tire climbing platform→ swing platform→ swaying ladder→ crossnet
→ blocking wall → simulated beach.

3 Harness and Wearing Method

3.1 List of Harness

The harness that will be used are as follows, camouflage shoes, camouflage clothes,
camouflage caps, braided outer belts, water bottles (filled with water), gas masks,
satchels (with raincoats and toiletries inside), bullet bags (including four emptymaga-
zines, four grenades), 95-type automatic rifle, a total weight of about 13 kg. About
position and sequence of harness wearing, the straps of water bottle and satchels
cross right shoulder, and the strap of gas mask crosses left shoulder. Braided outer
belt is put on the straps of water bottle, satchels, and gas mask. Bullet bag should
be put on the outermost layer. 95-type automatic rifle should be held on the back.
Satchels → water bottle → gas mask → braided outer belt → bullet belt → 95-type
automatic rifle. According to personal habits, the elasticity should be appropriate to
facilitate the passing of obstacles.

4 Training Method and Steps of the 400 m Armed
Island-Landing Obstacles

During the obstacle training, the sequence should be as follows, firstly, with bare
hands, then holding the gun, and lastly with all the harness needed; at the same time,
to be trained to pass single obstacle, then some obstacles as a segment, and lastly
all the obstacles. The training should be conducted firstly in the obstacle course, and
then in the field with natural obstacles.

4.1 Passing Single Obstacles

The easy-to-difficult training step refers to that the training steps be arranged in the
order from easy to difficult according to adaptability of island landing. When it is
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single-obstacle training, the sequence can be as follows, simulated beach → high
and low crossbars→ blocking wall→ rope net→ swing platform→ soft bridge→
spiral ladder → swaying ladder → net wall → tire climbing platform. The training
steps can be arranged as per the physical quality of the trainee.

The classified training steps refer to putting the obstacles which require similar
movements into one group. The training can be conducted as follows:

➀ Running and striding: soft bridge and crossnet;
➁ Swaying and shaking: swing platform, swaying ladder, spiral ladder;
➂ Climbing: rope net, tire climbing platform, blocking wall.

4.2 Pass the Obstacles in Segmentation

Passing the obstacles in segmentation refers to passing the obstacles within certain
distance at one time so as to improve the capability of passing single obstacle. The
training can also simulate the operation process with clear target and real awareness.

4.2.1 Sailing Stage

The first 100 m distance consists of a soft bridge, a spiral ladder, high and low
crossbars, and the three sets of obstacles. It mainly simulates the boarding and navi-
gation environment so as to improve the capability to move quickly without vertigo
in unstable conditions.

4.2.2 Transferring Stage

The second 100mdistance consists of a rope net, a tire climbing platform and a swing
platform, these three sets of obstacles. It mainly simulates the transfer environment
so as to improve the balance and psychological quality in an unstable state.

4.2.3 Beach Landing Stage

The third 100 m distance consists of swaying ladder, crossnet, and blocking wall.
This part mainly simulates the beach landing environment in order to improve the
specific strength of upper and lower limbs and the ability to overcome obstacles.
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4.2.4 Seizing the Beachhead Position Stage

The fourth 100 m distance, the 100 m simulated beach, mainly simulates the beach
environment, which is used to improve leg strength and ability of the trainee to
quickly pass the beach.

4.3 Whole-Process Training

The whole-process training should be based on the mastery of action essentials for
passing single obstacles and the obstacle groups. The training should be organized
according to single trainee’s ability. It can be carried out in the forms of timing
running, quiz running, competition running, and so on. During the whole-process
training, the running speed of each distance should be controlled, and time should be
allocated according to the difficulty of obstacles. Generally, the first and fourth stages
should consume less time, while the second and third stages consume more time.
During the running, it is required to coordinate movements and master the rhythm
of passing obstacles.

4.4 Special-Item Training

Each time of training should combine both the physical quality and passing tech-
niques. In order to simulate physical strength allocation in the whole process,
the 100 m running with changing speed can be arranged. Special-item training is
mainly adopted with the purpose of strengthening actions and techniques by adding
difficulties and intensity to improve physical fitness [2].

There are altogether four kinds of special-item training, spiral ladder, tire climbing
platform, swing platform, and swaying ladder. The special-item training is usually
put after the whole-process training or before the whole-process training with full
harness.

5 Effects of Such Training Method

In order to illustrate the training, we organized trainees to conduct a large number of
experiments and collected some valid data for verification. 64 senior cadets in good
health from amilitary university, aged 21–24 years, average 22.56 years, height 170–
184 cm, average 175.69 cm, weight 63–87 kg, average 67.66 kg. The experimental
instruments include one 400 m island-landing obstacle training course, one set of
training instruments, a signal flag, and several stopwatches.
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5.1 Experiment Process

Trainees start training with single equipment then conduct segmented training, and
finally the whole-process training. Training time is from 17:00–18:30 on every
Monday to Thursday. There are altogether 22 times of training from single-obstacle
training to whole-process training. The time consumed by each person should be
recorded during the continuous whole-process training. The first time of test should
be one of the several times of whole-process training at the beginning. Then after
around 60 days of training, the second test should be carried out. There should be 8
times of systematic whole-process training, and no requirements for free training.

5.2 Experiment Data

For the experiment, 8 tests are performed. Time-consuming, heart rate, blood pres-
sure, temperature, and humidity of the training environment are all recorded, which
are 2000 groups of data. The data that is selected here is the data (v1, v2) of the first
and the last whole-process tests (Table 1).

5.3 Data Analysis and Conclusion

Based on data statistics, the data is analyzed with data statistics software SPSS11.5.
Firstly, it is the significance analysis of v1 and v2 (Table 2).

The results show that there is significant correlation (p < 0.01) between the results
of two tests, which indicates that the results of v1 and v2 are significantly different,
and there are big changes in the results. Then, compare v1 and v2, and the average
value of 60 people, as shown in Table 3.

The results show that the average performance of v2 is 17.104% higher than that
of v1, and the performance is significantly improved. The results also show that the
results of the two tests are significantly different, and after a period of training, the
capability of the trainees in overcoming the “obstacles” has been greatly improved.
This method is of positive significance for improving the performance of overcoming
“obstacles.”

6 Features of Such Training Method

Practice shows that the training effect is significant with this method, and the features
are as follows:
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Table 1 Test results of the first and the last whole-process tests (second)

No. v1 v2 序号 No. v1 v2 序号 No. v1 v2

1 277.06 224.64 21 296.17 249.92 41 296.17 249.92

2 263.48 223.98 22 289.86 240.74 42 299.86 240.74

3 275.52 226.98 23 325.46 298.87 43 365.46 298.87

4 288.44 250.24 24 342.82 326.62 44 342.82 326.62

5 296.56 224.06 25 312.56 234.83 45 292.56 234.83

6 283.14 234.7 26 294.29 232.39 46 294.29 232.39

7 368.17 317.66 27 287.88 220.69 47 277.88 220.69

8 283.01 219.09 28 293.88 203.59 48 293.88 203.59

9 281.81 218.73 29 299.45 216.77 49 279.45 216.77

10 285.66 219.92 30 281.18 261.92 50 291.18 261.92

11 290.73 225.43 31 298.72 260.66 51 288.72 260.66

12 290.15 244.36 32 290.24 213.24 52 269.24 213.24

13 286.84 239.43 33 294.74 249.86 53 277.74 249.86

14 283.85 238.99 34 293.27 241.91 54 293.27 241.91

15 297.52 250.73 35 281.37 206.62 55 281.37 206.62

16 293.68 209.14 36 287.84 232.68 56 267.84 232.68

17 294.51 225.59 37 288.16 209.72 57 268.16 209.72

18 330.64 267.06 38 283.46 217.12 58 293.46 217.12

19 332.24 296.26 39 267.25 203.24 59 283.42 222.34

20 296.54 265.45 40 264.35 226.38 60 266.31 204.68

Table 2 Results of bivariate
correlation analysis of the two
groups of data

Group Analysis item v1 v2

v1 R 1 0.808(**)

p 0.000

v2 R 0.808(**) 1

p 0.000

**There is significant correlation between them

Table 3 Changes in the performance of trainees after training

v1 v2 Increase (difference/result of first test)

Average value of 60 people 294.7316 244.3234 17.104%
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6.1 Emphasize Importance of Basic Qualities

Physical quality is fundamental in themilitary sports training.Without good physical
quality, intelligence, and techniques will be lost of basic support. In this method,
physical fitness training is always conducted, which shows that this method attaches
great importance to the cultivation of basic qualities, the basis for quickly improving
performance.

6.2 Follow the Principle of Gradual Military Training

The principle of gradualness refers to that according to the lawof gradually increasing
physical fitness, and the trainingmethod should also be continuously changed tomeet
the requirements of training [3]. This method obviously conforms to the principle of
gradualness. From the initial single-obstacle training to the combined training to the
final continuous whole-process training, from barehanded to gun-holding to arms
bearing, with classified training and special-item training added, the requirements to
the trainees are also increasing.

6.3 Focus on the Single Principle of Scientific Training

The single principlemeans that in the process of training, each trainee chooses appro-
priate training methods according to their own physical quality and characteristics in
order to improve performance [4]. This method requires the trainees to think about
the allocation of physical strength at the beginning of training, and guides the trainees
to find a physical allocation plan suitable to themselves in each stage.

7 Suggestions

It is recommended that the training unit closely follow the requirements of combat,
and carry out 400 m armed obstacle training rigorously. Problems should be found
during the training so as to modify the training method timely. Methods should be
modified according to specific conditions and individual characteristics of trainee in
order to achieve better training effects.

Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Army Academy of Artillery and Air Defense. All subjects who
participated in the experiment were providedwith and signed an informed consent form.All relevant
ethical safeguards have been met with regard to subject protection.
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Application of Virtual Reality
Technology in Man–Machine Interactive
Equipment Virtual Maintenance System

Mingjie Wan, Xiaolong Chang, Yuhui Li, Zaochen Liu, and Shiyou Ma

Abstract Purpose—the purpose of the study is to enhance fidelity and immersion
of man–machine interaction in equipment virtual maintenance system and further
improve the training effect and efficiency. Method—some virtual reality technolo-
gies such as the 3D modeling and scene simulating are adopted to conduct modeling
and simulating toward the equipment compositions, structure, principles andmainte-
nance process. Result—the constructed virtual maintenance system of a certain type
of equipment is characteristic of higher fidelity of man–machine interface, better
man–machine interaction and stronger immersion of operators. Conclusion—the
system enriches and perfects the training methods and means of the complex equip-
ment maintenance in grassroots level, and accumulates experience for the construc-
tion of equipment support resources, effectively promotes the rapid generation of
maintenance support capability in grassroots units.

Keywords Virtual reality ·Man–machine interaction ·Man–machine interface ·
Virtual maintenance

1 Introduction

How to generate combat capability quickly is the primary question faced by the troops
after the equipment enters service, however, the maintenance and support capability
of the equipment is an important part of combat capability. After the equipment
enters service, the generation of their maintenance and support capabilities is often
faced with the following problems:
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Firstly, there are relatively fewer maintenance training means and the matching
maintenance training equipment is scarce; secondly, general malfunction rate of the
new equipment is relatively lower and there are fewer opportunities for equipment
maintenance practice; thirdly, because the structure and working mechanism of the
new equipment has not been fully understood and there is no way to conduct the
related maintenance training courses such as equipment parts disassembling and
assembling.

Virtual maintenance technology is an important method to solve the above-
mentioned problems [1]. By making use of the virtual maintenance system, the
operators can quickly learn the equipment structure, working mechanism, malfunc-
tion maintenance method and the operation flow; furthermore, it has been proved
that the virtual maintenance system can greatly improve the training benefit [2, 3].
Therefore, virtual maintenance system has been widely applied in equipment main-
tenance training [4, 5]. Virtual reality is a kind of multi-media technology devel-
oped quickly in recent years. Virtual reality with stronger interaction and sense of
immersion can be more realistic simulation of the real scene, so it has played an
important role in medicine, education and military fields [6, 7]. With the help of
virtual reality technology, this essay constructs the virtual 3D model of equipment
and develops the equipment virtual maintenance system, which can better meet the
needs of maintenance training in grassroots level.

2 System Design

Virtual maintenance system of the man–machine interactive equipment mainly
includes four subsystems; they are overview, operation training simulation, main-
tenance simulation and management, which are shown in Fig. 1.

Fig. 1 Equipment virtual maintenance system composition
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The overview subsystem is applied to learn equipment composition, structure,
principles, other theoretical knowledge and the maintenance knowledge in grass-
roots level by providing video, text, pictures, multi-media courseware and other
resources. The operation training simulation subsystem is applied to conduct the
basic contents training of equipment deployment, self-inspection, function inspec-
tion and equipment withdrawal. The maintenance simulation subsystem is applied to
conduct equipmentmalfunction phenomenon learning andmaintenance training. The
management subsystem is applied to realize the user management in different levels,
setting training courses, assessing training effect and managing various databases.
Themanagement subsystemhas a smoothman–machine interactive interface tomake
operators operate the virtual maintenance system conveniently.

3 System 3D Modeling

According to the structured data, the training contents and their requirements the 3D
modeling of the equipment is constructed, and finally the virtual maintenance proto-
type whose shape and function are basically consistent with the actual equipment
are generated and these prototypes support various virtual maintenance operations
and training.

In the stage of virtual prototype modeling, the primary work is to collect the
original information of the equipment by the actual equipment measuring, picture
taking and video recording, and to construct the 3D modeling for every part.

This system has constructed a total of 6756 3D models for 16 branch systems
and their 89 subsystems, and the equipment 3D modeling is shown in Fig. 2. The
virtual prototype model of the system is composed of 16 branch systems including
chassis, square cabins, diesel power station, dedicated power supply, communication
equipment, location and orientation navigation equipment, front-end device, signal
processor, terminal display and control system, power distribution box, DC power

Fig. 2 Block diagram of equipment three-dimensional modeling
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supply, interrogator, antenna pedestal, hydraulic lift, leveling device and leveling
lifting drive control. These models cover all equipment and parts which are related
with equipment maintenance in grassroots level.

By making use of these models, the virtual maintenance system can simulate the
structure and operation of the actual equipment in a realistic way. And these models
further increase the fidelity of the system and the immersion of the operators.

4 System Implementation

According to design need, the system implementation plan is divided into three stages
including system resource preparation, training data preparation and integration. The
work in every stage and the relationships between them are shown in Fig. 3.

In system resources preparation stage, the man–machine interactive 3Dmodels of
the equipment are completedwith the help ofmodeling software such as 3Dmax; this
stage is the basic one for completing the equipment virtual maintenance system. In
training data preparation stage collection, classification and organization of all these
data including virtual prototype data, equipment malfunction model and mainte-
nance process description data are completed. In integration stage, the exploration of
virtual training software is completedmainly through 3D development platforms like
Unity; 3D simulating is conducted toward equipment structure learning, malfunction
repairing and operation training. In addition, in integration stage, some functions such
as scene setting, courses initializing, logic controlling, interface displaying andman–
machine interaction need to be completed. Man–machine interface of the equipment
virtual maintenance system is shown in Fig. 4.

Fig. 3 System implementation flow
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Fig. 4 Part of man–machine interface of the equipment virtual maintenance system

5 Conclusion

Based on virtual reality technology, the equipment virtual maintenance system is
developed to meet the needs of equipment structure learning and maintenance
training. The virtual reality technology is applied to construct the equipment 3D
model with higher fidelity which can help the trainees grasp the equipment struc-
ture principle and equipment maintenance knowledge quickly. With the help of
virtual reality technology, virtual simulation is conducted toward equipmentmalfunc-
tion and maintenance operation process; the immersion and interaction of virtual
maintenance systems are enhanced and the training level of the trainees is also
improved.
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Research on Technical Method
of Cognitive Behavior Training During
the Maritime Flight and Its Effect
Evaluation

Yan Zhang, Yishuang Zhang, Yang Liao, Fei Peng, and Liu Yang

Abstract Objective: To construct a technical method of cognitive behavior training
for the maritime flight, verified the application effect. Methods: (1): The present
study investigated the psychological problems and demands of logistics support of
the pilots in maritime flight training. (2) The multimedia technology was adopted to
complete themaritimeflight cognitive behavior training technology. (3)Themaritime
flight cognitive behavior effect questionnaire was adopted to conduct an effect anal-
ysis.Results: (1) The common psychological problems, psychological stress sources,
and psychological safeguard demands of maritime flight were analyzed. (2) The
filmed teaching film had a total of 10 episodes, which systematically illustrated the
physiological and psychological influence, illusion prevention, nutrition guarantee,
sleep management, and other knowledge of maritime flight. (3) The effect evaluation
questionnaire showed that pilots were able to quickly understand and comprehend
the knowledge points of the maritime flight. Conclusion: Maritime flight cognitive
training can enable pilots to understand and evaluate maritime flight tasks accurately.

Keywords Maritime light · Cognitive behavior · Psychological training · ABC
theory

1 Introduction

In recent years, with the increase of the high sea maritime military activities of
our navy, maritime flight training has become a key training target for airforce pilots
under new circumstances and newmissions. Due to the great differences between the
maritimenatural conditions andonshore conditions, pilots performingmaritimeflight
combat training tasks will face difficulties such as complex conditions, laborious
maneuvering, long sailing time, mental stress, flight illusion, delayed rescue, and so
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on [1, 2]. If they fail to respond effectively, it will probably lead to the decline of
their cognitive function, affect their operation ability, and seriously threaten flight
safety and mental health [3, 4].

According to the American psychologist Ellis’s ABC theory, activating event (A)
is only the indirect reason of triggering the emotion and behavior consequence (C).
However, the direct reason of triggering C is exactly the belief (B) generated by the
individual’s cognition and evaluation of the activating event A, namely the negative
emotion and behavior barrier consequence of the people (C), which is not directly
triggered by one activating event (A); instead, it is directly caused by thewrong belief
(B) because of the incorrect cognition and evaluation of the individual suffering the
event [5].

Therefore, based on the ABC theory, the present study established the cognitive
behavior training, so as to help pilots reduce unreasonable cognition, establish reason-
able cognition, and improve the positiveness and safety of the pilots inmaritime flight
combat training.

2 Object and Method

2.1 Object

1. There are 167 air force pilots and 35 maritime pilots. The pilots have an average
flight time of (1423.6 ± 644.45) h.

2. There are 52 pilots who attend the maritime flight for the first time or have never
attended the maritime flight with a flight time of 40–2500 h. Only 4 pilots have
flight experience, and their maritime flight time is 70–300 h.

2.2 Method

2.2.1 Investigation on the Psychological Status and Psychological
Safeguard Condition of Maritime Flight Combat Training

The present study adopted the questionnaire method to investigate 167 airforce pilots
and 35 navy pilots in maritime flight units, flight training bases, and various aviation
medical training centers.

1. Organization and implementation: The questionnaires were filled collectively in
the form of a conference. Before filling the table, the purpose and significance of
the questionnaire, as well as the filling precautions, were explained. After filling,
the questionnaires were taken back.
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2. Investigation tool: The self-compiled maritime flight medical service guar-
antee investigation and maritime flight psychological guarantee investigation
questionnaires were adopted.

2.2.2 Establishment of Maritime Flight Cognitive Behavior Training
Method

The present study adopted the multimedia technology to establish the “multi-
media teaching video of maritime flight cognitive behavior training.” The main
establishment methods are as follows:

1. Manuscript

The special environment characteristics, physiological and psychological stress
source and main problems affecting flight performance safety and mental health
were analyzed through literature review and results of investigation, and the initial
draft of the multimedia teaching video text was compiled and completed combined
with the existing safeguard measures and experiences.

Six maritime flight experts including the brigade commander, deputy brigade
commander, gold helmet, command pilot of airman troop assuming the maritime
flight task were invited to discuss and deliberate the initial draft of the text and then
finally determine the manuscript of the teaching video.

2. Film preparation

According to the manuscript of the teaching film, the whole film was divided into ten
episodes, with each episode lasting for about tenminutes. The storyboardmanuscript
of each episode was compiled, which mainly includes the time, film scene, camera
stand, image, dub, expression format, and so on. In order to guarantee the film effect,
one live-action studio themed by maritime flight was established.

3. Film

The film was completed according to the manuscript. The film of the main contents
was completed in the studio. Some contents involve equipment operation and prac-
tical performance, such as the neck andwaist muscle exercise, psychological training
skills were actually arranged in our unit. Three camera stands were set for the film:
Themain cameramainly filmed the close-up viewof the lecturer, the auxiliary camera
mainly filmed the full view and medium shot scenes, and the left auxiliary camera
adopted the rocker arm to display the entire lecturing scene. The three cameras
collaborated with each other in working to record the entire lecturing process.

4. Sample preparation

After filming all contents, the film elements were collected and screened for editing
and summary. The filmed elements were transferred into the time track. According to
the shot script, the scene screening was conducted to complete rough editing. Except
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for the filmed contents, some scenes in the manuscript cannot be filmed. According
to the design of themanuscript, some elements of maritime flight were collected. The
contents hard to be expressed had animation design to visualize and concrete them.
The appropriate background music was arranged as the demand before completing
refined editing and forming the finished sample.

5. Finished sample improvement

The formed samples were checked and confirmed by the lecturing experts and
members of the research team, and relevant experts and army pilots were invited to
watch and put forward improvement suggestions. After integrating all the feedback,
the film was completed after modification and improvement.

2.2.3 Verify the Effect of Maritime Flight Cognitive Training Method

The multimedia lecturing video was placed on the front line of the army for on-
site support applications and played before pilots performing maritime tasks. After
playing the video, the pilot completed a questionnaire on the effectiveness ofmaritime
flight cognitive behavior training.

1. Experiment object: 52 pilots who attend the maritime flight for the first time or
who have never attended the maritime flight.

2. Experiment tools: The trainingwas carried out by using the “multimedia teaching
program of maritime flight cognitive behavior training” developed and designed
in this paper; the effect was evaluated by using the maritime flight cognitive
behavior training effect questionnaire.

2.2.4 Statics Analysis

The results of each questionnaire were analyzed using descriptive statistics.

3 Result

3.1 Survey Results of Psychological Status and Psychological
Support of Maritime Flight Combat Training

3.1.1 Common Psychological Problems of Maritime Flight

1. Emotional problem: 43.3% of the surveyed pilots often feel lonely, and 20% of
the pilots often have anxiety and tension, ofwhich fighter pilots aremore obvious.
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2. Behavioral problem: 62.76% of the surveyed pilots experience memory loss,
41.38% experience reduced work efficiency, 37.93% experience inattention, and
31.03% experience social withdrawal.

3. Illusion problem: when flying at sea, different courses have different illusions
of flight. When flying in the complicated weather condition at day and night, or
flying in formation, the pilots will mainly have the tilt and pitch illusion. When
flying at low altitude or ultra-low altitude, the illusion of the bottom of the pot
mainly occurs. When flying over the sea, the illusion of speed and distance is
more prominent.

3.1.2 Common Psychological Stressors of Maritime Flight

The psychological stressors of maritime flight are 72.8% of “distress and rescue,”
54.0% of mechanical failure, 53.0% of the marine environment, and 37.6% of
illusions hard to be corrected. The specific flight courses will also bring greater
psychological pressures. For instance, ultra-low altitude flight at sea occupies 81.2%,
complex meteorological flight accounts for 57.9%, extended sea flight occupies
46.0%, long-endurance flight accounts for 30.6%, and combat flight takes 22.8%.

3.1.3 Demand for Psychological Support of Maritime Flight

Pilots need to accept targeted psychological support in courses with high psycholog-
ical stress (such as ultra-lowaltitudemaritimeflights, complexmeteorological flights,
and extended sea flights), as well as major missions and combat flights. Among the
surveyed pilots, 52.0% of the pilots have undergone psychological training, and
20.8% of the pilots have not received regular systematic psychological training.

3.2 Results of Establishing Maritime Flight Cognitive
Behavior Training Method

3.2.1 Content Constitution

The constitution of multimedia teaching film mainly includes:

1. Main factors affectingmaritimeflight (natural environment, flight task, individual
difference, aeronautical environment, and so on).

2. Main influences of maritime flight on human body (physiology and psychology).
3. Introduction to the knowledge of physical and psychological support methods

(cognitive regulation, sleep management, illusion overcoming, muscle training,
nutritional protection, and so on) at sea, and practical demonstrations of
techniques such as psychological relaxation and psychological control.
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3.2.2 Technical Requirement

1. Format standard: the finished teaching videos are in high-definition standard
MP4 format (frame size: 1920 × 1080, frame rate: 25.00, aspect ratio: 16:9,
audio sampling rate: 48 kHz).

2. Duration of each episode: The teaching film has a total of 10 episodes, which
lasts for 10 min each.

3. Teaching format: Teaching was conducted in the form of expert theoretical
lectures, professional operation demonstrations, environmental effect observa-
tions, and pilot interviews.

• Theoretical lecturing: Psychological, flight, nutrition, and other experts
conducted theoretical lectures. The lecturing experts mainly completed the
corresponding content basedon the storyboard.Among them, theflight experts
included a gold helmet and a command pilot, who have extensive maritime
flight experience. According to the outline of the interview, they conducted a
semi-open class based on their own experience.

• Operation demonstration: The psychological, fitness, and other professional
teachers carried out real person operation demonstrations, teaching action
essentials and precautions of mental relaxation, mental control, muscle
exercise, and other skills.

• Special effect observation: Special effect observation was conducted through
sound, image, animation, video, and other multimedia materials, so as to
reproduce the special sea flying environment, such as the connected sea and
sky, complex weather, and changing environment vividly.

3.3 Effectiveness Verification of Maritime Flight Cognitive
Behavior Training Method

Please refer to Tables 1 and 2 for the questionnaire result of the training effect.

4 Discussion

Due to the intricate marine environment, fewer surface features and landmarks,
rapid changes in sea conditions, and navigation difficulty and other characteristics,
the stability and judgment of maritime flight operations are easily affected, thereby
threatening flight safety [6]. The survey results show that when flying at sea, pilots
often feel “unsure” and “bottomless.” Similar mental states have a certain impact
on the flight control and tactical actions of the pilots and can even directly lead to
serious flight accidents. However, some pilots are able to avoid the influence of bad
moods and successfully complete the flight mission. Why are pilots’ emotional and
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Table 1 Questionnaire result of maritime flight cognitive behavior training evaluation 1

Relevant items Comprehension degree after learning

Comprehensively
understand

Basically
understand

Understand some
of them

Don’t remember

Main natural
environment
factors

21 (40%) 30 (58%) 1 (2%) 0

Flight task
factors

15 (29%) 36 (69%) 1 (2%) 0

Aviation
environment
factors

19 (36%) 31 (60%) 2 (4%) 0

Individual
difference
factors

10 (19%) 40 (77%) 2 (4%) 0

Main
physiological
effects

20 (38%) 29 (56%) 3 (6%) 0

Main
psychological
effects

9 (17%) 41 (79%) 2 (4%) 0

Method of sleep
management

20 (38%) 32 (62%) 0 0

Method of neck
and waist muscle
exercise

17 (33%) 35 (67%) 0 0

Method of
nutrition support

17 (33%) 32 (61%) 3 (6%) 0

Method of
illusion
prevention and
overcome

19 (36%) 31 (60%) 2 (4%) 0

Psychological
training skills

18 (35%) 32 (61%) 2 (4%) 0

Note The questionnaire results are the number of people and the percentage of the surveyed people

behavioral responses so different in the same environment? According to the ABC
theory of psychology, even in the face of the same event, the results produced by
individuals are different due to different cognitive beliefs [7–9]. Therefore, the main
reason for this psychologically different response is that different pilots have different
cognition and beliefs on maritime flight. Factors such as poor understanding of the
maritime flight environment, insufficient understanding of the illusion of flight, and
excessive exaggeration of the difficulty of aviation flight guard support on the seawill
cause psychological stress. Especially for pilots who are participating in maritime
missions for the first time, due to the strangeness andmisunderstanding of the special
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Table 2 Questionnaire result of maritime flight cognitive behavior training evaluation 2

Do you think it is
necessary to carry
out maritime flight
cognitive behavior
training?

Very necessary Necessary Probably No need

18 (34%) 31 (60%) 3 (6%) 0

Do you think this
kind of training has
any effect on
promoting combat
capability at sea?

Very effective Effective Probably Ineffective

12 (23%) 38 (73%) 2 (4%) 0

How long do you
think it is required to
carry out the
training before
maritime flight?

Within 1 week 2–3 weeks About 1 month Others

23 (44%) 23 (44%) 6 (12%) 0

Do you think which
organization should
carry out this
training?

First-line troop Special care service
organization

Aviation medical
research
organization

Others

34 (65%) 13 (25%) 5 (10%) 0

Note The questionnaire results are the number of people and the percentage of the surveyed people

environment at sea, it is easy to have a certain impact on the psychology, and produce
bad emotions such as fear and tension. If this kind of emotion cannot be intervened
in a timely and effective manner, it will further lead to psychological imbalance and
affect the pilot’s judgment and operation. Therefore, if pilots can understand and get
familiar with the psychological training methods of maritime flight environment in
advance, this bad mood will be greatly reduced.

Therefore, the focus of maritime flight cognitive behavior training lies in cogni-
tive reconstruction, enable the pilots to sufficiently understand the mental state of the
pilots who perform maritime flight, maritime flight knowledge and self-regulation
skills, correct unreasonable cognitive models and beliefs, and ensure the stable
emotion of the pilots who conduct maritime flight training for the first time. In
particular, in this training, the exercise and training methods are different from the
previous pure theoretical lecturing, and it increases the operation demonstration of
professional staffs, thus bringing convenience for the understanding and learning of
the pilots to the knowledge. The explanation of the maritime environment and flight
characteristics are equipped with the special environment and flight effects, such as
the pot bottom illusion and so on, so that pilots will have a more direct-viewing
impression on maritime flight. In the meanwhile, the gold-helmet pilots who have
rich maritime flight experience are invited to provide case explanation and indi-
vidual experience, provide on-site demonstration to the common environment char-
acteristics, psychological feelings, illusion types, treatment means and successful
experiences in maritime flight, which better meet the key points of pilot’s concern.
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The result of effect verification shows that after maritime flight cognitive behavior
training, the flight learners who lack or have little experience in maritime flight
can quickly understand and master the theoretical knowledge of the main factors
affecting maritime flight and the main effects of maritime flight on people, as well
as the effective technical methods for the physical and mental support of maritime
flight. In particular, they will get personal experience and first-hand information on
maritime flight from the explanation of the maritime flight experts, so as to further
enhance their confidence of maritime flight. This training is subjectively valued and
accepted by pilots.Most pilots believe that it should be carried out as soon as possible
before maritime flight, and the training location should also be mainly set in front-
line troops, which is consistent with our previous troop investigation situation and
our past experience of undertaking the maritime flight support tasks.

5 Conclusion

The above results indicate that the ABC theory-based psychological training method
provided to the staffs who are going to attend the maritime flight can enable pilots to
correctly understand and evaluate the maritime flight task, so that they can confront
the adverse influence probably brought by maritime flight to them objectively and
calmly, and keep on improving their psychological endurance and adaptability. The
next step is to develop maritime flight cognitive training into software to distribute
troops for pilots to learn independently, so as to solve the problem of the daily
accumulation and exploration of the pilots on maritime flight knowledge and skills.

Compliance with Ethical Standards The study was approved by the Logistics Department for
the Civilian Ethics Committee of Air Force Medical Center.

All subjects who participated in the experiment were provided with and signed an informed
consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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Industrial Robot Training Platform
Based on Virtual Reality and Mixed
Reality Technology

Zhe Chen, Zhuohang Cao, Peili Ma, and Lijun Xu

Abstract With the steady implementation of the national strategy of “Made inChina
2025”, industrial robot education has achieved phased development. Many univer-
sities have opened majors in robot engineering. The problem that accompanies it is
that there are many industrial robot brands in the industry. There are many model
differences in the integration industry, and the investment in purchasing a stable
industrial robot is enormous. At the same time, improper operations during indus-
trial training may cause serious accidents. We have designed a set of industrial robot
training platforms based on VR technology and MR technology. And it solved the
problem of the shortage of teaching resources caused by the high purchase cost of
industrial robot training equipment and potential safety hazards.

Keywords Virtual reality ·Mixed reality · Industrial robot · Virtual simulation ·
Experiment platform

1 Introduction

Common virtual simulation training platforms generally consist of analogue remote
controls and display terminals. There are two problems [1]. One is that they still
cannot meet the resource requirements of multi-person teaching scenarios. And the
VR Web platform designed in this paper can improve that by increasing the number
of servers and bandwidth. It is suitable for synchronous learning with a large number
of people. The second is that no real environment information is introduced, and the
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learning process lacks realism. So, it is impossible to intuitively feel the limitations of
the integrated environment on the size parameters and working space parameters of
the industrial robot, resulting in the selection of the design of the integration scheme.
Inconvenience, this paper designed a system based on MR technology, which can let
the operator intuitively feel the simulation effect of the integrated solution in the real
production environment.

2 Web Simulation Platform Based on Virtual Reality
Technology

2.1 Solution Introduction

This paper is a web simulation platform based on virtual reality technology. This
platform is designed with B/S architecture and is compatible with various terminal
devices used by students. All training programs on the platform can run on the web
browser of the student user terminal. It allows students to access the training platform
through Internet terminal equipment more conveniently (as shown in Fig. 1).

Fig. 1 Web simulation platform interface
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2.2 Interactive Mode

The interactive objects in this platform are mainly industrial robots, workpieces
and factory environments. Students participating in the training can walk between
different production areas in the factory environment, and they can choose to learn to
operate different industrial robot equipment and experience various industrial robot
integrated application procedures.

All industrial robot equipmentmodels use real size data and operating procedures,
and the rendering effect is real. Consistent with the real situation, users can control
the robot by twomethods ofmanual operation and programming operation (as shown
in Fig. 2).

In different integrated applications, students need to select equipment. Only after
selecting the correct applicable equipment, the industrial robot model will appear in
the production environment, and then other operations can be continued.

During the training process, the system will give feedback and record when
students make illegal operations such as making the robot run to the working limit,
collision with the environment or workpiece, code programming errors (as shown in
Fig. 3).

Fig. 2 Two operation modes of the teaching pendant

Fig. 3 Prompt for incorrect operation
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Fig. 4 Training task scenario

2.3 Practical Training Tasks

When evaluating each project, users should strictly follow the operation process of
the real system integration project. Error operations will be promptly reminded and
recorded. It will deduct ten points for each error, and each step has three chances.
Opportunities for correction, all procedures can be correct before entering the next
operation step. If users accumulate five errors, they need to reenter the test. After
submitting the project task, students can continue to the next project. The simulation
platform designed in this paper mainly arranges four training items of essential
operation, handling, welding, and loading and unloading (as shown in Fig. 4).

3 Real Environment Interaction System Based on Mixed
Reality Technology

3.1 Introduction to Mixed Reality System

MR technology is a computer vision technology that directly overlays virtual images
onto real physical space. And it uses gestures, sight, gaze and other methods to
interact with virtual objects. The rendering effect is as close as possible to how
people interact with the real physical world [2].

In this system, the selected terminal equipment is HoloLens of Microsoft Corpo-
ration. HoloLens is a portable head-mounted holographic computer device devel-
oped by Microsoft. The front of the device is sensors-related hardware, including
processors, cameras and microprojection devices. The microprojection devices can
directly project images into the human eye to form holographic images. Also, the
HoloLens provide gesture interaction functions, allowing users to interactwith digital
Holograms interact [3].
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Fig. 5 Virtual device mapping in a real production environment

The model placement function of the system can place the entire virtual object in
the scene on the surface of the actual object, thereby enhancing the authenticity of the
system. It utilizes the device’s unique spatial mapping capability (spatial mapping).
After the spatial mapping function turning on, the system will continuously scan the
surrounding environment and quickly update the object grid information to sense the
real object. At this time, the position coordinates of the line of sight projected on the
spatial mapping grid can be assigned to the entirety in the scene. The virtual object
moves the line of sight following the movement of the spatially mapped grid. After
the system maps the simulation model to the real production environment, users can
genuinely and intuitively experience the integration effect of the device (as shown
in Fig. 5).

3.2 Drag-Teaching Based
on Human–Machine–Environment Interaction

The traditional industrial robot operation methods are mainly remote control of the
teach pendant and code programming. This system provides a new drag-teaching
method, which can make it more convenient for users to test the effect of robot
movement in the environment.

After analysing the system’s needs for gesture interaction in different scenarios,
“Air Tap” and “Tap&Hold”were selected as themain gesture interactionmethods [4].
Clicking gestures can realize a variety of functions in the system, such as viewing
model information in the component observation scene, animation demonstration
of the assembly path under the automatic assembly module and so on. The drag-
ging gestures mainly implement the functions of manipulation and navigation in the
manual assembly mode.
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Fig. 6 Drag teaching

When the user stares at the end of the robotic arm, he can click to confirm by the
gesture to start drag teaching and then use the gesture to drag the robot to move (as
shown in Fig. 6).

3.3 Model Setting and IK (Inverse Kinematics) Solution

Unity3D is one of the most powerful virtual reality development engines on the
market. It provides a variety of API functions required for HoloLens development.
It is controlled by programming with C# language. The combination can realize
the development of model observation, virtual assembly operation and 3D scene
management functions in the virtual assembly system. However, its ability to build
models is minimal. Therefore, you need to use professional 3Dmodelling software to
build themodel before system development. Then establishedmodel is imported into
the Unity3D development environment through format conversion [5]. The specific
model establishment and the format conversion process are shown in Fig. 7.

After importing models, you need to add a “Robot Controller.cs” script to the
parent level of the robot model and then add relevant content to the variables in the
script. Then modify the values of various parameters. Next, add the CCDIK compo-
nent and the Turret component. Add the “IK Target” object to the “Target” under the
CCDIK component. If it does not exist, create a new one. Set the “MaxIterations”
value to 80 and “Use Rotation Limits” to “true”. Add a bone node for “Bones”.
Set the “Weight” of a single bone node according to the robot joint number setting.
Refer to Motoman HD20. The smaller the value, the less the solution relationship

Fig. 7 Model establishment and format conversion process
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Fig. 8 Screenshot of the
development environment
interface

calculation If Bones are created successfully, you can see a blue line running through
these critical nodes in the robot (as shown in Fig. 8).

Next, set an angle limiter for each node, add a rotation limit hinge component for
each node, and set use limits to true or false, which based on the actual robot joint
rotation limit angle setting. Finally, set the maximum and minimum rotation angle.

After the inverse dynamics is set, set the Turret component for the chassis. The
target is the same as the CCDIK Target. Parts are the rotation tracking key point.
The number of critical points in the range of “Size” is the same. (Notice: There
is no perfect inverse dynamics algorithm, especially for unrestricted angle rotation
joints. Therefore, when dealing with unrestricted angle rotation joints such as robotic
chassis, a Turret component needs to be set separately. It is wrong to set the chassis
as a part of IK. So, we can see that the six-degree-of-freedom robot has only set 5
critical nodes in the reverse dynamics setting, and the shoulder key node is used as
a Turret component.)

At the same time, it should be noted that when the RobotController compo-
nent is implementing network-broadcasting, it will depend on NetworkIdentity
component. So, make sure that the two components are in the same GameObject,
and the Animation component, CCDIK component, and Turret component are all
indispensable.

4 Conclusion

This paper combines the VR technology and the MR technology to carry out the
design of the industrial robot training platform and research on critical technologies.
The main conclusions are as follows:
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(1) The web simulation platform based on virtual reality technology has good
authenticity and immersion, and the learning, training and assessment functions
improve the efficiency and effectiveness of training.

(2) The use of spatial mapping technology will better integrate virtual machines
and the real environment. At the same time, this paper has developed a drag-
teaching method based on human–machine–environment interaction. It can
be used for rapid verification operations and experimental teaching, thereby
improving training efficiency.

(3) Using virtual simulation technology as a cognitive tool for students can enable
students to interact with machines and the environment intuitively. And it effec-
tively improves the quality of practical teaching, stimulates students “interest
in learning and indeed improves students” practical operation ability. Provide
professional teachers with a platform that integrates virtual machinemodels and
real environments to better serve professional teaching.
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An Oversea Flight Preadaptive Training
System-Based 4D Scene

Liu Yang, Yan Zhang, Yishuang Zhang, Duanqin Xiong, Yang Liao,
Juan Liu, Xueqian Deng, and Hua Guo

Abstract This paper introduces the development of a oversea flight preadaptive
training system-based 4D scene, which includes server, psychological data analysis
and processing unit, oversea flight simulation scene play and control unit, seat control
unit, special effect output unit, psychological stress test equipment, special effect
seat and special effect equipment. The system can be used for the pilot to complete
targeted psychological training in the four-dimensional space composed of three-
dimensional video and environment, improve the psychological adaptability and
tolerance to carry out combat tasks in the dangerous environment at sea and be
familiar with the common operational modes of oversea flight, so as to eliminate the
tension and fear.

Keywords Oversea flight · Pre-adaptive training · 4D scene

1 Background

Due to many differences between the natural conditions on the sea and on the land,
the pilots who carry out the training tasks of flying on the sea will face difficul-
ties such as complex situation, arduous control, long navigation time, poor working
environment, mental tension, flights illusion, rescue lag and so on [1, 2]. Moreover,
due to the wide application of new technologies, especially the emergence of new
operational theories and models such as over the horizon attack and precision strike,
the fight for air control at sea is more fierce and cruel. All of these will cause strong
psychological stress to pilots. If the pilots fail to respond effectively, it may lead to
the decline of cognitive function, impact on flight control and even directly lead to
serious flight accidents [3, 4]. Therefore, improving psychological adaptation can
alleviate these problems. Many studies at home and abroad also show that through
preadaptive psychological training, military personnel can improve their adaptability
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to the working environment and reduce psychological stress response [5–7]. There-
fore, it is necessary to establish a set of training systemwhich can simulate the special
environment of flying at sea and train pilots in preadaptation.

2 Overall Technical Proposal

The overall technical proposal is 4D simulation, which is based on 3D stereoscopic
film and environment special effects. It has the functions of water spray, air jet,
vibration, leg sweeping and so on. It can be controlled by computer according to
different training scenarios to make realistic special effects.

3 Overall System Composition and Functional Connections

3.1 Consists of Overall System

It includes server, psychological data analysis and processing unit, sea flight simu-
lation scene playback and control unit, seat control unit, special effect output unit,
psychological stress test equipment, special effect seat and special effect equipment.

3.2 Playback and Control Unit of Oversea Flight Simulation
Scene

It has video play and signal control functions, respectively, connecting the seat control
unit and special effect output unit, so as to output the seat action instructions and
special effect instructions consistent with the playing content to the seat control unit
and special effect output unit and receive the information feedback from the seat
control unit and special effect output unit.

3.3 Special Effect Seat

It is connected with the seat control unit to perform corresponding actions under the
control of the seat control unit and is available for the trainees to watch and test in
the seat.
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3.4 Psychological Stress Test Equipment

It is used to test the physical reaction of trainees when they watch 4D scenes and
transmit the test data to the psychological data analysis and processing unit for
data statistics and evaluation. The psychological data analysis and processing unit
converts the evaluation conclusion into personalized training playback instructions
and sends them to the server, which transmits them to the marine simulated flight
environment playback and control unit.

3.5 Special Effect Device

It is connected with the special effect output unit, for special effect release under the
control of the special effect output unit.

3.6 Server

It is used to receive the personalized training playback instruction sent by the psycho-
logical data analysis processing unit and transmit the playback instruction to the
oversea flight simulation environment playback and control unit.

The server, psychological data analysis and processing unit and the playback
and control unit of the oversea flight simulation environment in this system can be
integrated into different functional modules or software in a PC terminal for their
own operation and interaction or independent operation in their own PC terminal and
not limited to the PC terminal.

4 Specific Unit and Function

4.1 Playback and Control Unit of Oversea Flight Simulation
Scene

The unit includes a playback control platform and a playback audiovisual device.

4.1.1 Playback Control Platform

The platform is used to store 3D video of a variety of sea flight scene simulation data
and also has the function of editing and splicing. It can clip any one or more scenes
in the existing 3D video and splice them into a new 3D video without changing the
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definition of the 3D video; at the same time, it supports playing 3D video of any
other format.

The simulation data of oversea flight scenario includes but is not limited to
oversea flight environment scenario, oversea flight operation process and attackmode
scenario, and cockpit noise environment scenario. The sea flying environment scene
includes but is not limited to the following scenes: vast open scene, seamelted into the
sky, true and false sea sky lines, pot bottom illusion, turbulence airflow, low visibility,
strong reflection, calm sea surface and/or rough waves, thunder cloud, wave undu-
lation and seabird scenario. The oversea flight operation process and attack mode
scenario includes but is not limited to the following scenarios: dogfighter, dive to the
sea, ultra-low altitude flight, radar locking, ship attack, missile launch, TV guidance,
fixed point bombing. The oversea flight scenario simulation data is in coordination
with the 5.1-channel high-quality audio, and the audio sampling rate is 48 kHz.

The above-mentioned 4D oversea flight environment and combat scenes can be
edited and played according to the time axis. Because different scenes designed
by this system can, respectively, trigger different degrees of psychological stress
reactions. For example, pot bottom illusion can cause excessive psychological stress
such as anxiety, tension and fear and also can cause moderate psychological stress
such as the enhancement of cognitive ability, while vibration and other oversea cruise
flight scenes can cause cognitive decline and low psychological stress reaction such
as numbness and emptiness. These scenes are used for trainees to adapt to various
actual combat environments and display the human response of trainees to different
scenes.

4.1.2 Playing Audio and Video Equipment

It is used to play the oversea flight scene and provide the sound effect consistent with
the scene simulation synchronously. The playback audiovisual equipment includes a
Dolby 360° digital stereo surround sound, two projectors with identical performance
parameters, polarized lenses added in front of the projector lens and polarized glasses
for trainees to enhance the 3D display effect.

4.2 Special Effect Seats and Special Effect Equipment

The function of the special effects equipment is to provide trainees with the body
feeling synchronized with the simulation video and the action of the special effects
seat, so as to make the simulation scene more realistic and more psychologically
perceptive.
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4.2.1 Special Effect Seat

According to the operation of the seat control unit, it moves up and down, left and
right, front and back, performing one or more actions of shaking, tipping, shaking,
shaking, climbing and falling.

4.2.2 Special Effect Equipment

Under the control of special effects output unit, special effects released by special
effects equipment include but are not limited to one or more combinations of water,
fog, wind and smell.

4.3 Psychological Stress Test Equipment

The device is used to test the data of human psychological stress, including one or
more combinations of electroencephalogram (EEG), galvanic skin response (GSR),
electromyography (EMG) and heart rate (HR). By placing the signal sensor in the
specific part of the body, the system tests and collects the parameters of psychological
stress.

4.4 Psychological Data Analysis and Processing Unit

It is used to analyze and process the data obtained from psychological stress test
equipment. Then, one or more combined evaluation parameters can be gotten and
sent to the server, comparedwith the threshold set in the server, so as to form the server
controlled oversea simulated flight environment playback and control unit execution
line play content, play frequency instructions. The unit includes psychological data
analysis technology and psychological data processing method.

4.4.1 Psychological Data Analysis Technology

It is to input all kinds of index parameters collected by psychological stress testing
equipment into information processor and then get corresponding data for evalua-
tion and analysis after amplification, filtering, average, smoothing, eliminating false
difference, spectrum analysis, correction and other processing.
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4.4.2 The Method of Psychological Data Processing

It is to transform the evaluation conclusion into personalized training playback
instruction and send it to the server, which transmits it to the oversea flight simulation
environment playback and control unit. The method is as follows: The relationship
between the degree of psychological stress response and flight operation performance
conforms to the inverted U principle. This principle indicates that when the degree
of psychological stress response increases from low to high, the operation perfor-
mance will gradually increase. When the degree of psychological stress response
reaches a certain point or a certain area, the operation performance is the highest.
If the degree of psychological stress is further increased, the level of flight opera-
tion will be reduced. Therefore, a moderate degree of psychological stress is very
important for oversea flight. The essence of psychological stress is a series of related
physiological reactions. By collecting and analyzing the physiological data of these
systems, we can know the degree of psychological stress. For example, the excita-
tory or inhibitory activity of cerebral cortex can be reflected by EEG signal index.
The tension and relaxation of autonomic nervous system activity can be evaluated
by galvanic skin response, electromyography and heart rate. The indices represent
different psychological stress states.

Before the preadaptive training, the maximum values of each parameter index
reflecting the degree of psychological stress state of participants were collected as
the baseline values. When playing 4D oversea flight scene in the training, the above
parameter index values were analyzed according to the time axis synchronous collec-
tion, and the results were taken as the training evaluation indexes. Comparing the
maximum value of each parameter index value in training with the baseline value
before training, when the change reaches the set threshold (change more than 100%),
it reflects the degree of psychological stress in training.

The design changes are as follows: All indexes are EEG (θ, α, β), GSR, MEG,
maximum value of HR [8]. After the training, if trainees’ any maximum value of β

wave, GSR, MEG, HR exceeds the threshold, it indicates that the stress and excite-
ment level are too high [9]. At this time, it is necessary to retrain high stimulation
scenes such as pot bottom illusion.

After training, if the maximum value of θ or α wave of the trainees EEG exceeds
the threshold, it indicates that the level of stress is too low and the level of excitation
is insufficient. At this time, it is necessary to retrain low stimulation scenes such as
cruising. Therefore, the psychological data analysis and processing unit can corre-
spond the results of psychological data changes in training to different 4D oversea
flight environment and combat scene modules and carry out intensive training as
required.
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5 System Structure Diagram and Specific Implementation
Mode

In order to better understand the system, wewill further describe in combination with
the attached drawings and specific embodiments. The system structure is shown in
Fig. 1, including: server 1, psychological data analysis and processing unit (unit
2), oversea simulation flight environment playback and control unit 3 (unit 3), seat
control unit 4 (unit 4), special effect output unit 5 (unit 5), psychological stress test
equipment 6 (equipment 6), special effect seat 7 (seat 7) and special effect equipment
8 (equipment 8). The specific functions and structure of each part are as follows.

(1) Unit 3 includes a playback control platform 31 (platform 31) and a playback
audiovisual device 32 (device 32). Platform 31 is, respectively, connected with
unit 4 and 5, so as to send the seat action command and the special effects
command consistent with the playing content to unit 4 and 5 and receive the
feedback information of the unit 4 and 5.

Fig. 1 System structure diagram
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(2) Seat 7 is connected with unit 4 to perform corresponding actions, which include
shaking, tipping, climbing and falling, in the up, down, left, right and front and
back directions.

(3) Equipment 6 is used to test the physical response of trainees when they watch
4D scenes. The test data is transmitted to unit 2 for statistics and evaluation. Unit
2 sends the processed evaluation parameters to the server in comparison with
the threshold. The server forms the command to control unit 3 to execute the
content and frequency of the playback.Unit 2 converts the evaluation conclusion
into personalized training playback instruction and sends it to the server, which
transmits it to unit 3;

(4) Equipment 8 is connected with unit 5, which is used to release special effects
under the control of the unit 5 to match the simulation scene. Special effects
include one or more combinations, such as foggy, smell of blood, the sea breeze
howls and smell of sulfur pungent.

(5) Server is used to receive the personalized training playback instruction sent by
unit 2 and transmit the playback instruction to unit 3.

6 Conclusion

The system can realize four-dimensional space simulation of real oversea flight
environment, which can make trainees feel the intense and realistic stereoscopic
battlefield environment in the visual, auditory, olfactory and kinesthetic and other
multi-perception channels, test and analyze the psychological stress response at
the same time. The results can be used as the basis of the trainees’ personalized
training program, which can quickly improve the psychological adaptability and
stress regulation ability of the pilots to carry out combat tasks.
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Analysis on Countermeasure of Troops
Delicacy Management in the Process
of the Newly-Typed Army Construction

Zaochen Liu, Peng Gong, Xiaoping Wang, Yujin Wang, and Dongdong Cui

Abstract Delicacymanagement has importantly realistic significance on advancing
construction level of troops regularization, improving innovative development of
troops management and education and promoting construction and development of
the newly-typed army under the higher starting point. The essay analyzes the existing
problems of delicacy management in army troops based on practical newly-typed
army construction, discusses the necessity to improve troops delicacymanagement in
constructing the newly-typed army combinedwith the related questions, puts forward
the countermeasures; that is, firstly, taking the transformation of ideas as guide,
delicacy is advanced in establishing ideas of scientific management; secondly, taking
the establishment of standard system as lead, delicacy is advanced in improvingwork
guidance level; thirdly, taking the construction of information system as support,
delicacy is advanced in realizing troops management informationization.

Keywords The newly-typed army · Delicacy management · Analysis on
countermeasures

At present, the newly-typed army construction is being in the critical period with
full swing. Contradiction between troops management work and the targets trans-
formation towards quality-and-efficiency model and all-domain operation model has
become more and more prominent in the newly-typed army. It has been the urgent
need of situation, tasks and the responsibility to innovate on management patterns
and improve management methods. As the product of information era, delicacy
management is the most representative management thought in modern management
theory; it is not only extensively applied tomodern enterprisemanagement and public
management, but also has produced profound influence on military management. In
the founding conference of army leadership, Chairman Xi stressed, “Army should
adapt the profound change on building modes and application pattern in information
era, explore the characteristics and regularity of army development, strive to build a
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strong army with modernization and regularization.” Thus, we should study delicacy
management theory, innovate on working ideas and promote the newly-typed army
construction with regularization [1].

1 The Existing Problems in Troops Delicacy Managements
Currently

From the present situation of troops management, some active exploration and prac-
tice have been conducted in delicacy management, and particularly some prominent
effects have been achieved in combat readiness training, safety management, logistic
support and weapons and equipment. However, there still exist some problems.

1.1 Self-awareness to Conduct Delicacy Management Needs
to Be Further Reinforced

Through delicacymanagement themain purpose is to realize scientific quantification,
standard specification, and attention to details and benefit optimization in manage-
ment. Scientifically quantitative standard and the flow with executing power must be
established to realize delicacy management. The officers in some working units do
not fullymaster the essence, connotation and regularity of delicacymanagement. The
ideas are old and the thinkingway, andworkingmethods are traditional, research, and
application on delicacy management only stay at the leading organ level; manage-
ment ideas are not integrated into all officers and men; effect for grassroots work
is not obvious [2]. In some working units, comprehensive arrangements are weak;
there are some problems such as focusing more theoretical discussion than practice,
relying on more casual guidance than comprehensive arrangements, all these led to
a superficial knowledge of delicacy management towards officers and men and also
caused less communication among different echelons.

1.2 The Thinking Way and Methods to Conduct Delicacy
Management Need to Be Further Improved

Troops management is accomplished through process control. As long as precise
control towards management process is realized delicacy management can be
completed. In practical process, there exists a phenomenon on emphasizing the result
over the process to certain degree. The famous process control effect law, “90% ×
90%× 90%× 90%× 90%= 59%”, has told us that depending on results is not far
enough, someworking units only focus onmanagement effect, but ignore the process
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control link such as plan, organization, command, and coordination, the fault for any
system and link may cause management tasks not to be finished; in other working
units, management system is not reasonable concerning the flow design and standard
quantization; it is not much easier to find the starting point, the important points and
difficult points; and in all respects quantization and delicacy are conducted, all these
led to complexity and violated the initial ideas to conduct delicacy management.

1.3 The Capability and Quality to Conduct Delicacy
Management Need to Be Further Promoted

Delicacy management require management mode which is adapted to seek for
carefulness and speed in information era. To informationized management system
research and development are not enough, some working units emphasize its appli-
cation over its maintenance, and its application only stay at surface level for usage;
to the environmental change, better telepathic and rapid response ability is short,
and efforts on the research and optimization of the system are insufficient. Inter-
disciplinary talents who not only graspmanagement skill but alsomaster information
technology are not enough, informationized quality for cadres is not much better as
a whole; some cadres have much weaker capability in information retrieving, deliv-
ering and processing, system managing and maintaining, innovatively developing
work by using the present technological equipment. Thus, all these restrict quality
and effect of delicacy management to certain degree [3].

2 The Necessity to Conduct Troops Delicacy Management
in Newly-Typed Army Construction

Troops are valued for their quality, not for their number. Here quality is the basic
requirement towards quantity of troops and the fundamental condition and regu-
lation towards officers and men. If the newly-typed army are required to realize
transformation from quantity-and-scale model to that of quality and efficiency, from
multi-layered command model to that of flat-styled command as well as from area
defensive operation model to that of all-domain operation it is the prerequisite to
conduct troops delicacy management.
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2.1 It Is Inevitable Choice to Conduct Delicacy Management
for Constructing the Newly-Typed Army

Under the information condition, it is required that the newly-typed army can perform
the task in full-time, all-domain, and full frequency-domain operation. Based on
effectively coping with all kinds of crisis, quick reaction can be conducted under the
complicated conditions such as meteorological change, geographical environment
and time, constant all-weather operation can be implemented; thus, officers and men
are required to operate, organize, collaborate, manage, and control in precise and
scientific way. Conducting delicacy management is the inevitable requirement to
improve scientific management level and adapt the newly-typed army characteristics
and developing law [4].

2.2 It Is the Fundamental Path to Conduct Delicacy
Management for Improving Construction Level
of the Newly-Typed Army with Regularization

Regularization is the important aspect for troops construction, and it is also to realize
precision and standardization of procedures and rules. In delicacy management, the
whole process is the one in which experience is changed into rules, then rules are
trained into habits, and finally, habits are precipitated to culture. The idea is integrated
into regularized construction and can effectively intensify the awareness of law,
rules and standard, develop good habits such as dealing with matters by law and
regulations, establish and keep precise and scientific running order, greatly promote
regularized level of the newly-typed army.

2.3 It Is the Important Guarantee to Conduct Delicacy
Management for Realizing Scientific Development
of the Newly-Typed Army

Details determine efficiency, quality and safety. From the start of general grassroots
questions, delicacy management should master every position and segment, control
every piece of equipment and part. It cannot only improve the quality and benefit of
the whole organizing system, but also stop loopholes and prevent risk, effectively
cut accidents link and avoid occurrence of the important questions.
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3 Countermeasures to Realize Troops Delicacy
Management

With the constant deepening of national defense and military reform, some inadapt-
able questions among troops management ideas, work guidance, work mode, and
the new situation have brought new subject towards management work. Conducting
delicacymanagement is the only road to solve all kinds of contradiction and problems
and is also the necessary requirement to effectively perform missions and promote
the newly-typed army construction.

3.1 Taking the Transformation of Ideas as Guide, Delicacy is
Advanced in Establishing Ideas of Scientific Management

If conducting delicacy management, we should continuously adapt the changing
situation and tasks and actively abstract advanced management ideas. One is to
realize transformation from traditionally extensive development model to delicacy
management model. Troops management contains a series of trivial and complicated
affairs; if every tiny matter is changing, it possibly plays an important influence. If
the related regulation and requirement are completely conducted, troops manage-
ment can be precisely realized in every direction. Two is to realize transformation
from depending on experience accumulation to focusing on technological innova-
tion. Under the information condition, troops management system has increasingly
become more complicated, management objects have gradually become very plural,
and management control has become more difficult. Some advanced technological
means should be actively applied such as Internet, virtual reality, finger identifica-
tion, and videomonitoring to realize the organicmanagement combination of human,
technology, and psychology and frequently improve scientific, intelligent, and infor-
mation zed level of troops management. Three is to realize transformation from
purely institutional constraints to multi-dimensional cultural infiltration. If troops
management model needs to be innovated and developed, we must overcome loose,
casual, and temporary management patterns and greatly reinforce cultural construc-
tion to realize escalation form institutional constraints to cultural reinforcements.We
should strive to integrate safe and secure culture into different places such as position,
dormitory, and family and create a safe environment with peace and harmony.

3.2 Taking the Establishment of Standard System as Lead,
Delicacy is Advanced in Improving Work Guidance Level

Standardization is the basis and prerequisite for delicacy. If fine management is
required without mess, mixture, and complexity, a specific standard system must be
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established. One is to define tasks and objectives and solve questions on “what to do”.
According to doctrines and regulation, the necessary weekly and monthly work are
summed up and overall planning graph is mapped based on some routine work such
as training, combat readiness, management, and support. In accordance with position
and responsibility work assignment for officers andmen is disintegrated by echelons,
it is more convenient for officers andmen to master the vital points and performwork
very well, especially concerning the designation of working staff, position, respon-
sibility, and standard. Two is to establish the flow standard and solve questions on
“how to do it.” The flow is a kind of working procedure, while standard is the crite-
rion and basis we commonly abide by. If the flow standard is established, delicacy
management can have objective basis and can be conducted very well. According
to the principle and methods of the flow reconstruction, working contents are inte-
grated. Particularly, the key flow in organizing the important activities, helping, and
educating the fluctuant staff in thought, managing and controlling important places
and prevention in the key periods should be repeatedly discussed, optimized, and
perfected, the working habits should be developed according to the flow. Three is to
perform responsibility and requirement and solve questions on “what to do or not”;
if delicacy management is conducted, we must establish responsible institution in
accordance with different systems, responsibilities, echelons, and laboring division.
According to positions and tasks the duty is designated, institutional management
is intensified and classified management is conducted, and thus, everyone has and
undertakes their responsibilities.

3.3 Taking the Construction of Information System
as Support, Delicacy is Advanced in Realizing Troops
Management Informationization

Under the support of data drive, we must stick to “rejuvenating the army through
science and technology” and improve the information zed delicacy level of safety
work relying on safety risk evaluation and preventive warning institution. One is to
keep close sightline of management and control. A long-distance video monitoring
system should be installed at some important points such as vehicles and gun yards,
garrison gates, and arsenal. Fingerprint machine should be installed at some places
such as operational duty room and sentry posts, satellite positioning system should be
installed at some vehicles for logistic support so that safety situation of the important
targets is livemonitored. Some routinework such as duty shift, education and training,
inspecting posts for officers and men, patrolling and checking around arsenal should
be fully conducted and controlled very well, anyway by different advanced means
long-distance places can be managed within the sightline [5].

Two is to attach importance to information reservation. We should input some
contents concerning safety knowledge, rich experience, accident cases, emergency
plan, regulation and institution into the system, establish the information data base
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containing strength, plan, supervision, questions and evaluation, perform information
reservation verywell, and improvework efficiency. To some fluctuant staff in thought
such as disable officers and men, ready-to-leave cadres, disputing staff on marriage
and love, we should reserve the related information in detail including their mental
state, personal performance and working situation, and purposefully develop work.

Three is to actively develop risk evaluation. We should analyze and sum up acci-
dent cases,mobilize officers andmen to find out risk sources, establish risk evaluation
quantization graph by echelons and classification; the related information should be
integrated into the system of safety risk evaluation and preventive warning institu-
tion. In different level automatic or active warning are reminded in time so as to
effectively prevent passive or hysteretic management and control.

Compliance with Ethical Standards The studywas approved by the LogisticsDepartment for the
Civilian Ethics Committee of Artillery and Air Defense Forces Academy (Zhengzhou Campus).

All subjects who participated in the experiment were provided with and signed an informed
consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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AMethod for Evaluating the Level
of Shooting that Attenuates the Effect
of Small Arms on Accuracy

Xin Wang, Haoyuan Li, Xiang Gao, Min Chen, Ming Kong, and He Wu

Abstract This paper is based on the related theory of probability theory and math-
ematical statistics through the study of small arms shooting accuracy, fire intensity
test, and characterizationmethods and establishes the relationmodel among shooting
performance, small arms accuracy, and shooting level. The shooting performance
datawere incorporated into the calculation process of shooting accuracy and shooting
intensity of small arms, and then the shooting intensity of small arms was used to
evaluate the stability level of the shooter in vertical and horizontal directions. The
shooting accuracy of small arms is used to modify the shooting performance data so
as to form a shooting level evaluation method that can reduce the influence of the
accuracy of small arms from the shooting performance data.

Keywords Small arms shooting · Accuracy of small arms · Shooting level ·
Shooting accuracy · Shooting density

At present, the evaluation of shooting athletes or military personnel’s shooting level
is mainly based on a specific shooting performance in the competition or assess-
ment, such as the number of projectile rings, impact distribution characteristics, and
other data. Factors that contribute to this specific shooting performance include the
shooter’s level of shooting, the shooter’s physical condition, the accuracy of small
arms, and the shooting environment. If the environmental factor is not considered, at
the same time, the state of a person, including the mental and physical characteristics
of a personwhen shooting, will be taken as a reflection of the level of shooting. There-
fore, the main influencing factors of shooting performance are shooter’s shooting
level and the accuracy of small arms.

The accuracy of small arms is different from each other, so the shooting perfor-
mance cannot be simply equated with the shooting level. To correctly evaluate the
shooting level from the shooting performance data, the influence of the small arms
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accuracy should be eliminated or weakened. Therefore, this paper starts from the
analysis of the accuracy of small arms; mainly the accuracy of small arms shooting
and the density of small arms shooting [1], the data of effective shooting performance
is incorporated into the calculation process of small arms accuracy. By using themore
accurate precision data of the calculated small arms, the shooting performance data
is revised, and the firing stability is evaluated.

1 Characterization and Test Methods for Accuracy
of Small Arms

Accuracy of small arms has two important characterization data, namely shooting
accuracy and shooting intensity [2]. This section studies how to extract the accuracy
information of small arms accurately from the shooting performance data, which is
the premise and basis for weakening the influence of the accuracy of light weapons
in the assessment of shooting level.

1.1 Shooting Accuracy

Take the aiming checkpoint as the origin, take the vertical direction and the hori-
zontal direction as the coordinate axis on the vertical target surface, and establish the
plane rectangular coordinate system. The coordinates of the average impact point
are obtained by the following formula:

z = 1

n

n∑

i=1

zi

y = 1

n

n∑

i=1

yi

(zi , yi ) is the direction coordinates and vertical coordinates of the center of the impact
point, that is, the shooting performance data of the impact point, and n is the number
of effective impact points. The azimuth and distance of the average impact point
relative to the aiming checkpoint are the shooting accuracy of small arms. Since the
aiming checkpoint is the origin of coordinates, the coordinates of the average impact
point can be defined as the shooting accuracy.

Shooting accuracy reveals the azimuth and distance deviation between the
expected firing data sample and the aiming checkpoint in the accuracy of small
arms. In fact, the existence of this kind of deviation, there are both systematic and
random, the randomness in projectile dispersion error, and a variety of uncontrol-
lable factors, systemic is one of the important characterization of firearms precision
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difference; according to the theory of probability and mathematical statistics, on the
direction and the vertical weight, small projectile dispersion error and a large number
of uncontrolled error formation of the random error are normal distribution, so the
expectation of random error is 0, the more shooting data samples there are, the more
systematic the average impact point can reflect the accuracy of light weapons, and
the more accurate the shooting accuracy can be represented by the average impact
point.

1.2 Shooting Density

Shooting in the ideal state of people and environment, the impact points of each
shot are not completely coincident but scattered around the average impact point
in a certain area, forming the factor of projectile dispersion, in addition to people
and environment, is mainly the shooting intensity of small arms. Shooting intensity
indicates the dispersion degree of the impact point relative to the average impact
point during shooting. It is generally believed that the projectile dispersion error
caused by the density of small arms is relatively independent and follows a normal
distribution in both vertical and horizontal directions [3].

According to the theory of normal distribution, the spread standard deviation of
horizontal direction σz and vertical direction σy can be calculated by the following
formula:

σz =
√√√√ 1

n − 1

n∑

i=1

(zi − z)2

σy =
√√√√ 1

n − 1

n∑

i=1

(yi − y)2

Shooting intensity not only reveals the performance level of small arms, but also
can be used as a reference index to evaluate the stability of shooters in horizontal and
vertical directions according to the standard deviation of the distribution of projectiles
in the normal distribution [4].

2 Method of Evaluating the Level of Shooting

The traditional shooting level is mainly evaluated based on the performance data
of a single set of projectiles, such as the number of rings, or the distance from
the aiming checkpoint, without considering the influence of the accuracy of small
arms. The accuracy factor of small arms can be used to modify the result of fire
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level assessment, which can effectively reduce the influence of the accuracy of small
arms in the process of fire level assessment. The model of shooting-level assessment
and evaluation are mainly divided into the following steps: (1) Determine effective
projectile; (2) Involve effective projectile data in the calculation of shooting accuracy
and shooting density of small arms; (3) Correction of projectile data by shooting
accuracy of small arms; (4) Use the revised projectile data to evaluate the shooting
level; (5) Use shooting density to assist in evaluating shooting stability.

In this model, the further problem to be solved is to use the firing accuracy to
modify the firing performance data and use the firing density to evaluate the shooting
stability, which is the key to reduce the impact of small arms accuracy in the shooting
level evaluation.

Shooting performance data (zi , yi ) is compared with the aim at checkpoints coor-
dinate offsets, which contains the deviation caused by small arms shooting accuracy
(z, y), to weaken the influence of the precision of small arms, it is necessary to minus
the average impact in shooting performance data relative to aim at the checkpoint
vector deviation, detailed correction method is shown in Fig. 1, and the following
formula:

(zi , yi ) → (zi − z, yi − y)

In Fig. 1, the red dot is the aiming checkpoint, the blue point is the calculated
shooting accuracy, that is, the average impact point; the black point is the projectile
performance data, that is, the actual impact point; the gray point is the revised projec-
tile data, which is the position of the impact point relative to the aiming checkpoint
after removing the accuracy effect of small arms. It is important to note that for each
additional set of projectile data, the shooting accuracy and intensity are recalculated,
and then the projectile levels of all projectile performance data are evaluated using
the new shooting accuracy and intensity.

Fig. 1 Correction of
shooting performance data
with shooting accuracy
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Fig. 2 Schematic diagram
of the distribution of
shooting intensity in high or
low or horizontal directions

The shooting stability of a shooter can be evaluated by shooting density by
comparing the spread standard deviation in the horizontal and vertical directions.
Because in the horizontal and vertical directions, projectile dispersion independently
follows the normal distribution, as shown in Fig. 2, that is:

z ∼ N (z, σ 2
z )

y ∼ N (y, σ 2
y )

Here are two standard deviation parameters of normal distribution σz and σy ,
are all set effective participation projectile data to calculate the standard deviation,
and suggest that the small arms shooting intensity. Standard deviation parameters in
horizontal and vertical directions σzi and σyi were calculated separately for each set
of projectile data. It indicates the dispersion degree of the horizontal direction and
vertical direction in group i.

3 Application Examples

The three shooters used an automatic rifle to shoot each 100-m vertical target with
one set of precision. The performance data and the revised data are shown in Table
1.

According to the calculation of the data in the table, the average coordinates of
the center point

(
z1, y1

)
,
(
z2, y2

)
, and

(
z3, y3

)
of the three shooters and the distance

from the origin of the coordinates to the aiming checkpoint are 0.283, 0.608, and
0.283, respectively, and the distances from the average impact point are 0.1, 0.45, and
0.41, respectively. If only from the analysis of the deviation of shooting performance
data relative to the aiming checkpoint, the shooting level of shooter 1 and shooter 3
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can be preliminarily determined to be the same; but the impact of shooting accuracy
is reduced from the results, it is not difficult to see that shooter 1 has better shooting
level than shooter 3.

By comparing the standard deviation of the three shooters’ projectile data, σz1 <

σz2 < σz < σz3 , σy3 < σy1 < σy < σy2 , it can be preliminarily concluded that shooter
1 is more stable than shooter 2 in the horizontal direction, and shooter 3 does not
play the concentration level of the automatic rifle in the horizontal direction. Shooter
3 is more stable in the vertical directions than shooter 1, and the shooter does not
have the level of intensity that the automatic rifle should have.

This application test only deduces the method of shooting level assessment
proposed in this paper, because there is not enough sample data, the accuracy and reli-
ability of the calculated accuracy of small arms are not that high, and the conclusion
obtained will naturally deviate from the actual situation.

The proposed method is suitable for more shooters using the same small arms
cases; the situation ismore common in shooting training and examination in the army;
according to the theory of mathematical statistics, the more projectile data samples
involved in the calculation, the more accurate and reliable the results. Therefore, a
shooting data file can be established for each small arm to store the shooting data by
depending on the automatic target reporting system or the computer system. After
accumulating large enough sample data, the precision data of small armsobtainedwill
be more accurate and reliable, and then the evaluation method proposed in this paper
will have a higher credibility to evaluate the shooter’s shooting level. At the same
time, due to the great difference in the level of shooters, the shooting performance
data of all shooters cannot be included in the calculation of the accuracy of small
arms, but the projectile data that do not accord with the accuracy characteristics of
small arms should be eliminated in the calculation process.

Compliance with Ethical Standards The study was approved by the Logistics Department for
the Civilian Ethics Committee of PLA Army Academy of Artillery and Air Defense Zhengzhou
Campus.

All subjects who participated in the experiment were provided with and signed an informed
consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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On the Re-understanding and Prospect
of Warfighting Experiment

Boqi Wang, Jiang Luo, Wei Yu, and Hongjun Cheng

Abstract With the rapid development of scientific technology, the developed coun-
tries in the world begin focusing their military training reform on warfighting exper-
iment to create realistic battlefield environment and carrying out actual combat by
computer simulation technology. This plays a very important role in increasing
training beneficial result and forming quick combat capability. Warfighting experi-
ment is a scientific testingmethod. In the process of research, it adopts various natural
science technology, for example, information gathering and processing, computer
simulation, communication network and so on. At the same time, the research ques-
tions will be examined qualitatively and quantitatively to get clear result by the
imitation of natural science methods. With the development of information tech-
nology, intelligent, network and virtual reality, these new technical means will be
put into warfighting experiment continuously.

Keywords Warfighting experiment ·Military training · Direction

1 The Nature and Function of Warfighting Experiment

1.1 The Connotation and Nature of Warfighting Experiment

Warfighting experiment is a kind of research method in essence. It has formed a
whole set of theory and has become the important content in the new military reform
by the rapid development of computer simulation technology in recent decades.
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1.1.1 Warfighting Experiment is Originated from the Thought
of Natural Science Experiment

Experiment, this noun, in natural science refers to carrying out some kind of activity
in order to test a scientific theory or hypothesis. Warfighting experiment is the
actual application of this idea in military field. Through scientific experimental
method, military problem can be researched, military decision result can be tested
and warfighting theory and way can be checked [1].

1.1.2 Warfighting Experiment is a Scientific and Effective Military
Research Method

Warfighting experiment is a scientific testing method. In the process of research,
it adopts various natural science technologies, for example, information gathering
and processing, computer simulation, and communication network and so on. At the
same time, the research questions will be examined qualitatively and quantitatively
to get clear result by the imitation of natural science methods.

1.1.3 More Emphasis on the Factor of Human in the Process
of Warfighting Experiment

Compared to natural science experiment, warfighting experiment applies to military
requirement and military activity is the combat between people in essence. In the
research process, the changing factors like staff capability, operational equipment
and even the warfighting morale which is hard to analyze quantitatively should be
taken into account. So, it limits the development of warfighting experiment research
method.

1.2 The Meaning and Function of Warfighting Experiment

Today, the military revolution is constantly developing. Warfighting experiment is
playing significant role in helping the application of all countries’ army in the future
battle field. Warfighting experiment is a powerful assistant in the transition of army.
Especially when facing the challenges of unidentified opponent in the future, unclear
situation ofwarfighting form and uncertaintywarfighting environment, it seemsmore
important. Warfighting experiment combines the latest scientific technology on one
hand to make sure the scientific effectiveness; on the other hand, it is just experiment,
so we do not have the problem of casualties and loss of equipment. The two points
will make the decision maker have more reasonable reform plan and accept the risk
calmly.
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1.2.1 “Scenario” of Future Warfighting

Manyuncertainties of the futurewarfightingmake usmust actively imagine the battle.
Warfighting experiment makes increasing army warfighting capacity as the core, so
it is an ideal way to practice new concept and theory. The development of computer
technology provides solid technical support for the analysis, test and evaluation of
warfighting power and hypothesis of the warfighting experiment. Foreign armies
have many successful examples in this field.

Take American army as an example, Gulf War, Kosovo War, Afghanistan War
and Iraq War all are the gains from the application of warfighting experiment. Long
before Gulf War, American army took advantage of warfighting simulation system
developed by RDA Company to fully simulate and analyze the whole process from
preparation, plan, action and commanding of the future battlefield. And at last, what
we saw is the famous “100 hour’s ground war” which was a classic warfighting plan.

1.2.2 “Greenhouse” of the Actual Combat Training

Training must satisfy warfighting requirements, and only in this way, it can stand the
test of actual war. This point of view is agreed by almost everyone. The simulation
capacity is providing help for the actual combat training. Now, digital technology
is developing quickly, engineers set up geographic database of war environment
and stockpile large basic data of the enemy, our personnel and weapon equipment
to create an “artificial environment” which is highly like the actual warfighting.
By simulating the difficulties of the future war, army’s adaptive capacity, decision-
making ability and warfighting power are developed. We can fight confidently in the
familiar battlefield in future.

1.2.3 “Touchstone” of the Military Revolution

Military revolution creates a large number of newwarfightingmethod and new equip-
ment. How to test their scientificness and effectiveness and the equipment’s relia-
bility? Warfighting experiment offers solution. By taking advantage of warfighting
experiment, we can research war plan, decision and training. We can examine the
new equipment system without using personnel and actual equipment. For example,
American army has researched and trained in warfighting experiment laboratory for
a long time and they have achieved a lot in setting up information network, squad
countermeasures tactics and friend or foe countermeasures. The results can guide
the idea of actual warfighting and production of equipment. In order to improve the
effectiveness ofwarfighting experiment, by large-scale distributed interactive system,
we have realized connectivity of each warfighting experiment laboratory and satisfy
the requirement of various categories of troop’s joint warfighting simulation at the
same time and in the same space. Problems are settled one by one through the real-
time pilot in warfighting experiment evaluation system, and the military revolution
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result is positively tested. Warfighting experiment has become a “touchstone” and
“whetstone” of military revolution.

2 The Current Development of Warfighting Experiment

At present, after decades’ application and research, developedmilitary countries have
already set up warfighting experiment system and establishment and have formed
reasonable modeling concepts and collaboration mechanisms. Here, we mainly take
American army as an example to analyze it.

2.1 The Idea of Warfighting is Spreading

In the process of developingwarfighting experiment, highly developedmilitary coun-
tries emphasize on the education and spreading of warfighting experiment concept.
Many military personnel have been trained the warfighting experiment theory in
many countries.

American army considers education of warfighting experiment as an important
method to agree with warfighting operation and an important link in pushing on new
military revolution. Therefore, American army has set up long-period warfighting
experiment education strategy, has developed warfighting experiment knowledge
base andhaswritten different bookswhich apply for differentmanagement personnel.
By organizing warfighting experiment theory class regularly and showing the latest
research result, they have developed related people’s understanding and awareness.

2.2 Setting up Unified System Management

Now, warfighting experiment has already pushed on from single exploring period
to joint experiment and cooperative research. Therefore, many countries established
unified warfighting experiment system and mapped out the scientific and reasonable
plan.

American army makes each warfighting experiment laboratory, military func-
tional department, college research organization and industrial department develops
warfighting experiment technology in unified coordination. Each coordinated depart-
ment gives full play to their advantages, so the application level of warfighting
experiment has been increased and highly developed [2].
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2.3 Pay Attention to Application of the Research Result

The best research achievement is not shown in laboratory but in war field. It has
been accepted in the world that pushing warfighting experiment results on military
construction especially on actual combat in the rapidest speed.

3 The Prospect on Future Warfighting Experiment

3.1 The Background of Future Joint Will Be Reinforced
Continually

Localwar under the condition of information agewill be the combat between systems,
and it will be a comprehensive combat in multidimensional space. The success of the
war will rely on the common effectiveness of various troops. Only the joint concept
can apply for the future challenges.

Under this background, as the preview of real war, warfighting experiment
must emphasize the background of joint combat. Warfighting experiment at present
is preceded indoor and short of military leader and more direct participation of
warfighting army, so the achievement lacks operability and practicability, and it needs
more adjustment. Therefore, with the deeper understanding of warfighting experi-
ment, we will pay more attention to the coordinated research of different categories
of troop under the same background and make related experiment personnel more
diverse, joint participation of command organization with warfighting army, exper-
iment method and place more extensive to apply for the complicated requirements
of future joint warfighting.

3.2 The Trend of Element Structure Systematization is
Obvious

Warfighting experiment is made up of various resource elements. They are like
modules collected together then form a big system, and each system collects together
to form bigger system [3]. Future warfighting experiment will highlight element
structure systematization, blend independent management decision, data storage and
information transferring together organically to form a large close-related system.
In warfighting experiment, we parcel up universal software, hardware and data
model resource pool and then assemble them according to application requirement
to form a unified technology system which can satisfy service functional needs.
The warfighting experiment of arms and services in America represents this trend
fully. America’s combined forces command is transforming warfighting simulation
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system’s cooperation on connectivity with arms and services by base computation
center. They are striving for constructing a flexible warfighting experiment universal
comprehensive system which can be constituted according to mission requirement.

3.3 Continue Application of the New Technical Means

With the development of information technology, intelligent, network and virtual
reality, these new technical means will be put into warfighting experiment continu-
ously.

Traditional simulation model mainly adopts deterministic algorithm or random
model to describe the use of equipment. The process and result of warfighting action
can only be analyzed quantitatively but cannot respond to much unidentified effect
in reality. Based on the knowledge of experts’ knowledge and experience, artificial
intelligence technology analyzes the process by simulation of thinking reasoning,
resolves nonlinear and non-structural complicated problem and provides auxiliary
decision for the experiment personnel to improve the authenticity and productivity
of warfighting experiment simulation. Single warfighting experiment system is too
weak to satisfy the research requirement of future informatization joint warfighting
and system confrontation. The application of network technology resolves this ques-
tion effectively and makes virtual practice which is carried out by different organiza-
tion at the same time and under the same background come true. So, the expense of
army, equipment and personnel is saved, andwe can organize larger scalewarfighting
simulation practice, discover pitfalls and problems in army action, improve the level
and beneficial result of warfighting research to promote great progress of warfighting
capacity.
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Research on the Method of Aviation
Maintenance Work Based on Hall’s
Three-Dimensional Structure

Bing Zhao and Haiming Li

Abstract Based on the Hall’s three-dimensional structure systems engineering
thinking and lifecycle theory, this research constructs an aviation maintenance work
model including the time dimension, logic dimension and knowledge dimension.
Analysis and integration of the aviationmaintenance work has beenmade to improve
performance of the aviationmaintenancework. The feasibility of themethod has been
verified by the case of aircraft fault diagnosis and troubleshooting process to prove
its guiding significance to the practice of aviation maintenance work.

Keywords Aviation maintenance engineering · Hall’s three-dimensional
structure · Lifecycle theory · Fault diagnosis and troubleshooting

1 Introduction

Nowadays, the aviation industry is in the stage of rapid development and expansion.
With the increasing complexity of aircraft technical equipment and the shortening
update cycle of aircraftmodel, new requirements have been put forward for the safety,
effectiveness and economical efficiency of aviation maintenance engineering [1].
As a typical man–machine–environment system, aviation maintenance engineering
involves the mapping between the performance of aircraft systems or equipment and
the maintenance ability and the uncertainty of environment change during the whole
phases of that system operation, making the maintenance process very complicated,
hence bringing difficulties for aviation maintenance engineering management.

To solve this problem, Guo et al. [2] studied the essence of aviation maintenance
system and its relationship with other systems from the perspective of engineering
management, but they did not provide a methodology to guide engineering practice.
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Wen and Li [3] proposed a workflow-based management mode of aviation main-
tenance support and designed the corresponding information management system,
which promoted the digitalization of aviation maintenance management, but rarely
involved the accumulation and the management of maintenance knowledge. Based
on the availability rate of aviation equipment and the punctuality of task completion,
Liu et al. [4] constructed amathematical optimizationmodel for the human resources
of aviationmaintenance, which provided a reference for the human resourcemanage-
ment of aviation maintenance work, but was unable to bring the impact of environ-
mental factors on the allocations of human resources of aviation maintenance into
consideration.

Our study tries to introduce the system engineering methodology and lifecycle
theory into the research and practice of aviationmaintenance engineering by applying
the system engineering thinking and then constructs the aviation maintenance work
model based on Hall’s three-dimensional structure and lifecycle theory and analyzes
the feasibility of the model application. The model constructed can fully reflect the
value of maintenance work, helping perfect the new paradigm of aviation mainte-
nance engineering under the development trend of modern aviation industry, and
will provide certain inspiration and reference for aviation maintenance engineering
management.

2 Preliminaries

2.1 Hall’s Three-Dimensional Structure

The three-dimensional structure was proposed by A. D. Hall, an American systems
engineering expert; Hall’s three-dimensional structure is a systems engineering
methodology [5]. The structure is composed of three dimensions, namely time, logic
and knowledge dimension, and based on that, various works of systems engineering
are established.Hall’s three-dimensional structure is also knownas “the systems engi-
neering process system” [6], where each phase and step contain the corresponding
management contents and objectives, and each step also consists of corresponding
management means and methods which are connected to each other to forming an
organic system.

2.2 Lifecycle Theory of Maintenance

According to the lifecycle theory, the growth and development of projects, enter-
prises, products and systems can be regarded as a process with several phases, and
the characteristics and problems of which are worth of studying [7]. On the basis of
the value ofmaintenancework, that is, the positive impact ofmaintenancework to the
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operational reliability of systems or equipment which are based on different principle
of science and technology architecture, themaintenance lifecycle can be summarized
andmapped to the circulation of the four phases: maintenance planning, maintenance
information collection and analysis, maintenance services, maintenance evaluation
and feedback. Therefore, the lifecycle of maintenance work could be regarded as the
time interval ranging from the recovery to the loss of the technical status of systems
and equipment after the last fulfilled maintenance process.

This study attempts to combine the Hall’s three-dimensional structure and main-
tenance lifecycle theory and reconstructed them to provide some worthy methods
or techniques to modern aviation maintenance engineering management, and to
strengthen transparency of the maintenance process management and to enhance
the efficiency of maintenance work and scientific decision level.

3 The Aviation Maintenance Work Model Based on Hall’s
Three-Dimensional Structure

Based on Hall’s three-dimensional structure and maintenance lifecycle theory, this
study constructs a model of aviation maintenance Hall’s three-dimensional structure
to guide the aviation maintenance research and practice. The model is composed of
time dimension, logic dimension and knowledge dimension, as shown in Fig. 1.

Fig. 1 Aviation
maintenance work model
based on Hall’s
three-dimensional structure
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3.1 Time Dimension of the Model

The model’s time dimension represents the whole process of aviation maintenance
activities. In this study, the lifecycle is divided into four phases: maintenance plan-
ning, maintenance information collection and analysis, maintenance service, mainte-
nance evaluation and feedback. At the same time, the critical paths and nodes of each
phase are analyzed, and different maintenance management strategies are proposed
according to the expected goals of each phase, so as to maximize the value added
within the maintenance work lifecycle.

3.2 Logic Dimension of the Model

The model’s logic dimension represents work steps of each aviation maintenance
phase, and the work contents and thinking procedures of each phase of the time
dimension should be implemented according to those steps. Essentially, in the time
dimension, there exists a process from no maintenance work to the completion of
the maintenance work, while in the logical dimension, there exists another process
which experiences from problem nonexistence in the maintenance work to problem
existence. In addition, each link in the logic dimension is not constrained by the
irreversibility of time series, which means if the output result of one link is not
satisfactory, the previous link could be corrected.

Themaintenance process is the backboneof aviationmaintenancework, according
to the characteristics of aviation maintenance work process, six work steps has been
given: problem definition, goal determination, solution design, solutions analysis
and integration, solution implementation, evaluation and perfection. All these steps
should be implemented in accordancewith the order of plan, organization and control
to handle the maintenance task process effectively and optimize the allocation of
resources.

3.3 Knowledge Dimension of the Model

The knowledge dimension of the model is composed of three kinds of knowledge:
science andmethodology,method and technique and experience andwisdom.Among
them, science andmethodology knowledge include the principles or theories of engi-
neering, management and other related disciplines, such as aerodynamics, materials
science, computer science, project management. Method and technique knowledge
includes methods and techniques for the organization, analysis and operation of
aviation maintenance work; experience and wisdom knowledge includes explicit
knowledge (such as maintenance best practices) acquired and accumulated by senior
engineers through their keen insights and analytical skills in a very long period as
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well as implicit knowledge (such as maintenance know-how) which has not yet been
formalized.

4 Result and Discussion

4.1 Aircraft Fault Diagnosis and Troubleshooting

Fault diagnosis and troubleshooting is a common and important work during the
phase of aviation maintenance service; its purpose is to restore the aircraft to its
rated technical status and ultimately meet the performance and safety standards
required by continuous operations [8]. At present, there are two main difficulties
in aircraft fault diagnosis and troubleshooting. Modern aircraft is highly digitalized
and automatic, which makes the design principle and operation mechanism of each
aircraft system extremely complex. Thus, a single system or equipment’s fault will
bring a big challenge to maintenance personnel. Secondly, the troubleshooting time
is limited. For the sake of economic benefit, airline companies ask their aircrafts for
continuous operations as long as possible, so the fault diagnosis and troubleshooting
work prefer to be done during break time. If maintenance crew is unable to finish
their work within the given time, the companies will have to reschedule to meet new
operation requirements or directly cancel part of their operation plans, resulting in
economic losses. In view of this, this study takes the aircraft fault diagnosis and
troubleshooting as an example to reveal the practical guiding significance of the
aviation maintenance work model.

4.2 Matrices of Aircraft Fault Diagnosis
and Troubleshooting Work

According to the model, the time dimension–knowledge dimension matrix of main-
tenance work is established as is shown in Table 1. Each matrix element includes
maintenance work knowledges which are required during each work step.

The time dimension–logic dimension matrix of aviation maintenance work is
shown in Table 2. Each matrix element is a set of maintenance activities, and each
group activities are able to be decomposed to work behavior or work behavior
set, where the specific work contents and steps could be defined more concretely,
which will contribute to an efficiently maintenance works and a rational allocation
of maintenance resources.

Break down the work content of maintenance service phase to obtain the logic-
knowledge dimension matrix of fault diagnosis and troubleshooting, which is shown
in Table 3.
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Table 1 Aviation maintenance work matrix—time dimension and knowledge dimension

Dimension Maintenance
planning

Maintenance
information
collection and
analysis

Maintenance
services

Maintenance
evaluation and
feedback

Science and
methodology

Reliability theory,
strategic
management, etc.

Knowledge
management,
information
management,
quality
management, etc.

Mechanical and
electrical
engineering,
ergonomics, etc.

Management
science, value
engineering, etc.

Method and
Technique

Statistical analysis,
decision making
techniques, etc.

Knowledge
mapping,
knowledge
mining, database
technology,
machine learning
technology, etc.

Power electronics
technology,
information
technology, etc.

Comparative
analysis,
questionnaire,
expert survey, etc.

Experience
and wisdom

Engineering
manager’s insights
and experience,
etc.

Engineers and
experts’
background
knowledges,
insights,
experience and
best practices in
technical
documentations,
etc.

Engineers’
insights,
experience and
best practices in
technical
documentations,
etc.

Professional
knowledges,
experience,
analytical ability,
etc.

Table 2 Aviation maintenance work matrix—logic dimension and time dimension

Dimension Problem
definition

Goal
determination

Solution
design

Solutions
analysis
and
integration

Solution
implementation

Evaluation
and
perfection

Maintenance
planning

A11 A12 A13 A14 A15 A16

Maintenance
information
collection
and analysis

A21 A22 A23 A24 A25 A26

Maintenance
services

A31 A32 A33 A34 A35 A36

Maintenance
evaluation
and feedback

A41 A42 A43 A44 A45 A46
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5 Conclusion

The aviation maintenance work model based on Hall’s three-dimensional structure
provides a new way of thinking for the research and practice of maintenance work
and helps to form a new maintenance paradigm in big data era. In this study, based
on Hall’s three-dimensional structure and lifecycle theory, we construct an aviation
maintenance work model. As a systems analysis tool, it will reflect the components,
workflow and organizational management activities of aviation maintenance work
in a comprehensive, systematic and scientific way. By taking aircraft fault diagnosis
and troubleshooting as an example, this study discusses the feasibility of the method
proposed. In the follow-up research, the model should be further applied to an actual
maintenance work by introducing both qualitative and quantitative analysis methods
on the interactions between various phases and steps, so as to provide a guidance to
aviation maintenance engineering practice.
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The Use of Unmanned Aerial Vehicle
in Military Operations

Huifang Wang, Hongjun Cheng, and Heyuan Hao

Abstract In the twenty-first century, unmanned aerial vehicles (UAVs) have gone
through big development, and more and more UAVs are used in operations. UAVs
have a lot of advantages compared with manned aircraft. UAVs could not only
release pilots from dangerous battlefield but also perform various tasks with good
efficiency. UAVs can be used in reconnaissance and surveillance tasks and strike
targets directly as well as carrying out other missions. However, UAVs still have
some limitations, which should be overcome in the future. Especially, the command
and control system of UAV is vulnerable. The future UAVs will be stealthy, more
intelligent and autonomous. The self-defense capability of UAVs is also undergoing
big improvement.

Keywords UAVs ·Military operation · Developing trend

In future wars, the three-dimensionality of battlefield becomesmore obvious, and the
struggle for air supremacywill run through the entire process of futurewars.Whoever
controls airpowerwill have the important prerequisites for victory inwar. Aircraft has
played a great role in the air operations sinceWorldWar I. Armed UAVs will display
a greater role in the future operations. With the development of technologies, aircraft
without pilot has been developed and put into use, which is called unmanned aerial
vehicles (UAV) and commonly known as “drones.” Unmanned aerial vehicles are
remotely controlled aerial systems that are used to carry out tasks that are normally
conducted or could not be performed by manned aircraft.
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Table 1 MQ-1 Predator and RQ-4 Global Hawk features

MQ-1 Predator Span 14.8 m Empty weight 512 kg

Engine—Rotax 115 hp Max. loaded 1020 kg

Maximum speed 217 km/h Range 1100 km

Service ceiling 7600 m Endurance 24 h

RQ-4 Global Hawk Span 35.4 m Empty weight 6781 kg

Engine—Allison 7600 lbf Max. loaded 10,400 kg

Maximum speed 629 km/h Range 22,780 km

Service ceiling 18,000 m Endurance 32

Data source Northrop Grumman RQ-4 Global Hawk, https://en.wikipedia.org/wiki/Northrop_Gru
mman_RQ-4_Global_Hawk; Gheorghe Udeanu, Alexandra Dobrescu, Mihaela Oltean, Unmanned
Aerial Vehicle in Military Operations, Scientific Research and Education in the Air Force-AFASES
2016

1 Characteristics of UAV

UAVs, especially those small and micro ones, have a lot of advantages, such as
small size, lightweight, fast speed, high maneuverability, strong adaptability, easy
concealment, low cost and so on. These characteristics enable UAVs to be used
in a range of civilian and military fields, such as environmental monitoring, forest
fire fighting, resource exploration, electronic countermeasures, surveillance, result
assessment, anti-submarine, air operations and so on [1].

TheUAVsare not only pilotless butwith great autonomy.These twocharacteristics
have made it widely used in various missions. The UAVs are usually much smaller
and lighter than conventional aircraft. They can also fly longer distance without
considering the fatigue of pilots. The endurance time of Predator and Global Hawk
is beyond 24 h (see Table 1). And the endurance distance of UAVs is much longer
than before. Because of small size, UAVs can easily conduct vertical take-off and
landing, which makes them adapt to various operation environments.

2 UAVs Can Be Used to Carry Out Various Tasks Under
Various Conditions

In conventional operations, surveillance is achieved by radars, GPS and other moni-
toring system. Nowadays, UAVs are used to carry out surveillance for important
missions. UAV reconnaissance and search are the earliest and most mature functions
since they were invented. UAVsmainly rely on cameras, camcorders, low-light night
vision devices, infrared scanners and small radars installed on them to implement
reconnaissance and search functions. When the reconnaissance area is large, the
terrain is complex, or due to social factors and other restrictions, it is not conducive
to man reconnaissance on the spot, UAVs can assume the task of reconnaissance and

https://en.wikipedia.org/wiki/Northrop_Grumman_RQ-4_Global_Hawk
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search. UAV-mounted sensors can fill the existing gap between field observations
and traditional air- and space-borne remote sensing, by providing timely detailed
three-dimensional images or videos over relatively large areas. These images and
videos can be retrieved when needed.

Firstly, UAVs can monitor air traffic. The air traffic information will facilitate
commanders to decide the allocation of airspace and avoid unnecessary collisionwith
friendly forces or civilian aircraft. Secondly,UAVs can easilymonitor specific ground
objects, especiallymoving ones, which has been proven effective in some operations.
With good cameras and signal transiting system, the first-hand information will
be transited to the decision-makers soon. Even though the unmanned surveillance
aircraft is detected and shot down, because of remote control, pilots are relatively
safe. Thirdly, UAVs, especially those small and micro ones, can go into the buildings
for detailed information and clear images, which cannot be performed by those
manned reconnaissance aircraft. The timely images will be displayed on screens
for commanders to watch and help them make decisions on the spot. Without pilot
aboard, UAVs are mainly used in boring, harsh and dangerous environment.

2.1 UAVs Can Conduct Reconnaissance and Surveillance
Task

In this context, UAVs have considerable potential to be used as reconnaissance
aircraft. The USA is the first country in the world to develop and use ISR UAV
systems. The existing U.S. UAVs have formed a multi-layered, multi-typed UAV
technology system, covering high, medium and low altitude, long, medium and short
range, strategic and tactical levels and attack and confrontation. With the largest
number of military UAVs, the research and development and procurement costs of
the USA exceed two-thirds of the world’s total UAV expenditures.

In Afghanistan and Iraqi wars, UAVs have gone through big improvements.
Cameras and sensors aremounted and linked to the global telecommunication system,
which allowing long-distance control. The information attained byUAVs is processed
by computers and combinedwith intelligence of other sources, such as CIA and other
military spy agencies.

After the September 11 attacks, Predators, armedwithHellfiremissiles, and desig-
nated MQ-1L, were deployed in Afghanistan and put into operations. Predator is the
first UAVs to fire Hellfire in combat. After that, the armed UAVs are used a lot in
operations [2].
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2.2 UAVs Conduct Direct Strike on Targets

The role of UAVs in the reconnaissance field makes them also applicable to battle-
field situational awareness and communication and command. High-altitude UAVs
and low-altitude rotor UAVs, as well as early warning aircraft, ground stations,
communication satellites, etc., can build a three-dimensional and multi-layered
complex communication and command network, which will display great advan-
tages in command and control and dispatching troops and sharing information.When
mounted with missiles or rockets and loaded with bombs, UAVs can conduct strike
directly [3]. Unmanned operation platforms represented by UAVs can perform not
only intelligence reconnaissance and surveillance but also armed strikes.

On September 14, 2019, the Houthi movement in Yemen used drones to attack
the state-owned Saudi Aramco oil processing facilities at Abqaiq and Khurais in
eastern Saudi Arabia. Although Saudi Arabia has good early warning system and
missile defense system, MIM-104 Patriot, it still failed to stop the cruise missiles
and swarm of drones’ attack on the two oil facilities. The global financial markets
were destabilized somewhat. The early warning system and missile defense system
of Saudi Arabia are used for targets of medium and high altitudes. Those cruise
missiles and drones flew at low altitude, too low to be detected by conventional radar
systems. The cruise missiles and swarm of drones caused big fire in the two oil
processing facilities. Both facilities were damaged and shut down for repairs. This
attack cut Saudi Arabia’s oil production by about half, representing about 5% of
global oil production.

2.3 Other Functions that UAVs Can Perform

UAVs can be used to simulate aerial maneuvering targets for military training. This
will play a great role in the military buildup. Some terrain, especially mountainous
area, will block or absorb radio and microwave signals. The transmission of signals
will be affected. UAVs can also be used to fly to or pass the difficult terrain and stop
on top of mountains or hover in the air to act as the relay station.

3 Potential Limitations of UAV

Although UAVs are quite advanced and can carry out various military missions,
there is also a need to identify and understand the potential limitations of UAV under
current and future conditions. Now that, UAVs are used as platforms of surveillance
or firepower, and the communication and command system should be reliable all the
time. The anti-jamming capability should be strong. The endurance time and distance
should be long enough for some tough tasks. Therefore, the sensors, processing
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technologies, retrieval algorithms and evaluation techniques should also be improved
and harmonized together, so as to give full play of UAV advantages.

Conventional military aircraft is controlled by pilots with information from
ground-based systems, satellite-based systems and on-board systems. The naviga-
tion system is multi-layered.When one system fails, backup system can be activated.
Even all information systems fail, pilot can make decisions themselves. For UAVs,
things are much different. The remote control of UAV needs to be precise but usually
single-sourced. There is no redundancy for UAV control systems. Some environ-
ment is GPS-denied, and then, control system of UAV should be based on other
information system, or high autonomy will be required.

The performance ofUAVshas been greatly improved in last 30 years.However, the
development of high-tech in other fields has caused drastic changes in the application
and combat environment of UAVs, and UAVs in operations are faced with more
challenges and greater danger. Under many conditions, a single UAV cannot fulfill
the mission, and swarm tactics are necessary. The drastic changes in the environment
make it impossible for a single drone to effectively complete the assigned tasks. For
example, due to the limitation of the working angle of the sensor, a single UAV
cannot cover all the operation area, and several UAVs will be used at the same
time for the simultaneous all-round reconnaissance. And sometimes, if one UAV has
malfunctions, it will take time to fly another UAV to the target area.

Therefore, for one mission, several UAVs will be used at the same time in order
to achieve the desired result and try to avoid mission failure. The cost of UAV should
not be too high to afford, which requires the manufactures to decrease the cost while
ensuring the performance of UVA.

4 Developing Trends of UAVs

During recent years, in the conflicts of Middle East, quite a lot of UAVs are shot
down. The survivability of UAVs is in great danger. Conventional air and missile
defense and other military means have posed great threat to UAVs. Once UAVs are
detected, the probability of being shot down or destroyed is quite high. Although the
remote control mode releases pilots from direct battlefield involvement, the reacting
time of UAV when faced with sudden change of conditions is also long because
information processing will take some time.

4.1 The Stealth Performance is Required for UAVs

In order to enhance survivability, UAVs in operations need to be stealthy. Therefore,
the material and technology used to conventional stealthy aircraft should also be
used on UAVs. Material that can absorb radar waves and infrared light can be used
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to coat UAVs. The use of fuel added with anti-infrared radiation chemical mate-
rials, reducing surface gaps, and using low-noise engines can effectively improve the
stealth performance of UAVs.

The U.S. Air Force has completed XQ-58A Valkyrie demonstrator’s inaugural
flight at Yuma Proving Grounds, in Arizona, in March 2019 [4]. It is a long-range,
high-subsonic unmanned combat air vehicle with stealth technology. The Valkyrie is
designed to be stealthy and with low radar signature. Its configuration is similar with
the F-35 Joint Strike Fighter. This UAV and its derivatives are anticipated to perform
a range of missions, such as including high-altitude flying, defensive and offensive
counter-air maneuvers, suppression of enemy air defenses and so on. One XQ-58A
Valkyrie is estimated to cost $3 million, while an F-35A is expected to cost roughly
$85 million. The low cost means that XQ-58A Valkyrie can be put into operations
frequently and can be lost or destroyed without too much concern.

4.2 Improve the Intelligence and Autonomy of UAV

UAVs should be made more intelligent and autonomous with adoption of new
advanced technologies [5]. UAVs can be designed to execute autonomous actions.
When a UAV encounters an unexpected situation, it can avoid danger in accor-
dance with a pre-programmed procedure and complete the task in compliance with
the remote command. In order to complete tough tasks in complex electronic-
magnetic battlefield environments, command and control systems and firepower
systems should be highly integrated and intelligent.AutonomyofUAVwill be greatly
improved through pre-programmed procedures. When the UAV system is intelligent
and autonomous enough, the UAV operators would be able to operate large numbers
of drones at one time, which would achieve better combat effect.

4.3 Enhance the Self-defense Capability of UAV

In January 2018, an Islamist rebel faction of Syria launched 13 armed drones in an
attempt to attack the Hmeimim air base and Tartus naval facility in western Syria.
Russian forces were able to overpower radio signals for some of the drones and
destroy other drones with short-range Pantsir-S1 antiaircraft missile systems. For
the Islamist rebel faction of Syria, those drones failed to fulfill the mission, and all
were lost or destroyed, which means that the self-defense or survivability of UAV
should be improved.

With the development of remote sensor technology, UAVs will be able to detect
opponents from a longer distance. Early warning system will be more effective,
thereby UAVs can avoid adversary firepower early or have enough time to counter-
attack. Radar warning system, radar jammer and anti-tracking devices are all good
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choices for UAVs to enhance self-defense capability. Air-to-air missiles can be also
adopted by UAVs, so as to find enemy earlier and take preemptive actions.

Unmanned aerial vehicles can be used in various conditions and have greatly
changed operation environment in various ways. With the use of UAVs, the casualty
will decrease, while the requirement for technique support will be increased. More
soldiers or operators will not necessarily go to the front of battlefield directly but
operate UAVs in the back. UAVs are relatively smaller and more flexible in use than
other aircraft and cost less. UAVs should be adopted properly with sufficient target
information and good communication and command system without unintended
engagement with friendly aircraft. UAVs will change the operation mode from big
formation to smaller and disperse operations. However, the use of UAVs is faced
with threats such as electronic jamming and bad meteorological conditions.
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The Construction Method and Research
of Military Online Courses

Hai Chang, Shuai Mu, and Rui jie Wang

Abstract Rich and excellent online courses are the important learning carrier for the
learners. Contents design methods are produced in the article for the topic—online
course construction in the military vocational education involving contents of the
courses should circle around the post need, distillation of the language points should
apply with the online learning system, teaching contents shouldmatch the show form
in the learning carrier. And the teaching methods and skills are shared in the article
from teaching ways, teaching language speed, to the content explanation and so on.
Suggestions are made how to name the courses, apply the teaching resources and
design the examinations. Good ideas are offered in the article for the construction of
online courses.

Keywords Military vocational education · On-line course · Course design ·
Classroom teaching

Online course is the innovation in the teaching model in education in the “Internet+”
time. It is the important carrier to developmilitary vocational education. The teaching
group should make full and complete preparation for the content design and online
classes in order to realize the goal to attract the officers and men to join and to realize
the transmission from knowledge to combat effectiveness excellently as well.

1 Contents Design for the Online Courses

1.1 Contents of the Course Must Circle Around the Post Need

Need from the Army is the origin to develop the military professional education, and
it is base to have the online course construction. Nowadays, however, the problem
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in the teaching contents for the online courses is overloading in theoretical narration
but less in practice, which does not meet the practical needs of the officers and men
and lessens their learning enthusiasm [1]. The causes for this are that the designers
do not know the needs of the officers and men, and the contents do not apply with
the individual progress program still. Contents design of the online courses should
go around the post needs on the basis of the rules making up what is short and
strengthening what is weak. In this way, the education may realize the aim to help
the officers and men be talents with study and be qualified for their positions. And in
this way, the contents of the online courses might meet the needs of the troops and
the fighting more.

1.2 Distillation of Language Points Should Match Online
Learning Traits and System

How to segment the teaching contents, how to distill the language points and how
to decide the structure in teaching design of the online courses should be considered
first. Online courses belong to the category of “fragmentation.” Usually, the learner
concentrates on the video with an average of about 10 min [2]. Therefore, he hopes
to read a short and pithy, practical and convenient passage so that he can master
and understand easily. For this reason, the videos for “fragmentation learning” are
most popular. Furthermore, the key point of the online course design is to decide the
duration and contents of each knowledge point. In the procedure of segmenting, the
whole knowledge should be segmented into different knowledge points according to
certain logic, and each of them should be relevantly complete and independent. The
title for each language point should be distinct or pithy, which makes the learner have
a clear learning goal and have an active expectation for the learning result before
learning.

1.3 Teaching Contents Should Match the Show Form
in the Learning Carrier

Cartoons, videos and pictures, etc., can be integrated in the teaching videos for
the online courses in order to make the contents vivid and the learner master the
knowledge and skills with a fast speed. The recording forms of the online course are
the following—lecturing in the classroom, interviewing, practice, screen interaction
and cartoons [3]. Each of them is for the use of different type of teaching contents,
such as the abstract concepts are usually used in classroom lecturing, case analysis
in interviewing and operation in weapon practice. While recording, the designer
should try his best to avoid doing this without distinguishing the language points
and doing this with no guide of the lecture contents. Even the language point of “xx
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weapon operation and application” appears in the video, which is suitable in practice,
but recorded as lecturing in classroom. Then, the instructor explains with the PPT
together with great effort, what else the teaching results? Therefore, the teaching
contents and the show form of the video should match well, and the design should
be pithy and optimized to help the students have the best results.

2 Lecture Skills of the Instructor in Class

2.1 Address Properly While Having Online Courses

The instructor usually has classes face to face with the students in the traditional
lecture. Now, he faces the camera while having online course. The whole time he
murmurs in front of the camera perhaps. Meanwhile, the online courses are designed
for the autodidacts, these situations in traditional classes, such as discussion, share,
communication and question-answer cannot appear in online lectures, which makes
the instructor lose his excitementwhile having classes and leads to dullness in lecture.
In order to avoid this, while recording, the design can create a practical class atmo-
sphere to lessen the pressure of the instructor as if in the traditional classes. The
instructor canwrite on theblackboardor underline the accents onPPTwhile lecturing.
This kind of method can make the students concentrate on study and have the feeling
of one-to-one teaching air.

2.2 Control Speed of Speaking Appropriately While
Lecturing

The duration of a language point of online course is about 10 min, even the minimum
is 3 min. In such a short period of time, a teacher should spread the related contents
and language points distilled to the learners, and he or she should not speak slowly
while lecturing. According to statistics, the speed of speaking and attraction of a
lecture are not in the direct ratio. In other words, too fast speed of speaking cannot
improve the attraction. But a video with a speed of speaking 200 words per minute
attracts learners much more easily [4]. For, this speed of speaking is popular among
the learners. Meanwhile, a bit faster speed of speaking excites the spirits of the
learners easily. This requires a teacher should make full preparation before class. In
normal case, the shorter the same video is, the more is accepted, and the better the
results will be. Therefore, we say, a lecturing teacher should speak clearly, correctly,
a bit faster and infectiously.
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2.3 Explain the Contents Concretely and Correctly

Students follow the teacher only in a traditional class [5]. About on online study, the
students can select, scan, study again and again what to read. The students can read
fast or slowly whatever they like. So, the teacher should come to contents directly,
pithily to avoid repetition and redundancy. Toomuch warm-up will not only lengthen
the video but also affect the learners’ interests. Some of the language points have been
explained too much, such as the whole tactics, performances, duty of the operators
about the equipment, which are not available to explain entirely in video. On the
contrary, only part of them needs explaining. The rest should be uploaded to the
reference for the learners’ consulting.

3 Problems in Online Course Construction

3.1 Address Properly in Online Class

In online class, a learner has the feeling that the teacher is having class for him from
the perspective of the learner and he has the sense of friendliness. From the teacher,
I am explaining for you, one-to-one class. This feeling helps the teacher to excite the
air of study of the learner. Therefore, while having classes online, it is better to use
“you” or “we”, not “all of you”, “everybody” or “classes.” In this way, the learners
have the feeling respected and accented. Thus, the learning interest is improved, and
the results are promoted.

3.2 Make Full Preparation of the Resources for Online
Courses

Resources for online courses are the object of online education, which represent
all kinds of digitalized resources, such as the videos, audios, texts PPTs and item
banks whether the lecture online is successful or not, the prosperity of the resources
plays an important part. Whether the resources are useful or not decides the value of
the course online when the lecture team prepares the resources. The most important
part of online course is how to develop exercises, to have team cooperation, to do
homework correcting, to carry out communication and interaction online. These
activities are carried out with a circle around the resources. About the resources of
online courses, it is much richer than the traditional classes, which is the advantage
of online attracting the learners.
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3.3 Design Appropriately Online Tests

Classroom tests are used to check the study of the students in order to strengthen
their study. Final test is carried at the end of a course. Pass it the learner will get
the certificate. Usually, a language point has 3–5 items to fill the classroom test. The
repeating ratio of the final test and the classroom test is lower 50%. The classroom
test and final test should have the multiple choice and true-and-false items. Fill-in-
the-blank items are not chosen for the online exam for the reason that if capitalization
or lowercase and numbers of blanks cannot match the keys, the automatic grading
system will give an X to it. Meanwhile, the test should not be too difficult and too
partial so as to crack down the enthusiasm of the learners.
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Effectiveness Evaluation of VTS
Measures on Pilot Candidates Selection

Yu Bai, Qingfeng Liu, Huifeng Ren, Xiaochao Guo, Duanqin Xiong,
Yan Zhang, Guowei Shi, and Yanyan Wang

Abstract This study aims to evaluate effectiveness of several psychological
measures from Vienna Test System. Method A total of 110 male pilot candidates
complete Chinese pilot selection psychological test battery and five measures from
Vienna Test System. Spearman correlation was used to evaluate the effectiveness of
the measures. Results: Spearman correlation analysis results reveal that total score
of Chinese selection systems significantly correlate to seven indexes drived from
five VTS subtest respectively (r = 0.250–0.508, P < 0.05) expect correct numbers
of Pilot’s Spatial Test. Conclusion: In this study, we test the effectiveness of five
measures from VTS in Chinese pilot candidate selection. These five measures are all
consistent with our system and be conducive to improvement of selection system.

Keywords Psychological selection · Correlation · Psychomotor ability · Spatial
ability · Pilot

1 Introduction

Flying a military aircraft is a cognitively demanding activity. Military pilots must
successively integrate the aircraft into varied operational situations, complete hard
missions in hostile terrain and keep safety under difficult circumstances. Pilot selec-
tion has played a prominent role in aviation psychology since the invention of aircraft.
Hunter and Burke [1] explained that this continued emphasis is because flight is the
most mental attribute demanding job and pilot training characterized by high attri-
tion probability is the most expensive training program, especially in the military
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services. The US Navy estimates that the sunk costs for student aviators who fail
training range from $500,000 to $1,000,000, depending on the stage at which failure
occurs [2]. The U.S. Air Force has a continuing interest in reducing high rates of
attrition and washbacks during initial skills training which led to greater increasing
recruiting costs or training times [3].

Since World War I, military aviation psychologists have applied psychological
measures to select candidates and predict aviator performance [4]. From then on, a
wide variety of personal characteristics including reaction time general mental and
reasoning abilities, intelligence, psychomotor skill, mechanical comprehension and
spatial measures et al. were evaluated for effectiveness. A theory model of knowl-
edge, skill, ability and other characteristics (KSAOs) and selection battery were
developed [5]. USAF uses pilot candidate selection method (PCSM) to accept indi-
viduals into flying training programs, which combined Air Force Officer Qualifying
Test (AFOQT), Test of basic aviation skill (TBAS) and flying history. The Cana-
dian Automated Pilot Selection System (CAPSS) was used by Canadian to select
applicants for pilot training, which is a simulation of a single-engine light aircraft
[6].

Chinese Air Force also develops a selection programwhich includes four measure
systems. Psychological test battery consisted of basic cognitive ability test, flying
special ability test, simulation flight test and expert interview and observation rating
were measured for last decades. In order to improve the selection program and
develop new measures, we evaluate several psychological measures from Vienna
Test System (VTS) for effectiveness.

2 Methods

2.1 Subjects

A total of 110 male pilot candidates [mean (SD), age 18.4± 0.6 year] were recruited
and completed psychological measurement when they participated the Chinese pilot
selection program. All subjects had passed the medical examination for selection
and had signed statements of informed consent, which outlined the purpose of the
experiment and informed subjects of their rights.

2.2 Tools

a. Chinese pilot selection psychological test battery (CPSPT) [7].

Based on two factor theory of intelligence proposed by Spearman, flying ability is
divided into basic cognitive ability (general factor) and flying special ability (special
factor). Each subtest score and total score (TS) are stanine (Table 1).
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Table 1 Chinese pilot candidates psychological selection test battery

Subtests Description Times (min)

Basic ability test (BAT) A total score combined perception,
thinking, comprehension, memory,
spatial orientation, et al. abilities
measured by distinguishing direction,
selecting paired word, regularity array
comparing simulated scales,
assembling figures, et al.

60

Flying special ability test (FSAT) It is a multitask psychomotor test. The
subject uses two sticks and a pedal to
control a cross symbol simulating
aircraft posture keeping task

60

Simulation flight test (SFT) The subject learned to fly a simulation
of a single-engine light aircraft in half a
day and test by tasks including start the
engine, take off, turn up and circle
around et al.

240

Expert interview and observation (EIO) A flight expert and a psychologist
interview the candidate and evaluate
comprehensive abilities by observation
on some group and dynamic activities

120

b. Test battery derived from VTS [8].

VTS is a computer-based psychological assessmentwhich comprises awide selection
of modern personality and ability tests produced by Schuhfried. It’s aviation expert
psychological test battery aims at need of civil and military aviation field and fulfills
the requirement of JAR-FCL3 (Table 2).

2.3 Statistical Analysis

Data expressed in M or M ± SD (s) were collected and processed by SPSS 20.0
statistical software package. Spearman correlation was used for analysis; P < 0.05
was set as the threshold value with significant difference in statistics.

3 Results

Because of the limited times available, all of the subjects have completed the CPSPT,
subtests ofVTS are applied according to the available time of each subjective. Sample
numbers list in statistical results.
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Table 2 Vienna Test System

Subtest Description Times (min)

Gestalt perception test (GPT) The task is to identify a pre-defined shape
(in form of a house) in a pattern and to
mark the corners of the house with the
mouse as if redrawing them. 30 items

10

Determinations test (DT) The respondent is presented with color
stimuli and acoustic signals. He/she reacts
by pressing the appropriate buttons on the
response panel or stepping the pedal. The
stimuli presentation speed adjusts to the
respondent’s performance level

10

Decision quality test (DQT) The respondent must decide which of five
bars has the same length as the given one
and enter the answer as quickly as possible

5

Pilot’s spatial test (PST) The subject’s task consists of specifying the
differences between two pictures with
regard to the depictured airplane’s position
(rotation about the three spatial axes)

10

Sensomotor coordination (SMK) Control an unpredicted moving circular
segment with two hands on two sticks to
overlap an up-side down T shape in a
three-dimensional virtue room.
Coordination of two hands, eyes and brain
is needed

10

Spearman correlation is applied to analyze the relation between four subtests
and TS of CPSPT and eight indexes of five VTS subsets. The results reveal that
significant correlation between two test systems (Table 3). CN of PST does not
significantly correlate to any index of CPSPT. Because the CN of PST appears an

Table 3 Correlation between two test systems (r)

Items BAT FSAT SFT EIO TS

TIR of SNK (N = 51) 0.236 0.508** 0.168 0.155 0.401**

TIR of SNK2 (N = 51) 0.231 0.485** 0.193 0.175 0.400**

CN of DT (N = 110) 0.283** 0.294** 0.071 0.226* 0.338**

MD. RT of DT (N = 110) −0.250** −0.361** −0.329* −0.248** −0.385**

CN of PST (N = 59) 0.070 0.110 −0.210 0.148 0.147

WE of PST (N = 59) 0.368** 0.286* −0.105 0.251 0.380**

GPT (N = 110) 0.175 0.359** 0.320* 0.134 0.297**

DQT (N = 103) 0.255** 0.166 0.215 0.127 0.245*

CN = correct number, MD. RT = median reaction times, SCA = WE = working efficiency, TIR
= time in ideal range (in %), SMK2 = SMK2 after 5 min
*P < 0.05, **P < 0.01
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Fig. 1 Distribution of two indexes of PST

uniform distribution, working efficiency index is calculated to acquire a normal
distribution (Fig. 1). Then, correlation result becomes significant.

The formula is

WE of PST = CN of PST/WT WT means Working time of PST

4 Discussion

Since World War I, the military services have found that mental attributes could
predict pilot success. Over hundred years, psychological measures have played
an irreplaceable role in pilot selection. Psychological pilot selection also helps to
improve pilot training and aviation safety in Chinese. Pilot selection program was
developed based on flight ability study. Five paper-pencil tests developed by the
Fourth Institute of Air Force were applied in Chinese pilot candidate selection since
1978 [9]. The validity of current selection system described in 2.2 is about 0.50–0.70.
Thepredictive validation of PFTpass/fail classification ratewas 80%.However,Deng
suggests that the validation may decline [7]. The reasons may include the education
and ability level change of target population or the increasing psychological need
from development of aircraft. New subset should be developed to keep the validity
of the system. Therefore, we evaluate the effectiveness of five measures from VTS
in Chinese pilot selection.

Five measures aim to evaluate wide range of abilities. In this study relevant to
military pilots including psychomotor ability, reactive stress tolerance, attention,
reaction speed, spatial orientation, decision making, field independence, et al. The
results reveal that all the five measures can predict candidate performance in pilot
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selection test. We could learn design ideas from them to improvement of our test
system. Some previous studies have the similar findings. Sommer et al. [10] vali-
dated a VTS aviation psychology test battery for the selection military pilot trainees.
A total of 99 male pilot applicants completed the test variables including figural
inductive reasoning, visual short-term memory, determination test, spatial percep-
tion and sensomotor coordination test. The sample was divided into suitable pilot
applicants and less well-suited pilot applicants according to performance in a stan-
dardized flight simulator. The predictive validation of classification rate was 73.8%.
The DT contributed to the predictive model with a relative relevance of 18% and
SMK is 15%, which provides evidence of the criterion validity of the DT, SMK in
the psychological assessment of pilots.Martinussen et al. [11] used a computer-based
battery inNorwegianAir Force pilot selection includingDT,which obtained a second
highest criterion validity of 0.21 among 13 subtests. In another study, Sommer et al.
[12] explored an artificial neural network model using Intelligence Structure Battery
S2 to predict training performance of 99 pilot applicants for the Dutch Air force. The
validity coefficient was 0.84. Incremental validity and relative relevance of decision
quality subtest were 0.167 and 141%, respectively.

In our study, SMKhas themost relevant correlationwith FSAT (r= 0.508) for they
are all psychomotor ability test in most degree. SMK also has the highest correlation
(r= 0.40) to TS among five subtest fromVTSwhichmay illustrate the importance of
psychomotor ability for pilot. Someone argues that the need for psychomotor abilities
may have reduced because of the increasing complexity of modern aircraft system
and instead the requirement of critical thinking and situational awareness become
highlighted [13].On the contrary, themore rapid and highermaneuverable the aircraft
is, the higher psychomotor abilities are needed for pilots. Test of basic aviation skills
(TBAS) recently developed selection battery by the USAF is still mainly designed to
measure psychomotor tracking ability and multiple task performance skills. Astani
and Macarie [14] outlined the ideal ability profile of the student future military
aircraft pilot in which psychomotor skills was rated the highest score.

The DTmeasures reactive stress tolerance and the associated ability to react using
a complex selective reaction task paradigm. The task difficulty arises from the need
of continuous, rapid and varying responses to rapidly changing stimuli. DT results
correlate to all four subtests and TS of the Chinese system, except for CN of DT
to SFT. Karner and Neuwirth [15] has used DT to predict driver’s performance in
actual driving. Therefore, DT may have a cross situation significance.

Spatial abilities are pivotal constructs of all models of human abilities, especially
in aviation field, almost all pilot selection battery taking this measure as the most
weighted index [16]. Some researchers argued that aviator aptitude test should involve
three-dimensional orientation and spatial visualization. However, there some conflict
results about PST. Martinussen et al. [11] used a test named Planes in Norwegian
Air Force pilot selection, which is similar to PST. The test asked the candidate to
move a plane in the direction of the target one using a joystick. Spatial ability needed
involving visualization and mental rotation is the same to PST. The criterion validity
is just 0.01. This is the same to correct number of PST (r = 0.07–0.148, P > 0.05).
Considering that there are only 13 items in PST and relative small sample (N = 59)
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participate the test, the data appear an uniform distribution. So, we try to calculate
another index to better the distribution. Working efficiency which means CN of PST
in 100 s is used, and normal distribution is acquired. The correlation to BAT, FSAT
and TS is acceptable (r = 0.368, 0.286, 0.380, P = 0.004, 0.028, 0.003).

The Gestalt perception test is based on the concept of field dependency proposed
by Witkin with classic “Rod-and-Frame Test” [17]. In further research, Fine [18]
suggests field-independent persons can react in a specificway to stimuli and can easily
distinguish perception details on a neuro-physiological level. This means that Gestalt
perceptionmay be the basement of pattern recognitionwhichwas relevant to situation
awareness. So, Gestalt perception should be stressed by aviation psychologists and
used as pilot selection measure.

Decision making ability attracts increasingly attention in aviation psychology
field with wide application of modern interaction technology in cockpit. However,
measurement of decision making is difficult and isn’t independent to the test task
and situation. So, simple decision-making situations and visual discrimination tasks
in this test may reduce bias of traditional test.

EIO is a very important subtest in our selection system which is similar to assess-
ment center. Comprehensive abilities, motivation and personality are examined in
dynamic activity situation. Expert pilot and psychologist are matched to assess the
candidate by interview and observation on human interaction activities. Performance
in this situation may be different from human–computer interaction test which may
partly cause low correlation between EIO and five VTS subtests. Expert pilot’s
experience is also useful for correct selection.

In this study, we test the effectiveness of five measures from VTS in Chinese pilot
candidate selection. These five measures are all consistent with our system and be
conducive to improvement of selection system.

Compliance with Ethical Standards The study was approved by Civilian Ethics Committee of
Air ForceMedical Cen-ter of FMMU.All subjectswho participated in the experimentwere provided
with and signed an informed consent form. All relevant ethical safeguards have beenmet with regard
to subject protection.
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Research on Internet of Things in Space
Flight Training Simulation

Shang Huan, Suqin Wang, and Shaoli Xie

Abstract Objective: The purpose of studying Internet of Things (IoT) is to construct
the interface network of the space flight training simulator of the space station.
Methods: Guided by the problem of the interface system of the space station simu-
lator, based on the IoT technology, the space station simulator interface network,
which combines the upper Zigbee network and the secondary CAN bus network, is
proposed.Results: The experiment shows that the interface network solves the prob-
lems caused by the complex structure, configuration change, and self-service training
of the space station simulator.Conclusion: Due to its comprehensive perception, reli-
able transmission, and intelligent processing, the network is not only suitable for the
space station simulator, but also can be applied to other large equipment simulation
field.

Keywords Space flight · Space station · Simulator · Internet of things

1 Overview

Through ground space flight simulation training, astronauts can quickly perceive
the mission environment, master the mission skills, and correctly troubleshoot.
Therefore, the space flight training simulator is an economical and safe space
flight training method [1, 2]. China has successively built a fixed-base full-mission
flight training simulator, an extravehicular activity program training simulator, and a
rendezvous and docking training simulator, which successfully ensured the manned
flight missions from SZ-5 to SZ-11.

Comparedwith the previous space laboratory, the space station is composed of the
core cabin, the laboratory cabin I, the laboratory cabin II, and the cargo cabin, etc.,
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Fig. 1 Space station
simulator of China

with more complex structure and more advanced technologies. See Fig. 1 for details.
Therefore, the R&D of the ground simulator will face new problems: First, the space
station will be constructed in stages. In the first stage, the core cabin and the cargo
cabin will be constructed; in the second stage, the laboratory cabin I and laboratory
cabin II will be constructed. During the construction process, the configuration of the
space station is constantly changing. There are various configurations such as “L”,
“T”, and “+”. The simulator should respond synchronously. Second, according to the
requirements of the training plan, the simulator should be self-service training ability,
that is, a single training sessionmay be enabled for a certain cabin, ormultiple or even
the entire cabin, which requires the space station simulator to upgrade the simulation
architecture. Third, the space station simulator is a large-scale semi-physical and
person in the loop simulation system. There are a large number of different types of
onboard devices required astronauts to operate and systemawareness. Therefore, how
to effectively connect the device to the simulation system is also a key issue. Aiming
at the above problems, it is an economical and feasible solution to introduce the
Internet ofThings technology andbuild anopen, dynamic, and configurable simulator
interface framework mainly based on embedded technology, field bus technology,
and wireless sensor network technology.

2 Technical Scheme

The space station simulator interface IoT network is designed in two levels. The upper
network iswireless LAN (WLAN, for short) based onZigbee technology, as shown in
Fig. 2. Zigbee WLAN mainly consists of one coordinator, four terminal nodes (core
cabin, cargo cabin, laboratory cabin I, laboratory cabin II), and routers. The coordi-
nator is responsible for establishing andmanaging the network and accessing the core
switch for data exchange with the simulator server; the terminal nodes are mainly
responsible for the transparent transmission of data between different networks, with
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Fig. 2 Simulator WLAN of
Zigbee

the gateway function to linkCANnetwork to theZigbee network; the router is respon-
sible for the wireless network data routing, deployed by network signal strength,
providing redundant transmission paths, and improving the robustness of interface
network.

There are three main reasons for the adoption of WLAN in the upper network:
First, the laying demand of signal cables between cabins is greatly reduced, and there
is no need to configure sockets and pipelines from cabin to cabin, which can reduce
the construction costs. Second, the simulator can respond quickly to changes in
the configuration of the space station without changing the original cable structure,
thereby minimizing the cable adjustment, laying, and testing. Third, Zigbee is an
emerging wireless network technology with short distance, low rate, and low-power
consumption. It has ability to build the large-scale, self-organizing, dynamic, data-
centric, highly reliable, and low-cost wireless network. Due to the advancement of
the physical layer, it uses OQPSK and DSSS technology to solve the uncertainty
of data in the transmission process and uses 16 bit CRC to ensure the correctness
of data [3]. The Z-Stack protocol stack provides a convenient development path for
quickly implementing the complex Zigbee network. All of these meet the demands
of the space station simulator.

The secondary network is based on the CAN bus technology to build the field
control bus network, as shown in Fig. 3. Independent CAN bus networks are
constructed for the four cabins. For the communication and control demands of
different devices, different functional modules are developed, including modules
such as IO acquisition, IO drive, A/D, D/A, PWM, relay control, and communi-
cation interface conversion. Among which, the main control module is responsible
for network management and communication with the host computer; the terminal
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Fig. 3 Simulator CAN bus

node of the upper Zigbee network is another main control module, which is respon-
sible for the transparent transmission of data. The terminal node of CAN network is
responsible for the access service of one or more types of cabin devices.

The adoption of CAN bus network for the secondary network is mainly based
on three reasons: First, the secondary network is mainly deployed inside each
cabin, and wireless communication such as Wifi and Bluetooth already exists in the
cabin. As Zigbee and Wifi technologies all choose 2.4 GHz (2.4–2.483 GHz) ISM
frequency band, channel conflicts are bound to exist. According to the relationship
between packet error rate (PER), separation (distance between interference source
and receiver), and frequency offset (Foffset) in the wireless network, it can be seen
that the larger the frequency offset and the longer the distance, the better the coex-
istence performance is in non-frequency hopping systems [4]. While the minimum
distance between onboard devices is about 10 cm, only four channels (n = 15, 16,
25, 26) of IEEE 802.15.4 fall on the band spacing of the IEEE 802.11 b/g channel.
In order to avoid communication interference, moreover, the deployment of device
in the cabin will not change usually. Therefore, wired communication is preferred
in the cabin. Second, the CAN control bus network is a serial, asynchronous, and
multi-host communication protocol. Its short message structure enables efficient and
reliable communication. It does not even need to change the software or hardware of
any nodes for directly adding nodes in the CAN network, which is very suitable for
the extension requirements of the space station task simulator. Third, compared with
the 1553B bus (space station orbit bus), the CAN bus features significantly reduce
development cost, which is very suitable for ground conditions.

In the case of conditions with several cabins, the upper network and the corre-
sponding secondary network are enabled; in the case of single cabin condition, only
the corresponding secondary is to be enabled without the need of enabling the upper
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network. The main control module 2 of the secondary network directly connects to
the local server via Ethernet for data communication to achieve the purpose of saving
power consumption. This simulator interface network framework is consistent with
self-service training methods.

3 Key Technologies

To implement the simulator IoT interface framework, key technologies such as the
perception layer, functional modules, data transmission, M2M communication, and
software architecture need to be addressed.

3.1 Design of Perception Layer

Comprehensive perception is the first major characteristics of the Internet of Things.
Therefore, the perception layer is a key part of the IoT information acquisition of the
simulator, and the working status of each device of the simulator is sensed through
different electric signal forms. The key to the design of the simulator perception
layer is the selection of sensor. The customized sensor is not only based on the
working characteristics of each product, but also needs to focus on the adaptability
and economy of the simulator. Simulator adaptability means that the sensors are
added for the cabin device under the premise that the shape, structure, and other
aspects are constrained by real products to meet the signal perception and high-
frequency usage demands of the simulator [5]. Therefore, the size of the sensor
modulemust be small, and the assembly should not change the structure andoperation
of the object as much as possible.

For example, the environmental control sub-system of the space station is
equipped with a variety of valves to control gas, liquid, and electricity for purifying
the cabin environment. However, the ground simulator is not in the closed space and
does not need to be equipped with real device, but it needs to sense the valve open-
ness to simulate the on-orbit environment control process. Therefore, it is necessary
to select a sensor to monitor the valve operator’s openness. As the valve belongs to
the high-frequency operating component, non-contact measuring devices should be
preferred to avoid rapid failure due to mechanical wear. If incremental photoelectric
encoder is adopted, although it is non-contact, it must patrol zero after restarting; the
absolute photoelectric encoder has complex structure, big size, and is expensive, and
has poor simulator adaptability. The new type Hall inductive angular displacement
sensor has the characteristics of small size, 12-bit resolution, low rotation torque,
and high mechanical life. With linear output during 0–360° rotation, different angles
always correspond to different output voltages; see Fig. 4 for details. In addition, its
output characteristics can be customized to meet special working conditions. The
adoption of output characteristic sensor in Fig. 5 can perfectly sense the working
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Fig. 4 Universal output of
HS

Fig. 5 Special output of HS

state of the air supply valve, 0–180° indicates the openness, 180–270° means pres-
sure relief, and 270–360°means cut-off. Therefore, the sensor has excellent simulator
adaptability.

Even with Hall inductive angular displacement sensor, process design is also
required. Align the two axes and keep the rotations synchronized. In order to further
reduce the cost, the tri-axis acceleration sensormodule (LIS3DH) can also be selected
when the requirement on accuracy is not high, and the measurement is performed in
the form of surface mount. According to the component values of the static gravity
acceleration in X, Y, and Z axes output by the triaxial acceleration sensor chip, the
program can calculate the current position of the valve [6].

3.2 Design of Function Modules

The simulator interface network terminal nodes are divided into CAN network nodes
and Zigbee network nodes, both of which have specific functions and serve to cabin-
borne device objects. According to the standardization and module design require-
ments, CAN network terminal nodes are divided into dedicated modules and general
modules; Zigbee network terminal nodes are mainly gateway modules and other
modules.

Dedicated modules are generally responsible for a certain function. The modules
are small with low cost and are suitable for mass deployment, covering interface
modules such as IO modules, ADmodules, DAmodules, and SPI and SMBus (I2C).
The CAN network dedicated module is based on the C8051F04X SOC chip design,
and the Zigbee network dedicated module is based on the TI CC2530 SOC chip
design. The module of same function is divided into different versions according
to different requirements. For example, the AD module is divided into embedded
module and independent AD module. The embedded module directly adopts the
AD peripherals integrated in the C8051F04X SOC chip, while the independent AD
module is equipped with a special AD chip (ADS1110, 16-bit accuracy) to improve
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the acquisition accuracy. As a result, it is generally used for signals acquisition in
fine operation occasions such as remote control handle.

The general module chooses C8051F040 as the main control chip, which not only
has integrated CAN2.0 controller, but also has abundant analog and digital peripheral
resources. By making full use of these peripheral resources and supplemented by a
small number of driver chips, IO, AD, DA, SPI, SMBus, and other functions can be
realized on a module. As a result, the general module has wider load capacity, which
can greatly reduce the number of nodes in the network.

The main function of the gateway module is to bridge the CAN bus network
and the Zigbee wireless sensor network, forming an integrated simulator IoT. The
gateway module needs to handle both the CAN2.0 protocol and the Zigbee protocol.
Because the CC2530 chip does not have dedicated external memory interface, the
gateway module design should not adopt the scheme of CC2530 chip with indepen-
dent CAN controller SJA1000. Considering comprehensively, the dual main control
chip is a better solution. Among them, the C8051F040 chip is responsible for CAN
network processing, and the CC2530 chip is responsible for Zigbee wireless network
processing. Data is exchanged between the two through Uart. The circuit schematic
is shown in Fig. 6. The C8051F040 chip configures TX0 and RX0 pins of Uart0 to
P0.0 and P0.1, respectively, and the CC2530 chip configures the RX0 and TX0 pins
of Uart0 to P0.2 and P0.3. The two can be achieved through the cross-connection of
TX0 and RX0.
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The advantages of this solution are obvious:ThedualCPUs are used for processing
separately and there is not peripheral to preempt the resources, which guarantees the
real-time performance of the system; based on Uart communication, the mature
CC2530 module can be selected, so there is no need to consider RF wiring and
performance testing, which not only improves the reliability, but also reduces the
development cost.

3.3 Data Transmission

Reliable transmission is the second major characteristics of the IoT. The CAN short
frame structure, retransmission mechanism, and Zigbee’s direct sequence spread
spectrum, data transmission response, and communication redundancy mechanisms,
etc., all effectively ensure the reliable transmission of network data on the simulator
interface. However, because CAN communication uses a short frame structure, the
data frame load shall not exceed 8 bytes. If the data packet is directly divided into
8-byte groups and transmitted separately, it will inevitably affect the transmission
efficiency. Thanks to the integrated CAN2.0 controller of C8051F040, it has F1,
IF2 two independent message object interface registers, and 32 message objects.
By combining continuous message objects, data block transmission can be achieved
[7, 8].

The combination of message objects is achieved by means of configuration
functions. In order to avoid calling conflicts, the program design specifies that
the IF1 interface handles sending message objects, and the IF2 interface handles
receiving message objects. According to “Bosch CAN User’s Guide”, the functions
to init_msg_block_TX () and init_msg_block_RX () are compiled to implement the
combined configuration of message objects. Take sending data block as an example:
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/* Send message object combination function, Msgst is the start message object, Msged is 
the end message object, and id is the node address participating in bus arbitration */

void init_msg_block_TX (uchar Msgst, uchar Msged, uint id)
{uint temp;
uchar i;
SFRPAGE = CAN0_PAGE; //enter CAN register page
CAN0ADR = IF1CMDMSK; // IF1 command mask register
CAN0DAT = 0x00f8;

/*WR/RD=1, Mask=1, Arb=1, Control=1, ClrIntPnd=1, TxRqst=0, DataA=0,
DataB=0, */

CAN0DAT = 0x0000; //IF1 mask 1
CAN0DAT = 0x0000; //IF1 mask 2
CAN0ADR = IF1ARB1;
CAN0DAT = 0x0000; //IF1 arbitration 1
temp=id< < 2; // standard frame id is ID28-ID18, need to shift 2 bits to the left
temp&=0x1fff;
temp|=0xa000;
CAN0DAT = temp;
/* MsgVal=1, Xtd=0, CAN standard mode, extension ID is invalid, Dir=1, send */
for(i=Msgst; i< Msged; i++) //control register of configuring message RAM, EoB=0, 

block continues;
{ CAN0ADR = IF1MSGC;
CAN0DAT = 0x0008;

/*NewDat=0, MsgLst=0, IntPnd=0, UMask=0, TxIE=0, RxIE=0, RmtEn=0, TxRqst=0
EoB=0, DLC3-0=1000, load 8 bytes */
CAN0ADR = IF1CMDRQST; //IF1 command request, write frame number
CAN0DAT = i; }
/ * control register configuring Msged message RAM, EoB=1, end block */
CAN0ADR = IF1MSGC;
CAN0DAT = 0x0088;
CAN0ADR = IF1CMDRQST;
CAN0DAT = Msged; }

Assuming that a node no. 8 of a CAN network needs to send 40 bytes at once,
message objects no. 1 to no. 5 are configured as a group by init_msg_block_TX (0×
01, 0×05, 0×08), which is responsible for sending data blocks. In this way, the data
length can be set flexibly, up to 256 bytes (32 message objects combined in one and
configured as a send object or a receive object), thereby breaking the 8-byte load
limit at the application level and avoiding repeated calls to the send functions and
receive processing functions, improving the development efficiency.

3.4 M2M Communication

In order to meet the long-term operation requirements of the space station, key
components and consumable components in the system are backed up, such as instru-
ment controllers and carbon dioxide filter tanks. The previous backup switch requires
the upper computer to judge and execute. After the adoption of IoT technology, the
switching can be completed directly viaM2M communication. The backup device in
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the cabin can be realized through the CAN remote frame function [9]: Each node is
configured with a remote frame in advance, and the requester sends a remote request
frame; when a remote request is received, the sender automatically sends the setting
information out and then completes backup switching according to the rules. It can
be implemented through the Zigbee network multicast function [10] between the
extravehicular backup devices: First, set up a group, and the backup nodes join the
group. Take the development in the Z-Stack environment as an example

1 aps_Group_t GenericApp_Group; //define a group
2 GenericApp_Group.ID =0x0001; // initialize group ID
3 GenericApp_Group.name[0]=10; // define the group name length
4 osal_memcpy(&(GenericApp_Group.name[1]), “CO2 filter," 10); 

//copy group name
5 aps_AddGroup( GENERICAPP_ENDPOINT, & GenericApp_Group);

//nodes join the group

Each node publishes its own status information in the group by turn and performs
backup switching according to the rules, which does not need the intervention of host
computer, realistically simulates the on-orbit working status of the space station, and
provides better support for astronaut training.

3.5 Software Architecture

Intelligent processing is the third major characteristics of the IoT. In order to improve
theversatility andportability of the software, the simulator interface network software
adopts the layered architecture, which is divided into hardware abstraction layer,
functional module layer, and application layer. See Fig. 7 for details.

The hardware abstraction layer provides hardware access services to the upper
layer. It mainly provides the configuration and driver functions of the internal
resources on chip, including Uart driver, SPI driver, PWM driver, ADC driver, DAC
driver, SMBus (I2C) driver, CAN driver, etc. This layer is designed and implemented
by embedded C language, and its configuration function strives for generalization
and functional coverage.

The function module layer mainly calls the functions to achieve a series of impor-
tant functions such as sensor initialization, wireless transceiver driver, and CAN
transceiver driver. It can meet the needs of different modules such as dedicated
modules, general modules, and gateway modules. Furthermore, it can run directly
on the nodes of corresponding terminal.

The application layer software runs on the upper computer and consists of data
processing, data display, network monitoring, and fault diagnosis software. These
software mainly analyzes and processes network data, real-time monitor network
status, online intelligently diagnose, and locate faults.
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Fig. 7 Software layered architecture

4 Verification Test

In order to verify the adaptability of the simulator interface IoT network, three types
of experiments are conducted in the laboratory: The first type, which simulates the
single cabin operating conditions, is configured with one CAN bus (20 nodes), one
coordinator and one gateway module, which mainly verify the connectivity of the
network and the functions of the nodes. The second type, four CAN buses (five
nodes per bus), a coordinator, a router, and four gateway modules are configured to
simulate the configuration change condition. The number and position of the gateway
modules can be freely adjusted to verify the networking capabilities. The third type
is to simulate device fault conditions. On the basis of the second type of test, two new
sets of backup nodes are added, and a certain key device is forced to fail to verify
the M2M communication and backup device’s autonomous switching capabilities.
The three types of tests have achieved the expected results, which indicate that the
interface network based on IoT meets the communication requirements of the space
station simulator.

5 Conclusion and Prospect

Guided by the problems of the interface system of the space station simulator, based
on the IoT technology, the space station simulator interface network, which combines
the upper Zigbee network and the secondary CAN bus network, is constructed.
The network can link all the devices in simulator together to serve the space flight
training simulation and that provide a high-fidelity simulator for astronaut flight
training. The experiments show that the network solves the problems caused by
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the complex structure, configuration changes, and self-service training of the space
station simulator. Due to its comprehensive perception, reliable transmission, and
intelligent processing, the network is not only suitable for the space station simulator,
but also can be applied to other large equipment simulation field.
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Study on Optimization Design
for Man–Machine Combination
of a Self-propelled Anti-aircraft Gun
Vehicle (SODMMCSPAGV)

Jiwen Sun, Heyuan Hao, Jinxin Li, Junlong Guo, Tao Li, JianFeng Li,
Ke Zhang, and Pengdong Zhang

Abstract Under the conditions of a self-propelled anti-aircraft gun vehicle opera-
tion, some unfavourable factors and the unreasonable operational interface designs
effect the operational efficiency of gunner as well as the weapon performance.
Thorough analysis of the self-propelled anti-aircraft gun man–machine combina-
tion shows us the importance and significance of optimizing the current designs
interface. The researchers adopt the method of field test to study the temperature,
humidity, noise and interface to influence operations of gunner. With this develop-
ment, a man–machine combination optimization design proposal for self-propelled
anti-aircraft gun vehicle is brought into use. The contribution can have important
guiding significance for design and development of a self-propelled anti-aircraft gun
vehicle. Furthermore, it also has important military significance to improve the level
of gunner training and effectiveness.

Keywords Self-propelled anti-aircraft gun vehicle ·Man–machine combination ·
Optimization design

A self-propelled anti-aircraft gun vehicle is an all-weather, automatic tracked
armoured anti-aircraft weapon, which plays an important role in modern anti-aircraft
warfare. However, due to the more heat sources on the vehicle, the strong interior
noise, vibration during firing, the residual gas after firing, the oil smell emitted by
the engine, the illogical interface and other factors affect the gunner’s operation and
weapon performance. Appropriate operating environment and scientific interface
design, for easing the tension of gunners in war, reducing operational errors and
improving operational effectiveness, is of great military significance.
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1 The Major Significance of Man–Machine Combination
of a Self-propelled Anti-aircraft Gun Vehicle

1.1 The Major Significance of the Man–Machine
Combination Optimization Design to Combat

During combat environment, time makes the power to win. The opportunity for
combat is very short, and it does not allow the operators to commit any mistakes [1].
The slightest mistake can have serious consequences. However, on the battlefield, it
is inevitable that there will be many abnormal psychological reactions and absurd
behaviours that lead to operational errors [2]. Man–machine combination optimiza-
tion design vehicle, with its simple operational interface, safe and comfortable oper-
ating environment, can ease the psychological fear and anxiety of the gunner, reduce
operational errors, improve operational efficiency and shorten response time of the
weapon system. In the modern high-intensity warfare, it is particularly important to
optimize the man–machine design of a self-propelled anti-aircraft vehicle based on
reliability, comfort and safety.

1.2 The Major Significance of the Man–Machine
Combination Optimization Design to Operation Training

The man–machine combination optimization design can realize the standardization,
modularization and generalization of the self-propelled anti-aircraft gun vehicle
operation. The standardized, modular and generalized operation will be of great
significance for operational training and professional training. Scientifically designed
man–computer interaction interface, which is single model, is conducive to mutual
learning and communication between operators. The safe and comfortable oper-
ating environment is more conducive to the gunner training, where the new combat
and training methods and latest technologies can be quickly promoted and applied,
greatly improving the efficiency of training, shortening the training cycle and rapidly
improving the combat effectiveness of the troops.

1.3 The Major Significance of the Man–Machine
Combination Optimization Design to Equipments
Maintenance

This is the design based on the reliability, safety and stability of the system. Rationale
design is the foundation, and humanization is the soul and the highest goal of design.
The optimized design of the vehicle is not only easy to operate but also has low failure
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rate and simple maintenance. According to statistics, many faults of equipment are
caused by improper operation. This is certainly due to lack of proper operational skills
but can also be attributed in part to the equipment design. The optimal design ofman–
machine combination of the vehicle fully takes into account human behaviour and
physiological characteristics so that the operational behaviour conforms to human
behaviour characteristics. The operating environment is suitable for normal human
activities, which greatly reduces the probability of operational failure, reduces the
workload of maintenance, improves the availability of weapons and reduces the cost
of maintenance and use.

2 The Influence of the Self-propelled Anti-aircraft Gun
Vehicle Operating Environment on Gunner’s Operation

In general case, the environmental factors affecting the gunner’s operation are
summarized as follows: temperature, humidity, noise, lighting, gas, vibration,
electromagnetic, etc. [3].

2.1 Temperature

Through field monitoring and analysis, it was found that the cabin temperature was
significantly higher than the outdoor temperature when the air conditioning was off.
The highest temperature was 4–7 °C higher, the lowest temperature was 0.9–6.5 °C
higher, and the average temperature was 2.3–7.2 °C higher. The reason for or we can
say the temperature compared with outside and inside cabin, inside is much higher
because within this environment air is not circulated.

The effect of high temperature on the gunner’s operation mainly includes two
aspects: on the one hand, the systematic high temperature reaction; on the other hand,
the high temperature scald and burn. Main effects of high temperature on gunners
are as follows: vomiting, chest tightness, dizziness, nausea, headache, blurred vision,
epilepsy convulsions, etc. 38.5–38.8 °C is the body’s tolerable temperature. On
exceeding this limit, the skin heat conduction quantity and perspiration rate do not
rise again. It is also the highest temperature for adaptation ability of human body. If
the temperature rises further and body cannot release the excessive heat in time, a
life crisis is bound to occur [4].
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2.2 Humidity

It is found that the humidity outside and inside the cabin changes with temperature.
The gradual increase of temperature decreases the humidity and vice versa. It is
generally believed that relative air humidity is highwhen it exceeds 75%RH,humidity
is low when it is less than 30%RH, and people feel comfortable when the humidity
is between 40 and 60%RH. Under the condition that the cabin is closed without
air conditioning, the humidity in the cabin is between 68.5–82.4%RH, obviously
exceeding the standard and high humid conditions.

Generally speaking, humidity has little effect on heat exchange and will not have
great influence on human body. But, high temperature coupled with humidity causes
difficulty in dissipation of heat by human body that makes a person feel hardly
breath. Once the temperature and humidity difference inside and outside the cabin
is too large, the exchange of environment from inside and outside cabin would bring
discomfort symptom to operators that may result in reduced work efficiency and
increased error rate.

2.3 Noise

GJB50-85 stipulates that the allowable limit of noise in military operations is contin-
uous exposure for 8 h per day, and the allowable sound level is 90 dB (A) [5]. When
measuring the ambient noise inside and outside the cabin, it is found that the noise
value under the condition that the cabin is closed without the tank cap [Maximum
value is 95.1 dB (A) minimum value is 90.8 dB (A)]. The measuring result exceeds
the limit value stipulated by the national military standard. The standard is maximum
value of 86.1 dB (A) minimum value of 80.4 dB (A) in closed cabin situation while
wearing the tank cap. But still, the rate is still very close to standard rate and which
seriously effects the communication between operators.

Within a short time, it will make operator hearing fatigue. Though it can be
eliminated by going into less noisy environments and frequently breaks for operating,
but working and living in a noisy environment for a long time can lead to impaired
hearing. The organic lesion caused by strong noise is irreversible and can cause
permanent hearing damage. In general, working and living in an environment with a
noise level above 90 dB (A) for a long time may lead to noise-induced deafness. The
noise of environment above the level of 90 dB (A) will also have significant adverse
effects on the digestive system, endocrine system, cardiovascular system and nervous
system of human.
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2.4 Operation Interface

During operation training, the self-propelled anti-aircraft gunner generally faces
complex and densely placed irregular switch combinations and distribution. The
buttons located beside the text label is also not unified and less switches button style
are conform to the human-computer ergonomics. Therefore, easy solution is to have
improved design of the interface, standard switch selection, comments and actions.
The technique is advantageous for the gunner rapid and accurate operation.

3 The Suggestion of the Optimization Design
of Man–Machine Combination of the Self-propelled
Anti-aircraft Gun Vehicle

3.1 Effective Improvement in Operating Environment

In the actual training and battlefield environment, the temperature and humidity can
be adjusted to the appropriate range through the cabin air condition, ventilation, phys-
ical and psychological adjustment of the operator. However, the noise and explosion
sound cannot be eliminated. Therefore, it should be reduced to curtail the harmful
effects of noise that will be helpful to the operator’s physical and mental health. The
following three steps can be taken to control the noise: The first is to take effective
technical measures to reduce the noise from the sound source. Analyse the noise
frequency by using the corresponding technicians, find out the reason of the noise,
and take measures to reduce the noise as follows: to improve the mechanical struc-
ture design and the processing precision of equipment and parts of weapons, etc. The
second is to take measures to reduce the noise from the sound media, by using the
sound isolation and sound absorption materials. The last but not the least to reduce
noise is to take personal protective measures. According to the actual situation of
a self-propelled anti-aircraft vehicle, the most effective method is to take personal
anti-noise measures to control the noise and reduce the noise harm. For example,
the use of noise reduction earmuffs, chest protection and other personal protective
equipment.

3.2 Scientific Design of Man–Machine Interface

In order to design the man–machine interface of a self-propelled anti-aircraft gun
vehicle, it is necessary to focus on three aspects: First, the operator should control
the self-propelled anti-aircraft vehicle, fully play each of its advantages, so as to
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maximize the advantages and avoid the disadvantages to achieve the optimal man–
machine combination and jointly complete the tasks that cannot be completed sepa-
rately. Second, to weigh the ability of an operator to receive the information from
a self-operated anti-aircraft vehicle at same time. For those interfaces with multiple
channels of information transmission and high frequency of information transmis-
sion, the operator’s physiological adaptability should be taken into account. If one
operator is not competent, use two operators to instead. Third, the design of man–
machine interface should be operated easily by more than 90% of human beings. The
design should be optimized based on human characteristics based on comprehensive
consideration of colour, brightness, shape and structural al layout of the interface
[6].

3.3 Upgrade and Improve the Close Environment

The close environment of a self-propelled anti-aircraft gun operator mainly refers to
the clothing and seat. Existing uniforms are notmuch different with general soldiers’,
but in the improved phase, their uniform should not be in the general sense of clothing,
the head of the tank cap should have communication and security functions, the
body uniform should not only have cool (warm) function but also have functions of
isolation, protection, camouflage and others.

At present, the seats of the commander and gunner of the self-propelled anti-
aircraft gun vehicle are fixed seats, which restrict the selection of the operator.
Therefore, the seat should be designed to be the same as the driver’s seat which
should be adjustable in the height and level. It will satisfy widely the height problem
of those people who operate in optimal posture.

4 Conclusion

The optimized design of the operating environment is conducive to the physical
and mental health of the gunner, and the scientific design of the operating interface
makes the operation simple, clear and logical. In war, it can relieve the gunner’s
psychological fear and tension, reduce operational errors and improve operational
efficiency. In daily training, it can improve the operation level, shorten the training
cycle, expand the scope of training and reduce cost of the maintenance. It is conve-
nient to realize the generalization, standardization, modularization and serialization
of the self-propelled anti-aircraft gun vehicle system, which is of great significance
to equipment construction and combat effectiveness improvement.
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Research on the Designing of Guiding
System of Tiexi Workers’ Village
in Shenyang Under Industrial Culture

Zize Guo, Yang Liu, Guojing Wu, Zhaoding Kun, and Liyi Han

Abstract Based on the element evaluation of the existing guidance system of the
scenic spot, this paper separates and orthogonally reconstructs the main compo-
nents and types of the guidance system through the application of the conjoint anal-
ysis according to the survey of the cultural background of Tiexi workers’ village
in Shenyang, and the preferences of testers are quantified and rated. Finally, the
design of the guidance system of Tiexi workers’ village is obtained, which ensures
the basic function of navigation and enhances the sense of substitution by passing
on the regional culture to promote the development of the tourism industry.

Keywords Workers’ village · Designing of guidance system · Conjoint analysis ·
Regional brand culture

1 Introduction

Humans have entered the age of mass production of machinery since the Industrial
Revolution, with the progress of scientific technology witnessed by the previous
industrial civilization. The values of industrial heritage are contained in the sites, the
invisible industrial landscapes and human’s memories and customs. In recent years,
industrial heritage community has increasingly become the focus of the heritage
protection and the research of urban renewal [1, 2].
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Tiexi workers’ village in Shenyang was a residential community with unusual
historical significance for witnessing the industrial development of Northeast China
and symbolized the new life of the working class in that period [3]. Based on the
industrial cultural background of Shenyang workers’ village, this paper studies the
design of guide system of this area in order to explore the design that conforms to
people’s cognitive thinking, promotes local characteristics and strengthens cultural
experience.

2 Overview of Tiexi Workers’ Village in Shenyang

2.1 Status Analysis of Tiexi Workers’ Village in Shenyang

Local government built the new life museum of workers’ village in order to inherit
the industrial culture. The life museum reproduces different scenes and facilities half
a century ago, which is the first cultural life museum in China to display the theme of
the working class [4]. This place has many pedestrians and vehicles passing by and
adequate exposure, as shown in Fig. 1. However, at present, there are still various
supporting functions of the workers’ village that are not perfect, and the influence
is limited. We analyzed the data of customer flow and visit satisfaction in the last
ten years from 2009 to 2019 in excel, as shown in Tables 1 and 2. These shows that
the number of visitors to the workers’ village has increased in recent years, but the
satisfaction is relatively flat, indicating that the workers’ village has not formed the
scale effect of culture.

Fig. 1 Map of protected areas
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Table 1 Passenger traffic in Tiexi workers’ village, 2009–2019
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Table 2 Visit satisfaction of Tiexi workers’ village, 2009–2019
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2.2 Research and Analysis of Tiexi Workers’ Village Guide
System in Shenyang

Having deeply investigated Tiexi workers’ village, we found that there are few guide
systems in the workers’ village. The visible objects for identifying in the village are
the guide signs of the historical and cultural block and the life museum, as shown in
Figs. 2 and 3. At present, the design of the guide system in village is not systematic
and lacking the characteristics.
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Fig. 2 Historical and
cultural block

Fig. 3 Guided map of the
life museum

3 Conjoint Analysis of Elements of the Guiding System
in the Scenic Spot

The random coefficient model created by using conjoint analysis method can esti-
mate the relative importance of each attribute by measuring the user’s overall pref-
erence for the multi-attribute guide system and partial utility value of each specific
attribute, with the differences in individual level and instability of model coefficient
not ignored [5]. Through the arrangement and analysis of data of the existing guide
system, the three levels of the guide system in the scenic spot from the abstract
to the concrete can be concluded—functional requirements, information framework
and visual communication. The visual plane of the guiding system is composed of
following six elements. (1) Form. (2) Structure. (3) Font style. (4) Graphic symbol.
(5) Overall color. (6) Texture.

According to the analysis, different types of visual plane’s elements of the guid-
ance system in six scenic spots are sorted out and numbered, respectively, as shown
in Table 3.
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Table 3 Components and types of the visual plane of the scenic guidance system

Elements Types Type number

Form Scrolling guide; static guide 1; 2

Structure Up-Middle-Down style; Left-Center-Right style 1; 2

Font style Serif text; Sans serif text 1; 2

Graphic symbol Objectification; flattening 1; 2

Overall color Single color; same color; various color 1; 2; 3

Texture Smooth surface; frosted surface 1; 2

3.1 Experiment Objectives

This experiment uses the basic theory and experimental method of stochastic coeffi-
cient model of conjoint analysis method to study designing ideas that conforms to the
people’s visual plane of the guide system through the determination of the elements
and combination schemes of the visual plane, which can provide references for the
design to improve the recognition of the regional cultural brand.

3.2 Experimental Process

The experiment is divided into the following five parts: making experimental
samples, determining test subjects, experimental task, experimental data analysis
and experimental results analysis.

3.3 Making Experimental Samples

According to the classification and number of elements in Table 3, six elements
affecting the visual plane of the guiding system in the scenic spot are determined,
and each element’s attribute has two or three levels, respectively. According to the
requirements of the full-contour experiment, 96 possible combinations of visual
plane’s components of guiding system are obtained, which is beyond the collecting
ability of later data and not representative. In order to make the experiment run
accurately, 16 combinational design schemesof the visual plane’s elements of guiding
systems in some scenic spots are simulated through the orthogonal experimental
module for design of SPSS software, as shown in Table 4.
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Table 4 Combinational design schemes of the visual plane’s elements of guiding systems in some
scenic spots

Number Form Structure Font
style

Graphic symbol Overall
color

Texture

1 Static
guide

Left-Center-Right
style

Sans
serif
text

Objectification Same
color

Frosted
surface

2 Scrolling
guide

Up-Middle-Down
style

Serif
text

Flattening Single
color

Frosted
surface

3 Scrolling
guide

Left-Center-Right
style

Sans
serif
text

Objectification Single
color

Frosted
surface

4 Scrolling
guide

Left-Center-Right
style

Sans
serif
text

Flattening Single
color

Smooth
surface

5 Scrolling
guide

Up-Middle-Down
style

Sans
serif
text

Flattening Same
color

Smooth
surface

6 Static
guide

Up-Middle-Down
style

Sans
serif
text

Objectification Single
color

Frosted
surface

7 Scrolling
guide

Up-Middle-Down
style

Sans
serif
text

Objectification Various
color

Frosted
surface

8 Scrolling
guide

Left-Center-Right
style

Serif
text

Flattening Same
color

Frosted
surface

9 Static
guide

Left-Center-Right
style

Sans
serif
text

Flattening Various
color

Smooth
surface

10 Static
guide

Up-Middle-Down
style

Sans
serif
text

Objectification Same
color

Frosted
surface

11 Static
guide

Up-Middle-Down
style

Serif
text

Flattening Various
color

Frosted
surface

12 Static
guide

Up-Middle-Down
style

Sans
serif
text

Flattening Single
color

Smooth
surface

13 Static
guide

Left-Center-Right
style

Serif
text

Objectification Single
color

Smooth
surface

14 Scrolling
guide

Left-Center-Right
style

Serif
text

Objectification Various
color

Smooth
surface

15 Static
guide

Up-Middle-Down
style

Serif
text

Objectification Same
color

Smooth
surface

16 Static
guide

Left-Center-Right
style

Serif
text

Flattening Single
color

Frosted
surface
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3.4 Determining Test Subjects

In order to ensure that the experimental results are referential, the subjects were
divided into two groups, with a total of 50 subjects. Group A is composed of 30
persons including tourists from out of town and university students in Shenyang.
Group B is composed of 20 persons who are all the local residents of Tiexi worker’s
village. All the experimenters have a basic understanding of Tiexi workers’ village
in Shenyang, as well as rich tour experiences.

3.5 Experimental Task

In this experiment, each examinee can make corresponding behavioral response by
viewing the guide information. When the feedback action conforms to the instruc-
tions given by the guide information, this will be regarded as the completion of an
experimental task. Examinees used the 16-level Likert scale to rate the 16 combi-
national design schemes of the visual plane’s elements of guiding systems in some
scenic spots. The degree of liking declines from 1 to 16, and all subjects received
the scale of the sample and are informed of the purpose of the experiment and the
scoring criteria at the beginning.

3.6 Experimental Data Analysis

Research data of the experiments are collected and imported into SPSS software,
and we use the conjoint syntax program to create the corresponding syntax file and
calculate the utility value of each factor, the total utility value, the importance value,
constants and correlations value, as shown in Table 5.

Table 5 Overall utility value and importance value

Elements Types Utility value Importance value

Form Scrolling guide; Static
guide

−0.050; 0.050 15.155

Structure Up-Middle-Down style;
Left-Center-Right style

−0.229; −0.458 15.364

Font style Serif text; Sans serif text 0.166; 0.331 17.599

Graphic symbol Objectification; flattening −0.694; −1.388 17.544

Overall color Single color; same color;
various color

0.485; 0.970; 1.455 18.489

Texture Smooth surface; frosted
surface

0.256; 0.511 15.848
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The correlation value and significance value of Pearson R and Kendall’s tau are
the main references for the correlation of the experimental data. The correlation
coefficients between Pearson R and Kendall’s tau are proportional to the statistical
significance, which means that it will be more statistically significant when the value
becomes larger. The correlation value of Pearson R was 0.803, and the significance
value of Pearson R was 0.000. The correlation value tested by Kendall’s tau was
0.594, and the significance value tested byKendall’s tauwas 0.594. The test of the two
correlation coefficients has clear significance, indicating that the data model tested
by the experiment has a high degree of fitting, and both the deduced hypothesis and
the conclusion are of statistical value, which can truly reflect the tourists’ preferences
when they look at the guidance system.

3.7 Experimental Results Analysis

Experimental data show that the overall color is the most important factor for tourists
among the sixmain elements in the visual plane’s composition of the guiding system,
with the graph symbol and the texture representation being the next. On the contrary,
the form and the structure of the guide system are of relatively low importance, which
indicates that the recognition and understandability of the guiding system, the unity
of color and the consistency of brand culture are the critical factors that users pay
attention to.

4 Design Principle of the Guiding System in the Scenic Spot

The design of the guiding system in the landscape is a form of informational design,
which should be fully considered from the perspective of sociology, culture and
ideology [6]. The design of the guiding system should follow the following three
design principles.

4.1 Principle of the Information Function

As a kind of practical design, information function is the first element of the design
of guiding system [7]. The design should possess the practical function of public
space guiding and not be just the aesthetic art designed to attract people’s attention.
The practical information function of the guidance system is mainly manifested as
guidance and recognition, which has two meanings. Firstly, it refers to the guidance
in practical application to show visitors the location and setting of the scenic spot.
Secondly, it gives visitors a psychological identification of this zone.
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4.2 Principle of the Regional Branding

A brand has the same characteristics as a living body. Each brand has a unique
personality, which is the objective condition for brand identity. The conditions of
brand survival appear from the subjective perception, that is, the concept of brand
identity [8]. The guiding system of scenic spot can make use of the relationship
between the form and color of graphic symbols, the material and the texture and the
skills and techniques to directly show the quality of cultural space and environmental
image to the tourists, strengthening their experience andmemoryof the regional brand
of the scenic spot.

4.3 Principle of the Cognitive Mental Model

Cognitive mental model refers to the representation formed by oneself in the mind
through the interpretation and cognition of foreign things. “The critical reason why
people can quickly identify and understand the environment is that we can reproduce
the image of the space environment in memory. What has been perceived can be
recalled in memory, which is called imagery or image, and the image of specific
spatial environment is called cognitive map” [9]. This paper analyzes the cognitive
habits of visitors and their preferences to the guide system through the research
of the visual plane’s information frame of different guiding systems. The design of
guiding system in the scenic spot should follow and fit the tourists’ existing cognitive
psychological system and the cognitive mental model of the guide system, which can
reduce the learning costs and improve the efficiency of recognition.

5 Application of Design Principles

Based on researches of the visual plane of the guide system, the research results of
the application of the design principles to the guide system of Shenyang workers’
village indicate that these can give tourists the better experience of being guided.
The design of the guide system of Tiexi workers’ village in Shenyang is shown in
Fig. 4.
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Fig. 4 Guiding system design of Shenyang Tiexi workers’ village

6 Conclusion

As an important communication medium between tourists and scenic spots, the
guidance system should be considered as an organic part of tourism resources to
improve tourists’ experience, the design of which should follow the design principle
of guiding system in the scenic spot.

Based on conjoint analysis method, this paper summarizes and reorganizes the
design elements of the guiding system in the scenic spot by decomposing the compo-
nents and types of the visual plane of the guide system, which offers new ideas of
the design and research of the guide system in the scenic spot and feasible design
paths that are following the design principles in this paper. Due to the adoption
of the subjective evaluation test method and SPSS statistical method, coupled with
the small number of subjects, we will adopt more diversified research methods and
consult more examples of guide systems of scenic spots in the future to explore the
design of the guidance system more comprehensively.
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Assessment on the Availability
of Domestic MMORPG Games Official
Web Site Based on Eye Movement

Xiaofang Yuan, Yuan Yuan, Linhui Sun, and Lvyuan Sun

Abstract The main function of MMORPG Web site is to introduce game infor-
mation, provide download channels and serve players. For the study of the current
domestic MMORPG game official Web site usability and improve Web site appeal
to players, this article selects three more representative domestic MMORPG game’s
officialWeb site, using the eyemovement experiment, research subjects in the game’s
official Web site “announcement,” “download game,” “get the gift bag” section for
the first time into the AOI interest zone time, the number of fixation and total fixation
time, combinedwith hot figure the comprehensive analysis of the game’s officialWeb
site usability. Results show that the page layout differences on subjects of interest
area have significant effect, part of the division with different colors was more likely
to lead to subjects of interest, compared with text, pictures has more attractive to the
user, so simplifying Web design, use color piece partitioning key, the amount of text
information and nice pictures to attract users, improve domestic MMORPG game
Web site usability.

Keywords Game website · Availability · Areas of interest · Eye movements ·
Color block division

1 Introduction

The officialWeb site of massively multiplayer online role playing game (MMORPG)
is the main way for users to learn about the game, download the game, register an
account and publish announcements. But now, the role of the official Web site of
domestic games is not prominent,most players prefer to get game letters fromWeChat
public account, post bar, forum, video Web site and so on. According to Yuan [1],
the publicity of information released by the official Web site of the game is indeed
weaker than that of advertising released by the third-party platform, but it serves
more as a channel for information communication and communication between the
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operating developer and the game players. The officialWeb site ofMMORPG games
does not have the function of playing games, so more attention should be paid to how
to attract players to read through the Web interface to get the latest information and
attract new players to become new customers. Xing [2] pointed out that the game
Web interface needs the combination of beauty and technology.

In the study of game web pages, Frederick [3] believed that web design should not
only focus on usability but also bring users pleasant experience, which is mainly real-
ized through usability, satisfaction, enjoyment, fun and visual attraction. According
to Li [4], gameplay and usability are two important attributes of games. Excellent
gameplay comes from the content setting of the game, the comfort of the system
interface and the best way to operate the game, while usability is the effective, easy
to learn, efficient, easy to remember, less mistakes and satisfactory degree of the
product for users. Yi [5] pointed out that for online games, the experience players get
is directly related to the visual form of the game interface. The game interface needs
usability, and the connotation of usability includes three aspects, namely usefulness,
effectiveness and interaction effect.

In the late 1970s, scholars put forward three indicators that have an important
guiding role in the study of Web site usability, namely effectiveness, efficiency and
users’ subjective satisfaction. Hartson [6] believes that Web site usability includes
usefulness and ease of use. In terms of the usability ofWeb sites,Yue [7] indicated that
usability is one of the indispensable important indicators in the design of e-commerce
Web sites, which directly affects the image of enterprises and the realization of
commercial purposes of e-commerce Web sites.

Wang [8] proved that Web sites with high usability should be easy to read and
understand by studying the usability of periodical Web sites, and only by improving
the response speed ofWeb sites can we provide better relevant services to customers.

Some scholars have also used eye movement technology to study the usability of
Web sites. Fu [9] once studied the relationship between interaction design elements
and users’ eye movement behavior. Yan [10] used eye movement technology to test
the web usability of China mobile (Hainan) and China unicom (Hainan). Lamberz
[11] believes that the selection of images and navigation bars plays a decisive role
in the operability of Web sites. Ellis et al. [12] has used eye-tracking experiments as
an evaluation technique to evaluate a range of Web site usability levels. The results
showed that the Web site based on picture design performed better than the Web site
based on text design. In 2006, AC Nielsen used eye movement tracking technology
to obtain the general f-shape pattern of web pages browsed by users [13]. Sun [14]
used eye-tracking technology to study the usability of commodity list pages on e-
commerce Web sites, showing that typesetting differences had a significant impact
on subjects’ interest in list pages.

At present, many about reading, medical care, shopping Web site usability and
mobile phone interface usability studies have applied the technique of eye move-
ment, but for the game’s official Web site usability research, few scholars using eye
movement technique, theMMORPG game’s officialWeb site and otherWeb site, the
biggest difference for ordinary Web site is given priority to with text, MMORPG’s
Web site mainly consists of pictures, auxiliary words again a public announcement.
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This paper introduces eye movement technology, conducts eye movement research
on the official Web sites of three representative domestic MMORPG games, studies
the usability of the official Web sites of games with questionnaire survey, analyzes
experimental data and puts forward suggestions to improve the usability of the official
Web sites of games.

2 Experimental Scheme Design and Implementation

2.1 Experimental Materials and Subjects’ Selection

This study mainly through the eye movement experiment evaluation of domestic
MMORPG game Web site usability, selection of domestic three more representative
MMORPG games Web site, respectively, is: a game’s official Web site, b game’s
official Web site, c game’s official Web site, three games Web site page “announce-
ment,” a “download game,” “get the gift bag” the location of each are not identical,
a game’s official Web site of three parts mainly in the upper right interface, b game
Web site mainly three parts in the upper left interface, c game Web site three parts
mainly in the lower left side interface. The subjects randomly selected 28 college
students aged 19–22 who had normal vision or normal vision after correction and
had not played any of the three games.

2.2 Experimental Process

Before the beginningof the experiment, the experimental process andmatters needing
attention should be explained to the subjects so that they can better understand and
participate in the experiment. Next, the experiment began, first let the participants
based on your browsing habits and interest three randombrowsingWeb site interface,
and then let the participants to take the task in order to browse, all tasks have a separate
interface, pause time no successively relationship between tasks, the first task is to let
the participants find “announcements” section on the official web page, the second
task is to make the participants on the official page to find “download game” part,
the third task is to let the participants on the official page to find “get the gift bag”
part, click the space during the experiment to enter the next official Web site page.
After the eye movement experiment, the experimental data will be collected, and the
subjects will be investigated by questionnaire.
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3 Data Analysis

3.1 Experimental Indexes

The eye tracker can record the position of the eyes, the duration of the stay and the eye
movement trajectory of thewhole experiment. In this paper, eyemovement trajectory,
time of first entering AOI region, number of fixation points and total fixation time
are mainly used to study.

(1) Eye movement trajectory diagram: The superposition of eye movement infor-
mation on the visual image forms a map of fixation point and its movement,
which can reflect the spatiotemporal characteristics of eyemovement in themost
specific, intuitive and comprehensive way, so as to determine the differences in
eye movement patterns between different individuals under different stimulus
situations [15].

(2) The first time to enter AOI region: The longer it takes for the subject to find the
target, the longer it takes for the subject to enter AOI region for the first time, the
lower the efficiency is, and the target cannot attract the attention of the subject
earlier [16].

(3) Number of fixation points:When browsing the page, if users have a high fixation
rate for a specific region, they may be interested in the region, or it may be that
the information in the region is complex and difficult to understand. In the search
task, the more gaze points, the less certain the target is [17].

(4) Total fixation time: Refers to the total fixation time of the subject when viewing
a certain area. The longer the total fixation time is, the longer the subject stays
in the area, which may be because they are interested in it or spend more time
to interpret the information.

This experiment mainly explores the effectiveness of the official Web site by
analyzing eye movement indicators and the user’s interest area by analyzing the
hot spot map. Twenty-eight subjects were selected for the experiment, and the AOI
interest area of each subject was observed. There was no data in the AOI interest
area of four subjects, which was regarded as unfinished task, that is, only 24 subjects
completed the task.

3.2 Analysis of Hot Spot Map

The heat map mainly investigates the subjects’ fixation when browsing the official
Web sites of these three games. The heat map shows green on the periphery and red
on the inside. The red part indicates that this area is much watched. The experiment
asked the subjects to randomly browse the screenshots of the officialWeb site of three
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games without tasks. From the heat map, it could be seen that the points of users’
interest mainly focused on the face and artistic fonts, so they could make exquisite
advertising pictures of characters and artistic fonts to attract users.

Because the “announcement” part in the web page accounted for a relatively large
proportion, the basic can get the attention of the subjects; the “download game” part,
as the most important part of the game’s official Web site, is in the front position
and is divided by color blocks, which is easy to attract the attention of the subjects.
However, the proportion of “get the gift bag” in the web page is small, and the color
block division is not obvious, so it is difficult to attract the attention of the subjects.

3.3 Data Analysis of AOI Interest Area of “Announcement”

“Announcement” is the most important part of the official Web site, where players
can get first-hand information such as game updates and activities. Therefore, the
“announcement” part of the official Web site is chosen as the first task. It can be
seen from the trajectory chart that the trajectory of the official Web site of game b
is relatively clear, while the official Web site of game c and the official Web site of
game a are cluttered with too many interferences, so the “announcement” part of the
official Web site of game b is easier to be noticed, and the information in the middle
of the page is easier to be noticed (Table 1).

In the “announcement” part of the official Web site, both the average value of
the first entry time of AOI interest area and the average value of fixation points and
the average value of the total fixation time are all <0.05, indicating that there is a

Table 1 Data analysis of AOI interest area “announcement” on the official Web site

Analysis of
variance

Differences SS df MS F P-value F crit

First Between
groups

305,643.8 2 152,821.9 3.629819 0.031705 3.129644

Entry Within
groups

2,905,024 69 42,101.8

Time Sum 3,210,668 71

Number of Between
groups

450.3611 2 225.1806 4.322264 0.01704 3.129644

Fixation Within
groups

3594.75 69 52.09783

Points Sum 4045.111 71

Total Between
groups

39,874,342 2 19,937,171 5.591751 0.005615 3.129644

Fixation Within
groups

2.46E+08 69 3,565,461

Time Sum 2.86E+08 71
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Table 2 Data analysis of AOI interest area “download game” on the official Web site

Analysis of
variance

Differences SS df MS F P-value F crit

First Between groups 25,945.18 2 12,972.59 0.219619 0.803383 3.129644

Entry Within groups 4,075,726 69 59,068.5

Time Sum 4,101,672 71

Number of Between groups 2.111111 2 1.055556 0.180039 0.835629 3.129644

Fixation Within groups 404.5417 69 5.862923

Points Sum 406.6528 71

Total Between groups 212,918.2 2 106,459.1 0.213927 0.807941 3.129644

Fixation Within groups 34,337,381 69 497,643.2

Time Sum 34,550,299 71

significant difference among the three in this part. The participants in the game’s
official Web site are the first to enter the AOI b interest area, and the subjects of the
fixation point number and total fixation time are minimum, show that the participants
find task encountered little interference, can quickly target, to complete the task, the
second is c game’s official Web site, the final is a game’s official Web site.

3.4 Data Analysis of AOI Interest Area of “Download Game”

“Download game” is one of the most basic functions of the official Web site, players
generally choose to download the game in the official Web site, so more safe and
efficient, so choose to find the official Web site “download the game” part as the
second task (Table 2).

In the “download game” section of the official Web site, whether it is the average
value of the time of first enteringAOI interest area, the average value of fixation points
and the average value of total fixation time, P-values >0.05. It can be concluded that
there is no significant difference among the three parts in this part. Therefore, the
task completion efficiency of the “download game” part has little difference, because
this part accounts for a large proportion on the official Web site and is divided by
color blocks. It is easy to find mission goals.

3.5 Data Analysis of AOI Interest Area of “Get the Gift Bag”

“get the gift bag” is one of the important functions of the official Web site. “Gift
package” is a means to attract players, so we chose to find the official Web site
“gift package” as the third task. The official Web site of game a is relatively simple
with relatively clear track routes. The page layout of the official Web site of game
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c is relatively reasonable. Although there are many contents, the subjects can also
find the target quickly. B official Web site of the game has too much interference
information, and the color block distribution is messy, so the subjects cannot quickly
search for the task target (Table 3).

In the “get the gift bag” section of the official Web site, whether it is the average
time of first entering AOI interest area, the average value of fixation points and the
average value of total fixation time, P-values <0.05. It can be concluded that there
are significant differences among the three in this part. The participants in a game’s
official Web site are the first to enter the interest area, and the subjects of the fixation
point number and total fixation time are minimum, followed by c game’s official
Web site, finally the b game’s official Web site.

3.6 Analysis of Experimental Results and Questionnaire Data

Through the above comparison of the trajectory chart, one-way Anova and mean
value of the three eye movement indicators, the conclusion can be drawn: the effi-
ciency of the task completion in the “announcement” part, the official Web site of
game b >the official Web site of game c >the official Web site of game a; “Download
game” part of the task completion efficiency, the three games have little difference;
efficiency of the task of “getting the gift bag” part, officialWeb site of game a >official
Web site of game c >official Web site of game b.

The average value of the first time entering the AOI interest area was selected for
comprehensive analysis. It can be seen that the “announcement” part is the fastest of
the three tasks, that is, the most efficient. The “download game” section is similar to
the “announcement” section; the least efficient part was the “get the gift bag” part,
and the subjects took much longer to find the target of the task than the first two
tasks.

After the experiment, we also investigated the participants’ preference for the
three game official Web sites. The survey results show that most of the participants
prefer the interface of game a because the overall area of the interface of game a
is large and clear, while the division of the other two game interfaces is obviously
small and messy, which is not easy to attract the attention of the subjects and win
the subjects’ love. In the design of game official Web site, the participants prefer a
simple interface, and each area should be divided clearly and occupies enough area,
so that users can find the information they need in time.

4 Discussion and Suggestions

This paper mainly analyzes the eyemovement data through the eyemovement exper-
iment and studies the usability of the official Web site of domestic MMORPG games
from the efficiency of task completion. According to the results of the questionnaire,
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players prefer the interface of the official Web site of game a, followed by the offi-
cial Web site of game b and finally the official Web site of game c. With the eye
movement experiment data, a game’s official Web site interface on the visual effect
than the other two games to much clear interface, very well in color piece area can
be divided into focus, the other two games Web site monochromatic block division,
the target is not easy to cause the participants note that let users find the informa-
tion you need to reduce the availability page. Most users focus on the page image
and the middle area, showing the pattern of “F” type browsing mode. Therefore,
when designing the official Web site, exquisite game characters can attract users,
and important information should be presented in the middle of the page as far as
possible. There are obviously too many words in the official Web site interface of
c game, and the pages with high text proportion will increase the cognitive load of
the subjects and reduce the usability and aesthetic quality of the pages. Therefore,
the design of the official Web site should be simple and concise, clearly divided and
combined with the right amount of text, to reduce the interference of users by other
content, timely get the information they need, improve the usability of the official
Web site.
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Reliability Modeling and Analysis
of Teleoperation System
with Path-Dependence Effect Considered

Shanshan Zhang, Xiaopeng Li, Wei Zhang, Wenming Zhou, Sha Qin,
Lu Chen, and Yi Xiao

Abstract In the teleoperation task of robotic arm system, path-dependent effects
have significant impact on human–computer interaction failures. By analyzing the
task process, this paper identifies the key factors affecting the success of the robotic
arm teleoperation task and constructs a dynamic Bayesian network (DBN) model.
On this basis, the path dependence which can promote or inhibit the human error
is analyzed to revise the model. The revised model can clearly describe the path-
dependent effect of human–computer interaction failures and also help to calculate
the reliability of the complex system accurately.

Keywords Robotic arm · Teleoperation task · Path-dependence effects ·
Human–computer interface failure · Dynamic Bayesian network · Task reliability

1 Introduction

Teleoperation [1] task is different from the general operation task, which is char-
acterized by human–machine cooperation in different places. In the master–slave
structured robotic arm teleoperation system [2] of Fig. 1, the robotic arm plays the
role of a slave robot. The master end constructs a virtual environment based on the
position, attitude, and force feedback from the slave end and remotely controls the
slave to complete the task.

At present, common reliability modeling of the teleoperation manipulator oper-
ating system does not consider the path-dependent effect of the system, which greatly
reduces the accuracy of the system reliability assessment. This paper takes path-
dependent effect into consideration, constructs themodel, and analyzes the reliability
of the manipulator teleoperation task by using DBN method.
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Fig. 1 Master–slave robotic
arm teleoperation system

2 Robotic Arm Teleoperation System

2.1 Robotic Arm Teleoperation System Composition

The robotic arm remote operation system mainly includes two parts, the master side
and the slave side. The master is controlled by the operator and sends instructions to
the slave through the human–computer interface; the robotic arm as the slave mainly
includes the electrical system, control processing unit, end actuator, arm and driving
joints, etc.

In the process of reliability analysis, in addition to human factors and equipment
failure factors, the impact of environmental factors such as vacuum, containment,
lighting, and noise should also be considered.

2.2 Main Functions of Robotic Arm Teleoperation Task

After extensively reviewing the literature and related data, the teleoperation task
process of the robotic arm is roughly divided into three steps: arm stretching to a
specified position, actuator capturing the target object, and arm with target object
recovering to their original positions. The three main functions and task profile are
described in Fig. 2.
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Fig. 2 Robotic arm teleoperation task implementation profile

3 Path-Dependent Effects in Robotic Arm Teleoperation
Tasks

3.1 Overview of Path-Dependent Effects

The concept of path-dependent effect describes the influence of past choices on the
present and the future. It is similar to “inertia” in physics. Once entering a path, it
will continue to develop along the path and lock in that path.

Through learning in different environments and situations, human can form
problem-solving method with individual characteristics. These unique thinking and
behavior habits are called path dependence. Good and correct use of path dependence
is a prerequisite for efficient work. Conversely, it can be an important cause of failure
and even catastrophic consequences.

3.2 Relationship Between Path-Dependent Effect
and Reliability of Teleoperation System

The robotic arm teleoperation task is the most typical human–computer interactive
task. As a typical human-in-the-loop system, in addition to environmental impact and
equipment failures, human error is one of the most important factors influencing the
success of the task. Clarifying the hybrid correlation between environmental impact,
equipment failures, and human error is the first step to establish a human–machine
system reliability model.

Human error refers to human-made faults or poor performance of the system
caused by human. Human error usually violates the safety design or operating proce-
dures. There are many influencing factors of human error, but the core factor leading
to human error is still the human factor. To make the prediction of human error, it
is necessary to clarify the thinking and behavior characteristics of human cognition,
judgment, decision-making, and operation in the process of performing tasks. At the
same time, task requirements analysis is also crucial to human error prediction.
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During human thinking and behavior characteristics distinguishing, path-
dependent effect is one of the core factors. Path dependence has neither positive nor
negative effects. Correct path dependence has a positive impact on system perfor-
mance, which suppresses the occurrence of human error; negative path dependence,
on the contrary, has a promoting effect on the occurrence of human error and has a
negative impact on system performance.

3.3 Promotion and Suppression Effects of Path Dependence

When the operator’s thinking and behavior completely match the task characteristics
and cognitive needs in the task execution process, it will avoid human error and
promote system performance. As shown in Fig. 3, during the task execution of the
robotic arm system, if an unexpected situation caused by human, equipment or envi-
ronmental factors suddenly occurs, the operator’s judge is crucial. Assuming that
the operator has got the appropriate acknowledge, for example, though a specific
training, it is greatly possible for him to make the right decision. That means correct
path dependence is taking effect and the probability of human error is reduced,
which is beneficial to the normal operation of the system. However, when the oper-
ator’s thinking and behavior characteristics deviate from the task characteristics
and context, there is a high risk of human error because the lack of correct path
dependence.

4 Reliability Modeling of Robotic Arm Teleoperation
System Based on DBN

The establishing of the reliability model is based on the task process, which is previ-
ously introduced in 1.2 (Robotic arm teleoperation task implementation profile).
Compared with the common reliability model, this paper identified the failure factors
with the path-dependent effect taking into consideration and built the systemdynamic
Bayesian network combining with the system dynamic characteristics.

Fig. 3 Path-dependent effect influencing probability of human error
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4.1 Construction of Bayesian Network Topology

In the BN topology, the node representing robotic arm teleopration task is called TE.
According to the analysis of the task profile, this node has three parent nodes E1,
E2, and E3, which correspond to the three main functions: robotic arm extension,
capturing targets, and robotic arm recovery. The basic factors that affect the success
or failure of the task are identified by human, equipment, environmental, and human–
machine interaction factors, etc. They are considered as root nodes of the Bayesian
network. See the detailed nodes meaning in Table 1.

Among them, operator status and operator personnel capabilities are human
factors; the failure of the human–machine interaction interface and simulation soft-
ware will not directly cause the task to fail. The success of the task depends on
whether the person has given the correct instructions. For example, if the operator
has not accepted the training under the human–computer interface failing situation,
human error in blind operation is very likely to occur. Another example, if the oper-
ator has been trained how to do with the failure of the simulation software, the task
may be completed without reference to the simulation results.

The BN topology of the teleoperation system is shown in Fig. 4.

Table 1 Root nodes
identifying form

Node number Identifying factor Node meaning

H1 Human factor Human status

H2 Human capability

S1 Human–machine
interaction factor

Human machine
interface

S2 Simulation software

T1 Environmental factor Lighting

T2 Temperature

X1 Sensor factor Force sensor

X2 Position sensor

X3 Attitude sensor

Y1 Control factor Communication
system

Y2 Control processing
unit

Y3 Electrical system

Z1 Mechanical factor The mechanical arm

Z2 The driving joints

Z3 The end actuator
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Fig. 4 Bayesian network
topology of robotic arm
teleoperation system

4.2 Implementation of Dynamic Bayesian Network Structure

DBN is an extension of the initial network in time. It consists of an initial network
and a transfer network, where each time segment corresponds to a static Bayesian
network. In the static Bayesian network under each time slice, the observation node
includes not only the current state information, but also the state transition probability
of the node within this time slice. The result state of the previous time slice is the
initial state of the next time slice [3].

4.3 Dynamic Bayesian Network Parameter Configuration

Given the topology of a complete dynamic Bayesian network, the prior probabilities,
conditional probability parameters, and state transition probabilities of the nodes in
the network must also be determined.

The research object of this paper is the remote control system of the robotic arm.
The human factor is the most dynamic characteristic in this system. Compared with
mechanical parts that have a long life span, the human state is relatively easy to
change. After several hours of intense work, people will experience eye fatigue,
physical fatigue, and decreased concentration. Therefore, in the following reliability
analysis, the impact of changes in personnel status on the reliability of the task is
mainly considered, and the possibility of changes in the status of other factors is not
considered here.

The manipulator remote operation system is specified as a two-state system; that
is, all node states are only “0” and “1”, where 0 represents a normal state and 1
represents an abnormal state.
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5 Reliability Analysis of Manipulator Teleoperation System
Task

This chapter analyzes the task reliability under the conditions of not considering path
dependence and considering single or multi-path dependence based on the existing
reliability model of manipulator teleoperation task and illustrates the impact of path-
dependent effect on system reliability.

5.1 Modification of BN Model Without Path Dependence

The robotic arm teleoperation system is a typical human–machine interaction system.
Thus, the influence of path dependence on human error cannot be ignored. Add
“path” parent node (PS1, PS2, PT1, PT2) and “new human–machine ring influ-
ence factor” node (FS1, FS2, FT1, FT2) to the node corresponding to the human–
computer interaction failure in DBN The “node” means the path dependence of the
operator’s response strategy to the situation. Without considering the operator’s path
dependence, the “path” node does not work.

The system reliability is expected to use the forward reasoning function of the
Bayesian network. Lots of algorithms can easily calculate the probability of occur-
rence of top event T at any time t: P(t) = P(Tt = 1|X01 = 0, …, X0m = 0). Here,
X0i represents the state of the root node Xi in the DBN at the initial moment, and m
represents the number of root nodes in the network.

Record the values of the reliability of each important node under different time
slices. The probability of the teleoperation task completing normally shows a down-
ward trend over time,mainly because the status of the operator changes over time. The
degree of concentration gradually decreased; but with the steady state of personnel,
the reliability of the system also showed a steady trend.

5.2 Task Reliability Analysis Considering Path Dependence

It is identified that the system has four typical human–machine interaction failure
scenarios, namely human–machine interface failure (S1) and simulation software
failure (S2), and under no-light conditions (T1) and extreme temperature conditions
(T2). This section describes themethod of system task reliability analysis considering
path-dependent effects.
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5.3 Reliability Analysis with Human–Computer Interface
Failure

The human–computer interaction interface is a way for the master to send instruc-
tions to the slave and read the feedback information from the slave. Once the human–
machine interface fails, the operator cannot take corrective measures in time, which
may cause irreversible disasters to the system; if the operator takes appropriate
measures, the system may run normally to complete the task.

Regardless of the path-dependent effects in this case, the configuration of the
conditional probability table is shown in Fig. 5a. After adding the path parent node
PS1, the modified conditional probability table is shown in Fig. 5b.

The values in the figure are only examples. The reliability of system calculated
by GeNIe is shown in Fig. 6.

According to calculations, in this case, the promotion and suppression effects of
path dependence have a role of reducing and increasing the reliability of the task, both
of which are about 0.003. For the task success rate, 0.6% is obviously a relatively
high value, indicating that the path-dependent effect has a significant effect on the
teleoperation task of the robotic arm.

Fig. 5 Condition probability tables under human–machine interface failure: a without considering
path dependence; b considering path dependence

Fig. 6 System reliability-time diagram considering path dependence
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6 Conclusions

The reliability modeling method considering path-dependent effect is more accu-
rate, and it can clearly express that path dependence can promote or suppress human
error. The correct path dependence can suppress human error and significantly
improve system reliability; otherwise, it is very likely to cause system failure and
reduce system reliability. Therefore, operators should form forward path dependence
through training. The state of operator has a significant impact on system reliability.
Operators should pay attention to maintaining a good state and adjust the state in
time when fatigue occurs during continuous operation to ensure correct operation
instructions and improve task success rate.
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Framework of Performance Shaping
Factors for Human Reliability Analysis
of Digitized Nuclear Power Plants

Li Zhang, Jianqiao Liu, and Yanhua Zou

Abstract The state-oriented procedures (SOP) have been applied to the digitized
nuclear power plants (NPPs) in China, which makes the operation of operators effi-
cient. But at the same time, new human reliability issues arise. In this paper, litera-
ture review-based and expert-based methods are applied to construct a hierarchical
framework of performance shaping factors (PSFs). Firstly, operators’ task types and
error modes were analyzed with systematic human error reduction and prediction
approach (SHERPA). Then, the PSFs of different task types were concluded with
the Delphi method. The expected result is the conceptualizing PSFs framework that
contains the task types, error modes, and PSFs. The future study is to identify the
cause-and-effect relationships of the PSFs to inform the HRA quantitative analysis.

Keywords Digitized nuclear power plants · Task types · Error modes ·
Performance shaping factors

1 Introduction

Human reliability is described like this: “the probability of successful completion of
the task at any stageof the systemwithin the prescribedminimum time limit (If there is
a time requirement)” [1].Human reliability analysis (HRA)methods have been devel-
oped to predict human error probabilities (HEP) within a specific context. Among the
HRAmethods, some use performance shaping factors (PSFs) to modify the nominal
HEP. PSFs represent the factors that can enhance or decrease human performance.
The number of PSFs ranges from a single factor to 60 in different research [2]. And
different methods use different PSFs classification principles. Swain considered that
PSFs have different degrees of influence on human behavior and then divided the
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PSFs into internal factors, external factors and stressor factors [3]. Kim used system-
atic thinking to divide the PSFs into human factors, system factors, task factors and
environment factors [4]. Moreover, the content of PSFs also varies due to different
background. Application of digital technologies in NPPs has greatly changed the
operators’ work environment. The biggest change is that human system interface
(HSI) adopts computer-based technologies, such as the digital display, computerized
procedures, and soft control. These changes bring challenges to the HRA.

The current study will focus on building a comprehensive PSFs framework
following a systematic process. The results of this study will be used to identify the
cause-and-effect relationships of PSFs for the HRA quantitative analysis, which is
beyond the scope of this paper. The next is organized as follows. Section 2 presents
the task types and error modes of operators by analyzing characteristics of SOP.
Section 3 discusses the identification of PSFs based on Delphi method. Section 4
makes a summary of this study and explains the next step of the research project.

2 Task Types of Operators in Digital Main Control Room

2.1 Characteristics of SOP

Digitized technology makes operators’ procedure embedded in computer system
which changes the ways operators interact with NPPs system. The ThreeMile Island
event fully demonstrates the importance of accident procedures. When handling
accidents, operatorsmust follow the procedures to keep the power plant states vitality.
At present, most of the new nuclear power plants at home and abroad adopt digital
accident procedures. This paper takes LingAo II NPP which is equipped with state
oriented procedure (SOP) as the basis.

SOP is based on six basic state parameters of the nuclear power plant which can
sufficiently and necessarily describe all possible states. When an accident occurs,
operators will first enter the DOS program, diagnosing and determining corre-
sponding state function degradation levels, and then orient to corresponding proce-
dures or perform the operation in the DCS directly. If a new event happens, operators
continue performing the procedure and re-diagnose according to the state parameters.
When all the parameters reach the specified range, operators will exit SOP.

2.2 Identify Main Task Types and Error Modes

Primary tasks of operators are to monitoring/detection, situation assessment,
response planning and response implementation. To achieve these tasks, they need
to perform secondary tasks. For example, to verify whether an alarm appears, he/she
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Fig. 1 Example of obtaining main task types using SHERPA

may use a mouse, a keyboard and other devices to configure, navigate or arrange
appropriate screens and/or icons.

With systematic human error reduction and prediction approach (SHERPA) [5],
16 kinds of primary sub-task types and 3 kinds of secondary task types are drawn out
after analyzing procedure process. The primary sub-task types were then matched to
the four primary task types. To identify main error modes of each task type, operators
were interviewed and the video recording the work process of operators was also
analyzed. After that, the corresponding error modes were concluded. The final result
is shown in Appendix. Figure 1 presents an example about how to obtain the main
task types.

3 Identify PSFs

In recent years, some HRA practitioners have developed their respective PSF classi-
fication for a specific purpose. In the research of Ekanem [6], the PSFs are classified
into nine main categories (HSI, procedures, resources, team effectiveness, knowl-
edge/abilities, bias, stress, task load and time constraint). Kim detailedly described
11 representative PSFs which contained 39 sub-items by analyzing emergency tasks
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in NPPs [4]. Liu proposed a conceptualization framework of PSFs and described
them at three levels, components, factors and indicators [7].

We would like to use the SHEL model (Software, Hardware, Environment, Live-
ware) as the principle to collect and classify PSFs. Firstly, the universal PSFs which
appears in the traditionalMCRbut also are applicable to the digital environment were
collected after literature review. Relevant literature was referred from the following
data resource: (a) HRAmethods, like THERP [3], CREAM [8], SPAR-H [9]; (b) the
research conducted by Nuclear Regulatory Commission (NRC), University ofMary-
land, Korea Atomic Energy Research Institute (KAERI) and Tsinghua University.
Then, referring the human factors engineering program review model of NUREG-
0711 [10], the HSI module is selected as the primary focus for it considering the
digitized technology. Among the candidates, the Delphi method was used to deter-
mine the final PSFs set. In this process, six HRA experts and two experience-rich
operators are invited. They were divided into two groups with each consisting of
three experts and one operator. Opinions were firstly given by one crew, then the
other group evaluated the suggestions and provided their idea. Next, these recom-
mendations were again passed to the former crew until the final consistent decision
was made. Table 1 depicts the final result.

4 Conclusions and Discussions

In this study, the primary and secondary task types of operators in digital MCR and
related error modes are discussed using the SHERPA method. PSFs classification
based on the SHEL model is acquired after literature review and expert discussion.
At last, a comprehensive framework depicted by Appendix is built that contains
primary sub-tasks, secondary tasks, error modes and PSFs. So far, researches on
PSFs taxonomy are almost focused on PSFs. Our framework contains not only the
PSFs but the task types and error modes which facilitates the qualitative analysis
process of HRA. Besides, secondary task complexity as an indicator of task PSF is a
newly consideration that can reflect the effects of digitalization on operators to some
extent.

It is known to HRA practitioners that the influencing factors contain some overlap
and are non-orthogonal [2, 9, 11]. When quantifying HEPs, the variables, however,
have been treated independent [9, 12, 13]. Leaving the issue unsolved may make
the quantification double-counting and biased. So, the future study is to identify the
cause-and-effect relationships of the PSFs to inform the HRA quantitative analysis.
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Table 1 PSFs collected based on SHEL model

Components Factors Indicators

Software Organization supervisory Organizational placement

Organizational assignment of tasks

Safety climate Communication and coordination

Attitude for safety

Hardware HMI Availability of dives

Quality of icons layout

Procedure Configuration format on screen

Procedure’ quality

Task Primary task complexity

Secondary task complexity

Environment Workplace conditions Light intensity

Indoor temperature

Radiation

Liveware Stress Time pressure

Workload

Fatigue Sleep deprivation

Shift length

Nonday shift

Bias Overconfidence

Cognitive bias

Fraction

Acknowledgements This work was supported by the National Natural Science Foudation of China
(Grant No. 71371070, No. 71771084, No. 71501068), Research Study and Innovation Experiment
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See Table 2.
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Table 2 Framework of task types and the associated error modes and PSFs

Primary tasks Sub-tasks Error modes Secondary
tasks

Error modes PSFs

Monitoring/detection Monitoring
alarms/state of
indicator

Loss of
information
localization
Fail to monitor
Monitoring
delay
Fail to
understand

Navigating Wrong
navigation
selection
Navigation
delay
Improper
navigation
Wrong path
to
navigation

Organization
supervisory,
safety
climate,
HMI,
procedure,
task,
workplace
conditions,
stress,
fatigue, bias

Reading simple
value

Adjusting
parameters

Scanning
screen

Verifying
information

Arranging Wrong
arrangement

Input
information

Inputting Wrong
operation
Inadequate
operation
Delayed
operation

Situation assessment Comparing
parameter

Misunderstand
the status
Fail to explain
the status
Inadequate
explanation
Unable to
identify

Navigating Wrong
navigation
selection
Navigation
delay
Improper
navigation
Wrong path
to
navigation

Organization
supervisory,
safety
climate,
HMI,
procedure,
task,
workplace
conditions,
stress,
fatigue, bias

Diagnose
overall status

Evaluating
trend

Identifying

Monitoring
alarms/state of
indicator

Arranging Wrong
arrangement

Recording key
information

Inputting Wrong
operation
Inadequate
operation
Delayed
operation

Verifying
information

Response planning Coordinating Fail to follow a
plan
Fail to select a
plan

Navigating Wrong
navigation
selection
Navigation
delay
Improper
navigation
Wrong path
to
navigation

Organization
supervisory,
safety
climate,
HMI,
procedure,
task,
workplace
conditions,
stress,
fatigue, bias

Diagnose
overall status

Evaluating
trend

(continued)
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Table 2 (continued)

Primary tasks Sub-tasks Error modes Secondary
tasks

Error modes PSFs

Maintaining the
status

Planning Arranging Wrong
arrangement

Inputting Wrong
operation
Inadequate
operation
Delayed
operation

Response
implementation

Coordinating Wrong target
localization
Operation
omission
Fail to adjust
Operation delay
Wrong
operation
Inadequate
Communication
Wrong
communication

Navigating Wrong
navigation
selection

Organization
supervisory,
safety
climate,
HMI,
procedure,
task,
workplace
conditions,
stress,
fatigue, bias

Communicating Navigation
delay

Executing Improper
navigation

Maintaining the
status

Wrong path
to
navigation

Recording key
information

Arranging Wrong
arrangement

Adjusting
parameters

Inputting Wrong
operation
Delayed
operation
Inadequate
operation

Input
information
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Preliminary Establishment
of Emotion-Inducing Library of Chinese
Folk Music and Embodying Effect
in Emotion Inducing

Bo Wang, Hong Yuan, Huijiong Yan, Changhua Jiang, and Shaowen Ding

Abstract Emotion induction and the study of the relationship between human
behavior and emotion are the foundation of affective computing. In order to estab-
lish a library of emotion-inducing materials suitable for Chinese people and explore
the expression characteristics of Chinese subjects’ emotions, first 30 segments of
Chinese folk music were selected as the inducing materials, and then two groups of
emotion-induced controlled experimentswere designed. Four subjects participated in
the experiment. In both experiments, Chinese folkmusicwas used to induce emotion,
and subjects were asked to score in PAD scale. In the first group, the subjects sat
comfortably in the seats, while in the second group, they could express their bodies
freely according to their understanding ofmusical emotions. The results show that 30
segments of Chinese folk music can effectively induce the positive, neutral and nega-
tive emotions, and there is consistency between human body behavior and individual
emotion expression.

Keywords Emotional induction · Embodied emotion · Chinese folk music ·
Natural human–computer interaction · Affective computing

1 Introduction

Emotion induction and the study of the relationship between human behavior and
emotion are the basis of affective computing. How to induce human emotions and
study the interaction between human behavior and emotions [11], thus establishing
artificial emotion computing models to better achieve intelligent human–computer
interaction, has become a research hotspot [3].

Emotional induction is to obtain an effective emotional response, and the induced
method is adopted to make the subjects produce corresponding emotions. In the
past few decades, the methods used to induce emotions in the laboratory include
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methods of recall, imagination, pictures, movies and music [8]. The inducing effect
of recall method and imagination method is unstable; the emotion duration induced
by picture method is short; the effect of film method is good, but the inducing factors
are complex; the immersion of music method is the best, long lasting and the highest
reliability and validity [11]. The emotion-inducedmusic used in previous studies was
mostly Western classical music. Due to cultural differences, Western classical music
has differences in the emotional induction of Chinese people [1], and popular songs
are more susceptible to the complex effects of lyrics. To this end, it is necessary
to adopt a kind of induced music suitable for the Chinese subjects. Chinese folk
music is Chinese localized music, which is consistent with Chinese folk customs
and emotional expression [7]. Therefore, this study uses Chinese folk music as the
emotional induction material.

The relationship between emotions and human behavior, also known as
embodying emotions, was first systematically described by Niedenthal [5]. The
expression of human emotion is composed of inner feelings and explicit behaviors.
The embodied cognitive theory finds that during the process of inducing emotions,
while expressing emotions through behaviors, the expressed body posture will also
affect people’s emotional feelings. In addition, in Émile’s music teaching, students
are required to reproduce the music they hear through their bodies [10]. This method
is used to train the subjects, that is, when the subjects listen to music, they express
their feelings of music through language or non-verbal behavior.

However, in the existing research, there are few studies on the interaction between
emotions induced by Chinese fork music and the expression of explicit behaviors on
emotions, and it is very necessary to promote the adaptability of embodied theory
in different countries. Therefore, in this study, while trying to establish a Chinese
folk music induced library, through a controlled experiment, we initially explored
the embodying effect on subjects in the Chinese population.

2 Methods

2.1 Selection of Chinese Folk Music Materials

First, we collected 316 folk music from the catalog of China Ancient Music Network
that are expected to induce emotions, all in APE lossless format; uniformly edited
to 44.1 kHz sampling frequency, stereo channels, 32-bit sampling bits. According
to the natural fluctuation of the music melody, the length of each piece of music is
edited to 30–60 s.

Then, 76 effective music were screened out by 4 psychologists, including 15
negative music, 22 neutral music and 39 positive music. After that, 4 music teachers
scored 73 pieces of music one by one according to the sentiment scale to judge
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the consistency and strength of the music emotion and deleted 3 pieces. Finally,
after comprehensive screening and simplification, 30 pieces of music are obtained,
including 11 pieces of negative music, 8 pieces of neutral music and 11 pieces of
positive music.

2.2 Tools

Before the experiment, the personality of the subjects was tested using the “Chinese
version of the Eysenck Personality Questionnaire Short Form” [6].

For the evaluation of emotional vocabulary, subjects selected 1 or 2 words from
the traditional Chinese musical emotional vocabulary (sadness, happy energy, tran-
quility, anger, tension, warmth, transcendence, solemnity and others [5]), which best
represents feeling.

The assessment of pleasure–displeasure, arousal–nonarousal and dominance-
submissiveness uses a self-reported 9-point scale [2] to assess the subjective
emotional intensity induced by the subjects. After listening to the music, the stronger
the emotion, the closer the score is to 9, and the weaker the emotion, the closer the
score is to 0.

2.3 Subjects

Subjects were 4 college students, 2 men and 2 women, aged between 22 and 25 years
old. None of them have participated in similar experiments. A music background
survey was conducted, and it was found that 2 of them had entry-level musical
instrument performance experience, and 1 had elementary dance experience; 4 of
them had no composition experience, and 1 person could distinguish the type of
musical instrument.

2.4 Experimental Procedures

Each subject undertook two groups of self-controlled experiments with an interval
of 7 days.

The first group of experiments (G1): subjects sat comfortably in the seats. The
music was randomly played by the experiment organizer through the Hama carton
stereo surround sound. Subjects listened to a piece of neutral music until they were
in a calm mood before starting the formal experiment. Subjects listened to 30 pieces
of music in turn. After each piece, they filled in the scale according to their actual
feelings and rested for 60 s, before listening to the next piece of music.
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The second group of experiments (G2): subjects were asked to stand, expressing
the musical emotions they felt through physical behavior, such as imitating the
conductor’s beat. The rest of the process is the same as the first group experiment.

2.5 Statistical Methods

SPSS 18.0 is used for statistical analysis.

3 Results

3.1 Reliability Test

The internal consistency reliability of the two groups of experiments is: experiment
1, α = 0.761 and experiment 2, α = 0.812. This shows that the stability of the
experiment is high.

3.2 Individual Differences

The average statistical results of the subjects on the three scales (Fig. 1) show that
except for subject 1, the score distribution of the other three subjects is consistent;
the degree of superiority is the degree of the subject’s expression of music emotion.

Fig. 1 Means of the PAD
scale in two groups of
experiments (simplified as
G1, G2)
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Table 1 T test of G1 and G2

PAD T df Significance (bilateral)

Pleasure–displeasure (P) −2.454 119 0.016

Arousal–nonarousal (A) 1.345 119 0.181

dominance–ubmissiveness (D) −2.327 119 0.022

Subject 1 had a lower score, while subject 1’s N-scale score was less than 30 points
in the personality test, indicating that his emotional response was slow and mild,
which was consistent with the low score of dominance.

The results of the correlation analysis between the subjects and the scale showed
that the subjects were significantly correlated with dominance and pleasure (P <
0.01), in which the correlation coefficient with dominance was 0.895, showing a
strong correlation; the correlation coefficient with pleasure was 0.212, showing a
weak correlation; the subjects were not significantly correlated with the degree of
activation.

3.3 Differences Between Two Groups of Experiments

The difference between the experimental design of the two groups is whether there
is any restriction on the behavior expression of the subjects. Paired sample T test
was performed on the two sets of data (Table 1), and the results indicated that the
P values of the pleasure and dominance were less than 0.05, which was considered
to be significantly different between the two groups of experiments; the P values
of the activation degrees were greater 0.05, which is considered to be no significant
difference between the two groups of experiments.

3.4 Music Emotion and Classification

Music has a significant correlation with pleasure and activation (P < 0.01), in which
the correlation coefficient with pleasure is 0.676, which is strongly correlated, and
the correlation coefficient with activation is 0.289, and the correlation is weak; at the
0.05 level of significance, music is related to dominance, the correlation coefficient
is 0.158, and the correlation is weak (Table 2). Therefore, the classification of music
is based on the degree of pleasure and activation. Using the systematic clustering
Euclidean distance to classifymusic into two groups, the first classification calculates
the degree of happiness, the second classification calculates the degree of happiness
and activation. In the two clustering results, themusic is divided into three categories,
only music 8 has a grouping difference, and the rest of the music is divided into: the
first category (containing 12 pieces of music, which is negative), the second category
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Table 2 Correlation between music and scale

P A D

music Pearson correlation 0.676 0.289 0.158

Significance (bilateral) 0.000 0.000 0.015

N 240 240 240

(including 7 The piece of music is neutral) and the third category (containing 10
pieces of music is positive). In the emotional vocabulary statistics of the three types
of music, negative music tends to be “sorrowful,” neutral music tends to “comfort”
and “warmth,” and positive music tends to “happiness and vitality.”

4 Discussions

The results show that 30 pieces of music can effectively induce the positive, neutral
and negative emotions of the subjects, thus establishing a set of Chinese folk
music library effective for Chinese people. The emotions expressed by the music
in this library are definite and uncomplicated. The experimental data also confirmed
the validity of the emotion-inducing materials selected in this study. The selected
music can effectively induce three types of emotions, and the induced emotions are
consistent with the music emotion classification before the experiment.

In the two groups of self-control experiments, the consistency of the joy and
activation of the music clips shows that the objectivity of the music emotions will
not be different due to the change in the experiment design and the individual test
subjects, so the music library established in this experiment can be universal used for
emotional induction. The feedback from the subjects after the experiment showed that
the subjects encountered familiar musicmore easily to produce emotional resonance,
and the induced emotions were stronger. This shows that the adoption of Chinese folk
music is consistent with the cultural background of the subjects, and the emotional
feedback obtained is more effective.

The results of the T test show that there are significant differences in the scores
of the two groups of experiments on the scale of pleasure and dominance. It can
be considered that the differences in the experimental design lead to the subjects’
experience and expression of musical emotions. The difference between the experi-
mental design of the two groups is whether there is any restriction on the expression
of the subject’s behavior, and the emotional induction intensity of the limited phys-
ical behavior expression (performing the band conductor’s tempo) is greater, but
the result is not significant. In the first group of experiments, the negative music’s
emotional score was −1.04 and the second group was −1.35. The second group of
experiments induced stronger negative emotions through restricted physical behavior
expression. This validates the existence of emotional avatars: restricted behavioral
expression affects the subjects’ emotional feelings and judgments [4, 9]. Domestic
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and foreign researches on tangible effects have found that under the restriction of
facial or hand movements or behaviors, changes in human muscles affect emotional
experience, which is not cognitively processed [5].

The subject’s expression of musical emotion (dominant degree) showed a strong
correlation with the subjects (the correlation coefficient was 0.895), and each
subject’s expression of music was different. In addition, the correlation between
dominance and music is weak, which validates previous scholars’ research results
[2]. From the perspective of social culture and population characteristics, compared
with Western culture, Chinese people’s emotional expression is more restrained and
discourages the expression of individual emotions; in addition, the subjects in this
experiment are all science and engineering students, lacking in their own expression
of emotions.

The experiment uses two evaluation methods to classify music: PAD’s 9-point
sentiment scale and seven emotion description words. In the end, the music is classi-
fied by negative, neutral and positive. The results show that the evaluation of musical
emotions using the emotional scale and emotional descriptionwords is consistent. For
example, the subjects’ negativemusic tendencies and “sorrow” emotions are selected,
and the scale scores are distributed from −2 to −0.38; sexual music tendencies and
choices “tranquility” and “warmness,” the scale scores are distributed from −0.38
to 1.25; positive music tendencies and choices “happy vitality,” the scale scores are
distributed from 1.75 to 3.5. It shows that the seven emotion description words used
in the experiment are consistent with the evaluation effect of the PAD emotion scale,
and it is easy to evaluate the scale, providing a convenient method for rapid and
real-time evaluation of emotions.

5 Conclusions

AChinese folkmusic library that can effectively induce positive, neutral and negative
emotions of individuals has been established, which providesmaterials for emotional
induction. It is verified that the embodied effect exists in the music experience, and it
is instructive to emotional human–computer interaction. In future research, students
of different majors will be invited to participate in the experiment; at the same
time, a comparative experiment of Western music and Chinese folk music should be
designed.
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Design and Research on Guide Blind
Device Based on User Experience

Jianyi Zhang, Xinyu Shi, Xinqin Jin, Fengfeng Li, and Xin Chen

Abstract Facing the problem that the existing guide blind devices cannot fully
meet the needs of visually impaired users, taking the guide blind device as study
object, basing on user experience theory, studies the needs of visually impaired users
and the future design direction of guide blind devices. Conduct user interviews and
external observation experiments for visually impaired users, build user emotional
experience maps, understand the road factors that affect visually impaired travel and
the true needs of visually impaired users for guide blind devices. Transform user
needs into practical and feasible function implementation directions, and explore
suitable functions and interaction methods of guiding blind devices. The research
results show that the future guide equipment should meet the needs of users at
multiple levels and achieve simple operation, lightweight volume, and interactive
humanization.

Keywords Guide Blind device · User experience · Visually impaired people

1 Introduction

At present, there are 36 million blind people in the world. In the future, the visually
impaired population will increase sharply with the increase in the global population
and the number of aging populations [1]. The market demand for guide blind devices
will also increase. Traditional guide blind devices are mainly guide sticks and guide
dogs. They have disadvantages of low security and high cost. Most of the guide blind
devices on the market are ground-based mobile, which generally have problems of
large size, inconvenient carrying, difficult movement, complicated operation, and
high learning cost. In the future, the design and research trend of guide blind devices
must be easy to carry, easy to operate, easy to learn, and improve the quality of life
of visually impaired users.
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Fig. 1 Experimental flowchart

Visually impaired users experience the external world differently than those
with sighted eyes. Designers often consider user needs from their own perspective,
ignoring the psychological and use characteristics of visually impaired users [2, 3].
Visual impairment will cause the psychological loss of visually impaired users, and
they need psychological care. This article hopes to find out the real needs of visually
impaired users through user experience research, propose design directions for guide
blind devices, and improve safety, ease of use, and comfort of devices.

2 User Experience Research

2.1 Research Methods

Based on usability and “user-centered design,” user experience design studies the
quality of interaction technology from the perspective of product structure, product
function quality, and user emotional needs. User experience has the characteristics of
dynamics, environment dependence, and subjectivity [4–8]. ISO 9241-210 defines
user experience as: all the reactions and results of people to the products, systems,
or services used or expected to be used [9]. User experience research affects how
users feel about using products and the ways in which users and products interact,
including how users understand, learn, and use products [10]. Based on the user
experience, the design and research of the guide blind device were carried out. The
specific experimental process is shown in Fig. 1.

2.2 Experimental Process

During the experiment, a visually impaired cultural service center and a blind associ-
ationwere contacted, and 31 visually impaired users aged from23 to 62were selected
to cooperate with the experiment. Among them, 25 are males and 6 are females. The
occupations are dominated by masseurs, including two expert users who use blind
sticks. Conduct user interviews with the above users to learn about their daily outing
times, travel modes, travel common situations, emergency handling methods, and
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function evaluation and expectations of guide blind equipment. During the inter-
view, observe and record the respondent’s expressions, language expressions, body
movements, etc. as the basis for judging the user’s true expression and studying the
visually impaired users’ spatial perception judgment.

In order to study the relationship among people with visually impaired trips,
guide blind devices, and the social environment, an expert user was selected to make
an external observation experiment. The experiment requires the participant to walk
independently in a familiar environment under clearweather conditions, pass through
residential areas, traffic intersections, and other places, and experience harsh traffic
environments such as mobile phone calls, pedestrian flow, vehicles, and car whistle.
The participants were also asked to change their destinations without knowing it in
advance.

2.3 Experimental Results

The results of user interviews show that the behavioral characteristics of visually
impaired users have similarities. 90% of the participants lack security, fear to travel,
and do not travel independently in unfamiliar environments. 87% of the participants
chose to travel at night because there were fewer pedestrians at night, and they
were not easy to be pointed by passer-by. The visually impaired travel experience
of different age groups is significantly different. Young visually impaired users rely
more on peers and pay more attention to passer-by.

Quantify the emotional numbers of the participants in each node in the external
observation experiment to obtain a user emotional experience map, as shown in
Fig. 2. User experience map is a tool to describe the interaction between users and
products, systems, and services at each stage of a whole process. It can intuitively
show user needs and expectations [11, 12]. User emotional experience maps can
help designers understand user needs and develop guidance products that are more
suitable for visually impaired users.

It can be seen from Fig. 2 that the emotional trough appears in two scenarios:
receiving a call and crossing a traffic intersection. Participants also experience

DestinationStarting
point

Destination

Ready to go out

Down the stairs

Community gate

Passing pedestrians

Stairs

Phone call

Trash can

Stop forward

Change route

Traffic intersection

Vehicle whistle

Remind turn

Vehicles

Pillar obstacle

Bus station

Ask for help

Get on the bus

Fig. 2 User emotional experience map
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emotional fluctuationswhen they encounter pedestrians and steps. It indicates that the
unknown nature of dynamic environmental information will affect user emotions.
Emotional peaks appear in the scene of reaching the community gate and getting
on the bus. The familiar environment and reaching the destination will make the
participants feel safe.

The above twoexperimental results show that visually impairedusers are generally
afraid of traveling and being discriminated by passer-by. Unknown environmental
information affects the mood when traveling. Therefore, guide blind device should
lead users to travel safely and let them know the road environment. It should also
prevent visually impaired users from being discriminated by passer-by.

3 Experimental Evaluation

Sort out the user needs obtained in the previous experiment, screen out 15 user
experience elements of the guide blind device, and divide them into three categories
of safety needs, use needs, and spiritual needs, as shown in Table 1. Then, invite
two users to conduct a rating evaluation of these 15 experience factors. The results
show that the importance of visually impaired users’ needs for guide blind devices

Table 1 User experience elements

Demand category User experience elements

Safety needs Timeliness, completeness, and effectiveness of dynamic traffic information
feedback

Information acquisition capabilities at night and under extreme conditions

The ability to guide users across obstacles

Emergency capacity in emergencies

Equipment reliability, including wear, failure rate, battery life, etc.

Warning to passer-by and vehicles

Usage needs Operational complexity (learning cost)

Easy to use and organize

Weight and volume

Interactive experience of guide blind device

Will it cause limb fatigue during use

Does it cause hearing disturbance during use

Spiritual needs Psychological doubts before traveling: not sure if the guide blind device is
useful

Evaluation from others during use

Controllable experience of guide blind device: active operation or passive
guidance
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decreases in accordance with safety requirements, use requirements, and spiritual
needs in the order of decreasing.

Visually impaired users are afraid of discrimination by others, and this emotion
comes more from the judgment of themselves, which is a manifestation of lack of
inner self-confidence. When traveling with confidence, the feeling of inferiority will
be greatly reduced. Therefore, designers must pay attention to the mental needs of
visually impaired users on the basis of meeting the safety needs and usage needs.

4 Architecture of Guide Blind Devices

4.1 Interaction Mode

Visually impaired people relymainly on other sensory compensation when acquiring
external information [13, 14], especially visual and auditory, so they are more sensi-
tive to sound and tactile information [15]. The interaction design of guide blind
devices should start from the perceptual characteristics of visually impaired users
and adopt a combination of tactile and auditory information feedback methods to
maximize the feedback of complete and accurate road conditions to users.

Oriented walking for visually impaired users is divided into active perception
mode and passive perceptionmode, and guide blind robots aremostly passive percep-
tion mode, which will reduce the user’s sense of participation. Therefore, the design
of guide blind device should combine active mode and passive mode to eliminate
the user’s passive mood to travel. Users can freely switch between the two modes
during use and grasp the initiative of travel.

4.2 Conceptual Scheme

Based on the needs of users, the architecture of future guide blind device is proposed,
as shown in Fig. 3. Future guide blind device should have the function of converting
complete environmental information into sound and tactile feedback to the user. It
should also have functions such as analyzing routes and road conditions, which can
guide users to avoid obstacles safely and ensure users’ safe travel. The design of guide
blind equipment can also be integrated with increasingly mature 5G technology to
enable mobile terminal app to quickly control guide blind device.

Lightweighting is an inevitable trend for the development of guide blind devices
in the future. In order to reduce the traveling burden of visually impaired, guide blind
equipment should be small in size and light in weight. Wearable guide blind device,
flying guide blind device, and retractable guide blind device can be considered.
From the perspective of safety requirements, guide blind equipment can also add
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Fig. 3 Architecture of future guide blind devices

extended functions such as positioning, one-click help, low-battery reminder,weather
reminder, etc.

5 Conclusion

Visually impaired users are part of society. In a highly civilized society, the living
needs of special groups should be highly valued.When designing guide blind devices
based onuser experience, full consideration should be given to the physical specificity
and psychological deficiency of visually impaired users to thoroughly analyze user
needs and psychological demands.

In the design process of guide blind devices, designers must follow the design
concept of visually impaired user-centric. Designers cannot consider the needs of
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visually impaired users from the perspective of sighted people. The design research
process based on user experience helps us understand the specific expectations of
visually impaired users for guide blind devices, ensuring that the design results meet
the real needs of visually impaired users. Future guidance equipment should improve
safety, effectiveness, and have the ability to respond to emergencies. The form of
guide blind device is not limited to large-volume robots, and it can become a part of
the body of visually impaired users, reduce travel burdens, improve travel efficiency
and improve self-confidence of visually impaired users, and allow visually impaired
users to integrate into normal social life. In addition, future guidance devices need
to be combined with the latest technology to optimize the interactive experience,
improve the user’s control and initiative in travel, and meet the user’s spiritual needs.
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Analysis of Differences Between ISO
and China Ergonomics Standards

Zhenlong Lu and Yanqiu Sun

Abstract Objective—In order to study the current status of ergonomics standards in
ISO and china, analyze the differences between them in constraint content and publi-
cation year. Methods—It used quantitative analysis method of statistics to analyze
the differences in the paper. Results—The number of China standards is equal to
ISO in general ergonomics principles and anthropometry and biomechanics, but the
number of China standards is about half of ISO in ergonomics of human–system
interaction and ergonomics of the physical environment. Conclusion—The update
speed of ergonomics standards is relatively slow in China, because of the difficulty
in establishing national standards and the complicated procedures. The change way
is to apply for group standards by society, which can respond to the market demand
in time and promote the combination of production, learning and research.

Keywords International Organization for Standardization · Ergonomics · National
standard · Difference

1 Research Purpose

Ergonomics is the foundation of modern design, standard is the basic tool of product
design, International Organization for Standardization (ISO) attaches great impor-
tance to the work of ergonomics standardization and a large number of ergonomic
standards for industrial design have been developed by ISO. Ergonomics standard-
ization is the requirement for designing work system, work equipment and products
according to human characteristics; the aim is to improve product availability, thereby
improving the productivity for operators or improving the health, safety and comfort
for users [1].
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Socialismwith Chinese characteristics has entered a new era. “High quality devel-
opment” is an inevitable demand. “The Central Committee of the Communist Party
of China Guidance of the State Council on quality improvement” of 2017 has put
forward that stimulate quality innovation vitality encourages enterprises to opti-
mize functional design, modular design, appearance design and ergonomic design,
promote personalized customization and flexible production, improve the quality
characteristics of product scalability, durability, comfort and so on, meet the needs
of green environmental protection, sustainable development and consumption friend-
liness, encourage user-centeredmicro-innovation, improve user experience and stim-
ulate consumption potential [2]. The development of ergonomics in China is facing
new opportunities and challenges.

In the paper, we analyzed the differences between ISO and China ergonomics
standards in constraint content, numbers, publication year and so on, which are
based on the survey study of the current status of ergonomics standards, in order
to provide reference for the further improvement of the construction of ergonomics
standard system in China.

2 Research Method

In the study, we inquired the standard information published on the Web sites of
International Organization for Standardization, Standardization Administration of
China and work standard network and so on by the literature search and collected
the relevant data of ISO/TC 159 and China’s ergonomics standards. It used quan-
titative analysis method of statistics to analyze the differences between ISO and
China ergonomics standards in constraint content and publication year and discuss
the future development of ergonomics standards based on the study results.

3 Study Conclusions

3.1 Current Status of ISO Ergonomics Standard System
Construction

ISO/TC 159 ergonomics technical committee is created in 1974, which is responsible
for the preparation and revision of international standards in the field of ergonomics,
including terms, methods and human factors data. ISO 6385:1981《Ergonomic prin-
ciples in the design of work systems》is the first ergonomics standard which was
published by ISO/TC 159 ergonomics technical committee; the publication year is
1981. There are 26 participating members and 31 observing members in ISO/TC
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Table 1 Number of published standards and standards under development of ISO/TC 159

Committee or subcommittee No. of published standards No. of standards under
development

Total

ISO/TC 159 1 1 2

ISO/TC 159/SC 1 8 0 8

ISO/TC 159/SC 3 24 7 31

ISO/TC 159/SC 4 70 13 83

ISO/TC 159/SC 5 33 6 39

159. There are four subcommittees in ISO/TC159, which are ISO/TC 159/SC 1
general ergonomics principles, ISO/TC 159/SC 3 anthropometry and biomechanics,
ISO/TC 159/SC 4 ergonomics of human–system interaction and ISO/TC 159/SC 5
ergonomics of the physical environment.

Until February 20, 2020, there are 163 ergonomics standards in ISO/TC 159,
including 136 published standards and 27 under development. There are two
ergonomics standards under the direct responsibility of ISO/TC 159, including one
published standards and one under development [3]. The numbers of published
standards and standards under development of ISO/TC 159 ergonomics technical
committee and subcommittee are shown in Table 1.

The published years of 136 ergonomics standards of ISO/TC 159 are shown in
Table 2.

3.2 Current Status of China Ergonomics Standard System
Construction

The ergonomics standardization work in China was started relatively late, National
Ergonomics Standardization Technical Committee was established in May 1980.
Its technical committee number is SAC/TC7 in Standardization Administration of
the P.R.C (SAC), who contacts with the International Organization for Standard-
ization ergonomics technical committee (ISO/TC159). The secretariat is located
in China National Institute of Standardization. The establishment of National
Ergonomics Standardization Technical Committee not only promoted the develop-
ment of ergonomics standardization work in China, but also greatly promoted the
development of ergonomics subject [1].

National Ergonomics Standardization Technical Committee is responsible for
the centralized management of standardization in the field of ergonomics tech-
nology, unified planning, studying and reviewing the development of national basic
ergonomics standards. Until February 20, 2020, there are 93 ergonomics standards
in China, including 81 national standards and 12 electric power industry ergonomics
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Table 2 Publication year of 136 ergonomics standards of ISO/TC 159

Year No. of published standards

ISO/TC 159 ISO/TC 159/SC
1

ISO/TC 159/SC
3

ISO/TC 159/SC
4

ISO/TC 159/SC
5

1992 – – – 1 –

1995 – – – – 1

1996 – 1 – – 2

1997 – – – 2 –

1998 – – – 2 1

1999 – – – 4 –

2000 – – 4 2 –

2001 – – – 1 3

2002 – – 1 3 1

2003 – – 2 1 2

2004 – 1 1 – 4

2005 – – 2 1 2

2006 – 1 1 3 3

2007 – – 3 1 4

2008 1 – – 12 1

2009 – – – 1 –

2010 – – 1 4 3

2011 – 1 – 4 –

2012 – – 2 4 2

2013 – – 1 3 –

2014 – – 2 – 1

2015 – – 2 2 –

2016 – 2 – 3 1

2017 – 1 1 5 1

2018 – – 1 3 –

2019 – 1 – 8 1

Total 1 8 24 70 33

standards. Publication years of 81 national ergonomics standards in China are shown
in Table 3, including 10 general ergonomics principles standards, 22 anthropometry
and biomechanics standards, 31 ergonomics of human–system interaction standards
and 18 ergonomics of the physical environment standards [4–6].
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Table 3 Publication year of 81 national ergonomics standards in China

Year No. of published standards

General ergonomics
principles

Anthropometry and
biomechanics

Ergonomics of
human–system
interaction

Ergonomics of the
physical
environment

1983 – – – 1

1985 – – – 1

1988 – 2 – –

1991 1 1 – –

1992 – 1 – –

1993 3 – 2 –

1994 1 – – –

1995 – – 1 –

1996 – 2 – –

1998 – 1 – 1

1999 1 – – –

2003 – – 2 1

2004 1 – 3 –

2005 1 – – –

2006 – – 3 1

2007 – – 1 –

2008 2 1 1 6

2009 – 4 5 –

2011 – 6 2 –

2012 – – 2 –

2014 – 2 1 –

2015 – – 2 –

2017 – – – 7

2018 – 2 6 –

Total 10 22 31 18

3.3 Analysis of Differences Between ISO and China
Ergonomics Standards

3.3.1 Analysis of Differences in Ergonomics Standards Constraint
Content

There are twomandatory national standards and 79 recommended national standards
of China 81 national ergonomics standards, in which 52 of them are adopted interna-
tional ergonomics standards, 29 of them are independently developed in China. So,
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Fig. 1 Comparison of the number of standards with different constraint contents

we can know that adopted international standards account for about 64% of national
standards in China. The quantitative analysis results of ISO and China ergonomics
standards in constraints content are shown in Fig. 1.

From Fig. 1, we can know that the number of China standards is equal to ISO in
general ergonomics principles and anthropometry and biomechanics, but the number
of China standards is about half of ISO in ergonomics of human–system interaction
and ergonomics of the physical environment. The number of Chinese standards is
relatively few, because china ergonomics standardization work was developed rela-
tively later. In China, there are 14 national standards under development, in which
nine independently developed national standards and five adopted international stan-
dards, mainly in ergonomics of human–system interaction standards and ergonomics
of the physical environment standards.

3.3.2 Analysis of Differences in Ergonomics Standards Publication
Year

The number of standards published by China and ISO in different years is shown in
Fig. 2. We can know that the ISO ergonomics standards have been updated to 1992,
and the standard is reviewed every 5 years. China ergonomics standards have been
updated to 1983, and we also find that 19 of 52 international ergonomics standards
have been withdrawn. The update speed of ergonomics standards is relatively slow
in China; because of the difficulty in establishing national standards, complicated
procedures and product standard cannot be supported. The development cycle is
generally 2–3 years of national standards.
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4 Conclusions

The results of study show that the numbers of China standards are equal to ISO in
general ergonomics principles and anthropometry andbiomechanics, but the numbers
of China standards are about half of ISO in ergonomics of human–system interaction
and ergonomics of the physical environment. The update speed of ergonomics stan-
dards is relatively slow in China; because of the difficulty in establishing national
standards, complicated procedures and product standard cannot be supported. The
development cycle is generally 2–3 years of national standards.

5 Discussions

Ergonomics takes man–machine–environment system as the research object, focuses
on human in the system, through the characteristic research on human physiology,
psychology, perception, cognition, organization and so on, puts forward the design
and optimization theory, method, principle and steps in products, facilities, human–
computer interface, workplace, microclimate, personnel work organization and so
on, finally realizes the best match of man–machine–environment and makes people
work and live efficiently, safely, healthily and comfortably.

China’s ergonomics standards are gradually changing to meet the new develop-
ment requirements. The change way is to apply for group standards by society, which
can respond to the market demand in time, promote the combination of production,
learning and research and advance the influence of ergonomics society.
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Analysis on Core Capabilities and Key
Technologies of Future Air Defense
Anti-missile Operations

Jinxin Li, Zhenguo Mei, Qian Shen, and Tao Li

Abstract The future warfare is a kind of war based on the information technology,
which is full-depth, three-dimensional, and conducts air strike and anti-air strike in
multidimensional space. This paper discusses the development trend of modern air
strike operations on four aspects: informatization, stealth, precision and integration,
and puts forward three core capabilities for winning future air defense anti-missile
operations, such as improving all-dimensional resisting capabilitywith both offensive
and defensive measures, improving anti-jamming capability with the combination
of soft-kill and hard-kill, and enhancing anti-saturation attack capability in long-
range and short-range. This paper analyzes the future development direction of air
defense anti-missile weapon system such as low-altitude and short-range, integra-
tion and special-purpose, generality and modularization, as well as joint operations,
and emphasizes four key technologies which should be mastered, including data
acquisition, data fusion, precision guidance and system simulation.

Keywords Air defense weapon · Air defense system · Core capability · Key
technology

1 Development Trend of Modern Air Strike Operation

With the evolution ofmodernwar concept and the development of high-techweapons
and equipment, the role and effect of modern air strike operations are daily on the
increase, and the development trend such as informatization, stealth, precision and
integration has been increasingly prominent [1, 2].

J. Li (B) · Z. Mei · Q. Shen · T. Li
Artillery and Air Defense Forces Academy (Zhengzhou Campus), Zhengzhou 450052, China
e-mail: 2495625853@qq.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer
Nature Singapore Pte Ltd. 2021
S. Long and B. S. Dhillon (eds.), Man-Machine-Environment
System Engineering, Lecture Notes in Electrical Engineering 645,
https://doi.org/10.1007/978-981-15-6978-4_120

1047

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_120&domain=pdf
mailto:2495625853@qq.com
https://doi.org/10.1007/978-981-15-6978-4_120


1048 J. Li et al.

1.1 Informatization

With the development of reconnaissance and detection technology, battlefield trans-
parency is escalating, and information technology also runs through the whole
process of air strike operations. Before the war, the processing, analysis and integra-
tion of a large amount of intelligence and information have become themain basis for
identifying the air strike objective and formulating corresponding air strike plan. In
the war, it is necessary to constantly adjust the battle plan according to the real-time
information on the battlefield.

1.2 Stealth

High-tech stealth air strike is an air strike operation that uses stealth aircraft as an
aerial platform to carry out precise strikes on targets. In the future, stealth air strike
operations will be developed towards space and unmanned fighters, and air fleets of
the composite manned and unmanned aircraft formation are gradually built up with
the characteristic of air & space integration and the core stealth fighters.

1.3 Precision

The air defense equipment has advanced fire control system, optical and infrared
aiming system, that can exactly calculate impact point and modify fire data momen-
tarily, making the hitting accuracy greatly improved. Besides, air strike weapons
have changed from the aerial bombs and a small number of ballistic missiles with
poor accuracy into all kinds of precision-guided ammunition.

1.4 Integration

In the future local wars, modern air strike operations will be mainly information-
centered and supporting system-based. In terms of information, a variety of ground,
air- and space-basedmilitary intelligence and necessary political, economic and other
social intelligence are integrated to conduct operational effectiveness analysis and
select the channels and methods which can ensure their own safety as far as possible
to identify the key points and area targets of the other side.
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2 Analysis on Core Capabilities of Future Air Defense
Anti-missile Operations

Generally, the air defense combat system consists of four parts: an attack systemwith
long-range key attack capability and short-range intensive fire protection capability,
an information system that ensures real-time acquisition and timely analysis, judg-
ment and processing of various kinds of information and formulation of air defense
combat plans, a high-level electronic warfare system and a supporting guarantee
system.

2.1 Improving All-Dimensional Resisting Capability
with Both Offensive and Defensive Measures

In the battle, an efficient ground air defense system is supposed to resist long-range
attacks against various types of aircraft, launch platforms and other targets with
intensive fire shield composed of surface-to-air missile, anti-aircraft gun and new
concept weapon system, and it also should be capable of intercepting a variety of
precision-guided ammunition.

2.2 Improving Anti-jamming Capability
with the Combination of Soft-Kill and Hard-Kill

In order to meet the needs of electromagnetic wrestle in the future battlefield, the
innovative air defense missile system developed shall be able to counter a variety
of jamming. Diverse anti-jamming measures such as self-adaption and intelligence
shall be adopted to improve the anti-jamming reaction capability of the missile and
make sure that the system has the capability to conduct reconnaissance, jamming
and destroying the integrated air strike weapons.

2.3 Enhancing Anti-saturation Attack Capability in Long
Range and Short Range

In the future local warfare, the common method to attack the key targets is the multi-
wave saturation air strike composed of multiple types of aircraft and weapons. The
air defense weapon system is supposed to have the anti-saturation attack capability,
which is an important index in the development of air defense missile system. For
instance, the new generation of missiles basically adopts the vertical launch mode
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with multiple-round cluster installation to increase the quantity of ready missiles and
enhance the firepower.

3 Development Focuses of the Air Defense Anti-missile
Weapon System

3.1 Emphasizing the Development of Lightweight, Small-Size
Missiles and Low-Altitude Short-Range Air Defense
Weapons

In recent years, foreign intermediate-range and medium-range air defense missiles
have a development trend towardminiaturization. Themainmethod ofmissileminia-
turization is to improve the guidance accuracy, reduce thewarheadweight and reduce
the missile weight by 2–4 times, which made the load of ammunition of the system
increased significantly; thus, the firepower shall be greatly enhanced. Moreover, a
variety of advanced technologies with anti-precision guidance capability have been
applied to a new generation of low-altitude short-range air defense missiles.

3.2 Paying Attention to the Development of Air Defense
Weapons that Combine Air Defense Anti-missile
Integration with Special-Purpose Missile

Tactical ballistic missiles, cruise missiles, air-to-ground tactical missiles and
other precision-guided weapons are widely used in air strikes. The research of
medium/high-altitude, medium/long-range air defense missile system that integrated
air defense anti-missile for engaging not only aircraft but also missile and special-
purpose anti-tactical ballistic missiles has become a hot spot in the development of
air defense missiles nowadays.

3.3 The Air Defense Anti-missile Weapon System Has
Obvious Characteristic of Generality and Structural
Modularization

In the future warfare, the common high-performance and multi-purpose missile,
which is able to engage variety of weapon threats and is convenient for fielding in
the peacetime and resupplying in the wartime, will become the development focus.
The missile is capable of both engaging aircraft and intercepting tactical missiles,
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it can be employed as the air-to-air missile, ground-to-ground missile and anti-tank
missiles as well as undertaking air defense missions. Furthermore, as another impor-
tant characteristic of the development of air defense missile in recent years, the
modular design is capable of meeting different needs of users whomay freely choose
main subsystems to compose one or several kinds of air defense missile systems.

3.4 The Advantages of Joint Operations Among Weapon
Systems Are Outstanding

In recent years, an important development trend of air defense missile weapon is that
connecting diverse air defense systems with different performances into an organic
whole to form the air defense fire system, thus exerting the anti-air capability of air
defense weapons and achieving the optimum operational effectiveness. For instance,
the American Patriot can be brought into the theater missile defense system of the
USA, and Russian S-300 can be incorporated into the newly developed Russian
S-400 integrated air defense system. The joint employment of various air defense
missiles is an important development direction of the confrontation requirement of
the future high-tech warfare system [3].

4 Study on Key Technologies of Air Defense Anti-missile
Systems

In order to enable the air defense system and the anti-missile system have higher
combat effectiveness and compete with the increasingly perfect air strike system, we
should mainly strengthen the research on key technologies as follows.

4.1 Data Acquisition Technology

4.1.1 Automatic Target Identification Technology

Automatic target identification includes radar, laser signal, infrared and TV image
identification for targets. Since radarworks in the bandwidth frommeter tomillimeter
with little effect of meteorological conditions and the operating range is long, the
automatic identification of radar targets is supposed to be researched emphatically
[4]. The main tasks of automatic radar target identification are as follows:

(1) Identifying real and fake targets, especially real and fake tactical ballisticmissile
warheads, and eliminating the possibility of launching missiles against the fake
ones;
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(2) Determining the target structure to provide target type information for the fuze
warhead coordination and improve the killing probability of the air defense
missile;

(3) Evaluating the danger of passive target tracking and providing the basis for fire
distribution.

In addition, the first step of radar target identification is to extract the electromag-
netic feature of the target, and the second step is to use the method of pattern recog-
nition to classify the extracted target feature. The electromagnetic feature extraction
of the target is the most important step in automatic target identification.

4.1.2 Anti-stealth Target Technology

At present, anti-stealth target measures are normally explored from the following
aspects:

(1) Increasing the transmissionpower of radar, improving antennagain and reducing
noise figure. The main technical approaches to improve transmission power
include power synthesis technology and pulse compression technology with
large compression ratio [5].

(2) Making use of the polarization information and phase information of the target.
Controlling the polarization characteristic of radar transmitting signal with
computer, which can be adapted to the inherent polarization characteristic of
target, so as to improve the target detection capability of radar.

(3) Developing meter-wave radar and millimeter-wave radar. The meter-wave radar
is an effective measure for anti-stealth target; however, due to the limitation
of size of the antenna, its beam is wide and angular resolution is poor. The
super-angle resolution technology has brought hope for solving the problem.

(4) Adopting target reflection energy accumulation technology. The inverse
synthetic aperture radar is capable of conducting coherent integration for thou-
sands of pulse echoes, so the signal-to-noise ratio of a single echo pulse required
to detect a target can be very small, and it has the ability to detect targets with
small radar scattering cross sections.

(5) Using laser and television technology. At present, stealth aircraft mainly take
stealth measures on radio waves and infrared rays; however, they have no
obvious effect on visible light and near-visible light bands. Therefore, laser
and TV technology is an effective measure against stealth targets.

4.2 Data Fusion Technology

The application of multi-sensor data fusion technology to target detection, tracking
identification and battlefield situation assessment of air defense C4ISR system may
improve the performance of C4ISR system in the following aspects:
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(1) Improving the space resolution of air defense system. Detecting and tracking
with multi-sensor to obtain higher resolution than that of single sensor.

(2) High accuracy of information acquisition. Effective synthesis of independent
measurement data from multiple sensors at the same time of the same target or
event can improve reliability and detection performance.

(3) Widen the working spectrum of the system. The frequency complementation
of multi-sensor may increase the dimension of measurement space and reduce
the blind spots caused by electronic jamming measures and meteorological and
terrain interference.

(4) Being capable of resisting anti-radiation missile attacks. By adjusting the signal
emitted by multiple sensors, it avoids the tracking of anti-radiation missile
seeker.

4.3 Precision Guidance Technology

In order to ensure that the air defense missile can hit the target accurately in the
complicated jamming environment, the research on the new precise guidance tech-
nologymust be strengthened. One of the important development directions of precise
guidance technology is the homing guidance technology, of which the imaging
detection and multimode detection will be the emphases of its future development.
Meanwhile, precision guidance technology is inseparable from detection technology,
inertial sensing technology, intelligent information processing technology and high-
precision control technology, whose technical level determines the performance of
precision guidance equipment.

4.4 System Simulation Technology

The application of simulation technology in the development of weapons and equip-
ment can reduce the development risks, shorten the development period and lower
the development cost. The main application and development in the development of
air defense missile are as follows:

(1) Simulation of missile guidance system. In order to improve the missile’s rapid
maneuverability and operational capability beyond the upper atmosphere, the
air defense missile will adopt more thrust vector control and direct force control
technology. In order to solve the problems in the development of the new guid-
ance system, a variety of simulation methods have been adopted, especially in
the semi-physical simulation ofmillimeter-wave and infrared imaging guidance.

(2) Simulation of all kinds of sensors. To strengthen the research on the simulation
modeling of all kinds of photoelectric sensors in the whole process of devel-
opment and application, especially attaching importance to the development



1054 J. Li et al.

of the simulation technology of multifunctional phased array radar, satellite-
borne synthetic aperture radar, satellite-borne and missile-borne photoelectric
imaging sensor.

(3) System simulation. Sensors on a variety of weapon platforms work
together dynamically to conduct combat tasks through battlefield manage-
ment/command, control, communications and computer (BM/C4) networking.
Operational systems need to be established, including platforms for various
weapons, sensors and satellites, as well as integrated distributed interactive
simulation systems for BM/C4 systems.

5 Conclusion

As new-concept air strike weapons are successively operational and modern air
strike technologies are increasingly mature, our army is facing a severe situation
in air defense anti-missile operations in the future. There is an old saying goes,
“Preparedness ensures success and unpreparedness spells failure.” In order to adapt
to the development trend of the new military revolution of the world and win the
future information-based high-tech warfare, we should not only dare to look reality
in the face and meet the challenge, but also be good at confronting the future, seizing
the opportunity, deeply thinking, work out development strategy which is adapt to
the national conditions and the future air defense anti-missile missile combat mode,
so as to take the initiative in the future conflicts and wars [6].
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Research on the System Architecture
of Scientific Data Management

Rui Man, Guomin Zhou, and Jingchao Fan

Abstract The architecture construction of scientific data management system has
become one of the important contents all over the world. The management system is
to realize the collection, circulation, storage, release, and innovation of scientific data
in the life cycle. At present, there are three modes for the construction of major scien-
tific data management systems: independent development system, professional data
management system, and construction system through open data source (Zhengguo
and Xiang in J Libr Intell Work 57(3):39–42, 2013 [1]). This paper takes scientific
data and its management as the entry point, analyzes the current situation on the basis
of theoretical research, summarizes its characteristics and shortcomings, develops
the scientific data service mode, and improves the service content, so as to improve
the construction of the domestic scientific data system architecture.

Keywords System architecture · Architecture mode · Scientific data · Scientific
data management

1 Introduction

With the rapid development of Internet of things, big data, cloud computing, block
chain and other technologies, and the acceleration of digitization of scientific and
technological documents and information, data resources have become an impor-
tant factor of production. Governments and relevant organizations around the world
also support the management of scientific data, which is defined by UNESCO as an
open access information resource; The British Government has decided that publicly
funded scientific data research is free of charge; the European commission has also
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issued a statement laying the groundwork for a greater role for scientific data in the
future by ensuring its long-term availability, sharing, and reuse. At present, great
changes have taken place in science research paradigm. In future, there are increas-
ingly using technology tools for all kinds of research objects to carry out data moni-
toring, collection, and analysis activities, produce a large number of achievements
of scientific data, the data results in urgent need of specialized management and
utilization, and scientific data by the research on the system architecture. The archi-
tecture of scientific data management system mainly refers to the website, database,
data center and other services that provide scientific data service for researchers.
Through this medium, researchers upload or obtain data, making scientific activities
more efficient, less costly, more standardized, and more high-quality.

2 Classification of System Architecture

2.1 Monitoring Network Mode

The data collected in the monitoring network mode is stored on both the central node
server and the local server, and the data are provided for the researchers through the
service portal website and the cooperation of each sub-node. Monitoring network
is generally established according to the needs of specific scientific research activ-
ities, which belong to the management mode of the general center. However, each
data sub-center has its own flexible mode, and data opening is uniformly managed
by the general center. Data management has high participation and complex open
process. The data are collected by unified standards, and the nodes involved in data
harvesting, opening and service are connected with their own system. Taking the data
sharing service of China Meteorological Data Network as an example, the work is
carried out from four aspects: establishing standard system, integrating scientific data
resources, constructing sharing platform and developing data sharing service. The
data service objects are all kinds of social groups and public users, including govern-
ment departments, public welfare users and commercial users. The service mode
is divided into online and offline data service. Online data service usually provides
online data download and service through China Meteorological Data Network, and
offline data service includes telephone consulting, information consulting, thematic
data products, etc. [2]. Data services include shared directories, data downloads and
numerical forecasts.

2.2 Scientific Data Publishing Mode

Scientific data publishing model refers to the user in accordance with the unified
standards of management and process, in this paper, the way the data through the



Research on the System Architecture of Scientific Data Management 1057

Internet public release the raw data, or through the systematic collection and analysis
of existing data, forming a data products after processing, sorting, make scientific
researchers more convenient and rapid collection, acquisition, inspection, analysis,
processing, reuse [3]. Through reuse and innovation, researchers can cite new publi-
cations and discoveries. Having clear intellectual property rights can be formally
cited in academic publications. Having a global uniform identification can be persis-
tent access, can be used to track data reference statistics and analysis, and can achieve
total data quality management, to ensure data quality. As an innovative open data
sharing model with a long history, it plays a role in the incentive mechanism and
data quality control [4, 5].

2.3 Open Platform Mode

With the development and application of big data technology, the open platformmode
has a unified data repository and shared service system which is open, and data can
be stored in the platform for a long time. This mode generally includes data center,
characteristic database, thematic database, etc., that centralizes data resources, data
service and data maintenance to allocate resources of all parties. Its approach to data
resource management is a common database for universal data storage and sharing
requirements [6]. Each data set or file is assigned a numeric object identifier, which
is a permanently unique and resolvable identifier that is an important part of the
data reference. It covers material science, life science, earth science, social science,
information science, chemical science, space astronomy, physical science and other
fields.

2.4 Large Scientific Installation Mode

The mode of large scientific device refers to the data resource sharing activities
marked by highly concentrated large-scale and high-input precision equipment,
known for large-scale data production and standardized data opening [7], and large
scientific devices and facilities for basic research and application,which continuously
generate and capture data. This model is used to support exploratory and innovative
scientific research with high technology content. According to their functions, large
scientific devices can be divided into frontier fields of science and special technology
equipment, such as remote sensing aircraft for public welfare scientific research [8].
There are two types of data resource sharing services: immediate and delayed. About
the immediate sharingmode, generated data are processed and stored in an open plat-
form for users to use, such as the data generated by remote sensing aircraft. About
the delayed shared model, the data produced are first used for internal research and
then organized to be used by researchers outside the research group in other forms.
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3 The Development Trend of System Architecture

3.1 Being the Focus About Architecture

The construction of scientific data management system will become an important
work of service institutions, and future research work will increasingly rely on the
support of data resources. Therefore, data management can reduce costs, prevent the
loss and damage of data, avoid the occurrence of fraudulent data and promote the
improvement of the overall quality of scientific research results. Research institu-
tions will pay more and more attention to data management, which will become an
important work of university libraries, research libraries, research institutions and
information service institutions in the future.

3.2 Forming the Union

Through the establishment of scientific data management system alliance to enhance
the scale and competitive strength. From the successful experience of foreign coun-
tries, large scale can promote data sharing. Therefore, a scientific data management
system construction alliance should be established in the future, not only between
university libraries, but also between libraries of research institutes and enterprise
data management centers, so as to fundamentally solve the scale and quality prob-
lems of domestic data sets and provide strong support for scientific and technological
innovation.

3.3 Cultivating the Data Researcher

The number of scientific data management institutions and personnel will continues
to expand. At present, the talent training in this field is very weak. In China, only a
few colleges have set up data-relatedmajors, and a large number of data professionals
will be needed in the future.

4 Current Situation and Problems

The scientific data sharing system in colleges and universities, such as the social
science data management system of Fudan University and the open research data
platform of Peking University, has been developed in eight representative systems.
On the whole, the overall construction condition is good, such as Wuhan University,
Fudan University, Peking University and other extension to the Chinese Academy
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of Sciences, the national science and technology basic conditions system center and
provincial intelligence and information agencies. See Table 1.

4.1 Single Service Mode

Scientific data services are diverse, including retrieval, access, latest dynamic push,
tools and model applications, library information services, multimedia display, etc.
Domestic scientific data systems generally focus on the retrieval, query and download
of data, ignoring the utilization rate of scientific data.

4.2 Ignoring Data Service

The service content of the domestic scientific data sharing system strengthens the
data-oriented model and weakens the data-service-oriented model [9]. On the one
hand, the service content is not perfect, and the life cycle of scientific data still
needs to be deeply studied. It includes data space, data set, management plan, data
organization, description, release, etc. It has obvious life cycle, that is, scientific
data production, organization, storage, publication and utilization. University scien-
tific data management platform in the library of Wuhan University, Fudan Univer-
sity social science data management system, open research data system of Beijing
University, Chinese Academy of Sciences, scientific data cloud contain data submis-
sion, collection, organization, storage, analysis, visualization, sharing, distribution,
publishing functions, but the lack of data management plan. On the other hand, the
domestic scientific data sharing system is generally short of education, training and
knowledge popularization services.

4.3 Risk and not-Sharing Data

Risk exists in scientific data management system. The management system often
involves the integration, data publishing, data trading, etc., while the scientific data
management project is a complex system with constant development and change,
especially to ensure the availability, authenticity and comprehensibility within a
period of time. The risk of damage of experimental data, equipment failure, computer
virus attack and so on may exist at the same time, which makes the scientific data
management more difficult. However, the correlation is very low, and the correla-
tion value between the data cannot be fully reflected, which makes it difficult to
realize open access and restricts the benefit of scientific data. Its value has not been
maximized [8].
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5 Construction Strategy of Domestic Scientific Data
Management System

5.1 Improve the Top-Level Design

In the era of big data, the society advocates to create an environment where everyone
is a data provider and user. Researchers need to fully understand the importance
and necessity, dare to carry out top-level design and formulate the objectives and
implementation plans at different stages [10].

(1) Reasonable organizational structure and management: The scientific data
management system should have the elements of the institution—the estab-
lishment of long-term preservation policy, the establishment accountability to
ensure the construction and service from the macro-policy level.

(2) Data cloud service: The scientific data management system has been upgraded,
which is divided into three layers [11]. The first layer is SaaS. The second layer is
DaaS, which is scientific data analysis technology. The third layer is IaaS, which
includes storage resources, computing resources and data resources (Fig. 1).

5.2 Expand the Service Mode of Scientific Data

The construction of scientific datamanagement system is themainmeans to carry out
scientific data management effectively. In addition to the way of scientific literature
information service, scientific data service is also available, that is, management
planning, acquisition, storage and sharing, reuse,management training, scientificdata
protection and ethics and scientific data management reference [12]. The Chinese
Academy of Sciences Data Cloud uses the DataPub data sharing system to promote
sharing and communication. DataPub has the following functions: (1) I HAVEDATA,
the data will be published on the DataPub, so that more people know, fully play the
data value; (2) I WANT DATA, that is, to find and obtain the data on the Datapub, data
requirements to the staff; (3) DATA INTERRACTION, data community interaction,
a full range of data exchange and interaction.

5.3 Improve the Service Content

(1) Build Characteristic Resource Library: The scientific data management system
should attach importance to the construction of characteristic resource base,
such as the information service database of large instruments and facilities in
Shanghai, which provides the inquiry, comparison and screening services of
basic information, shared services and supporting policies.
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Fig. 1 Scientific data management system framework

(2) Precise Service Content: It refers to the transformation from the base of users’
commondemand to the personalized service scheme for users [13]. For example,
on the basis of collating a large amount of data, data warehouse technology is
used to select users’ knowledge preference for experimental data for research
on the basis of users’ access to scientific data log, so as to achieve accurate data
push.

(3) Training and Promotion: Scientific data management and sharing training is
an important service content, including staff training and user training. System
staff are required to have expertise in data extraction, transformation, loading
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(ETL) processes and data pipeline construction, as well as rich data warehouse
skills. By understanding the data required by the system, identifying relevant
new data sources, extracting the available format data, ensuring that the data are
not wrong and loading the data into the user requirements, the user’s knowledge
needs are satisfied.

5.4 Attach Importance to Risk Management

At the beginning of the construction of the scientific data management system, it
analyzes the possible risks in detail and formulates the perfect strategies to ensure the
long-term and effective operation. It includes the risk of data resource optimization
and integration, data publication and data transaction. Efforts should be made to
train scientific data talents, such as data validators, data analysts, data visualization
analysts, data management experts and data service coordinators. Therefore, the
scientific data sharing system first makes full use of technical means to restrict the
access between different regions and networks and establish a virus prevention and
control system and a network security monitoring center.
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Military Applications of Artificial
Intelligence

Liang Du, Guangdong Li, Hai Chang, and Heyuan Hao

Abstract Artificial intelligence (AI) is one of the core technological innovations of
future that can play an important role in making important changes in the world, in
the transformation and development of modern society. AI technology has entered
a new period of rapid development. At present, it is recognized as the most likely
to change the future world of disruptive technology. Many countries in the world
have raised the level of developing AI in the national strategy, not only from the
policy guidance and strategic planning but also from funding and budget level to
give strong support. To lay a foundation of the future military application of AI, we
have to thoroughly analyzed the application of AI in this field and found the key
points of the development of it.

Keywords Artificial intelligence (AI) ·Military field ·Military applications ·
Information technology ·Military decision-making · Big data

1 Introduction

Artificial intelligence (AI) is a technology that can be used for improving complex
tasks through automation and hence improving the system performance.

These tasks include perception (sound and image processing), reasoning (problem
solving), knowledge representation (modeling), planning and communication
(language processing), and autonomous systems (robots).

Artificial intelligence technology contentmainly includes natural language under-
standing, knowledge expression and pattern recognition, planning and problem
solving, machine translation and speech synthesis, theorem proving and induc-
tive reasoning, learning and discovery system, cognitive model and expert system,
machine vision and intelligent robot and intelligent automatic programming
language, etc., involved in mathematics, linguistics, human science, philosophy,
psychology, logic, computer science and some the various other subjects [1].
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AI is now creating new military and business paradigms. China has announced
the “AI Global Leadership Plan” to ensure a leading position in the field of AI in the
future, in July 2017.

In September 2017, Vladimir Putin told some students in a speech that AI leaders
would be “the regulations of the world,” Some countries, such as Australia, have
already incorporated techniques of advanced technical literacy, thereby, including
AI into their military education.

In the military regime, the potential of artificial intelligence exists in all fields
which certainly includes all levels ofwars. It not only includes political and economic
aspects, but also covers the aspects of military strategy, campaigns and tactics. For
example, at the aspect of non-warmilitary strategy, such as politics and economics,AI
can destabilize adversary-related systems by producing and releasing a large amount
of false information. In such scenarios, AI is also probably the best candidate against
such attacks.

AI can improve the autonomous control performance of unmanned systemswithin
tactical aspect. Similarly, the artificial intelligenceweaponswill change the dynamics
of warfare in the future, from the war among people and the confrontation between
weapons to the competition between human andmachines andmachines tomachines.

It has been predicted that AI weapons will be the “third revolution in the military
field” after gunpowder and nuclear weapons.

The world’s military powers, represented by the USA, have long foreseen the
broad application prospect of artificial intelligence technology in the military fields.
They have laid out a series of research and plans in advance, to vigorously develop
the application of artificial intelligence and robots in the military field, striving to
make a gap with their rivals in AI field.

History tells us that lagging behind is always bound to be attacked [2]. Therefore,
in order to avoid losing the opportunity for development, China needs to catch up
and vigorously develop artificial intelligence technology, especially the application
and research of related technologies in military field.

2 Military Applications of Artificial Intelligence

Artificial intelligence (AI) has made great strides in academia and business. Rapid
development in the information technology, sensors, huge data and networking
of things and complex military actions gives another opportunity to AI. Just like
attacking weapon and the sensor significantly improve speed and provide intensive
reading, and within a certain amount of time, the production, analysis and processing
relevant data improve significantly both in the number and amount. Thus, we can
have the preliminary judgment that not only non-military fields but in the field of
military it can be a vital source of development.

AI will gradually penetrate into all the aspects of the military application field,
with high command efficiency, precise strike, automatic operation and behavioral



Military applications of artificial intelligence 1069

intelligent weapons. AI capabilities will contribute uniquely to the battlefield in the
future.

AI has military applications such as surveillance, reconnaissance, threat assess-
ment, cyber security, intelligence analysis, command and control, as well as applica-
tions’ related education and training fields. I will briefly describe the current military
applications of artificial intelligence technology in the three military services.

2.1 Land—Autonomous Vehicles

It emphasizes on development of autonomous land vehicles on computer vision and
image understanding techniques.

In addition toAI reasoning technology, it can not only achieve rapid perception and
response, but also analyze and process the relevant environment to achieve the adjust-
ment of the relevant tasks and strategies. Such vehicles’ design can automatically
determine the path and follow it.

The vehicle will eventually be able to not only detect obstacles in its path, but also
to determine their properties, such as whether the object is a traversable object—as
a kind of shadow or an impenetrable obstacle-boulder and respond accordingly.

2.2 Airborne—the Pilot’s Intelligent Assistant

The pilot’s intelligent assistant, also known as the intelligent pilot aide, is designed
to provide expertise to individual fighter pilots.

Rather than automating the aircraft’s normal functions, the feature logically
provides expertise in specific areas by integrating the cockpit concept. The system
consists of four main interactive expert subsystems such as situation assess-
ment management system, tactical planning management system, mission planning
management system and system status management system.

Special emphasis is placed on the driving interface, which includes voice recogni-
tion control [3], display and automation technology, natural language understanding
and speech synthesis.

2.3 Maritime—Naval Operations Management

The goal of naval operations management is to use artificial intelligence demonstra-
tion techniques, particularly expert systems and natural language understanding, to
aid operations with automated decision making tools for the complex systems being
developed.
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Five operational management functions have been identified as initial applica-
tions for fleet command center operations. It includes force requirements, capability
assessments, campaign simulations, operational planning and strategic assessments.

These functions are clearly defined but involve complex process and are highly
demanding and labor-intensive, requiring execution by people with certain skills
and professional knowledge. Therefore, the use of AI technology to build a system
decision assistance tool can reduce the requirements on the professional skills of
relevant personnel to a certain extent.

AI provides an aid to complex tasks in the military field. From this point of view,
artificial intelligence in the future is not limited to advantages and wide usage in
military decision-making, but also involves many challenges.

a. Risk means that military AI systems need to be more transparent in order to gain
the trust of decision-makers and promote risk analysis. But most AI technologies
lack sufficient transparency;

b. Military AI requires reliable systems, which is the second challenge. Because in
the case of not knowing the artificial intelligence technology used, it is vulnerable
to imperceptible operation errors of input data;

c. AI technologies are learned by machine learning based on massive amounts of
training data, and the lack of data in AImilitary applications is another challenge.

From the ongoing projects to the operational use of artificial intelligence in the
military, some of these challenges are now being addressed. Researchers are making
progress on the transparency and interpretability of artificial intelligence. This part
of the progress could tentatively apply in to military applications. But more in-depth
requirements analysis is needed to figure out how to apply the researches.

The military sector is very different from the commercial sector in terms of
risk control, data quality, legal requirements, etc. Some types of transparency may
not even apply. In addition, how to use social science research to improve the
interpretability of AI remains to be further studied.

There is currently no professional solution [4], especially for the monitoring of
its research results, which requires continuous search for solutions by facing the
possibility and challenge of the application of AI in the military field. Therefore,
until these solutions are clear, it is necessary to minimize external access to models
and defense technologies.Otherwise, the opponentwill use the vulnerability to obtain
relevant data for its advantage.

3 Military Applications of AI Have Its Advantages
and Disadvantages

The new era of intelligent, AI is coming at a speed beyond people’s imagination,
not only impacting all trades and professions, but also changing our minds. The
development and application of artificial intelligence in the military field, with its’
natural sensibility, is rising up.
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The military application is a cutting-edge technology originated field that is
constant fact. It leads to new military changes when new technologies significantly
improve capabilities of it.

The USA, Russia and other traditional military powers foresee the broad appli-
cation prospect of artificial intelligence technology in the military field and regard
artificial intelligence as a subversive technology that can “change war regulations.”
They believe that no matter from the war itself and its armaments, the new era of
intelligence will be opened. And, they have already made the layout in advance,
in order to hope to preempt the application of artificial intelligence in the military
field and strive to pull away from potential rivals. It should be noted that AI military
applications are a “double-edged sword.” It is quite understandable as AI has its
advantages and disadvantages in military field. Stephen Hawking, a famous British
physicist and cosmologist, said of artificial intelligence that “it could be either the
best or the worst thing that has ever happened to mankind.”

This suggests that we should be cautious in the face of the threat of artificial
intelligence and its application in the military field.

In the future, with the application of a large number of intelligent unmanned
systems in the battlefield, the cost of war will be greatly reduced, and the “zero
casualties” of fighters is expected to become a reality, which will easily lead to more
arbitrary use of force by military hegemony.

In the complex battlefield environment, although there is a highly intelligent
unmanned combat system, it is very likely to make errors in identification or
suffer from enemy communication dimensionality reduction, electromagnetic and
network attacks, resulting in “defection.” Therefore, it can be seen that major issues
concerning war should never be easily left to artificial intelligence to make decisions.
Even if artificial intelligence is increasingly perfect and mature in the military appli-
cation field in the future, it should not be allowed to “barbaric growth” of intelligent
weapons, and it is necessary to guard against possible problems in security, law,
ethics and other aspects brought by artificial intelligence.

From the perspective of security process, social security supervision and control
should be strengthened to form a social governance model suitable for the era of
artificial intelligence.

We need to keep a clear mind and energize our energy in the form of technology
that is expected to profoundly change the form of future war.

According to the history of military reform [5], science and technology play
the role of priming and supporting. Whoever is sensitive to technological change
and the first to achieve technological breakthroughs will be able to master the new
rules of war and control the commanding heights for winning future wars. For an
army, failure to correctly predict the direction of military scientific and technological
breakthroughs and to correctly grasp the changes in the shape of war will not only
lead to “technological generation gap,” but also lead to the loss of the country’s core
capabilities and national security.
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4 Conclusion

The bottleneck for AI to achieve further success is the ability to manage, implement
and create. AI applications offer the potential to speed up data interpretation and free
people to higher levels of tasks.

However, military leaders and related technicians must consider the invariance
of the supervisory control system. While popular media often focus on AI replacing
humans, there is no such thing as a complete replacement. Instead, new technologies
will change humans and create new characters for them to achieve their goals. As
with any other technology, AI applicationsmust support the goals inherent in humans
to set jobs.

Today, in the face of the “Great Change” and Great Breakthrough” in the devel-
opment of science and technology, we should grasp the intrinsic driving influence of
artificial intelligence on the evolution of the form of war from the design level and
the height of the winning rules, so as to win the initiative in future wars.

We need to firmly grasp the major historical opportunities for the development
of artificial intelligence, improve strategic planning, highlight the goal of intelligen-
tization as the lead, closely track cutting-edge technologies and actively safeguard
national security.
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Multi-dimensional Safety of Intelligent
and Connected Vehicles for Future
Traffic Scenarios

Quan Yuan and Junwei Zhao

Abstract The multi-dimensional safety of intelligent and connected vehicles (ICV)
refers to the comprehensive safety characteristics integrating the requirements of
the safety of functions, the safety of human–computer interaction, the security of
information and communication, and space–time safety. It is the essential condi-
tion to implement the application of ICV. This paper discusses and analyzes the
safety of ICV for future traffic scenarios. Firstly, as the basic guarantee for the safe
operation of vehicles, the perception and decision-making and control functions of
ICV are still unable to help to obtain high-quality perception data, high-speed reli-
able decision-making and accurate execution and control, and a series of problems.
Moreover, the diversity of human–computer interaction brings greater challenges to
the safety protection of occupant and vulnerable road users. In addition, information
and communication security becomemore important in future intelligent cooperative
transportation system. Furthermore, the diversification of spatiotemporal scenarios
brings complex and changeable risks and challenges. By summarizing the multi-
dimensional risk and safety problems that ICV may face in advance, the research
results of this paper provide insightful references for the new concept design of ICV
and future traffic safety management.
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1 Introduction

With the continuous development of the new round of scientific and technological
revolution, chip algorithm iteration, control platform upgrading, and cloud control
communication interconnection make the automobiles develop toward intelligent
and connected directions, and the intelligent and connected vehicle has become an
important strategic direction for the development of the automotive industry [1]. At
the same time, a series of practical problems, such as complex road traffic conditions,
instantaneous sudden traffic risky events, real-time transmission of data information
and perception, decision-making and control operation reliability, etc., put forward
strict requirements for the safety of the intelligent and connected vehicle. Compared
with the low-level intelligent vehicle, the safety of the future intelligent and connected
vehicle is facing multi-dimensional, all-round, and unpredictable challenges.

In recent years, many intelligent vehicles have exposed many problems in the
test and verification processes, and their safety and reliability have attracted great
attention [2]. The failure of driving system perception, decision-making, or control
may easily lead to collision accidents. The distribution of control power between
the autonomous driving system and the human driver brings uncertainty factors to
driving safety. The autonomous driving system will receive wrong instructions or
its important information will be stolen when hacked. The interaction safety of the
vehicles of different intelligent levels is also a practical problem encountered in
the process of the comprehensive popularization of ICV. The new type of accident
form makes it be more necessary to guarantee the safety and reliability of the ICV
in a multi-dimensional way. The specific risk challenges and corresponding safety
requirements are shown in Table 1.

ICV is the new generation of vehicles with strong complexity, wide systematic-
ness, and close cooperativity. Because the ICV defines the excellent safety perfor-
mance objective, the public has extremely strict requirements for their accidents.
Therefore, the safety of the ICVneeds a lot of simulation analysis and actualmeasure-
ment and verification before the ICV passes industrialization approval [3]. Only
by combing, analyzing, and summarizing the safety performance requirements of
the ICV in the future traffic scenario can accelerate the application of the ICV.
Figure 1 shows the integrated comprehensive safety protection network for the
multi-dimensional protection of the ICV.

2 Function Safety of ICV

Accurate perception of the environment, high-speed decision-making, and correct
control is the necessary basis to ensure the safety and reliability of the ICV. Any
basic link error may make the vehicle fail to smoothly perform the task. At present,
weak AI is applied in the majority of the ICV, which can only simply simulate the
perception, decision-making and control functions, and drive in a simple and closed
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Table 1 Multi-dimensional safety and risk challenges of ICV

Safeties Risk challenges Safety countermeasures

Perception safety • Perception failure or mistake
• Noisy data on perception
• Extreme weather disturbance

• Information fusion
• Sensor technology
• Interference

Decision safety • Useless data
• Decision algorithm error
• Repeated process on algorithm

• High-speed extraction of
high-quality data

• AI algorithm training
• Parallel processing chip

Control safety • Slowly response
• Disorders in multiple control
mechanism system

• Control mechanism
• Functional chassis integration

Human–computer
interaction safety

• In-car interaction (interactive
control, seat layout, and
multiple sitting positions)

• Out-of-car interaction
(vulnerable road users)

• Coupling of human–computer
co-driving

• Collision compatibility
• Pedestrian protection system

Information and
communication security

• Vehicle sensor
• External device
communication

• Network transmission
• The cloud system
• Virus hacking

• Cloud security system
• Network boundary protection
• Trust mechanism of data
interaction

• Legal supervision measures

Space–time safety • New traffic scenarios
• Environmental disturbances
• The moral and ethical dilemma
among vehicles in different
intelligence levels

• Virtual simulation test
• Real-world scenario validation
• Management standards
• Ethical safety rules

Fig. 1 Multi-dimensional safety guarantee for ICV
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environment, while the real vehicle intelligence shall be strong AI and even super
intelligence which can simulate human thinking to achieve the function of whole
brain simulation as well as realize in-depth learning according to the real-time traffic
and be able to make decisions on sudden traffic risks. Therefore, the safety of the
intelligent functions such as the perception and decision-making and control of the
ICV shall be guaranteed.

2.1 Perception Safety

Accurate perception is the primary condition for guaranteeing the ICV safety as well
as the basis for decision-making and control. At present, the traffic environment can
be sensed through cameramachine vision technology, lidar andmillimeterwave radar
technology, high-precision maps, etc. Different perception sensors have different
characteristics as well as performance advantages and scenario limitations [4]. The
cameramachine vision technology can sense the specificmoving objects and gestures
in the scenario, but it is greatly affected by the light, so it cannot effectively sense
in the strong light and at night. The millimeter wave radar can sense high-precision
distance information, and its anti-jamming capability is better than other sensors,
but it is difficult to recognize the target. The lidar has strong directivity and fast
response and can provide the specific information of the 3D scenario, but it has high
cost and is easy to be interfered by weather. The high-precision map can realize
position perception in harsh environments, but it cannot guarantee the dynamic of
the real-time traffic environment. At the same time, as a hardware platform, it is
impossible for the sensors to not to fail, nor to keep the optimal performance all
the time. The occurrence of failure and the decline of performance will decline
the safety. Therefore, how multi-source sensors sense the information fusion at data
level, signal level, and target level, how to reduce or even eliminate false detection and
missed detection, how to determine the transmission sequence of traffic environment
information, how to transfer multi-source target information to the decision-making
judgment module, and how to increase fault tolerance are all urgent safety problems
to be solved, so as to achieve all-weather, all-time, and all-round stable perception
function and provide high-quality data for realizing the vehicle function.

2.2 Decision-Making Safety

High-speed and stable decision-making judgment is required after effective percep-
tion of traffic environment information, including route planning, motion planning,
and behavior state planning [5], which also has many potential safety problems,
among them, the key factor that affects the decision-making reliability lies in the
application feasibility of the decision-making algorithm in the traffic scenario. The
artificially set decision-making rule table of traffic scenario cannot completely cover
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the complex and changeable random scenarios. The neural network and deep learning
can learn the decision-making measures of complex environmental working condi-
tions by themselves, but the actual calculation process takes a long time and consumes
a lot of calculation resources. In addition, the internal mechanism of the algorithm is
still unclear, the transparency of network structure mapping relationship is poor, and
it is unable to accurately calibrate and eliminate the error rate. The ICVneeds the chip
processor platform with super-high computing power, and the algorithm updating
process will continuously upgrade and iterate according to the chip hardware plat-
form. The trained AI algorithm needs high-quality perception data for operation
processing, repeated operation will delay the response time, and each generation of
decision-making application algorithm cannot adapt to the operation form of the next
generation of traffic environment. In addition, when the accident is inevitable, shall
the priority be given to protect the passengers or the vulnerable road users in front?
The more restrictive the conditions are, the more difficult the decision-making and
optimization of vehicle dynamics will be, some parameters are more volatile, and
small changes may bring the possibility of no solution or mutation to the numer-
ical algorithm. Therefore, a series of problems, such as how to arrange the potential
hazard level information of traffic environment, how to optimize the overall planning
of traffic environment elements, how tomake accurate decisions when the perception
information is inaccurate, how to ensure the driving safety when the decision-making
algorithm cannot be implemented, how to deal with the multi-source information at
high speedwithout error,whether the computer chip canmatch the parallel processing
of a large number of data, etc., need to be solved through the common support of the
chip hardware platform and algorithm software platform so as to provide accurate
control commands for the actuators of intelligent network vehicles and ensure the
high-speed transmission of commands.

2.3 Control Safety

Accurate perception and high-speed decision-making also need the reliable execu-
tion of ICA control elements. At present, the execution control system comprises
an automatic emergency braking (AEB) system, an adaptive cruise control (ACC)
system, a lane keeping system (LKS), etc.; however, none of the systems has realized
the correct execution of instantaneous response yet. The control delay of millisecond
difference may cause different traffic risks [6]. Generally, the AEB system uses the
electronic stability control (ESC) to execute the brake command [7], and it needs
to pressurize the wheels at the same time and the system response delay time is
required to be controlled within 250 ms. There are also many factors that affect the
safe execution of the ACC system, including uncivilized congestion of vehicles at the
rear, sudden intrusion of pedestrians at the front, cruise speed control at the corner,
too sensitive acceleration, etc. The problems of operation algorithms of the LKS
system, such as the accurate calculation of steering moments, vehicle positioning,
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and lane center line deviation control, on the roads of different coefficients of adhe-
sion still need to be solved. In addition, there are also direct yaw moment control
(DYC), electronic brake assist (EBA), anti-slip regulation (ASR), and other senior
auxiliary driving systems for different traffic application scenarios. How to carry out
the optimal collaborative control for the system function is a great challenge. The
technical requirements for ensuring the safety function by combining with the data
transmission of the multi-source information of the vehicle-to-X (V2X) connected
communication and intelligent traffic system, etc., are also greatly increased. There-
fore, how to collaboratively optimize the control response among different actuators,
such as driving, braking, steering, and suspension, how to sequence the priorities of
different control functions, how to integrate different system functions, and how to
ensure the safety of intelligent and connected functions and the safety and stability
of the circuit network structure control in the future electrification transformation,
etc., are worthy of further exploration and research. Only by constructing a complete
collaborative control actuator can fast respond to the decision-making command so
as to control the operation state of the ICV in real time.

To sum up, intellectualization and network connection give great momentum to
the development of vehicles and guarantee the safety of passengers. However, the
improvement of every function requires the simulation test and actual measurement
verification. The improvement of a single function cannot guarantee the efficient
coordination of the overall function of vehicles. The operation safety of ICV can
be effectively guaranteed only when perception and decision-making and control
functions constitute a dynamic collaborative safety matrix.

3 ICV Human–Computer Interaction Safety

The application of ICV liberates manual operation and brain load. The cab is trans-
formed into a mobile leisure space, and the disabled groups can also enjoy the oppor-
tunity to travel alone.However, personalized interactive control right, free seat layout,
and diversified riding postures all have safety risks.

The more intelligent the vehicle is, the more perfect the function will be, the
more trust the passengers will have on the vehicle, and the more the attention will
be distracted, and the driver may rely too much on the vehicle function, resulting in
the failure to take over the control in time in case of risk. However, there are many
factors affecting the handover and ownership of the control right, such as the takeover
reaction time, takeover response accuracy, and takeover execution rule table, which
play an important role in the driving safety of ICV. Therefore, in order to achieve
the safety standards of parallel coupling and efficient cooperation of the human–
computer co-driving operation, higher technical requirements are put forward for
the vehicle intellectualization. The free seat layout diversifies the riding postures,
which will affect the passenger injury degree in an accident. Compared with the
forward sitting posture, the mechanical performance of human body injuries in the
back, side, and lying postures is different. In addition, the design of the touch screen
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is closely related to the passenger’s posture. When encountering a sudden risk, the
passenger shall respond quickly, and the safety in the process that the passenger takes
over from the posture shall also be concerned. At the same time, the intelligent cab
shall be able to accurately detect the passenger’s facial expression, voice, gesture,
touch screen, etc., so as to quickly respond to the prediction of the traffic environment.

In addition, it is also necessary to consider the safety of human–computer interac-
tion outside the vehicle, how to ensure the safety of vulnerable road users [8], how to
ensure the collision compatibility of vehicles for different quality levels and the safety
of the passengers of the opposite vehicles, and how to ensure the interaction between
the vehicle and pedestrians if the vehicle travels slowly when pedestrians appear.
Therefore, it is very important to improve the collision compatibility, optimize the
exterior structure of the vehicle, research and develop the passive safety systems of
ICV, such as the pedestrian protection system, adaptive passenger restraint protection
system, and construct the evaluation standards of human–computer interaction risk
decision-making and take other measures.

Therefore, in the process of human–computer interaction safety, the ICV shall
coordinate the human–computer relationship inside and outside the vehicle, opti-
mize the human–computer function, match the human–computer interface [9], and
construct the human–computer framework guided by the safety requirements.

4 ICV Information Communication Security

Compared with the traditional vehicles, the ICVs have the remarkable character-
istics of network connection. The communication networks such as the in-vehicle
network, vehicle mobile Internet, inter-vehicle network provide more information
transmission channels; however, information security risk and data security risk are
new challenges to the ICV, including vehicle sensor safety threat, vehicle external
equipment communication risk, network transmission risk, cloud system risk, virus
and hacker attacks, etc.

As the software gradually defines the vehicles, the ICV faces multi-dimensional
information security risks [10], for example, faking obstacles to interfere and affect
the correct judgment of vehicle sensors, or interfering the vehicle motion state by
sending ultrasonic waves with different frequencies and cycles, etc.; when APP, V2G
(vehicle-to-grid), and other external devices frequently access to the vehicle, spam
codes may be embedded in the APP to affect the execution efficiency; and V2G is
intruded to tamper the charging voltage, cost, etc. At present, 5G technology is the
trend of development, and 5G technology network protocol is open and universal.
Compared with the closed private network, its risk is increased. A wrong instruction
can be sent to the vehicle by tampering the protocol and falsifying the identity, and
the plaintext communication mechanism adopted by the local area network of the
vehicle controller is easier to be controlled. The cloud platform provides a variety
of cloud services for vehicles, including entertainment, fault diagnosis, online travel
agency (OTA), etc. As the hardware and software architecture of the system, the
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cloud platform will face the problems that the cloud data are cracked, accessed, and
maliciously tampered, the normal data reading is illegally accessed, etc. Trojan, logic
bomb, worm infection, and encryption mechanism will lead to the crash of computer
programs, the failure or confusion of intelligent and connected functions, etc.

In the future, the response delay required by the ICVwill be nomore than 5ms and
the reliability shall be 99.999%. However, each vehicle generates more than 1 GB
of data per second, and the huge data volume increases the risk [11]. It shall not
only identify the effective data and spam data, but also prevent the data security risks
such as theft and tampering, remote interference,malicious reproduction, and privacy
disclosure. The chip hardware platform cannot support the complex operation, and
the interference of information transmission delay leads to the failure of the real-time
dynamic output of the response instruction, which results in driving risk.

Therefore, on the one hand, it is necessary to strengthen the information security
aspects such as the vehicle end security protection system, cloud end security protec-
tion system, network boundary protection system, communication data interaction,
and trust mechanism, as well as the data security aspects such as data privacy protec-
tion and big data secure storage, and on the other hand, it is necessary to strengthen
the legal supervision, increase the severe punishment for malignant damage to infor-
mation and communication, and strictly implement the information security testing
process and the security defense of other management levels so as to construct a
complete and solid ICV defense in-depth security system.

5 ICV Time–Space Operation Safety

In the future, the traffic time–space ecosystem will also be updated with the large-
scale application of the ICV. Novel traffic time–space scenario risks, sudden external
environment interference, safety of interaction of vehicles with different intelligent
levels, and uncontrollablemoral and ethical dilemmasmay all cause new safety risks.
Strengthening the driving safety potential field of the ICV, reducing the probability
of traffic risk, and ensuring the safety of the ICV in all traffic spaces and travel time
are the safeguard lines of the ICV.

China has a vast geographical environment. Different steep mountain roads,
different climate regions, and different severity of weathers have different require-
ments for the functional safety of the ICV. The problems, such as whether the vehicle
functions under the specific scenario environment of different tunnels, bridges, and
construction sections are consistent with the intelligent and connected functions
under the normal environment, and whether the ICV adapting to the local traffic
time–space ecology can still guarantee functional safety when crossing geograph-
ical areas and communication environments, still need to be proven. In addition, in
the actual operation and test environment of the ICV, the conflict interaction between
different levels of ICVand non-intelligent and connected vehicles, and the interaction
between completely unmanned driving and human–computer co-driving make the
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existing complex traffic space–time environment bemore complex. Different percep-
tion and decision-making and control capabilities have certain differences on the safe
operation level of vehicles. In case of an accident risk, how to quickly upload the
accident state to the emergency management platform and use the network connec-
tion system for emergency rescue so as to shorten the rescue time and ensure personal
safety as much as possible? In the future, unmanned driving ICV shall also face the
safety problems involving ethics such as “tram problem” and “tunnel problem” [12].
Human driving determines the driving behavior under different ethics through expe-
rience, skills, and moral quality, while the ICV can only rely on the supercomputing
of the computer program to weigh and optimize the decision-making, which does not
have humanized emotion and moral restraint. Therefore, it is necessary to construct
the scenario risk decision-making rules conforming to the ethical rules and moral
values in advance and set the corresponding laws and regulations so as to avoid the
vehicles falling into the dilemma of moral and ethical safety. At the same time, the
time–space operation will generate a large number of privacy data, including home
address, travel route, travel purpose, and other information. The travel rule can be
refined by a series of information, and therefore, the user’s travel portrait can be
drawn, namely the valuable privacy data disclosure will threaten the passenger’s
safety.

The ICV functionwill be strengthenedwith the upgrading of hardware technology
and the optimization of software algorithm, but the influences of geography, weather,
and road in the actual environment still cannot be eliminated. Therefore, it is neces-
sary to construct different environments and scenarios of intelligent and connected
tests, take into account the space–time safety between the single vehicle intelligent
driving and multi-vehicle network connection cooperation, extract possible safety
vulnerabilities, and ensure the safe operation of the ICV in all-time–space ranges.

6 Conclusion

Based on the multi-dimensional safety analysis of the perception, decision-making
and control safety, human–computer interaction safety, information and commu-
nication security, space–time safety, etc., this paper defines the controllable and
uncontrollable risks in the future traffic scenarios and reduces or eliminates the
accident probability brought by human driving through function optimization, tech-
nology upgrading, system integration, etc., so as to ensure the driving safety, function
safety, and traffic safety of the ICV. In addition, there are a series of safety issues to
be discussed as follows:

(1) There are various types of random factors in the traffic system of the future, such
as human, vehicle, road, network, and cloud. The ICVs are facing uncontrollable
and unpredictable risk challenges, and attention shall be paid to their safety of
scenario application.
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(2) The safety, power, economy, and comfort of the ICV mutually interact and
depend on each other. Therefore, it is the key and difficult point to realize the
comprehensive coordination among safety and other performance.

(3) In addition, it shall take laws and regulations, industry standards, quality
management, and certification standards as safety supporting guarantees to
clarify accident liability identification in order to improve themulti-dimensional
safety of the ICV.
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