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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 Sth 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



xii Preface

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 Professor Shengzhao Long
July 2020



Contents

Research on the Man Character

Research on the Integrated Situation Analysis of Ship
Mariners Team .. ......... ... .. .. 3
Kun Yu

An Investigation on the Demand of Psychological Data Collection
in Military Pilots ... ....... . ... ... . ... . .. ... 15
Yang Liao and Huamiao Song

Chinese Drivers’ Preferred Posture for Sedans’ Seat Ergonomic
Design . ... ... ... 23
Jiaxun You, Lipeng Qin, Peiwen Zuo, Xuelei Wang, and Chao Zhang

The Effect of Osteoporosis on Spine Following Osteotomy . . ........ 33
Tianhao Wang, Chenming Li, and Yan Wang

Study on Human Factor Evaluation of Aviation Maintenance During
Flight Test . . ... ... ... .. . 41
Haijing Song, Kai Feng, and Yuqi Zhang

The Effect of Music Relaxation Training on Relieving

the Psychological Fatigue After Simulated Flight . . . ... ........ ... 49
Yan Zhang, Liu Yang, Yang Liao, Yishuang Zhang, Fei Peng,

and Huamiao Song

Study on the Airworthiness Certification of Human Factor in Flight
Test for Civil Aireraft .. ............. ... .. ... ... ... ... ... 59
Haijing Song, Li Han, and Hongjiao Wu

Study on Autonomic Nervous Stability Training of Military

Pilots . . ... .. . 67
Yishuang Zhang, Yan Zhang, Fei Peng, Yang Liao, Xueqian Deng,

Huamiao Song, Duanqin Xiong, Juan Liu, and Liu Yang

Xiii



Xiv Contents

Research on Recognizable Physiological Signals of Workers

Working at Heights . .. ....... ... . ... .. ... 75
Guilei Sun, Fangming Pang, Qi Liu, Yun Lin, Luyao Xu,

and Yanhua Meng

A Study on the Construction of Mental Fatigue Model

and the Change of Psychological Efficacy. . ... ........... .. .. ... 83
Liu Yang, Yishuang Zhang, Yan Zhang, Yang Liao, Duanqin Xiong,

Rong Lin, Jian Du, and Xichen Geng

Research on Psychological Management Problems of Military Cadets
Under the Angle of Group Psychology . ... ..................... 93
Peng Gong, Ye Tao, Huiyong Wang, Kun Cao, and Yuxi Peng

Research on the Effects of Pilots Psychological Trainings Based

on Different Military Application Purposes . ... .............. ... 101
Yishuang Zhang, Yan Zhang, Fei Peng, Yang Liao, Huamiao Song,

Xueqian Deng, Duanqgin Xiong, Juan Liu, and Liu Yang

Human Factor Analysis on the Effect of Pilot’s Interpretation

of Airborne Radar Warning Information. . . ... ............... .. 111
Juan Liu, Shuang Bai, Jiabo Ye, Lin Zhang, Jian Du, Wei Pan,

Yubin Zhou, Qiming Cheng, Liu Yang, and Duangin Xiong

Qualitative Analysis on the Factors Influencing Pilot Functional

Status . . . ... 119
Shuang Bai, Juan Liu, Jiabo Ye, Lin Zhang, Jian Du, Wei Pan,

Yubin Zhou, Qiming Cheng, Liu Yang, Duanqgin Xiong, Peng Du,

Ruoyong Wang, Huiling Mu, Ximeng Chen, and Hua Ge

Study on Sensory Evaluation of Instant Rice by Fuzzy Mathematics

Method . . ... ... . .. 127
Huiling Mu, Peng Du, Longmei Fang, Shuang Bai, Ximeng Chen,

Peng Liu, and Ruoyong Wang

Study on the Workload of 12 h Simulated Flight Continuously

Across Day and Night .. ... ... ... . ... .. .. ... .. ... .. ... .. 135
Feng Wu, Dawei Tian, Hua Ge, Shuang Bai, Andong Zhao,

Ruoyong Wang, Yanpeng Zhao, Quan Wang, and Lue Deng

Study on Nutritional Status and Changing Trend of Air

Force Pilots . ... ... ... ... . ... . . . .. 143
Peng Du, Huiling Mu, Shuang Bai, Longmei Fang, Ximeng Chen,

Hongjiang Jing, Feng Li, Peng Liu, Lili Zhang, and Ruoyong Wang

Simulation and Verification of a Vestibular Perception Model. . . . . . . 149
Cong Wang, Dalong Guo, Hongbo Jia, Yuliang Li, Fang Su,
Yuanjing Zheng, Yao Liu, Chenlong Jia, and Qi Zhang



Contents

Analysis of Man’s Role in Unmanned Operations . ...............
Hongjun Cheng, Huifang Wang, and Yinxi Yang

An Experimental Study of the Effects of Subliminal Stimulation

on Attention Perception . . ... ... ... ... ... .. ... .. ... ..
Juan Liu, Wei Pan, Duangin Xiong, Rong Lin, Jian Du, Jiabo Ye,

Yubin Zhou, Qiming Cheng, Liu Yang, Yishuang Zhang, and Shuang Bai

3D Head Anthropometry for Head-Related Transfer Function

of Chinese Pilots. . . .. ... ... ... ... ... ... . ..
Xiaochao Guo, Yu Bai, Qingfeng Liu, Duanqin Xiong, Yanyan Wang,
and Jian Du

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

Research on the Construction of Ship Operator’s Cognitive Behavior
Model . . ... ... ..
Weiming Fang, Shuqin Zhao, Jun Peng, and Chuan Wang

Analysis of Human Factor Characteristics of Ship Control System . . .
Jun Peng, Guangjiang Wu, and Chuan Wang

Study on Fatigue Detection of Ship Operator Based on Eye
Features . ... ... ... ..
Chuan Wang, Jun Peng, Xiaoxi Han, Shenghang Xu, and Jian Zhang

Study on Fatigue Detection Method of Ship Operator Based on Face
Recognition Technology . ... .......... ... ... ... ... .......
Jian Zhang, Jun Peng, Xiaoxi Han, Shenghang Xu, and Chuan Wang

Hybrid Model of Eye Movement Behavior Recognition for Virtual
Workshop. . .. ...
Mengyao Dong, Zenggui Gao, and Lilan Liu

Research on Influence of Organizing and Training Capabilities
Towards Officers Positions Capabilities . . .. ....................
Junlong Guo, Zaochen Liu, Jianfeng Li, and Jiwen Sun

Interaction Effect of Workload and Circadian Rhythm in Air Traffic
Controllers’ Fatigue . . .. ...... ... ... ... ... ... ... .. ......
Zhenling Chen, Jianping Zhang, Guoliang Zou, Pengxin Ding,

Shunqing Li, Yanzhong Gu, and Yiyou Chen

A PERCLOS Method for Fine Characterization of Behaviour
Circadian Rhythm . ... ....... ... ... .. ... ... ... ... .......
Yanzhong Gu, Zhenling Chen, Jianping Zhang, Guoliang Zou,

Pengxin Ding, and Weinan Deng

XV



XVi Contents

Research on Fatigue Monitoring of Forklift Driver Driving
in an Automobile Enterprise . ............. ... ... ... ... .. ... 251
Zhenjun Du and Xinmin Zhang

Research on the Machine Character

Parameter Optimization Design of a Cable-Driven Bionic Muscle
Mechanism Based on Hill Muscle Model for Flexible Upper

Limb-Assisted Exoskeleton . . .. ........ .. ... ... ... ... .. .. ... 263
Hongrun Lu, Bingshan Hu, Hongliu Yu, Tong Ma, and Xinran Zhang

Design of Female Office Chairs Based on Ergonomics and Emotional
Design . ... .. ... . 273
Yi Chen, Canqun He, and Yuqi Lin

Prototype Design and Performance Experiment of Passive

Compliant Mechanism for the Automatic Charging Robot

End Effector. . .. ... ... ... 281
Bingshan Hu, Ke Cheng, Weilun Zhang, and Xinran Zhang

Facilities Design of Fume Protection and Ventilation System
in Welding Workshop of an Automotive Enterprise. . ............. 289
Chen Ding, Bin Yang, Jianwu Chen, Pei Wang, and Ying Wang

Study on Optimization Design of Drive Seat Based on Body
Comfort . . ... ... .. 301
Yu Wang, Yongqin Wang, Xiangcao Niu, and Yi Liu

Analysis on Armor Protection Requirements of the Top
of Self-propelled Antiaircraft Gun .. ...... ... ... ... ... ... ... .. 307
Zhenyou Zhang, Qian Liu, and Pengdong Zhang

Development of Principle Prototype of Digital Bright Spot

Scintillator . . . ... ... .. ... 313
Hua Ge, Andong Zhao, Yuefang Dong, Feng Wu, Weiwei Fu, Xi Zhang,

and Hao Zhan

Information Processing System Design for Multi-rotor UAV-Based
Earthquake Rescue ... ........ ... . ... ... . ... ... ... ... .... 321
Haoting Liu, Ming Lv, Yun Gao, Jiacheng Li, Jinhui Lan, and Wei Gao

Multiple Missiles Launch Assignment Based on AHP and Genetic
Algorithm. . . ... ... ... 331
Fang Liu and Jinshi Xiao

Study on Female Caring Office Chair Design Based
on Ergonomics . . ...... ... . ... 341
Tiangi Yuan and Xiaohui Tao



Contents xvii

Research on Blackness Classification of Polyester Knitted Printed
Black Cloth . ... ... ... . .. . . . . 351
Jingying Xu, Qiubao Zhou, Zimin Jin, and Kun Chen

Evaluation of Dietary Quality of Aircrew by Military Diet Balance

Index . ... ... . 359
Huiling Mu, Ruoyong Wang, Shuang Bai, Longmei Fang, Ximeng Chen,
Hongjiang Jing, Feng Li, Peng Liu, Lili Zhang, and Peng Du

Numerical Simulation Research on Design of Displacement

Ventilation System in Large Painting Workshop . . .. ...... ... ... 369
Bin Yang, Jianwu Chen, Lindong Liu, Yanqiu Sun, Shulin Zhou,

and Weijiang Liu

Application of Comprehensive Preference and Fuzzy Mathematics

Method in Sensory Evaluation of Ready-to-Eat Meatballs . . . . ... . .. 379
Ruoyong Wang, Huiling Mu, Peng Du, Ximeng Chen, Peng Liu,

and Shuang Bai

Research on STK-Based 3D Model Transformation
and Optimization . . . ....... ... ... ... ... . ... .. .. ... 387
Kunfu Wang, Wanfeng Mao, Wei Feng, Jian Su, Xing Li, and Peng Zhang

Quality Control of Measuring for Head-Related Transfer Functions

of Chinese Pilots. . . . ... ... .. ... ... .. ... ... .. ... ... 395
Xiaochao Guo, Qingfeng Liu, Yanyan Wang, Duanqin Xiong, Yu Bai,

and Jian Du

An Automatic Meter Recognition Method for In-Orbit
Application. . . ... ... ... 403
Weijie Wu, Haoting Liu, and Jiacheng Li

Investigation of Image Classification Using HOG, GLCM Features,
and SVM Classifier ............. ... ... ... ... .. ........... 411
Jianyue Ge and Haoting Liu

Relationship Between Individual Perceptual Feature Demand

and Satisfaction in the Small Assistant Robot Modeling Design . . . . . . 419
Yankun Yang, Bo Wang, Changhua Jiang, Yujing Cui, Ling Song,

and Xiaomeng Ma

Model Evaluation of South Official Hat Chairs Based on Image
Recognition Method . . ... ... ... ... ... ... . . ... . .. ... ... 429
Hanzhou Qiu and Yun Liu

Design of College Student Luggage Based on User Experience . .. ... 439
Xiao Han, Ting Dong, Dongli Wang, and Xin Chen



XViii Contents

The Usability of Advance Intersection Lane Control Signs
at Intersections . . . . .. .. ... ... .. 449
Leibing An, Jun Ma, and Dan Zhao

Explore the Comfortable Seat Armrest Height During the Upper
Limb Motor Imagery Training. . . . ........................... 459
Lu Liu, Xueying Sun, Hechen Zhang, and Feng He

A Generation Method and Verification of Virtual Dataset . . . . . . .. .. 469
Pengxin Ding, Qingyang Shen, Tianguo Huang, and Minghui Wang

Study on the Influence Factors of Garment Pattern Design Based
on Quantification Theory . . . . ....... ... ... ... ... ... ......... 477
Zhaowei Su, Yuhui Wei, and Long Sun

Design of Feed Mechanism Based on Computer Cooperative
Human-Computer Interaction Design Concept . .. ........ ... ... 485
Zijing Wang

Research on the Environment Character

Study on Life Prediction Method of MOSFET Thermal Environment
Experiments Based on Extended Kalman Filter. . . .. ...... .. .. ... 495
Ke Li, Yuxiang Zhang, Shimin Song, Zhijian Zhao, and Lijing Wang

Research and Application of Multi-node Wireless Skin Temperature
Measurement System . . .. ......... ... 505
Chenming Li and Yuhong Shen

Research on Calculation Method of Aircraft Skin Temperature
Based on Parameter Sensitivity Analysis .. ..................... 513
Yi Cao

Research on Adaptive Anti-interference of Fire Control Radar
Network . ... ... .. .. 523
Jiang Luo, Yanyan Ding, Bogi Wang, and Wei Yu

Study of Fire Control Radar Technology Countering Electronic
Attack ... 531
Wei Yu, Xiaolong Liang, Yan Sun, Jiang Luo, and Shilei Xin

Experimental Study on Color Optimization of Fighter Cockpit

Interior Decoration. . . .. ..... ... ... ... . ... ... . ... . ....... 539
Jian Du, Xiaochao Guo, Duangin Xiong, Yanyan Wang, Wei Pan,

Shuang Bai, Liu Yang, and Juan Liu

The Construction of Marine Combat Flight Environment Based

on 4D Simulation Technology ............... ... . ... ... ..... 555
Yishuang Zhang, Yan Zhang, Fei Peng, Yang Liao, Huamiao Song,

Xueqian Deng, Duanqin Xiong, Juan Liu, and Liu Yang



Contents Xix

Spacecraft Multifunctional Micro-vibration Environment

Laboratory . . .. ... ... 561
Yao Wu, Tingfei Yan, Guiqgian Fang, Xinming Li, Jungang Zhang,

Lei Wang, and Bo Wei

Study on the Paving Density of Lunar Soil Simulant in the Indoor
Ground Test of Lunar Rover . . . . ............................ 571
Yanjing Yang, Shichao Fan, and Shuhong Xiang

Numerical Study of Thermal Comfort for Door Area in Civil
Aircraft Cabin . . .. ... ... ... . 579
Quan Peng, Chengyun Wu, Yudi Liu, Xuhan Zhang, and Huayuan Liu

Research on the Uniform Air Supply Technology of the Static

Pressure Chamber in a Spray Room .. ..................... ... 589
Jianwu Chen, Yuan Bai, Bin Yang, Lindong Liu, Ye Tian, Yanqgiu Sun,

and Weijiang Liu

Research on the Man-Machine Relationship

Research on the Effect of Elasticity Distribution of Five-Zone Spring
Mattress on Human Supine Position Spine Form. ... ............. 599
Huaiqiu Zhu, Tianyi Hu, Yuding Zhu, and Ronghui Yuan

Attentional Allocation with Low-Limb Assisted Exoskeleton During
Sit-to-Stand, Stand-to-Sit, and Walking . . . ..................... 609
Jing Qiu, Lanlan Xu, and Jinlei Wang

The Influence of Mattress Material on Sleeping Comfort
of Different Age . ... ... ... . ... ... 619
Jianjun Hou and Yuchun Zhang

Study on Anthropomorphism in Human—-Computer Interaction
Design . ... ... ... 629
Weizhen Xiao and Canqun He

Study on the Influence of Touch Screen Button Size on Operation

Performance. . .. ...... ... ... ... ... 637
Bei Zhang, Ning Li, and Yingwei Zhou
Research on Man-Car Relationship in SG Era ... ............... 645

Ting Tang and Qiang Zhang

Optimal Design of Man-Machine Interface for Integrated Situation

Display of Vehicle-Mounted Command and Control Equipment . . . . . 655
Mingjie Wan, Jinkuang Zhang, Jianjun Gao, Zaochen Liu, Xuewei Liu,

and Xiaolong Chang



XX Contents

Research on Respiratory Signals for Visual Fatigue Caused

by 3D Display. . .. ... ... 663
Guilei Sun
Man-Machine System Design for Rest-Office Seats. . . ... ........ .. 673

Jiawei Tang, Canqun He, Yuhong Wei, and Chenfei Cao

Concept Plan and Simulation of On-Orbit Assembly Process Based
on Human-Robot Collaboration for Erectable Truss Structure . . . . . . 683
Xinyue Zhu, Changhuan Wang, Meng Chen, Shiqi Li, and Junfeng Wang

Experimental Study on Dynamic and Static Work of Shoulder-

Mounted Portable Equipment Operators . . ... .................. 693
Zhaofeng Luo, Meng Kang, Peng Zhang, Han Zhang, Huashan Li,

Fan Zhou, and Kun Qu

Research on the Comfort of Human Upper Back in Different Seat
Back Angles . . . ... .. .. .. 701
Ligang Luo, Tianyi Hu, and Tinghua Wu

An Organic Design for Human-Computer Interaction. .. ... ... .. .. 707
Hongjun Zhang and Baigiao Huang

Human-Machine Interface Optimization Design Based on Ecological
Interface Design (EID) Theory . .............................. 715
Guangjiang Wu, Yiqgian Wu, Xi Lu, Shenghang Xu, and Chuan Wang

Human-Computer Interaction Analysis and Prediction for Task
Operating System Based on GOMS Model ..................... 725
Fang Xie, Yaofeng He, Sijuan Zheng, Liang Ling, and Zhiyou Fan

Research on Visual Perception and Modern Inheritance

and Innovation of Models of Traditional Sleeping Beds

in Eastern Fujian . . .. ...... ... ... ... ... .. ... ... ... ... ... 733
Hanzhou Qiu and Yun Liu

Research on User Interface Perception Usability Evaluation of B2C
Retailers in Large Appliances . .............................. 745
Xiaofang Yuan, Meng Zhang, Linhui Sun, and Qin Tian

Research on the Man-Environment Relationship

Analysis of Human Heat Stress Response in High Temperature
Environment ... ... ... . ... 757
Yuhong Shen and Chenming Li

Study on Attention Characteristics of Small-Arms Shooting
at Moving and Looming Targets . ... ......................... 765
Xiang Gao, Haoyuan Li, Zhengbu Liu, Xin Wang, and Yang Li



Contents XXi

The Survey of Hand Grinding Operation Work-Related
Musculoskeletal Disorders ... ................. .. .. .. ... ..... 771
Zidai Xia, Yanqiu Sun, Jianwu Chen, Pei Wang, and Jie Xie

Study on Pilots’ Color Requirements for See-Through Displays

in Desert Flight . ... ....... . ... ... . .. ... . ... .. . 779
Duangin Xiong, Tao Jiang, Liu Yang, Yanyan Wang, Xiaochao Guo,

Jian Du, Yu Bai, Fang Su, Wen Dong, Rong Lin, and Juan Liu

Analysis of the Diffusion of Cough Particles in Non-full
Load Cabin . ... ... ... ... ... ... . ... ... 789
Xianlin Shi and Xuhan Zhang

Study on the Diffusion of Gaseous Pollutants from Passenger Cough
in Aircraft Cabin . . . ... ... .. o 797
Xianlin Shi and Xuhan Zhang

The Empirical Research of the Emotional Experience Ambulatory
Assessment of Built Environment by Wearable Interactive

Technologies. . .. ... ... ... . . . .. . . . 805
Liang Zhang, Xiangning Li, Lingxuan Cheng, Yuan Kang, Yu Zhang,

and Qi Guo

Study on the Effect of 12-h Flight Simulated on Visual Function. . . . . 815
Dawei Tian, Feng Wu, Haibo Sheng, Yange Zhang, Qin Yao, Bin Ma,
Bin Li, Fengfeng Mo, and Lue Deng

Research on the Machine-Environment Relationship

Evaluation and Analysis of Intelligent Early Warning System

in Crowded Places . .. ......... ... ... ... .. .. . ... 825
Qiquan Wang, Meiming Liu, Haibo Xu, Yanhua Meng, Ping Chen,

Yu Zhu, and Xi Sun

Application of RULA to Research the Ergonomics Risk

of Hand-Held Grinding Operation . . .. ........................ 833
Yanqiu Sun, Zhenlong Lu, Jianwu Chen, Bin Yang, Weijiang Liu,

and Zidai Xia

Analysis of the Fighter Pilots Acceleration Tolerance Selection

Method and Results . . .. ...... ... . ... .. 841
Rong Lin, Baohui Li, Yan Xu, Lihui Zhang, Hong Wang, Xiaoyang Wei,

Yifeng Li, Jinghui Yang, Xichen Geng, Liu Yang, Juan Liu,

Duangin Xiong, and Zhao Jin

Study on the Impact and Countermeasure of Plateau Alpine Region

on Shooting of a Type of Light Weapons. . . . ................. .. 847
He Wu, Xiang Gao, Zhengbu Liu, Yanyan Ding, Haoyuan Li,

and Xin Wang



xxii Contents
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. .. ... .. . 857
Chunlai Wang
Study on Training of 400-m Armed Island-Landing Obstacles . . . . .. 867

Min Chen, Huifang Wang, Zhengbu Liu, Xiang Gao, Xin Wang,
and Ming Kong

Application of Virtual Reality Technology in Man-Machine
Interactive Equipment Virtual Maintenance System .............. 875
Mingjie Wan, Xiaolong Chang, Yuhui Li, Zaochen Liu, and Shiyou Ma

Research on Technical Method of Cognitive Behavior Training
During the Maritime Flight and Its Effect Evaluation ... ........ .. 881
Yan Zhang, Yishuang Zhang, Yang Liao, Fei Peng, and Liu Yang

Industrial Robot Training Platform Based on Virtual Reality
and Mixed Reality Technology . . . ... ......................... 891
Zhe Chen, Zhuohang Cao, Peili Ma, and Lijun Xu

An Oversea Flight Preadaptive Training System-Based 4D Scene . ... 899
Liu Yang, Yan Zhang, Yishuang Zhang, Duanqin Xiong, Yang Liao,
Juan Liu, Xueqgian Deng, and Hua Guo

Analysis on Countermeasure of Troops Delicacy Management

in the Process of the Newly-Typed Army Construction . ... ........ 909
Zaochen Liu, Peng Gong, Xiaoping Wang, Yujin Wang,

and Dongdong Cui

A Method for Evaluating the Level of Shooting that Attenuates
the Effect of Small Arms on Accuracy ... ...................... 917
Xin Wang, Haoyuan Li, Xiang Gao, Min Chen, Ming Kong, and He Wu

On the Re-understanding and Prospect of Warfighting
Experiment. . . .. ... ... ... 925
Boqi Wang, Jiang Luo, Wei Yu, and Hongjun Cheng

Research on the Method of Aviation Maintenance Work Based
on Hall’s Three-Dimensional Structure . ....................... 931
Bing Zhao and Haiming Li

The Use of Unmanned Aerial Vehicle in Military Operations . . . . . .. 939
Huifang Wang, Hongjun Cheng, and Heyuan Hao

The Construction Method and Research of Military Online
COUTSeS . . . 947
Hai Chang, Shuai Mu, and Rui jie Wang



Contents XXiii

Effectiveness Evaluation of VTS Measures on Pilot Candidates

Selection . . ... ... .. ... ... 953
Yu Bai, Qingfeng Liu, Huifeng Ren, Xiaochao Guo, Duanqin Xiong,

Yan Zhang, Guowei Shi, and Yanyan Wang

Research on Internet of Things in Space Flight Training
Simulation . . ... ... . .. 961
Shang Huan, Suqin Wang, and Shaoli Xie

Study on Optimization Design for Man-Machine Combination

of a Self-propelled Anti-aircraft Gun Vehicle (SODMMCSPAGYV). ... 973
Jiwen Sun, Heyuan Hao, Jinxin Li, Junlong Guo, Tao Li, JianFeng Li,

Ke Zhang, and Pengdong Zhang

Research on the Designing of Guiding System of Tiexi Workers’
Village in Shenyang Under Industrial Culture . . .. ........ .. .. ... 981
Zize Guo, Yang Liu, Guojing Wu, Zhaoding Kun, and Liyi Han

Assessment on the Availability of Domestic MMORPG Games
Official Web Site Based on Eye Movement ..................... 993
Xiaofang Yuan, Yuan Yuan, Linhui Sun, and Lvyuan Sun

Reliability Modeling and Analysis of Teleoperation System

with Path-Dependence Effect Considered . . . ... ....... ... .. .. ... 1003
Shanshan Zhang, Xiaopeng Li, Wei Zhang, Wenming Zhou, Sha Qin,

Lu Chen, and Yi Xiao

Framework of Performance Shaping Factors for Human Reliability
Analysis of Digitized Nuclear Power Plants . . ... ..... ... ... .. ... 1013
Li Zhang, Jianqiao Liu, and Yanhua Zou

Preliminary Establishment of Emotion-Inducing Library of Chinese
Folk Music and Embodying Effect in Emotion Inducing . . ... ... ... 1021
Bo Wang, Hong Yuan, Huijiong Yan, Changhua Jiang, and Shaowen Ding

Design and Research on Guide Blind Device Based on User
Experience . . ... ... ... 1029
Jianyi Zhang, Xinyu Shi, Xinqin Jin, Fengfeng Li, and Xin Chen

Theory and Application Research

Analysis of Differences Between ISO and China Ergonomics
Standards . . .. ... . 1039
Zhenlong Lu and Yangqiu Sun

Analysis on Core Capabilities and Key Technologies of Future Air
Defense Anti-missile Operations . . . . .......................... 1047
Jinxin Li, Zhenguo Mei, Qian Shen, and Tao Li



XXiv Contents

Research on the System Architecture of Scientific Data
Management. . . .. ... ... 1055
Rui Man, Guomin Zhou, and Jingchao Fan

Military Applications of Artificial Intelligence . . .. ....... ... ... .. 1067
Liang Du, Guangdong Li, Hai Chang, and Heyuan Hao

Multi-dimensional Safety of Intelligent and Connected Vehicles
for Future Traffic Scenarios . . .. ............................. 1073
Quan Yuan and Junwei Zhao



About the Editors

Professor Shengzhao Long is the founder of the Man-Machine-Environment
System Engineering (MMESE), the chairman of the Man-Machine-Environment
System Engineering (MMESE) Committee of China, the chairman of the Beijing
KeCui Academy of Man-Machine-Environment System Engineering (MMESE),
and the former director of Ergonomics Laboratory of Astronaut Research and
Training Center of China. In October 1992, he is honored by the National
Government Specific Allowance.

He graduated from the Shanghai Science and Technology University in 1965,
China and in 1981, directing under famous Scientist Xuesen Qian, founded MMESE
theory. In 1982, he proposed and developed human fuzzy control model using fuzzy
mathematics. From August 1986 to August 1987, he conducted research in
Man-Machine System as a visiting scholar at Tufts University, Massachusetts,
USA. In 1993, he organized Man-Machine-Environment System Engineering
(MMESE) Committee of China, published “Foundation of theory and application
of Man-Machine-Environment System Engineering”’(2004) and “Man-Machine-
Environment System Engineering”’(1987), and edited “Proceedings of the 1st—19th
Conference on Man-Machine-Environment System Engineering”(1993-2019).
e-mail: shzhlong@sina.com

Dr. Balbir S. Dhillon is a professor of Engineering Management in the
Department of Mechanical Engineering at the University of Ottawa, Canada. He
has served as a chairman/director of Mechanical Engineering Department/
Engineering Management Program for over 10 years at the same institution. He
has published over 345 (i.e., 201 journals + 144 conference proceedings) articles on
reliability, safety, engineering management, etc. He is or has been on the editorial
boards of nine international scientific journals. In addition, he has written 34 books
on various aspects of reliability, design, safety, quality, and engineering manage-
ment published by Wiley (1981), Van Nostrand (1982), Butterworth (1983), Marcel
Dekker (1984), Pergamon (1986), etc. His books are being used in over 85
countries, and many of them are translated into languages such as German, Russian,

XXV


mailto:shzhlong@sina.com

XXVi About the Editors

and Chinese. He has served as the general chairman of two international confer-
ences on reliability and quality control held in Los Angeles and Paris in 1987.

He has served as a consultant to various organizations and bodies and has many
years of experience in the industrial sector. At the University of Ottawa, he has been
teaching reliability, quality, engineering management, design, and related areas for
over 29 years, and he has also lectured in over 50 countries, including keynote
addresses at various international scientific conferences held in North America,
Europe, Asia, and Africa. In March 2004, he was a distinguished speaker at the
Conference/Workshop on Surgical Errors (sponsored by White House Health and
Safety Committee and Pentagon), held at the Capitol Hill (One Constitution
Avenue, Washington, D.C.).

He attended the University of Wales where he received a BS in electrical and
electronic engineering and an MS in mechanical engineering. He received a Ph.D.
in industrial engineering from the University of Windsor. e-mail: dhillon@ genie.
uottawa.ca


mailto:dhillon@genie.uottawa.ca
mailto:dhillon@genie.uottawa.ca

Research on the Man Character



Research on the Integrated Situation )
Analysis of Ship Mariners Team oo

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 and monitoring, 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 the MARs 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, / is the indexes
system in architecture construction of ship mariners team, W is the weight 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 SHEL model 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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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
wisdom of members 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 ship mariners 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{, B, t,;};
set up the integrated indexes system to analysis factors set T = {t|, f5, ..., t,}. 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(#;, t}) = 1; when there is no

correspondence, C (;, t;-) = 0.
1 m n
A=—f(T —>T), f(T>T)=3 > Ct.1) )
m j=li=1 ‘

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 ¢; is
completely related to ¢;, r;; = 1.0; when there is no overlap between ¢; and ¢;, 7
= 0. The redundancy coefficient C of architecture construction is shown in (3). In
principle, require C < np, p is the test coefficient. When the C is closer to 0, the
redundancy of architecture construction is lower.

n

c:ic,», c,:ﬁ D - 1.0 3)
i=1

j=1

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 V; of the ith analysis index is shown in (4). F; is the concentration of evalua-
tors’ comments on necessity of the ith analysis index. The smaller the §;, the more
concentrated the judgment.
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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 B; of the ith index is shown in (5). The by is the necessary
degree of grade k of the ith index. It requires B; > 3,which indicates that the index
has high identification.

5
1
B, = — Zbkpik (5)
p k=1

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 U; of the ith index is shown in (6). The
T; is input value of the ith index, S; is revenue value of the ith index.

14 14
Ui=Y SiPy [ Y TPy 6)
j=1 j=1

In principle, it requires U; > 1.0, which indicates that the ith analysis index is
feasible. When U; > 1.25, itindicates 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 ol.k is shown in (7). The n; is the clustering weight of index.

of =Y ffipn; (7
j=1
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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 §, necessary degree coefficient
vector V are as follows:

F =14.0,3.8,3.6,4.0,42,1.8,4.0,3.8,1.9,4.0,4.1,4.2,4.0, 1.6, 4.2]
8 =[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 =10.17,0.27,0.19, 0.20, 0.22, 0.44, 0.12, 0.27, 0.39, 0.12, 0.18, 0.19, 0.17, 0.53, 0.15]

Setboundary value of F; is 2, the limit V; < 0.63/2 =0.315.Vg = 0.43 > 0.315,
Vo = 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

44 |65 |43 |G4H |44 |45 |43 |3BS) |45 |55
2 G5 135S (BG4 B3 |63 (@G (5SS 2S5 ¢4 44
43 |44 |43 |64 |34 (53 (333 |32 |43 (@3S

15 (63 |34 |65 (@45 @44 |63 |43 43 |43 |45

Table 2 Input and income appraisal value of initial indexes for psychological traits
1 2 3 4 5 6 7 8 9 10

35 |33 (24 |45 |35 (23 (1,3 |44 |45 (34
2 24 |G34 |@G4 |65 |64 |24 |12 |G34H [BH 3)S)
23 |33 (22 |44 | [(12) |22 |34 |33 |34

15 |24 |44 |35 (24 @44 |24 |G4H (4 |GH |@4H
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B =143,4.2,3.4,3.5,4.0,3.7,3.6,3.2,3.5,4.3,3.8,3.6,3.5,4.1, 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]

The elementsin U are all greater than 1, and most of them are greater than 1.25. 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, Vg, Vo, 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 SHEL model, 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 of mariner individual, mariners team, management,
culture, and other aspects.
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An Investigation on the Demand )
of Psychological Data Collection oo
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 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 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-performance fighter aircraft equipped the air force, the mechanical 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 faced multiple 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, neuroimaging data and biochem-
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 and mental health service).
The results would clarify which psychological data would be useful for the particular
application scenarios and then the collected data would maximize 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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Table1 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 |27 500 |4 74 |12 222 |11 20.4
Rank 2 |16 296 |8 14.8 |21 389 |9 16.7
Rank 3 |9 16.7 |21 389 |12 222 |12 222
Rank 4 |2 37 |21 389 |9 16.7 |22 40.7
Mean |67.5 140.5 99.5 126.5
rank

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
ability was significant higher than the mean 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 |11 204 |25 463 |12 222 11.1
Rank 2 |8 148 |17 315 |20 37.0 16.7
Rank 3 |13 24.1 |7 13.0 |16 29.6 |18 333
Rank 4 |22 40.7 |5 93 |6 11.1 |21 389
Mean |127.5 73.5 97.5 135.5
rank

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.

Table3 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 74 |7 13.0 |9 16.7
Rank 2 |7 13.0 |14 259 |24 444 |9 16.7
Rank 3 |9 16.7 |21 389 |14 259 |10 18.5
Rank 4 |4 74 |15 27.8 |9 16.7 |26 48.1
Mean |64.5 128.5 106.5 134.5
rank
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Table4 Comparison of importance ranks of four kinds of psychological indicators in mental health
service

Personality trait Emotion state Cognitive ability Motivation
N Pct N Pct N Pct N Pct
(%) (%) (%) (%)

Rank 1 |15 27.8 |24 444 |11 204 |4 7.4
Rank 2 |10 185 |14 259 |22 40.7 |9 16.7
Rank 3 | 15 27.8 |13 24.1 |16 29.6 |10 18.5
Rank 4 | 14 259 |3 56 |5 93 |31 574
Mean |110 76.90 97.05 150.06
rank

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 as memory 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 m
for Sedans’ Seat Ergonomic Design L

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] and Hanson 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 | Overall Gender Region
measurements 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, ¢ joint
angle definitions. All angles shown are positive. ¢, joint centers defined by a surface landmark. O,
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 in Fig. 1b. They were guided to put their hands on wheel’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 simple main 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 = p + 1.96 s @))

where w 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 AS,
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 | Significance
angles Gender Region Target sedan
Al 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
AS <0.001 <0.001 S1 versus |S1 versus |S2 versus
S2 S3 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 |S1 versus |S2 versus
S2 S3 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 Al 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 coefficients were 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.

Xi = (xi — X;)/sx, )

Vi = i = Vi)/sy, 3)

where x; is each of anthropometric measurements and age and y; 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 Al. As for hip angle A2, the main factor to make an
effectis 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 STA most, 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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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.

Some differences can be found between 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 anthropometric measurements, are identified using ANOVA and
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 L

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 screws was 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 bone mass 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 geometric models of spine were established and meshed 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
and bending [11, 12]. The results of simulation were compared with reference models.
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 all models
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
osteoporosis model. The same results were 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 from 41.88 to 47.72 MPa, 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.

Stress (Mpa)

L1 Vertebra Screws Rods

B Nomal M Mild Osteoporosis M Sever Osteoporosis

Fig. 2 Peak stress of models under axial compression
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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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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 L
Test

Haijing Song, Kai Feng, and Yuqi Zhang

Abstract Human error is one of the main 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
influence degrees of human factors on aviation maintenance were 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 Uy, 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,

LEINT3

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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2.2 Determine Weight Coelfficient 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)

1 Indicatori is more severe than indicator j
Cij = 1 0 Indicatori is same severe as indicator j Vi, j (D)
—1 Indicator i is less severe than indicator j

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

1 = . . .
dij = — E (cik — ¢jk) Vi, j mis the order of C )
m
k=1

3. Determining the consistency matrix Q
gij = exp(dij) Vi, j 3)

4. Finding the maximum eigenvalue corresponding to the characteristic vector of
0, The unitized characteristic vector is the relative weight of each index a;.

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 the matrix
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 on RI, the optimal mother sequence Yy = (yo(j)) (j = 1, 2, 3, 4, 5) according
to the optimal normalized evaluation index of V. At this time was obtained, yj is
the reference sequence and the y;(i = 1, 2, 3, ..., m) is comparison sequence. The
correlation coefficient ¢; (j) of yy and y; is calculated as follows:

min; min;|yo(j) — i ()| + p max; max;|yo(j) — yi (j)I

4
[Yo(j) — yi ()| + p max; max;|yo(j) — yi (j)I @

@i(j) =

where p is the distinguishing coefficient, p € [0, 1], often taken 0.5. Correlation
degree G; can be calculated from correlation coefficient ¢; (j),

1 _
G = ggam(n (5)

Among them, §; 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:

10754 1 1 1 025
R 6 437 RI — 0.5 0250333 1

2346 0 0 0.667 0.75

5523 0375 05 O 0

Since the optimal normalization index of the decision objects V is 1, determine
the optimal mother sequence Yy = {1, 1, 1, 1, 1}, according to RI and Y, and use

The aircraft maintenance technicians incorrectly

disconnected the tee valve pipe connection of A
thrust reverser and forgot to recover.
B, | B, | B3 | By |
| Individual factors | | Management factors | Environment factors | Organization factors
L. . . Incomplete maintenance
—| Cognitive bias Cy; | Improper operation C,, | Excess temperature Cy, | comp
program Cy;

Insufficient maintenance

Improperly task |
resources Cyp

i Excess light C
allocation Cy; xcess light Lsy |

—| Memory lapses C, |
_| Implementation of |
program C,

Fatigued operation C4

Fig. 2 Hierarchy framework for influence factors in example analysis

Insufficient communication

Influence of living |
Cy

environment Cpy
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Table 1 Weight coefficient for evaluation indexes during aviation maintenance safety analysis

First-level index | Sp Ss Second-level | Sp Ss G; Level
index
Individual 0.3563 03141 |Cy; 0.2345 02197 |0.7065 |G; > 0.7
factor Ci 0.2455 103101 |0.587 |G; =04
Ci3 0.2500 |0.2489 |0.8176 |G; > 0.8
o 0.2700 |0.2233 |0.7443 | G; = 0.7
Management | 0.3310 |0.2874 | Cyy 0.3698 | 0.4120 |0.7182 |G; > 0.7
factor C» 0.2900 |0.2005 |0.6175 |G; = 0.6
Co3 0.4412 03975 |0.8275 |G; =08
environmental | 0.1007 |0.1980 | C3; 0.5642 |0.5435 |0.6727 |G; > 0.6
factor C 0.4358 | 0.4565 |0.4539 |G; > 0.4
Organizational |0.2120 |0.2105 | Cy4y 0.3055 |0.3608 |0.7273 |G; = 0.7
factor Cp 0.2678 | 0.3577 |0.8075 |G; >0.8
Cs3 0.4267 102815 |0.8253 |G; >0.8

Notes Sp is accident probability weight; S is severity impact weight; G; 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, incomplete maintenance 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 of maintenance manuals description and make
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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Conclusions

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;
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.

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.
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 i
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), and mental state indexes were 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 through physical 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 («), beta (8), and theta (0).

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-frequency power and high-frequency power (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 of measured 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 flight missions, 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 30 min 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
o |28.04+2.04 32.20 £2.90*%* |27.85 £ 0.96 28.62 + 1.54
B 12736+ 1.1 23.01 £2.84** |26.88 +0.80 26.19 £ 1.17
0 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 ¢ 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 « index increased
significantly, and the 8 and 6 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 4 23.76 118.38 + 68.24
RMS-SD | 65.52 +27.90 128.93 £ 69.28** | 62.82 4-20.34 120.28 + 102.91
SDSD 46.45 £ 19.84 102.08 4= 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



The Effect of Music Relaxation Training on Relieving ...

Table 3 Comparison of HRV frequency domain indexes (x % s)
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Music relaxation group (MG) Deep breath relaxation group (DG)

Before training After training Before training After training
TP 667.47 +370.50 | 1401.58 4 1022.31* | 765.95 4+ 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 2542 £ 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 the MG, after training, compared with before training, the TP, LF, HF, and HFnorm
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). Compared with 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+ 4.52% | 12.64 £ 4.52 16.79 £ 3.91%*
Excitability |9.21 £ 4.53 5.86 £0.95% |10.50 £5.20 771 £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 relaxation music 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 and maintain 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 UAV operator. 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.

HRYV 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 the MG 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
VLEF, 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 the MG,
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, « wave is more active. When the brain is in
a state of excitement, alertness, and tension, 8 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 & wave is more obvious [22, 23]. The
experimental results show that before and after training, the « wave index of the
MG is significantly increased, and the B wave and 6 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
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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 L
Aircraft

Haijing Song, Li Han, and Hongjiao Wu

Abstract With the development of system reliability for aircraft, human error is
becoming one of the main 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
on MOCS5 and MOC®6; 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 (MOCS5 and
MOC®6) 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 [CAO 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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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 combined flight
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 of Bedford aircrew workload, 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 = {vy, vy, 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 = {uy, u, us, uy, us } = {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 | vy | 90-100 | Very satisfied, achieve satisfactory performance and no additional
compensation is required

Good vy | 70-90 | With negligible defects, achieve satisfactory performance without
additional compensation from pilot or maintainer

Medium |wv3 | 50-70 | With moderately unsatisfied defects, achieve satisfactory performance
with moderate compensation from pilot and maintainer

Bad vs [30-50 | With intensely unsatisfied defects, achieve satisfactory performance
with intense compensation from pilot and maintainer
Awful vs | 0-30 | With defects, some necessary operation cannot be achieved
ri1 r12 ri3 ri4 ris 0.450.45 0.15 0.05 0.05
ra1 122 123 Fo4 125 0.2 0.450.1250.125 0.125
R = Y31 32 133 I'34 I'3s = 0 035035 02 0.1
Y41 Y42 43 F44 Y45 0.1 045 0.3 0.1 0.05
rsy I'sp 153 I'sq T'ss 0 0.05 04 0.4 04

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
ARIJ21-700 cockpit man-machine interface level can be set as good. And the evalu-
ation value is W = B - VT = 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.



Study on the Airworthiness Certification of Human Factor ... 65

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 verification method based on combined MOCS5 and MOC6 which 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 i

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 Rj//3//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 Ry,
and the pre-training data Rs/5 were significantly higher than R;; Rys5 is significantly
lower than Ryu6; there was no significant difference between R,, R4 and Rg, or
between Rz and Rs. 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 above making 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
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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 can maintain 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 of military pilots and maintain 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 101 military 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 4= 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 indicators were 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 R;;

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 R»;

(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 Rj3. The state assessment result after training in this stage
is recorded as Ry;

(The third stage)
6. On day 3, repeat the 5 process, the state assessment result before training in this
stage was recorded as Rs, and which after training was recorded as Rg.

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
to maximize 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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64
TP = Z PWR, (1)

n=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,

8
R = Z PWR, /TP )
n=6

2.3 Statistical Processing

Preprocess data With EXCLE preprocessing data, and calculating the participants R
with EXCLE value, then use PASW 18 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 0.1 Hz index of subjects before and after training was 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 %2 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 (Rs) 0.4213 £ 0.2316
After the third training stage (Re) 0.4756 £ 0.2485
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Table 2 Results of Wilcoxon test in different stages (Z value)

Before the first After the first training After the second
training stage (R) stage (R2) training stage (R4)

Before the first -
training stage (R)

After the first training | **—7.881% -

stage (R2)

After the second *#_7.673% —0.556* -
training stage (R4)

After the third **_6.8392 —0.203* —1.055Y

training stage (Rg)

Note *p < 0.05, **p < 0.01, *based on negative ranks, Phased 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
(R;) and the index after three-stage training (Ry/4/s). The results are shown in Table
2. Results of Ry were significantly higher than R, while there was no significant
difference between R», R4 and Rg.

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 (Rs) 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;s were
significantly higher than R}, and R3;s was significantly lower than R,.ys, while there
was no significant difference between R3 and Rs.

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 (Rp)

After the first
training stage
(R2)

Before the
second
training stage

After the
second
training stage

Before the
third training
stage (Rs)

(R3) (R4)

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 (Rs)
After the third
training stage
(Re)

Note *p < 0.05, **p < 0.01, *based on negative ranks, ®based on positive ranks

**_7.881* |-

*%_6 5008 | **%—2.959P

**_7.673% —0.556* **_3.722% -

**_7.219% #-2.053P —1.076* #*_2 6730 -

**—6.839% —0.203* **_2.846% —1.055° *2.346%

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
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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 (Ryu/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 L

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 = 0.0284H?
+ 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

G. Sun - F. Pang - Q. Liu - Y. Lin - L. Xu - Y. Meng (X))
Department of Safety Engineering, China University of Labor Relations, 100048 Beijing, China
e-mail: mengyh2008 @ 126.com

G. Sun
e-mail: sunguilei@culr.edu.cn

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer 75
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_9


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_9&domain=pdf
mailto:mengyh2008@126.com
mailto:sunguilei@culr.edu.cn
https://doi.org/10.1007/978-981-15-6978-4_9

76 G. Sun et al.

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. Kavsaoglu 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 in Fig. 3, 30 subjects were 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. 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 #-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 0914 0.381
0.962 0.832

Table 2 Paired sample #-test for questionnaire

Comparison | Paired differences t Sig.
Mean Std. Std. 95% confidence (two-tailed)
deviation | error interval of the
mean difference
Lower Upper
8 mversus | 1.95000 1.02678 |0.36302 | 1.09159 2.80841 |5.372 |0.001
4m
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operator, but the increase from the ground to 4 m high is greater than the increase
from 4 m 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 them had abnormal data collection, and the others’ data was more than twice of
standard deviation (IZI > 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 Omversus4m |Omversus8m |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 in Table 4, which shows that the data conform to the normal
distribution.

Figure 5 shows the relationship between the mean of the EDA time-domain param-
eters and the height. It shows that the increase in EDA in the figure 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 = —0.0284H% + 0.7377H + 5.5264, R? = 1 (1)

Table 4 Paired sample #-test

Comparison | Paired differences t Sig.
Mean Std. Std. 95% confidence (two-tailed)
deviation | error interval of the
mean difference
Lower Upper

0 m versus | 2.49679 3.06997 |0.58017 | 1.30638 3.68720 |4.304 |0.000
4m

0 m versus 4.08536 3.49368 |0.66024 |2.73065 5.44006 |6.188 |0.000
8m

4 m versus 1.58857 1.86642 | 0.35272 | 0.86485 2.31229 |4.504 |0.000
8m

Fig. 5 Correlation between 10 4
mean and height in EDA .
time domain 91 /
2]
8 4
3
3
o 7
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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 constant C is obtained after measuring
the value of the individual when on the ground. Then, Formula (1) is modified as:

IEDA = —0.0284H” 4+ 0.7377H + C 2)

This formula can be used to calculate the data of each worker to measure whether
the worker has entered the working 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. When working at heights, the mean of EDA of individual and work position height
have the relationship of quadratic nonlinearity: IEDA = 0.0284H? + 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 L
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 correlation were 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

85

Serial number |Day | Time | Collection project Experiment point of time (h)
01 D1 08:00 | Enrollment registration

02 09:00 | CSEM 1
03 10:00 |OPVT |OGDT |OScale |2
04 15:00 |OSEM 7
05 16:00 |OPVT |OGDT |OScale |8
06 20:00 | OSFM 12
07 2300 |OPVT |OGDT |OScale |15
08 D2 | 02:00 |OScale 18
09 0400 |OPVT |OGDT |OScale |20
10 06:00 | OScale 2
11 08:00 | CISEM 24
12 09:00 |OPVT |OGDT |OScale |25
13 15:00 | OSFM 31
14 16:00 |OPVT |OGDT |OScale |32
15 20:00 | CSEM 36
16 21:00 |OPVT |OGDT |OSeale |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 o 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, x £ )

Serial | TSD experiment point of time

number | gageline 7h 12h 24 h 31h 36h

1-21 576 £0.25 | 5.64 £ 0.24 | 3.98 £ 0.25%* | / / 442 £ 0.23%*
21-37 |5.594+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 7
anger state and SFM * b e v *
5
performance —F % ——
3 $ s o ¥ 3
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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 computerized GDT program 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 times were
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-term SD makes 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 SEM 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
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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Problems of Military Cadets Under L
the Angle of Group Psychology
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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 of military reform they must have much 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 show more 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 phenomena may 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 knowledge without better military 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 and believes offered to them or 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 not much 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, psychological management mainly 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; based on the principle of classified guidance, 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 of management emphasize less obedience but mostly 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 to make 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 the minds of the masses lies not in their ranks, but in
their personal charm. The power is huge and makes people respect and miss them for a
long time.” So, management cadres in grassroots units must enhance personal cultiva-
tion and influence the group of the cadets through teaching by their example as well 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 and managing 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 this way, 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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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
HRYV 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 HRYV, 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
HRYV 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 subjects were prompted to recall the training methods 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 PASW 18 statistical software for data analysis. Measurement data was expressed
as x £ 5. 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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Table1 Change of HRV time domain indexes before and after autonomic nervous stability training

on 101 pilots (x £ )

Indexes Pre-training Post-training Z value p value
SDNN (ms) 73.62 £ 40.90 82.41 £47.91 —1.682% 0.093
RMS-SD (ms) 69.10 £ 50.89 63.44 + 67.27 —1.980° 0.048
SDSD (ms) 55.10 £ 45.54 48.93 £+ 60.01 —1.980P 0.048
PNNS50 (%) 19.24 £+ 15.06 18.22 4+ 14.08 —0.801° 0.423

Note *Based on negative ranks, "Based 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 (x % s)

Indexes Pre-training Post-training Z value p value
TP (ms?) 626.47 +916.93 922.73 + 1146.45 —3.5382 0.000
VLF (ms?) 198.06 + 375.94 141.91 +£207.92 —2.078" 0.038
LF (ms?) 328.73 £ 44241 679.12 + 851.16 —5.229% 0.000
HF (ms?) 99.68 £ 167.41 101.70 = 239.93 —0.8420 0.400
LF/HF 5.97 £4.55 20.00 £+ 21.63 —6.215% 0.000
LFnorm 78.58 £ 13.72 88.01 £ 12.15 —4.924% 0.000
HFnorm 2142 £13.72 11.99 £+ 12.15 —4.924b 0.000

Note *Based on negative ranks, ®Based 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, LE, 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.

HRYV 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



107

Research on the Effects of Pilots Psychological Trainings Based ...

0000 VLI'9— SC91 + 80°6C SICIF 6611 L01°0| 0I9'1— 6 F SOl CLEl Fevle wouJH
0000 | VLI'9O— STIl F26'0L SI'CI 1088 LOT°0 | 0I9'I— GE'6 F ST'e8 CL'El F 8S8L uLou] T
0000 | VLI'9— 66'c FCI'y €9°1C F 000 LOT°0| 0I91— IL'18 F L961 SSYFL6°S AH/MT
SCLO| TSE0— e Ive F 1L°601 £6'6£C F OL101 S00°0| €8LC— €8°001 F LOtY I7'L91 F 89°66 (;Sw) dH
000°0| €cTs— 66'85S F $8°60¢ 91'IS8 F+CI'6L9 0cI'o| <SsSi— 09°6¥C F 657961 v ery + €L°8¢¢ (swW) A1
ol cev'l— LLTOE F LL'E8] ¢6°'LOT F 16'171 8C0| SLO'T— L8'LET F 167¢CL Y6°SLE F 90'861 (SW) ATA
0000 | <O00vP— 8¥'8001 F £°€09 SY'ovil F €L7CCo o100 I8¢T— Y681y F LI'ELE €6'916 F L1979 (;5w) dL
CLO0| CTO8'1— OT'LT F96'¢C 80Vl F+ CC81 86L°0| 9SCT0— 89°CI F 66°0¢C 90°ST Fve6l (%) OSNNd
8960 TLSO— 08 ve+ I1'1Y 10°09 F £6'8% 000 | 9r0'e— 8I'LT F ¥8°CE PSSy F 01°SS (sw) @sas
9180 €€T0— 89°LE F 86'LS LTLY F v1°¢€9 SI10°0| vTvre— SE'0e F T8y 68°0S F 01°69 (su) @s-SWd
0000 L68¢— 10°1¢ F ¢E'8¢ 16'LY F 1¥°C8 2000 €LOC— LOLT F S97CS 060V F¢9°¢L (sw) NNas

uonerado 1913 dnoi3 Anqess uonerado 19)je dnoi3 Ayiqess

onjead| onfeaz Sururen uono9oId | SNOAISU dIwouONY | onfead | onjea Z Sururern uonodoIg |  SNOAIU JTWOUOINY
Sururen-jsod Sururen-oig saxapu]y

(s F x) sosodind uoneosrdde Arejrrur JuIayIp UO paseq s3ururer) [eo130[oyoAsd 191je pue 210Joq SOXApUl AYH Jo uostredwo) ¢ Iqe],



108 Y. Zhang et al.

(exciting but not nervous), and flight operations can achieve the best performance
[8]. In this study, the indexes of TP, LF, HF and LFnorm were significantly increased,
while HFnorm was significantly decreased, which reflects the pilot overall level of
neurological function was 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 oo
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 interview were 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 60 min. 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 presentation mode takes up too much 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

ticipant Driving grade Number Average age (years)
participants

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

Question 2

Question 3

Question 4

Question 5

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? How do pilots prioritize when
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?

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?

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?

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?

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 phenomenon may
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 not match 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
pay more 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, besides monitoring
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 radar warning 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
alot of information. More concretely, the pilot must remember what 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: @ Triangle is the most 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; @ 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; ® 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.



Human Factor Analysis on the Effect of Pilot’s Interpretation ... 117
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.

3.24 Text Display and Recognition

Location coding is related to the field of vision and attention allocation strategy. When
itis in the center, the recognition efficiency is higher than when 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 focus width 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 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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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 to NASA by 2010 were caused by 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 to work together, especially the eyes, ears, vestibular, skeletal muscle
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
five kinds of flight 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 the field of decision making 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 deal with 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 team will be
destroyed, which may cause relationship conflict, and then have a negative impact on
the quality of decision making. Therefore, to explore the impact of team compatibility
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 the US Army Research 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, messy mind, 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 to maintain 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 the most 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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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
mathematics method. Methods: Adopted the method of fuzzy mathematics with color,
status, smell, texture and taste as evaluation factors and carried out fuzzy mathematics
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

H.Mu - P. Du - L. Fang - S. Bai - X. Chen - P. Liu - R. Wang (X))
Air Force Medical Center, 100142 Beijing, China
e-mail: mhl2001 @126.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer 127
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_15


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_15&domain=pdf
mailto:mhl2001@126.com
https://doi.org/10.1007/978-981-15-6978-4_15

128 H. Mu et al.

Table 1 Main raw materials proportion of six kinds of military instant rice

Sample code | Product The main raw materials proportion

M Rice 100% rice

SH 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

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

of six kinds of military instant rice was 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
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Indicator Criterion Preference Score
Color (15%) The color of rice should be bright and | like—extremely like 7-9
luster
The color of rice is normal and less like—a little like 4-6
slightly glossy
The color of rice is abnormal and extremely dislike—not like | 1-3
lusterless
Status (15%) The structure of rice is compact, and | like—extremely like 7-9
the integrity of rice grains is good
Most of the structure of rice is less like—a little like 4-6
compact and complete
Rice burst extremely dislike—not like | 1-3
Smell (20%) With the unique aroma of rice, which | like—extremely like 7-9
is strong
With the unique aroma of rice, which | less like—a little like 4-6
is fragrant
With the unique aroma of rice, which | extremely dislike—not like 1-3
is not obvious
Texture (25%) | The rice is chewy, moderate in like—extremely like 79
hardness, not sticky
The rice is a little bit chewy, feels a less like—a little like 4-6
little hard or soft and basically does
not stick to teeth
The rice feels dross, very hard or soft, | extremely dislike-not like | 1-3
sticky
Taste (25%) Strong fragrance and sweet taste like—extremely like 7-9
when chewing
Light fragrance and sweet taste when | less like—a little like 4-6
chewing
No fragrance and sweetness when extremely dislike—not like | 1-3

chewing

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, U, U,, U3z, U4 and Us represented color, status, smell,
texture and taste, respectively. The factor set U = {U, U,, U3, U4, Us}.

2. Determined the comment set V = {V, V,, V3, V4, Vs, Vg, V7, Vg, Vo}, where
V| meant extremely like (nine points), V, meant very like (eight points), V3
meant like (seven points), V4 meant a little like (six points), Vs meant general
(five points), Vs meant less like (four points), V7 meant not like (three points),
Vg meant very dislike (two points) and V9 meant extremely dislike (one point).

3. Determined the weight set W = {W;, W,, 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 set W = {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 ¥ = 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 evaluation methods and criteria, six kinds of military 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:

14/45 1/5 13/451/154/451/451/4500
2/5 1/9 11/454/45 1/9 1/451/4500
Ry = (rij)s0 = | 4/15 7/45 13/45 1/9 2/151/451/4500
2/9 14/45 11/452/45 4/45 1/15 1/450 0
8/45 17/45 2/9 1/154/452/451/4500
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Table 3 Sensory evaluation results of six kinds of military instant rice (n = 45)
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Sample code Indicator Score

9 8 7 6 5 4 3 2 1
Si Color (Uy) 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 (Uyg) 10 14 11 2 4 3 1 0 0
Taste (Us) 8 17 10 3 4 2 1 0 0
S Color (Uy) 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 (Us) 16 11 7 3 0 0 0 0
Taste (Us) 17 12 5 3 0 0 0 0
S3 Color (Uy) 12 11 6 13 3 0 0 0 0
Status (U>) 14 12 8 6 5 0 0 0 0
Smell (U3) 9 14 8 11 3 0 0 0 0
Texture (Uyg) 10 13 10 5 7 0 0 0 0
Taste (Us) 7 14 14 5 5 0 0 0 0
S4 Color (Uy) 12 12 10 5 6 0 0 0 0
Status (U2) 14 13 5 7 0 0 0 0
Smell (U3) 18 8 2 0 0 0 0
Texture (Us) 13 20 3 3 0 0 0 0
Taste (Us) 17 11 8 3 0 0 0 0
Ss Color (Uy) 22 10 2 2 0 0 0 0
Status (U>) 20 3 4 0 0 0 0
Smell (U3) 17 13 7 2 0 0 0 0
Texture (Us) 15 12 13 2 3 0 0 0 0
Taste (Us) 13 15 11 3 3 0 0 0 0
Se Color (Uy) 14 17 4 2 0 0 0 0
Status (U2) 14 15 3 4 0 0 0 0
Smell (U3) 14 13 9 3 0 0 0 0
Texture (Us) 10 14 13 5 3 0 0 0 0
Taste (Us) 10 15 14 3 3 0 0 0 0

4/15 2/5 1/9 8/452/450000

16/45 11/4511/451/154/450000

Ry = (rij)s,0=| 2/9 14/45 4/15 2/151/150000

8/45 16/45 11/457/451/15000 0
8/45 17/45 4/15 1/9 1/15000 0
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4/15 11/45 2/15 13/451/150000
14/45 4/15 8/45 2/15 1/9 0000
Ry = (rij)g,o=| 1/5 14/45 8/45 11/451/150000
2/9 13/45 2/9 1/9 7/450000
7/45 14/4514/45 1/9 1/9 0000

4/15 4/15 2/9 1/9 2/150000
14/45 13/45 2/15 1/9 7/450000
Ri=(rij)s0=| 8/45 2/5 1/5 8/452/450000
2/15 13/45 4/9 1/151/15000 0
2/15 17/4511/458/451/15000 0

22/45 1/5 2/9 2/452/450000
4/9 1/5 1/5 1/154/450000
Rs = (rij)g,o = | 17/45 13/45 2/15 7/452/450000
1/3 4/15 13/452/451/15000 0
13/45 1/3 11/451/151/150000

14/45 17/45 8/45 4/452/450000
14/45 1/3 1/5 1/154/450000
Ro = (rij)s,o = | 14/45 13/45 2/15 1/5 1/150000
2/9 14/4513/45 1/9 1/150000
2/9 1/3 14/451/151/150000

r;; 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:

Yi = W- R, = {0.15, 0.15, 0.20, 0.25, 0.25}
14/45 1/5 13/451/154/451/451/4500
2/5 1/9 11/454/45 1/9 1/451/4500
4/15 7/45 13/45 1/9 2/151/451/4500
2/9 14/45 11/452/45 4/45 1/15 1/4500
8/45 17/45 2/9 1/154/452/451/4500

Among them, y;; = 0.15 x 14/45 + 0.15 x 2/5 + 0.20 x 4/15 + 0.25 x 2/9 +
0.25 x 8/45 =0.260, y; =0.15 x 1/5 + 0.15 x 1/9 + 0.20 x 7/45 4+ 0.25 x 14/45
+ 0.25 x 17/45 = 0.250.

Similarly, y13 = 0.254, y14 = 0.073, y15 = 0.101, y16 = 0.039, y;7 = 0.022, y;3 =
0, y1o = 0. Therefore, Y| = {0.260, 0.250, 0.254, 0.073, 0.101, 0.039, 0.022, 0, 0}.

Similarly,
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Y, ={0.227, 0.342, 0.234, 0.130, 0.067, 0, 0, 0, 0}
Y; = {0.221, 0.289, 0.216, 0.168, 0.107, 0, 0, 0, 0}
Y, ={0.189, 0.330, 0.266, 0.130, 0.086, 0, 0, 0, 0}
Ys = {0.371, 0.268, 0.223, 0.076, 0.062, 0, 0, 0, 0}
Ys = {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:

H, = ZjY,- ¢))
j=1

H;=9x0.26048 x 0.250+7 x 0.260 4 6 x 0.089 45 x 0.0.068 44 x 0.016
+3x0+2x0+4+1x0=7.29.Similarly, H, =7.53,H; =735,Hs =7.41,Hs =
7.81, Hg = 7.62. Therefore, the sensory quality of six kinds of military instant rice
from high to low was Ss > S¢ > S, >S4 > S3 > S|. 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
tolow were black rice, coix seed rice, five grains rice, mung bean rice, highland barley
rice and rice. Fuzzy mathematics method overcame the influence of 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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have been met with regard to subject protection.
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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, the more 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 support measures were 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, O 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 flight motion 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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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 of workload, subjective evaluation of work-
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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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.

222 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.

Weight(k
g - Weight(ke)

" Height? (m?) W
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2.2.3 Serum Lipid

Serum TG and TC were detected by Roche C501 automatic biochemical analyzer.
TC and TG were 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 x 2 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 (x £ s) Energy expenditure (x = s) Difference value
2018 3375.2 &£ 347.5 3091.5 +£283.5 283.7
2007 3412.6 £363.7 2995.1 £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 17.4 439 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 results were shown in Table 3. Six of the 125 pilots were 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%, which was 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 Hypertriglyceridemia Hypercholesterolemia
number | N Ratio | %4 s(mmol/L) |N Ratio | % =5 (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
1997* |- - - - - - -

2The 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 them with 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 population was 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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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, a MATLAB/Simulink based vestibular perception model 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

C.Wang - D.Guo - H.Jia- Y. Li- F. Su- Y. Zheng - Y. Liu - C. Jia
Air Force Medical Center, Air Force Military Medical University, PLA, 100142 Beijing, China

Q. Zhang (X))
6th Medical Center, General Hospital of Chinese PLA, 100142 Beijing, China
e-mail: 48767625 @qq.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer 149
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_18


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_18&domain=pdf
mailto:48767625@qq.com
https://doi.org/10.1007/978-981-15-6978-4_18

150 C. Wang et al.

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 acceleration motion 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].

_ Kolo(l + Tls)
H oo = T L0 (1 + o) M

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 K, is the model coefficient with
a value of 0.4. Ty, T, and T3 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°/s? [1]. Its transfer function can be expressed as:
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where K. is the coefficient of the model with a value of 1. T and T, 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 @ and angular velocity  as well as
the outputs are linear acceleration @, angular velocity weg, gravity ges and attitude
angle Angle., 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 = @ — g. g(w) 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 x ®. H(S)oto and H(S)scc are the transfer functions of otolith
and semicircular canal, respectively. Furthermore, H(S)o est and H(S)gcc_est are the
transfer functions of their internal models, respectively. GIF_Err module is used to

a —»@—fy H(S) oo K, » Qost
A ———» Sew
H (S)um et > A "g':‘lz'.u
g(w) GIF_Err
A
w > H(S).\'u' > wt'.\.‘

H(S)scc e |4

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. K, K1, K\, K4, and K,y are the parameters of
feedback loops in the internal model.

3 Simulation Test Results

Based on the above principle of vestibular perception model, the MATLAB/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 70¢h 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.
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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 70¢4 second, the angular velocity around Z-axis @, e 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).
@y ¢t gradually decayed to O 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 a, 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 6.
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Fig. 4 Model predictions on inertial acceleration for Somatogravic illusion

6 = arctan (a_x> 3)
g

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

Q).

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
perception model for human space orientation based on the theory of observer model.
The results of simulation tests show that the model 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 )
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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 unmanned operation 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.

Itis the US military that earliest applied unmanned technology to military 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 and methods. The widespread 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 and more 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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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 judged was 5-9, it was of low difficulty; correspondingly, 10—14 was of medium
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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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 hearing was 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 subjects wore 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 High difficulty (15-19)
(10-14)
Mean SD Mean SD Mean SD
No SS 0.0597 0.1192 0.2083 0.8186 | —0.7000 2.0584
ASS 0.0931 0.1981 0.2333 1.0473 | —0.9972 2.7371
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
ASS 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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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,



168 J. Liu et al.

Estimated marginal means of response(difference)

5-9 10-14 15-19
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.

Compliance with Ethical Standards The study was approved by the Logistics Department for
Civilian Ethics Committee of Air Force Medical Canter 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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3D Head Anthropometry )
for Head-Related Transfer Function Qeckir
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 build China Air 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 and GJB 4856 and 3D descriptions of the head
with polar coordinate transformation in (7, ¢, ). 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

The head-related transfer function (HRTF) is the kernel of 3D audio 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

There were totally 93 anthropometric landmarks or mark points defined in accordance
with GIB 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 landmarks were coded as E1-E25 for right ear and E26—
ES50 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 Probein (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 (¢) and Azimuth angle (6) 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 4 932.29 h totally.
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E4
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E7

El3
El4
EI5

E20
E21

E22

(E1~E2S5 for right ear and E26~ES50 for left ear)

Fig. 1 a Ninety-three landmarks of 3D head anthropometry on human body—ears. b Ninety-three
landmarks of 3D head anthropometry on human body—head. ¢ 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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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, ¢, 0) Code | Position in (7, ¢, 6)
r 1) 0 r ¢ 0

Ears | Tragion El 80.18 |0.69 88.20 |E26 |80.18 |—0.69 |268.20
Otobasion E2 85.69 |12.79 |87.09 |E27 |87.41 |1322 |266.96
superius
Otobasion E3 78.11 | —21.21 |82.27 |E28 |78.92 |—19.77 |275.63
inferius
Helix anterior E4 92.34 |10.12 |91.62 |E29 |96.31 |9.17 264.04
Supra-auricular | E5 9945 1280 [97.69 |E30 [99.09 |11.70 |258.73
point
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 | E8 83.03 | —23.72 | 88.53 |E33 |86.21 |—23.49 |269.68
point
Lobule lateral E9 83.41 | —19.08 | 89.33 |E34 |86.62 |—16.12 |269.58
Scapha fossa E10 |92.30 |9.46 101.18 | E35 [92.71 |5.20 253.94
superius
Scapha fossa E1l [89.83 |—0.02 |103.86 |E36 |92.81 |—-3.90 |255.39
median
Scapha fossa E12 |90.25 |—-7.28 |101.63 |[E37 |91.72 |—10.43 |259.27
inferius
Crura of E13 [86.94 |9.20 9522 |E38 9235 |6.20 258.42
antihelix
superius
Triangular fossa | E14 |81.14 |7.98 9398 |E39 |86.02 |6.68 263.04
Crura of E15 [82.02 |4.23 9340 |E40 |83.65 |3.54 266.02
antihelix inferius
Crura of El6 |86.64 |3.43 97.39 |E41 |91.29 |2.18 261.78
antihelix apex
Crmba of E17 |7448 |—0.14 |98.47 |E42 |76.56 |0.88 261.22
auricular concha
Crus of helix E18 |75.07 |—4.07 |96.13 |E43 |78.47 |—4.23 |263.84
median
Cavity of E19 |69.86 |—8.81 |9632 |E44 |70.51 |-9.20 |266.40
auricular concha
Antihelix E20 |90.66 |—5.77 |99.48 |E45 |95.12 |—-6.15 |260.74
median
Antihelix E21 |86.94 |—8.67 |97.93 |E46 |88.35 |—10.87 |263.55
inferius
Antihelix E22 |79.86 |—8.75 |91.41 |E47 |84.88 |—-9.18 |267.52
superius

(continued)
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Table 1 (continued)

Name of landmark Code | Position in (r, ¢, 0) Code | Position in (7, ¢, 6)
r 1) 0 r ) 0
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 |ES0 |104.74 |6.90 259.10

Head | Vertex H51 |132.01 |85.24 |213.59
Trichion H52 |129.25 |47.45 |355.58
Glabella HS53 | 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 HS8 |116.54 | —11.44 | 347.79
Cheil-angle H59 |115.18 | —29.43 | 10.62 |H61 |114.09 | —28.81 |341.41
point
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 H64 | 11231 |18.32 |15.59 |H69 |110.81 |16.00 |339.19
point
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 |3346 |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 | B87 | 172.71 | —61.25 | 109.63 | B92 |172.59 | —55.22 |252.37
point
Acromial point | B88 |273.70 | —46.44 |90.64 |B93 |289.80 | —39.08 |265.13
Larynx dorsal B89 |129.98 | —61.60 | 191.90
point
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, O,
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, ¢, 6) 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, ¢, 6) which were the distance () in mm, the elevation angle (¢) and
azimuth angle (6) 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 L
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
method was used and 193 medical team members 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 (¢ = 3.20, P
< 0.01), anxiety (r = 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 team would 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 among medical team members 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 sampling methods were used. 193 medical team members 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 4442 £ 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 (¢ = 2.77, P < 0.01).

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

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

As shown in Table 3, compared with medical team members with low risk of infection,
medical team members with high risk of infection were more introversion (¢ = —
2.69, P < 0.01) and higher neuroticism (¢ = 2.93, P < 0.01).



182

Table 2 Comparison of
mental health between

Y. Liao et al.

participants with high and low ~SOM

level of personal protection

Low personal protection | High personal protection

1.18 £ 0.19 1.13 £ 0.30
OBS 1.51 +0.49 1.23 +0.37
INT 1.25+0.35 1.154+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

Table3 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 team members with high risk of infection had higher
score than medical team members with low risk of infection in somatizaiton (t = 2.96,
P <0.01) - obsessive-compulsive (f = 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 (¢ = 2.39, P < 0.05), paranoid ideation (+ = 2.61, P < 0.01), psychoticism (¢
=2.54, P <0.05), global severity index (+ = 3.18, P < 0.01), positive symptom total

(t=3.28, P<0.01).

Table 4 Comparison of High risk of infection Low risk of infection

mental health between

participants with high and SOM 1.16 £ 0.32 1.06 £ 0.12

low level of risk of infection OBS 1.31 + 045 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 £+ 18.08 536 +£7.79
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Table 5 Correlation with . . .. ..
. Introversion-extroversion | Psychoticism | Neuroticism

personality and mental health

level among medical team SOM | —0.24 0.30 0.56

members in an aerospace OBS | —0.38 0.32 0.69

medical unit INT | 034 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 of medical team members’ person-
ality 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 —0.24 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, we may 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 team members with higher introversion,
higher psychoticism and neuroticism characteristics were more likely to be low levels
of mental health. These results could help us to find out the target population of mental
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 oo

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 three main
feedbacks (state evaluation, response plan, response execution) in the cognitive model
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.

Knowledge type
.. Identify . .
> >
Recognition tasks Design routine
A
Rule t
ule type v
_ | State/task _ | Stored task
Know > >
to contact rules
A
Skill type
Characteristic .| Automatic sensory
composition - motor mode

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 tasks while executing the first kind of tasks (the main cognitive

Monitor/ o State .| Response .| Response
Operator . > . > > .
discover evaluation plan execution
A
Information
Human- y
machine Displayer Controller
interface i
Abnormal A/
condition Transducer
Instrument Abnormal *
nstrumen condition .| Control/protective
and control | Transducer >
system
system ?
Ship condition

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. Itis 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

Ship/environment A task
state | Monitor/disc | State _| Response .| Response _
A - over " evaluation - plan " | execution o
A A A
vy A 4 A
B task
. . Picture Enquiry/
fi 1] » N 18 > . > > hortcut
Configuration avigation adjustment query Shortcu

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

O] ]

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 accident manage-
ment and operator training, the operator’s cognitive behavior model 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 from a complex dynamic working environment.
Monitoring is to check the ship state data to determine whether the system is operating
normally. Monitoring takes an active way 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 indication mark, 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 state model will be updated frequently. The mental model 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 [-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 L

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 and minimize 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 analysis methods, such as THERP [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 IDAC method [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 the maintenance 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

Itis 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 can more widely monitor 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

Manipulator role and function

Manipulator task load

Manipulator cognitive factors and experience ability

Operation team structure and scale

The level of communication and cooperation of team

Computerized operating procedure

Information display and control based on VDU

[c-HEEN N e N R N S S

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.

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 the main 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 interface management work, 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 exchange mode 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 information may have different positions on different screens.
Therefore, a large amount of information is displayed in the same window, 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. Compared with 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 team communication
and cooperation, operating procedure, information display and control based on VDU
and alarm screen.
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Study on Fatigue Detection of Ship )
Operator Based on Eye Features e

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 is measured by the geometric method 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, ¢, with no remainder. If
the dimensions of the detection window are w x w, the minimum dimensions of the
rectangular feature of the feature template are s x ¢ and the maximum dimensions are
([w/s] x s, [w/t] x t) As it can be seen from the constraint (s, 7), 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, arectangle of certain dimensions passes through the detection window
in the form of a moving window, 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]

X+1 Y +1
featureNumber:X~Y~<m+l—s ;_ >~<m+l—t —; )

Where w x w is the dimensions of the detection window; s x ¢ 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 | Eye width | Eye height | Eye distance | Eye distance
spacing from chin 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 5.32 247 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 9.77 543 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 actual measurement of human faces, the results are shown in Table 1.
From the above table, the limited eye features are obtained:
Eye Width
I < Eye Height =45
2—10 Face Width < Eye Width < % Face Width
Eye Center Height <3

Face Height —
Area Difference between Two Eyes < Reduced Eye Area

Forehead Length = % Face Length

M

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:

7
|AB| = |CD| = — height
24

1 1
|AH =|ED| = ~width — - D
6 4

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.

P8O: 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:

£ = ”ﬁ x 100%

t

Where n, is the total number of eyelid-closure frames in a specific time and N, 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 x 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 and meets the actual requirements.
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3;'::;2 Fatigue state test Test serial number | f}, (threshold 0.3) Fatigue judging
1 0.3095 Fatigue
2 0.2715 Normal
3 0.1675 Normal
4 0.2250 Normal

The PERCLOS value 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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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 algorithm based 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;

Use the AdaBoost algorithm for training;

4. Establish a hierarchical classifier.

et

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):

N close
PERCLOS = (D

sum

Nelose 15 the total number of frames of closed eyes per unit time, and Ngyy 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:

0=— 2
W @)
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

Two kinds of information are fused to reduce the error, and wherein, the mouth 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 yawning when 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

State Test QTY Error QTY Accuracy (%)
results

Normal 600 589 98.2
Fatigue 600 579 96.5
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Table2 Mouth condition State Test QTY Error QTY Accuracy (%)
test results

Normal 600 592 98.7

Fatigue 600 583 97.2
Table 3 Combined eye and State Test QTY Error QTY Accuracy (%)
mouth features

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.

References

1. Study on human—machine interface design of nuclear power plant control room. In: 19th inter-
national conference on man-machine-environment system engineering, Shanghai, P.R. China
(2019)

2. LiR,CaiB,LiuL etc (2016) Driver’s eye state recognition based on model. J Instrum 37(1):184—
191

3. Zou X, Wang S, Zhao W etc (2017) Fatigue driving detection based on state recognition of eyes
and mouth. J Jilin Univ 35(2):204-211

4. Zhang C, Liu H, Lei B etc (2011) An image segmentation method based on rough set and FCM.
J Jiangxi Univ Sci Technol 32(1):60-65

5. LiM, Fu M, Cao D etc (2013) Improved Adaboost face detection algorithm based on skin color
detection. Comput Eng 38(19):147-150



Study on Fatigue Detection Method ... 217

6. Wang Junling, Peng Wen (2017) Face recognition algorithm based on Daubechies wavelet. J
Jiangxi Univ Sci Technol 38(3):81-85

7. Kanghua Wu (2018) Design of driving fatigue detection system based on PERCLOS. Zhejiang
Univ, Hangzhou



Hybrid Model of Eye Movement )
Behavior Recognition for Virtual L
Workshop

Mengyao Dong, Zenggui Gao, and Lilan Liu

Abstract Purpose This paper is oriented to the virtual workshop scenario, discusses
the creation of a feasible eye movement recognition model and provides new ideas
for eye movement recognition and eye movement 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 limited by shortcomings including their weak adaptability, lack
of nature and insufficient input bandwidth. In addition, the “user-centered” design
concept shows that man—machine interaction technology is moving 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, eye movement
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 for model 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 four APl interfaces: POST API, 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

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;

Eye movement data reception: After subscription is completed, the eye movement

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 of man—machine interaction for eye move-
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;

Eye tracker
captures user
behavior

Get eye tracking data with
Unity 3D
(Rely on Eye Tracker API)

—

Eve pupil
diameter data

Eye viewport
coordinate data

Blink behavior recognition
(Rely on blink behavior
recognition model}

Gaze [ Saccade
behavior recognition
(Rely on CNN+Bi-LSTM model)

Unity call recognition model

Unity 3D
(C# script)

Eve viewport
coordinate
(epX.gpY)

Recognition results:
Gaze (0) / Saccade(1)

_\_\_\_\_\_\_\_‘_‘—‘——_\_
ZeroMQ
+
Python.NET

[Python script)

CNN+Bi-LSTM model

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

A normal person blinks more than 10 times per minute, 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 ¢ 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 modelis N x T x 2, where N 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 followed by a linear rectification activation function layer (ReLU)
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Fig. 4 CNN and Bi-LSTM models

and a BatchNorm layer. It captures the features of context information with 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 eye movement sequential features learned by CNN 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 x 2 x 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; x; is the layer corresponding to class i. Therefore, when giving
the eye movement velocity x and weight w, the output ¥ 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]:

eri

Softmax(x;) = ——— (D
=1 eti

Yy = pk = 1]x, w) 2

k= argmax, 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 evaluate model
performance. The accuracy is based on the confusion matrix, 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.

TP + TN
Accuracy = x 100% 4)
TP + FP + TN + FN
K = Po — Pe (5)
1—-p,
TP

F,=2 (6)

X 2%TP+ FN 1 EP

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
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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 -HMM and EM models.

4 Discussion

According to the formulas related to blink recognition in Reference [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 eye movement 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 eye movement 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, CNN and Bi-LSTM models 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 eye movement 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 EM models to verify the feasibility of CNN
and Bi-LSTM models. Finally, it is concluded that the hybrid model of eye movement
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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Abstract Practical teaching is the main path to cultivate and improve combat capa-
bilities of growing cadre cadets Li (The new phase in new century research on military
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 up working 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



Research on Influence of Organizing and Training ... 231

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 and practicing are the demonstration of the teaching methods
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
training methods 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 their management 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 good mili-
tary tradition and guide their own words and deeds by morality, set a good example for
soldiers. Thirdly, they should intensify their responsibilities and awareness by law;
they should make 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
during work 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 understand whether there is interaction effect between workload 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 who worked 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 volunteers were required to fill out the questionnaire just before, in the middle,
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 (IIT) for 6 h, AR 4.6% per hour. These data indicated the workload level of
ATCO in the four periods.

[__]Arrival rate
Il Departure rate

X 100%
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Flight rate
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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.
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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
(IIT), and the second half of the night (IV) for the circadian rhythm study. The
person-times distribution in the four periods were 45 (1), 57 (I), 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 IT 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 IIT 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 of workload 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 seriously menaces 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. Methods A computer program was designed based on multitask convo-
Iutional 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 PERCLOS method 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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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 rhythm molecular 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 and melatonin, 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). The method was 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, NVIDIA GTX 1080Ti GPU and the operating system of Ubuntu 16.04.
The convolutional neural network (CNN) model was written in Python programming
language. The model consisted of three convolutional layers, three maximum pooling
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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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Volunteer video Trainning video
Face detection and 3
eye location CNN model
(MTCNN)
l Eye detection (CNN)
A
Image conversion One convolution layer
(Grayscale Processing) B and one maximum ¢ Training the model
pooling layer with 3
times
y
The fully connected
layer
Eye station recognition
(SIGMOID classifier)
Output PERCLOS

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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1574 eye close images applied to training, the other 410 to test. After the training, the
validation accuracy rate of the model reached about 99.96%, which was 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 that MTCNN algorithm
overcame the difficulty easily in accordance with other researchers [6].

The PERCLOS detection results for volunteers in 4 certain times (including I, 11,
I, 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 (1), 0.121 (III), 0.172 (IV) for 4 times, and
their standard deviations were 0.018 (1), 0.016 (II), 0.024 (II), 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 IIT (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 m
of Forklift Driver Driving i
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 company was 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. Objective monitoring
uses an EEG signal analysis method to monitor and record the EEG signals of the
forklift driver during each working period, and use EEGLAB to analyze the driver’s §
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
and objective. The results show that the driving fatigue of the forklift driveris obvious,
and itis 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 is mainly 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.

Athome 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 and others improved the fatigue of firefighters training by improving the athlete
training state monitoring scale [10]. Xu studied the muscle fatigue characteristics of
drilling workers in confined spaces during operation, measured the electromyography
of workers in confined spaces through simulation experiments and guided the median
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 rhythm wave 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 specific manifestations 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-  c.Production line distribu-

tion 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.



254

Table 1 Fatigue symptom checklist self-assessment project

Z. Du and X. Zhang

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.
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11:30
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w
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Unloading operation

Empty equipment operation
Production line distribution operations

Fig. 2 Fatigue scale total score map
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Table 2 Subjective Dri
river category Self-assessment results
self-assessment results of
three types of forklift drivers Unloading driver Obvious sleepiness and
soreness
Production line distribution Obvious sleepiness and
driver 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 Sleepiness
fatigue feeling map 25
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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 be mentally 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 8 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 § 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 the morning work, the high-frequency
part of the driver’s 6-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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has not continued to increase and always stays at the state of the morning work.
Figure 7 shows the comparison of the § 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 § 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, ¢ 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 m
of a Cable-Driven Bionic Muscle Gt
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 of muscle 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 human muscle. 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

anterior, middle, and posterior deltoids pectoralis major

triceps brachii

biceps brachii



Parameter Optimization Design of a Cable-Driven ... 265

Bionic posterior
deltoids

Bionic middle deltoids

Bionic anterior deltoids
Bionic triceps
Bionic clavicular part of

actuator control box pectoralis major muscle

elastic base clothing

anchor joint L
J Bionic biceps

cable-driven
bionic muscle

lithium battery

motor drive
controller

central controller

(®)

Fig. 2 Structure of flexible upper limb-assisted exoskeleton

Fig. 3 The cable-driven Guide rod component
bionic muscle Displacement sensor

Cable

End cover
Roller bracket

Cable rod
Motor with reduction gear box

Motor bracket

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

4
B
a_;%-_Wk
C <£—>|’ k
:C:: 5 >

(®)

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. o is the
angle between the line BC and the perpendicular line. § is the angle between the
line AB and the perpendicular line. £ is the vertical distance between AB after spring
compression. k is the elastic coefficient. F'y; is the output force. F'. is the cable tension.
F, is the spring force.

F, = F, - (cosa 4+ cosP) (2.1)

The cable tension F'. can be converted into the following formula:

_ k0 -9)V@+ )@’ + (E+ )]
e/t E T VAl Bt Jal 1 g

Setting the change in cable caused by spring deformation as /, then / conforms to
the following formula:

(2.2)

I =V + D+ + b+~ +E -2+ E+0? (23

As the cable moves, the end load of the force FM changes and then the corre-
sponding cable tension F. changes, thus making the spring compression. If the rela-
tionship between / and F. is consistent with the relationship between F, and [,
then the cable displacement of muscle contraction is equal to [. Setting the stiffness
of the bionic muscle be K,,, then

K, =8F/8l = (8F/8&)(81/88)" 2.4)

3 Musculoskeletal Dynamics Model

Taking elbow joint movement as an example, musculoskeletal model and Hill 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 Fp; is biceps
contraction force, F'7; is triceps contraction force, and the red center O 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 (xy,
Y1, Z1), the initial muscle ending point B (x3, y», z2) and the position of point B after
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Fig. 5 Musculoskeletal
model of the elbow joint

rotation point C (x3, ¥3, z3). The transformation formulas are:

cosf 0 —sinf
OC =ROB, R= 01 O (3.1
sinf 0 cosé@

OC is the directed vector from the origin O to the point C. O B is the directed
vector from O to B. R is the transformation matrix. Then, the muscle length after the
rotation of the biceps joint /,,p; is:

s = (53 — X2 3 — Y0P+ (22 — 212 (3.2)

For the contraction movement of triceps brachii, namely rotation of theta from
7/2 to 0, the calculation formula of the rotated muscle length [,z is:

lmTr = l() —0- larmTr (33)

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 ¢. /,, is the muscle
length, Icg is the muscle fiber length, and /;; and [/, 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 F'j, is as follows:

Fy = Fcg + Fpe + Fyg 34
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Fig. 6 Main contents of the
muscle model

The main muscle fiber power F g is:
Fece=a- fi- fv-Fo (3.5)
where a is the normalized muscle activation. f7 is the influence factor of muscle fiber

length [11]. f, is the influence factor of muscle fiber contraction rate [12, 13]. Fy is
the maximum isometric contractile muscle force.

fi=1=(Ln = 1D/0.5)? (3.6)
fo =0.1433/(0.1074 4 ¢! 4sinhG2V+1.0)) 3.7)
V=0/05-v-(@@+1) (3.8)

where L,, is the normalized muscle fiber length, v is muscle contraction velocity and
v is the maximum contraction velocity [14].
The calculation formula of muscle fiber dynamic Fpg is as follows [15]:
Fpg = 1.3 -arctan 0.1 - (L,, — 0.22)'%) . F, (3.9)
The calculation formula of viscous damping force Fyg is as follows [16]:

Fyvp=D V- -F (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 Value Unit
parameters
(X1, Y1, 21) (0.012, 0, 0.300) m
(x2,¥2,22) (0.012, 0, —0.050) m
Lopt 0.308 m
Fo 568 N
D 1 Ns/m
0.08 T T T T T T T T 50
0.07 + w0l
0.06
30t
0.0} 1
&
< 0.04 1= 20r
0.03
10}
0.02
0.01 or
0 T e o S ese e T T T T T T
0 0.1 02 03 04 05 06 07 08 09 1 .94 096 098 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14
t L
(a) muscle activation degree of biceps brachii (b) muscle force characteristic curve of biceps brachii

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 ¢ can be set to a fixed
value, which is set to 26 mm. L9 (3°4) 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. § 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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(a) Bionic muscle optimization program (b) Bionic muscle tuning program

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 m
on Ergonomics and Emotional Design i

Yi Chen, Canqun He, and Yugqi Lin

Abstract With the development of urbanization and information technology, the
efficiency and comfort of the office environment have become the two major 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 young women through
design methods 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. Prolonged work at desk has caused more and more
young people to suffer from low back muscle 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.

e Sit-down needs: The chair quality meets national standards.

e 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.

e 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

Inasitting position, the human body is mainly 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 as much 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 Normal Spine
view

thoracolumbar
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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 to meet 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)
d.

\

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 the minimum 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=po+x+Yy )]

h is the optimal functional size, p, 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.

e 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
pso = 383 mm, x ~ 10 mm, y ~ 4, finally determined 397 mm as the initial chair
height.

e Chair width: Select hip width psy = 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.

e Chair depth: To prevent the thigh from being stressed in a forward leaning posture,
this article selects a chair depth of psy =433 mm,x ~ — 50 mm,y &~ — 3~7 mm.
The chair depth dimension is about 380-390 mm.

e Chair inclination angle «: 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 the Coca-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 L
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 docking performance
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 system O-xyz, and the charging socket of electric vehicle is setted as
the coordinate origin to establish the socket coordinate system O;-x;y;z; (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

Table. 1 Design index of Number Parameters Design index
charging robot

1 X 0-600 mm

2 y 0-770 mm

3 z 0-400 mm

4 a +10°

5 B +2.3°

6 % 0-35°
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Linear driving

. Yaw joint
mechanism 3
Pitch joint
Linear driving Binocular
mechanism 2 camera

End compliant
mechanism

Linear driving
mechanism 1

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. 7 is the distance along the direction of the car head between the charging
socket and the origin of the charging robot coordinate system. a is the yaw angle of
the docking face of the charging socket. f is the roll angle of the docking face of
the charging socket. y 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 the moving 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 of moving platform and 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

Guide
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Compression

Plu :
s " spring
Spring guide

Moving Wie—  rod
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spring
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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, the maximum
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 URS 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

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.

25

5L R\I% i

10 - V i

151 J

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 3 mm),
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 L
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/m?.

Keywords Welding workshop - Ventilation system - Facilities design - Exhaust
hood

1 Background

Welding is the main process in the automotive manufacturing 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 in welding fumes (such as manganese
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 ventilation method which 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, itis necessary to design the fume protective ventilation system in the welding
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 x 24 m, the area is 2400 m?, 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 x 1 m, as shown in Fig. 1.

[efefo]els]e]r]

Welding area

Fig. 1 Layout of welding workshops
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Table 1 Dust concentration L . D L . D
h station (mg/m?) ocangn . ust . ocatlgn . ust .
ateac determination | concentration | determination |concentration
(mg/rn3) (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 ventilation mainly 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 x 0.5 m, the expansion angle « 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 added with flange edge, the ventilation efficiency will 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 the working
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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10x2 + F
Vo _ 0_75|:L:| 1)
Uy F

where V) 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, m?.

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 = KPHu, 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 quantity Q 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 angle with the horizontal plane shall be more than 45° when
it is arranged obliquely. The commonly used air duct materials of ventilation system
are divided into metal materials and non-metal materials. The metal materials 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

13 Hn_9 7 _5 3 1
4 Hydraulic Calculation of Air Duct

4.1 Length and Air Volume of Each Pipe Section

Pipe section 1 is: L} = 6 m, pipe sections 2,4, 6, 8, 10, 12is: Ly =Ly =L¢=Lg =
Lio = L = 2.5 m, pipe sections 3,5,7,9, 11is: Ly =Ls =L7; =Ly =L;; = 6m,
pipe section 13 is: Lj3 = 5 m, L14 = 6 m, and pipe section 15 is: L5 = 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]:

Q1415 = 3888 x 7 x 1.05 = 28576.8 m*/h

To pipe section 1, based on Q; = 3888 m3/h, v; = 15 m/s, find the corresponding
diameter D and the friction resistance Ry, per unit length: D; = 280 mm, Ry, =
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 | Air volume | Length (m) | Pipe Current Specific Friction
number (m3/h) diameter |speed (m/s) | frictional (Pa)
(mm) resistance
(Pa/m)
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 39 15.6
11 23,328 4 700 15 35 14
13 27,216 5 800 15 32 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
3888 3 280 15 12 36
6 3888 3 280 15 12 36
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 ¢ 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, ¢ =
0.18.

1. Pipe section 1. Exhaust hood, « = 60°, ¢ = 0.09; X¢ = 0.27.

Pipe section 2. Exhaust hood, & = 60°, ¢ = 0.09; DC tee 2-3, ¢ =-0.31; Xt =

—0.04.

Pipe section 3. DC tee 3-5,¢ = 0.11.

4. Pipe section 4. Exhaust hood, o = 60°, ¢ = 0.09; DC tee 4-5,¢ = 0.71; ¢ =

0.98.

Pipe section 5. DC tee 5-7, ¢ = —0.01.

6. Pipe section 6. Exhaust hood, a = 60°, ¢ = 0.09; DC tee 6-7, ¢ = 1.02, X¢ =
1.29.

7. Pipe section 7. DC tee 7-9, ¢ = —0.78.

8. Pipe section 8. Exhaust hood, o = 60°, ¢ = 0.09; DC tee 8-9, t = 2.84, Xt =
3.11.

9. Pipe section 9. DC tee pipe (Pipe Sections 9-11), ¢ = —0.82.

et

e
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10. Pipe section 10. Exhaust hood, a = 60°, ¢ = 0.09; DC tee 10-11, ¢ = 3.12, X¢
=3.39.

11. Pipe section 11. DC tee 11-13, ¢ = —0.95.

12. Pipe section 12. Exhaust hood, a = 60°, ¢ = 0.09; DC tee 12-13, ¢ = 12.4, Xt
=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 x 974 mm, and the length
of the variable diameter pipe is 200 mm,

_ 1(974 — 800)
2 200

14. tano =0.435

Diverging pipe’s angle o = 23.5°, check from the book, ¢ = 0.626, 90° elbow
(RID=1.5)1,t=0.18, ¥t = 0.806.

15. Pipe section 14. Dust collector outlet variable diameter pipe (Reductive pipe):
The size of bag filter’s outlet is 524 mm x 974 mm, the length of the variable
diameter pipe is 200 mm, tane = 0.31, reductive pipe’s angle o = 17.2° < 45°,
check from the book, ¢ = 0.1, 90° elbow (R/D = 1.5) 2, ¢ = 0.36.

Diverging pipe of fan inlet: First, a fan is approximately selected. The inlet diam-
eter of the fan Dy = 900 mm and the length of the variable diameter pipe are 100 mm,
tano = 0.25, diverging pipe’s angle o = 14°, check from the book, ¢ = 0.379, Xt =
0.839.

16. Pipe section 15. Reductive pipe of fan outlet: The size of fan outlet is 570 mm
x 810 mm, and the length of reducer is 100 mm, tanoe = 0.2, reductive pipe’s
angle o = 11.3°, check from the book, ¢ = 0.61. Calculating friction resistance
along pipe sections Pp,:

P = Ryl 3)

R, means specific frictional resistance, Pa/m. [ is the length of pipe, m.
And local resistance is Z:

7= ;T “4)

p is air density, which usually takes 1.29 kg/m?.
Calculation results are shown in Table 3.
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Table 3 Local resistance of

: . Pipe section | Local Local resistance | Total
each pipe section number resistance | (Pa) resistance of
factor ¢ 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 54 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:

Ly=K,-L

K isthe additional coefficient of air flow. The dust removal system K, = 1.1-1.15,
takes K;= 1.1. Reach that the air flow of fan L; = 31,434.5 m>/h.

2. Fan air pressure:

P;=Kp-AP

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 Py =
5498.1 Pa. Therefore, type 9-19-16D centrifugal fan is selected for the fan, with
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Table 4 D.USt concenStration Location Dust Location Dust
at each station (mg/m) determination | concentration |determination |concentration
(mg/m3) (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 14 14 1.44

air

flow Ly = 33,762 m>/h, air pressure Py = 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

ise
are

6

Thi

stimated to be 89.6%. The results of welding fume concentration at each station
shown in Table 4.

Conclusion

s 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.

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.

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/m?, 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 er

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 on man-machine-environment
system of armored vehicles. The working state of the driver is simulated by applying
the seat model and the human body model. 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.
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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
965 mm. 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
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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 L
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 protective measures
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
NATO STANG4569 “Ballistic Protection Standards for the Crew and Light Protective
Vehicles”, the American N1J, the German DIN 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” 35 mm 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 the mass, 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 and multiple
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 radome with UHMWPE as shell-proof material is able to defend
against fragmentation shock caused by the explosion of an anti-radiation missile 15 m
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 equipped with smoke bomb firing and hot
smoke screen releasing devices; however, smoke screen bomb has a single function,
with weak multi-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.
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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 setting module, CFF measurement module, test data
management module and system maintenance 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 and monitoring
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
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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

Digital spot scintillation detection system

Fig. 4 Login interface
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Digital spot scintillation detection system

= __:Q

setup, Logout

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 the measurement data were expressed
in (x & 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



Development of Principle Prototype ...

319

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 11 I

Red 25.624+£293 |2582+299 |26.26+3.22 1.465 0.250

Yellow 31.14 £340 [30.94+3.04 |31.47+298 1.678 0.225

Green 2820 £2.69 |28.61 £3.03 [28.83+3.26 |0.722 0.490

Blue 3136 £3.79 |32.54+348 |31.69+£2.69 |2.615 0.092

White 32.07 £3.03 [3234+296 3276 +£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 L
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 processing methods 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 center when 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, akind of 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

A kind of commercial UAV system is employed in this paper. This UAV has 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 design of 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 to watch the image with big view in many
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
. Item Parameter
parameters of a kind of
commercial UAV system Takeoff weight 4.7-8.2 kg
UAV weight 33kg
Hovering time 18 min (the takeoff weight is 6.8 kg)
Maximum power 3000 W
Working temperature | —10-40 °C

Information Processing System Function Design for the third
medical center of PLA general hospital

I
I I I ]

Outdoor o p
, Aerial image Imaging EDD Rescue plan
captured image
enhancement mosalckmg estimation rc:commcndmg

Fig. 2 Information processing system design of the third medical center of PLA general hospital
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Blind 1Q Image enhancement control MSR image
evaluation |,| parameters forecast using R enhancement using
of input BPNN and blind IQ forecasted control

image evaluation results parameters

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 1Q evaluation metrics; its outputs are the
control parameters of MSR.

3.2 The Image Mosaicing Method

The image mosaicing 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

Point feat.ure Matching Point qu::gruph_\.' Image pairs
computation | | feature | matrix estimation
of image computation using least Mosaicking
pairs using RANSAC square method

Fig. 4 Computational flowchart of the homography matrix-based image mosaicing
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the imaging

EDD cannot

be estimated

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 1Q 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): <50x 10%;
50x10*~100x 10*; 100x 10*~300x 10*; 300x 10*~1000 %
10*;31000x 10*

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):
31000/10°; 500/10°-1000/10°; 300/105-500/10;
150/10°-300/10%; 0-150/103

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, 501; (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
can be equivalent to a professional rescue plan. The training of BPNN is 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 is written by C and MATLAB in our PC (2.4 GHz CPU and
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Fig. 6 Preparation state and the searching plan of the proposed system

3 GB RAM). Itis 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 () 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 rescue mission. 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 Population density Vulnerable population Population quality

(person) (person/square ratio (crime rate)
kilometer)

~6500 12 27.6% 53/105

Reported casualty Temperature (°C) Relative humidity (%RH) | Wind speed (m/s)
(person)

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 Kkit, 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

A kind of ground information processing system is proposed for the multi-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 L

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
combat missile and the electromagnetic compaction missile. 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 equipped missiles can include the surface combat
missile and the electromagnetic compaction missile, 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 coloured Petri net model of the fleet maintenance
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 Egs. (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 compaction missile
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 compaction missile 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

[6pPp +8pPp + (1 —1 X y)(8rPr + S Py + Sw_wPw_w + dw_rPw_r)]

1
ey

K
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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
<0.3 1 >0.8
2 [0.3, 0.8] 2 [0.3, 0.8]
>0.8 3 <0.3
K
R=) [1-(0—-a)]xRkK) )
k=1
T = max(w; X R —wp x C) 3)

where K is the maximum amount of the battle target; §p, ép, Sg, Sp, Sw_w, and Sw g
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; Pp, Pp,
Pr, Py, Pw w, and Py g are the corresponding costs of the factors above; R(k) is
the revenue of the k-th battle target;  and r are the amount of the electromagnetic
compaction missile and the surface combat missile; y is the parameter which can
represent the threaten decreasing level of the whole combat system; « is the parameter
which can indicate the success rate of missile combat; w; and w, 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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0 dr > dr_max

P = 4

K é dr < dr_max @
0 dy > dy_max

Py =1 2- dy min < du = dy_max (5)
1 dy < dy min

where dp is the distance between missile and radar; dg_max is the maximum detection
distance; dyy is the distance between the missile and the anti-ballistic missile; dys min
and dj 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).

‘ CodeAl ‘ CodeA2 | CodeA3

CodeAd ‘ ‘ CodeB1 ‘ CodeB2 | CodeB3 ‘ CodeB4 | |

The amounts of the surface  Whether the group A will go  The amounts of the surface  Whether the group B will go

combat missile and the to the attack point 1, 2, ... combat missile and the to the attack point 1, 2, ...
electromagnetic compaction electromagnetic compaction
missile in group A missile in group B

Fig. 1 Sketch map of the chromosome coding method of GA

Integrated cost

1
[ 1 1

Flight factor Threaten factor Environment factor
Distance Propellant Radar Missile Wind Rain

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,
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Fig. 3 2D sketch map of multiple missiles launch assignment simulation
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Table 3 Definition of the weather threaten factor

F. Liu and J. Xiao

Group A Group B

The amount | The amount of | The attack | The amount | The amount of | The attack
of surface electromagnetic | point of surface electromagnetic | point
combat compaction combat compaction

missile missile missile missile

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,y=0.1, ¢ =05R(1)=1.0,R2) =13, w; = 1.0,w, =
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 setting method, 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 importance weights of AHP. The comparison of the importance between

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

The modern 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 the warship; thus, how to use them properly should be 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. The GA also 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, the Munkres 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 proposed method 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, are modelled. Second, the GA 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 i

Tianqi Yuan and Xiaohui Tao

Abstract This article studies the design of office chairs for professional sedentary
women. First, itinvestigated the hidden health hazards of women caused by 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 problems of women’s sedentary from the perspective of the
seat, to give women health care from both 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 2017 White Paper on the Health Status of Working Women in China,
which was conducted in major 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 and makes 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 have made
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
surface when 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 than men, so we will 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. 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 than men. 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 the middle of the seat on the basis of Face A. 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 as women’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 oo

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 consideredtobe 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 have mistaken navy
blue for black. Therefore, it is of great significance to explore a reasonable blackness
grading method. Polyester knitted fabrics are widely 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.

Chie Muraki Asano and others proposed an objective evaluation method 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 CIECAMO02 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.
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Table 1 Polyester low stretch knitted black cloth with special blackening printing process

353

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

J. Xuetal.

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 O 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
colorindex Labrangeisa < 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 * 20 4

a

L*

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 #O6 |#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 = ko + Y k, (x is a positive integer
less than 7), where k¢ represents the integral ratio of the reflectance curve of the test
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Fig. 3 Reflectivity curve of 9
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sample to the standard sample at the entire visible light wavelength of 400—700 nm,
ky = Sx/Smax, Sx represents the integration value of the sample in any of the 6 sections,
and Sy« 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 Sy« is 20.7. The k, ko, and &, values of samples #A- #H are shown
in Table 5.

First, use ko and k, values to create rating levels, and the representation method is
described as number of level. As shown in Table 6, using k 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 k, 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 4-1. It means that the number of level of #G is 4, and the
number of segment of #G is L.

Table 5 £, ko, and k, values of samples #A—#H

ko ki ko k3 ky ks ke 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 3.91 431 4.62 4.94 36.07
#F 10.53 3.9 3.9 3.82 3.99 441 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 ko

Level 6 ko <6

Level 5 6<ky=<8

Level 4 8<ko <10

Level 3 10<kg <12

Level 2 12<ky <14

Level 1 l4<kg <16
Table 7 Segmentation of chromatic blackness

Segment ky

I ke <5

1T S<ky<8

I 8<ky <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-I |3-I |3-1 |3-I |41 |1-1II

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

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 aircrew was evaluated by using military 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 B; and vitamin B, 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 133.2 240 555
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 15 523

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 B and vitamin
B, 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 (L g) 95.8 60 159.7
Iodine (jLg) 121.0 150 80.7
Vitamin A (JLgRE) 1155.3 1500 77.0
Vitamin E (mg) 112.4 30 374.6
Vitamin B (mg) 1.4 3 47.0
Vitamin B (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,
—35, 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 m)
on Design of Displacement Ventilation oo
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 uses ANSYS FLUENT numerical 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].

B. Yang - J. Chen (X)) - Y. Sun - S. Zhou - W. Liu
China Academy of Safety Science and Technology, Beijing 100029, China
e-mail: cjw3000@126.com

L. Liu
University of Science and Technology, No. 30 Xueyuan Road, Haidian District, Beijing 100083,
China

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer 369
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_44


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_44&domain=pdf
mailto:cjw3000@126.com
https://doi.org/10.1007/978-981-15-6978-4_44

370 B. Yang et al.

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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Air Supply " Air Exhaust

Fig. 1 Geometric model of painting shop

Painting workshop size is 25 m in length x 20 m in width x 12 m in height [10],
and the workshop volume is 6000 m>. The effective volume in the workshop is the
workshop volume minus the bracket and work piece occupation in the workshop
volume (about 500 m?), and the number of air changes in the workshop is 6 times/h,
the hourly air change in the workshop must reach 33,000 m>. If the air supply volume
of the painting workshop is not less than 33,000 m3/h, the air exhaust volume is
36,000 m*/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].

@ Length and width of air supply and exhaust: 15 m x 1 m; @ Length and width
of air supply and exhaust: 12 m x 2 m; ® Length and width of air supply and exhaust:
10m x 3 m.

The sides of the workpiece 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 x 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

B. Yang et al.

Boundary conditions Define
Solver Segregated
Viscous model k-epsilon

Species model

Species transport

Reactions volumetric

Off

mixture-template

C7Hg-Air mixture template

Inlet boundary type

Velocity inlet

Outlet boundary type

Velocity inlet

Inlet velocity magnitude (m/s)

@ Air supply: 0.6; air exhaust: 0.67
@ Air supply: 0.4; air exhaust: 0.45
® Air supply: 0.35; air exhaust: 0.4

Hydraulic diameter (m)

®2.18; @2.76; @ 3.09

Turbulence intensity (%)

® 3.85;@3.94; ®3.95

Species mass fractions

C7Hg 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.

Air Exhaust

@ Lower Air Supply, Upside Exhaust

Air Supply

@ Lower Air Supply, Lower Exhaust

Air Exhaust

Air Supply

Fig. 2 Layout of different air supply and exhaust vents in the painting workshop

Table 2 Parameter setting of boundary conditions

Air Exhaust

@ Upside Air Supply, Upside Exhaust

Boundary conditions

Define

Inlet boundary type

Velocity inlet

Inlet velocity magnitude (m/s)

® 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.
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4.20e01
3.90e-01
3.60e-01
3.30e-01
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2.40e-01

supply and exhaust: 15m < 1m

velocity (m/s)

©
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300602 |/ ' N .
0.00e+00 (@) Length and width of air supply and exhaust: 10m X 3m

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 C7Hg 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 x 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 form of 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 C7Hg when layout of different air supply and exhaust
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Application of Comprehensive )
Preference and Fuzzy Mathematics i
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
fuzzy mathematical 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, fuzzy mathematics was 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

R. Wang (<) - H. Mu - P. Du - X. Chen - P. Liu - S. Bai ()
Air Force Medical Center of FMMU, Beijing 100142, China
e-mail: wryafmcfmmu@ 163.com

S. Bai
e-mail: b17s@163.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer 379
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_45


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_45&domain=pdf
mailto:wryafmcfmmu@163.com
mailto:b17s@163.com
https://doi.org/10.1007/978-981-15-6978-4_45

380 R. Wang et al.

mathematical method can abstract scores and establish a more ideal evaluation mode
through membership degree and membership 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

90 male 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 evaluation method (JXUB 6-96) issued by the military supplies Depart-
ment of the General Logistics Department of the Chinese PLA. Divide the Color,
Shape, Smell, Texture, Taste, Convenience into 9 levels and write a questionnaire (1—
dislike extremely, 2—dislike very much, 3—dislike moderately, 4—dislike slightly,
S5—neither like nor dislike, 6—like slightly, 7—like moderately, 8—like very much,
9—1like 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—Ilike, 6—a little like, 5—general, 4—Iless 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, whichis 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, US to represent
the taste and U6 to represent convenience. An evaluation domain U = {U1, U2, U3,
U4, US, 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... Vn}, vrepresents 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, vl}.

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 datain Table 1 by the total number of reviewers and get six fuzzy evaluation

matrices (Table 2).

R. Wang et al.

Table 1 Sensory evaluation standard of ready-to-eat meatballs

Items Scoring criteria Preference Scores
Color Gray white, uniform and consistent | Like ~ like extremely 7~9
color
Gray white, uneven color Less like ~ a little like 4~6
Browning or yellowing, abnormal Dislike extremely ~ dislike |1 ~3
moderately
Shape Moderate size, even, smooth surface, | Like ~ like extremely 7~9
round
Slightly different size, smooth and Less like ~ a little like 4~6
round surface
Uneven size, potholes on the surface, | Dislike extremely ~ dislike 1~3
not round moderately
Smell With the flavor of meatballs Like ~ like extremely ~
It is light and fragrant Less like ~ a little like ~
Bad taste, even abnormal taste Dislike extremely ~ dislike ~
moderately
Texture The section is full of even and small | Like ~ like extremely 7~9
pores, with good chewing elasticity
There are some larger pores on the Less like ~ a little like 4~6
section, and the chewing elasticity is
general
There are large pores on the cutting | Dislike extremely ~ dislike | 1~3
surface, and the chewing is inelastic | moderately
Taste It has the fresh taste of pork Like ~ like extremely
The taste is normal. The taste is not | Less like ~ a little like ~
strong enough. It is average
The smell of meat is heavy Dislike extremely ~ dislike |1 ~3
moderately
Convenience | The package is easy to tear and easy | Like ~ like extremely 7~9
to eat with regular edges
The package is easy to tear, and the | Less like ~ a little like 4~6
edge is regular. It can only be eaten
with proper force
The package is difficult to tear, and | Dislike extremely ~ dislike 1~3

the edge is irregular. It needs to be
repeatedly squeezed to eat

moderately
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Table 2 Evaluators’ evaluation results of six different kinds of meatballs
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Products Items Scores
9 |8 |7 |6 |5 |4 |3 |2 |1
Scallion rice meatballs Color (Ul) 10 (26 |21 |12 8 |1 |1 |0 |0
n=79 Shape (U2) 16 (20 (19 (14 | 9 [0 |1 |0 |0
Smell (U3) 9 |16 (27 (16 | 9 |1 |1 |0 |O
Texture (U4) 12 (21 |19 |14 8 |4 |1 |0 |0
Taste (US5) 10 |24 |21 |12 | 8 |2 |2 |0 |O
Convenience (U6) |17 |25 |22 4 711 |1 |0 |0
Cumin rice meatballs Color (U1) 19 (20 |19 |12 9 ({2 |0 |0 |O
n=8l Shape (U2) 20 (19 (23 | 8 | 9 |2 o o |o
Smell (U3) 15 |21 |23 |13 | 8 |1 |O |0 |O
Texture (U4) 19 |21 |21 8 | 8 |4 |0 |0 |O
Taste (U5) 17 (20 |25 |10 | 5 |4 |0 |0 |O
Convenience (U6) |20 |25 |20 3 9 |1 (0 |0 |0
Beef meatballs Color (Ul) 14 |28 |13 |17 8§ |0 |0 (O |O
n =80 Shape (U2) 20 |21 [17 |11 |10 |1 o |o |o
Smell (U3) 12 (22 |27 | 8 | 8 |1 |2 |0 |O
Texture (U4) 15 |24 |20 |11 8 12 |0 |0 |0
Taste (U5) 15 |17 |26 |10 | 9 (2 |0 |0 |O
Convenience (U6) |21 |26 |19 6 6 [1 (0O |0 |O
Spicy rice meat meatballs | Color (U1) 10 |26 (22 |12 | 9 |1 |O |O |O
n =80 Shape (U2) 15 |23 |19 |11 |11 |1 |0 |O |O
Smell (U3) 9 |16 |28 [15 | 8 |4 |0 |0 |O
Texture (U4) 11 |17 |29 |11 8 |3 |1 |0 |0
Taste (U5) 9 |14 |27 (18 | 9 |2 |1 |0 |O
Convenience (U6) |18 |25 |19 6 9 |1 |0 |0 |O
Ry = (rij)sxo= [0.160 [0.369 |0.261 |0.128 |0.071 |0.007 |0.005 |0 |0
0253 |0.281 |0.234 |0.148 |0.079 |0 0005 |0 |O
0.148 |0.234 |0.346 |0.176 |0.082 |0.007 |0.005 |0 |O
0.196 |0.304 |0.241 |0.152 |0.072 |0.029 |0.005 |0 |O
0.162 |0.346 |0.265 |0.130 |0.072 |0.014 |0.011 |0 |O
0267 |0.349 |0.269 |0.042 |0.061 |0.007 |0.005 |0 |0
Ry = (rij)exo= [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
0230 |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
0260 |0.272 0297 |0.102 |0.042 |0.027 |0 0 |0
0.307 |0.341 |0.239 |0.031 |0.077 |0.007 |0 0 |0

Ry = (rij)exo= [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 |O
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 0222 |0.060 |0.050 |0.007 |0 0 |0

Ry = (rij)sxo= [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 0356 |0.163 [0.073 |0.029 |0 0 |0
0.177 ]0.243 0363 |0.118 [0.072 |0.021 |0.005 |0 |0
0.148 |0.205 0346 |0.198 [0.082 |0.015 |0.005 |0 |0
0.279 ]0.345 0229 |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 ¥ = 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 multiplicationis ¥ = X-R
= (bl, b2, b3... The result vector of comprehensive evaluation of sensory quality of
ready-to-eat meatballs is as follows: ¥ = 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, | 0.160 | 0.369 |0.261 | 0.128 |0.071 | 0.007 | 0.005
0.15,0.20) 0.253 |0.281 | 0.234 | 0.148 | 0.079 | 0 0.005
0.148 | 0.234 | 0.346 | 0.176 | 0.082 | 0.007 | 0.005
0.196 | 0.304 | 0.241 | 0.152 | 0.072 | 0.029 | 0.005

o|lo|o |
olo|lo o

where y11 = 0.10 x 0.160 + 0.15 x 0.253 + 0.20 x 0.148 4+ 0.20 x 196 +
0.15 x 0.162 + 0.20 x 0.267 = 0.279, y12 = 0.10 x 0.369 + 0.15 x 0.281 + 0.20
x 0.243 4 0.20 x 304 4 0.15 x 0.346 + 0.20 x 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:

{ 10279 10289 |0.260 |0.089 |0.068 |0.016 |0
Yo= |{ ]0251 0314 |0253 |0.102 |0.069 |0.009 |0.002

{

{

0.200 |0.309 |0.272 |0.128 |0.073 |0.012 |0.006
0.194 |0.279 0303 |0.128 |0.079 |0.015 |0.002

olo|jlo o

olo|jlo o
— | | =

3.4 The Comprehensive Score

According to the comprehensive scoring formula:
n
H= Z jb
j=1

The comprehensive score of each sample is calculated: H1 =9 x 0.279 4 8 x
0.289 +7 x 0.260 4+ 6 x 0.089 +5 x 0.0.068 +4 x 0.016 +3 x0+2 x 0+ 1
x 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 L

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 into MDL models and subsequently forms a model solution for STK
software to achieve high complexity, streamlined structure data, and vivid lighting
effects during mission simulation, including the model transformation process, 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-Environment System Engineering is a science that uses system science
theory and system engineering methods 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 the most important functional modules in STK, the visualization module
(STK/VO) enables users to accurately observe the whole process of mission 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 3D model 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 HCL.

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 3D model 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 3D models in MDL format on the Web 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 *]1wo 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 *.Iwo 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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Lightwave to AGI Model Converter A
LG About... | Hints... |

Input LWO fie:  Browse [
Output MDL file: Bm“

" Model Type (for axis rotation, if desired)

% Spacecralt, Aircraft [+Y to -Z, +Xto +Y) " Facility [+ to +2Z)
" Ground Vehicle (+Y to +2, +X to ) " None oK Apply Cancel

Fig. 1 Model transformation software LwConvert.exe

*.3ds. *.dae. Deep
*.0bj. *.dwg... Exploration

STK - * mdl -4——— 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 3DSMax may 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 the model is mainly used in combination with control of the number of model faces
and performance of texture details (Fig. 4).

3.3 Optimization Solutions in Model Transformation

e Necessity of model collapse

Many problems including disordered model data, UV mismatch, 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.

e 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.

e Component-level control relationship

The setting of multiple levels of link relationships in the *.mdl model 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.

e 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 the X-axis is Roll. The Y-axis is perpendicular to the X-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, and movement 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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e 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 MDL model 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 this method of model transformation and optimization is feasible,
and the HCI effects are improved significantly.

With the wide application of simulation technology, the demand for the production
of 3D models has also increased. A model in *.mdl format is more complicated than
3D models 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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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 (1, ¢, 8), keeping his posture to reduce the testee errors
during each block of the experiment. The test—retest checks were arranged at (¢, 0°),
(¢, 180°) and (¢, 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 the measuring
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 (6)
within same elevation (¢) manually during one turn of test and putting DPA 4060-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 4 /— 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, ¢, 6) [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 (¢, 0°), (¢, 180°) and (¢, 360°) to control the testee errors from head
moving, because the asymmetries between the ears should be minimal on midsagittal
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 (¢) (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
El 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 3D audio 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 (¢, 0°), (¢, 180°) or (¢, 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 Left ear Right ear

¢ (¢,0°) (¢,180°) | (4,360°) | (¢,0°) (¢,180°) | (9, 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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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 (¢, 0°), (¢, 180°) or (¢, 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 (¢, 0°), (¢, 180°) or (¢, 360°) toward the pilots.

The difference was not found between the means of the pilots and the dummy
head MK2B (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 (¢, 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.
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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

A specified method and procedure were proposed and conducted for HRTF measuring
experiment of China Air Force head-related transfer function (HRTF) database, i.e.,
CHNAF HRTF 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, ¢, 6), keeping his
posture to reduce the testee errors during each block in the experiment. The test—
retest checks were arranged at (¢, 0°), (¢, 180°) and (¢, 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 (¢, 0°), (¢, 180°) or (¢, 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 L

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 the meter will 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 target image background image
subtraction | |

l

image differencing

image binarizing

morphology image processing
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Let us suppose the target image sequences are fi, f>, ..., fu, the image is
fr(x,y), and its background image is f,,(x, y). Their subtraction image Dy (x, y) is
computed by Eq. 1.

Dk (xs)’)=|fk (xvy)_fm (x»)’)| (1)

In Eq. 1, (x, y) represents the spatial coordinates of the pixels in the image. The
subtraction image Dy (x, y) is compared with a threshold T to determine whether
each pixel in the image is a target pixel or a background pixel. And then, we can extract
the target Ry (x,y). The threshold T can be given or determined by an adaptive method
shown in Eq. 2. Figure 2 shows the corresponding result of background subtraction.

1 target Dy (x,y) > T

R 9 = 2
k(. y) {O background Dy (x,y) < T "

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, ¥), 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 the maximum 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

(a) (b)

()

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



406 W. Wu et al.

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.

255 m _ m 2
R D S R Y N
" Y7o p(0) x (1= X7 pv))

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.

e The corrosion computation

When the structural element § 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] € X€, S[x] is not related to X.
3. Neither S[x] N X nor S[x] N X€ 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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[8asg

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.

XOS = {x[S[x] € X} 4)
e 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] # P} o)

2.3 Digit Segmentation Method

The digit segmentation generally includes the connected domain-based numeric char-
acter segmentation and the projection methods. 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 x 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.

m—1n—1

A=) Y f@y) (©)

x=0 y=0

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(Ty, Wy, T, W,, ..., T,, W,). 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 the K 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 setis 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 d; is the
feature vector of the images to be detected, d; is the center vector of the j class,
M is the dimension of the feature vector, and W; is the k dimension of the vector.

it Wik x Wi

Sim(d,‘, d]) =
M M
I Wi W

)

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, d;) is the similarity calculation
equation, and b is a threshold.

1) jexnn Sim(x, di)y(d;, C;) —b >0
0 else

P(X,Cj)={ ®)

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, 1 on VS 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 O 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
number
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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 m
Using HOG, GLCM Features, and SVM Gzt
Classifier

Jianyue Ge and Haoting Liu

Abstract Recently, in order to solve the problem of image classification, some image
features and classifiers play more and more importantrole in the related research field.
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 have manifested 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 and more 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, the machine learning quality evaluation of the SVM 4+ SVR
system formed by the BRISQUE [1] algorithm, and the deep learning quality evalua-
tion model 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 classification method 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

J. Ge and H. Liu

the GLCM features of the picture, and then merges the two features above.

Fig. 1 Samples of test set
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SVM
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Fig. 2 Algorithm computation flowchart
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Step 3: The system inputs the feature vectors into the SVM and 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

The HOG feature is akind of 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 =03%R+0.59%«G +0.11 % B €9)

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) =1I(x,y"? 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 algorithm combines 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 GLCM at 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.

PdG,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

L1
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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 the HOG features and the GLCM features. We also use the SVM algorithm to
classify and obtain the classification results. And then, we calculate them in the form
of a confusion matrix [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 the HOG feature is about 88.61%, and
the average correct rate of the classification result of the test set only using the GLCM
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 3 29 3
Fish 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 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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Perceptual Feature Demand e
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 product modeling 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 are many varieties of small assistant robots, ranging from personal 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-driven modeling
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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Research Sample
Selection

Perceptual Image Vocabulary }»

){ Image Mood Board Eye Movement Experimentt }—

Selection

scoring the conformity of modeling samples |  Perceptual Imagery Satisfaction I
on different perceptual imagery vocabularies | Feature Demand Survey Survey

Data processing and L Research on the relationship between
analysis perceptual feature demand and satisfaction

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 x 12 cm x 30 cm, and it is used in private life

or workplace. Twelve small assistant robots were selected as the research samples
(Fig. 2).

.- a
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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 the meaning 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).

Example1 For the perceptual imagery vocabulary “smart,”, the subject 33 subjective
feedback matching modeling and eye-tracking results were both “al” (al is the
modeling code).

0

4l
-
-

N e -, -
“?-‘ = 3 A3 —‘ Smart 7 g’; .'rl‘ ® ._ Smart
LA " : L) ¢ e
o = 5 4 ® e &

&« 28 (Y &

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 If the product does not have feature
perceptual features Like It should be | Indifferent | Accept Dislike
SO reluctantly
If the Like Q A A A (¢}
product 1 should be | R I I I M
have 0
feature -
Indifferent |R I 1 I M
Accept R I I I M
reluctantly
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(x,, X, Xm), ¥ is the calculated degree of satisfaction, x, is the
degree of conformity with the charm attribute, x, is the degree of conformity with
the expected attribute, and x,, 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 = 0.6869x, + 0.1731x, — 0.216x,, + 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 7778
Interest I 7 6/78
Trustworthy I 12 1/78
High end (0] 1 12/78
Affinity I 10 3/78
Avant-garde M 11/78
Cute A 8/78
Concise (0] 10/78
Wise I 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 Conformity of | Conformity of Satisfaction (Y)

charm attributes | conformity required attributes

(xq) attributes (x,) | (X))
al 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
ad 7/78 4/78 31/78 11/21
bl —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
cl 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 Kano model, 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 L
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 function model 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
evaluation + South official hat chairs
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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].

N
1
H=—=Y"H, 1
N L (1)

In formula (1): N is the total number of pixels in the hot spot image, and Hy, 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 | = Z,‘L;ol iPg;)
image

Gray variance Reflect the discrete distribution of ol = Z{“;OI (i— /,L)2 Py
image gray value

Skewness Reflect the asymmetry degree of gray | us = % Z[L;OI (i —u)3PG)
histogram distribution of image

Kurtosis It reflects the gray distribution of the | ux = 0—14 Z,‘L;o] (i— [l,)4 Piy—3
image when it is close to the mean
value

Energy Reflect the uniformity of histogram UN = ZiL:_Ol P(%)

gray distribution

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 of multi-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 = {Xi, X»,..., X,}; each sample
is d-dimensional, set one group of samples (category wl) from the whole as
X1 = {x],x},....x) }, set the second group of samples (category w2) as X, =
{x.x3.....x2 }, and set the samples after projectionas y; = w’x;,i = 1,2,...,n.

At first, the mean vector of each sample of the original multi-dimensional sample
space is calculated as:

1i=l,2
i =— j 2
mi=— 3% @

1
x;€X;

In formula (3), n; is the number of samples.
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The dispersion matrix among samples in each group can be defined as:

i=1,2

Si= Y (j—m)(x; —m) 3)

Xj EX,‘
The overall dispersion matrix in the group is

So =81+ 95 4)

the values of (3) and (4) shall be as small as possible during discriminance:

The inter-group dispersion matrix is:

Sp = (my — ma)(my —ma)" 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:

i=1,2 i=1,2

W = nl, Z yj = nl, Z wix; = wm; (6)

Yi€Yi XjEX;
While the intra-group dispersion matrix is transformed to be one value:

i=1,2
Si=Y (yj—m) (7)

Yj€Yi

The overall intra-group dispersion matrix is:

Sw = Sl + 52 (8)

The inter-group dispersion matrix is:

Sp = (g — 1in)? 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:

S Imy — my|?
max Jp(®) = — Jp(w) = —————— = max. 10
r(w) F(w) STE S (10

i

w
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The biggest solution of Jr(w) 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., Gy very like, and G, 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 = {A|, Az, A3... A,},
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, X»,..., X¢} wherein: X, is gray mean (u); X» is gray variance (o2); X3
is skewness (1ts); X4 is kurtosis (i g); Xs is energy (uy); Xg is hue mean (H). The
values above constitute a feature matrix of 6 rows and n columns.

X1 Xo1 X310+ X
X1 X0 X32 - X2
X3 Xo3 X33 -+ X3
X4 Xo4 X34 -+ Xpa

For the furniture j with the modeling A; € A in a category, its feature value is
(X1, X2, X3, X4, X5, Xje}
It can constitute a 6D feature vector,

X; = (x1, X2, X3, X4, X5, X6) " (11)

According to the 6 feature values, for the evaluation of the furniture model A}, it
can be judged to belong to category G or category G».

Definition 2 construct the linear discriminant function facing furniture model, its
form is

u(x) = a’

X =a1x; +axxy +aszxz+ -+ agxe (12)

In formula (12): u(x) is the discriminant value, x;,x¢ x, are the 6 feature values
based on the hot spot image of the furniture models of a category, a,, a,, ...ag 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:

< 0 Sbelongsto G,
u(x) = { > 0 Sbelongsto G, (13)
= 0 belongs to any category above or rejects classification

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 (G ) and dislike (G»).

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) =0.6188x; — 0.0037x, 4+ 0.3895x3 — 0.0118x4 — 12.6449x5 — 0.2055x¢
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Table 2 Analysis results of training sample No. 1

Subjects X1=p X2=O'2 X3 = us X4 = g X5 = un Xe=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 2459518 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 | M)
on User Experience i

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.

X. Han () - T. Dong - D. Wang - X. Chen
Jiangsu University, Zhenjiang 212000, China
e-mail: 501386528 @qq.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer 439
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_52


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6978-4_52&domain=pdf
mailto:501386528@qq.com
https://doi.org/10.1007/978-981-15-6978-4_52

440 X. Han et al.

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 arole, 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 journey method [9]. The user journey map used in this way is a form of 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.

e 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.

e 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 abou