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Preface

We are delighted to introduce the proceedings of the Third European Alliance for
Innovation (EAI) International Conference on e-Learning, e-Education, and Online
Training (eLEOT 2021). This conference brought together researchers, developers, and
practitioners from around the world who are leveraging and developing e-educational
technologies as well as related learning, training, and practice methods. The theme of
eLEOT 2021 was “The Educational Revolution: Opportunities and Challenges Brought
by COVID-19”.

The technical program of eLEOT 2021 consisted of 104 full papers, including 2
invited papers, in oral presentation sessions at the main conference tracks: Track 1 –

New Trends of Teaching: Evaluation, Reform, and Practice and Track 2 – Intelligent
Learning and Education. The technical program also featured two keynote speeches.
“Artificial Intelligence Computing Solutions and Applications”, given by Xiaochun
Cheng from Middlesex University, UK, reviewed the rational, the potential, and the
limitations of relevant AI computing solutions and AI applications, and discussed how
new and better AI applications could be developed in the future by integrating diverse
AI computing solutions.

“Blockchain-based Secure Data Sharing Platform in IoT”, given by Jin Li from
Guangzhou University, China, looked at a data incentive mechanism to provide data
privacy and fairness measures for users in IoT, providing two different constructions
of the proposed mechanism, and analyzing their performances on privacy protection
and transaction efficiency.

Coordination with the steering chairs, Imrich Chlamtac, Bruno Kesler, and Giovanni
Vincenti, was essential for the success of the conference. We sincerely appreciate their
constant support and guidance. It was also a great pleasure to work with such an
excellent organizing committee team for their hard work in organizing and supporting
the conference. In particular, we are grateful to the Technical Program Committee
(TPC), led by our TPC chair, Guanglu Sun, who completed the peer-review process for
the technical papers and put together a high-quality technical program. We are also
grateful to the conference manager, Elena Davydova, for her support and to all the
authors who submitted their papers to the eLEOT 2021 conference.

We strongly believe that the eLEOT conference provides a good forum for all
researchers, developers, and practitioners to discuss all science and technology aspects
that are relevant to e-learning and e-education. We also expect that the future editions
of the conference will be as successful and stimulating as eLEOT 2021, as indicated by
the contributions presented in this volume.

July 2021 Weina Fu
Shuai Liu

Jianhua Dai
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Design of Online Multimodule Educational
Administration System Based on Time

Difference Database Technology

Jun-mei Li1(B) and Yong-lan Yan2
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Abstract. At present, the online multi-module educational administration sys-
tem is poorly targeted, resulting in low retrieval accuracy. In order to solve the
above problems, a new online multi-module educational administration system is
designed, and the hardware and software of the system are designed. The hard-
ware of the system consists of a computer carrier and its supporting peripherals,
an information collector, a central data processor and communication equipment.
The internal storage recording instrument of the hardware is equipped with an
FTP server, and the network can view, download and delete data at any time. The
remote control can also control the operation status of the collection and stor-
age tasks. Mainly through Tomcat 7.0 server, using the Java language to compile
software program code, build a hierarchical framework system to achieve soft-
ware work. The experimental results show that the designed online multi-module
educational administration system has stronger information retrieval ability and
higher retrieval precision.

Keywords: Time difference database · Online educational administration ·
Multi-module educational administration · Educational administration system

1 Introduction

The rapid development of computer and network technology has triggered the global
digital frenzy, which has played a huge role in promoting the development of social econ-
omy. What followed was a fundamental change in the way people access, communicate,
and process information. While the society changes at full speed, it also brings new
opportunities and challenges to the educational administration management in colleges
and universities. To realize the networking of university campus, network construction
is the basic and various management information system construction is the core. How
to make use of the existing educational resources to quicken the pace of networked uni-
versity construction, make the campus network keep up with the pace of school reform,
and do a better job in basic services for students and teachers is the core task of digital
campus construction [1, 2].
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The object of educational administration management is the basic information of
every student and teacher and the related information of daily educational administra-
tion. These messages are in constant flux. Therefore, the educational administration
management information system should be able to provide the sufficient information,
the quick inquiry method and the on-line processing educational administration function
for the user. At the same time, the Academic Affairs Office should provide accurate sta-
tistical data for the superior departments. Due to the large number of staff, complex data
sources and difficult statistical management work, in the past, each work needs to spend
a lot of energy and time, the statistical data is often not accurate [3, 4]. Therefore, the
informationization of educational administration is to focus on solving these problems.

To sum up, this paper introduces TDOA database technology to design a new online
multi-module educational system, and designs the hardware and software of the system,
andvalidates the effectiveness of the system.Bybuilding collectors, the storagehas strong
compatibility and storage space; Through the hierarchical design of the retrieval process,
the retrieval accuracy is higher; Xgboost algorithm is introduced, and the second-order
Taylor function is added to the gradient lifting iterative decision tree algorithm to improve
the speed and accuracy of xgbost algorithm for data file classification.Comparedwith the
traditional method, it has faster information retrieval speed and higher retrieval accuracy,
saving a lot of manpower and material resources.

2 Hardware Design of Online Multimodule Educational
Administration System Based on Time Difference Database
Technology

The design of online multi-module educational administration system based on TDOA
database technologymainly usesTomcat 7.0 server to compile the software code by using
Java language, and constructs the hierarchical framework of the system. The hierarchy
structure is shown in Fig. 1:

According to Fig. 1, the design of online multi-module educational administration
system based on TDBMS is mainly divided into three layers: the first layer is the infor-
mation display layer. Mainly responsible for the customer and the operator to the art
course assistant system access, as well as page information browsing and related task
operation, is the client main contact application system level, the second layer is the net-
work processing layer. Through the use of the server network supported by the principal
computer to analyze the information needs of customers and operators, and transmit
the analysis results to the third layer for logical examination and correlation analysis,
the requirements that meet the requirements of network rules can be obtained through
examination and retrieval of the relevant data to meet the customer needs; the third layer
is the data application layer, which is the highest and most core level of the whole sys-
tem structure. Mainly responsible for receiving the relevant requirements information
transmitted to the second layer, carrying out logical operation and relevant content anal-
ysis, and managing the data of the whole system, including data analysis, classification,
inspection, storage and other tasks, and also responsible for the detection of system
problems, maintenance and system update [5].
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Information display layer
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Fig. 1. Hierarchical framework of online multimodule educational administration system based
on TDBMS

The hardware part of online multi-module educational administration system based
on TDOA database technology is mainly computer carrier and its peripherals, infor-
mation collector, central data processor and communication equipment. The hardware
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integration

Fig. 2. Hardware structure of online multimodule educational administration system based on
time difference database
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structure of online multi-module educational administration system based on TDOA
database technology is shown in Fig. 2:

According to Fig. 2, the basic computer equipment isWindows 10 processing system,
Tomcat 7.0 server, Oracle 10 database, 360 GB disk memory, 4 GB running memory,
supporting mobile network, wireless network and broadband, supporting TCP/IP net-
work communication protocol computer server. Infrastructure based on this computer
configuration and designed for the system, communication links with external informa-
tion collectors and communication devices through LAN or mobile networks, supported
by network protocol rules [6, 7].

Hardware peripherals are mainly composed of information collector and communi-
cation devices. Because of the complexity, large scale and various sources of the infor-
mation database of fine arts courses, it is necessary to enrich and arrange the database of
fine arts courses information retrieval system by information collector, which is mainly
responsible for extracting and saving the information related to fine arts from a large
number of web sites or related platforms to the structured information database. There-
fore, the collector needs to be strong enough in compatibility and adaptability, as well
as large enough information storage space. The collector structure is shown in Fig. 3:

Signal 
receiving 
module

Data 
processing 

module

Decoding 
control

Intelligent
data

ArrayVideo 
database

Display 
module

Storage

Parameter handling

Data Research

Fig. 3. Collector structure

This article selects the multifunctional data acquisition instrument, each way of
independent amplification 1–1000 times; can choose the corresponding operation mode
according to the software characteristic (DC/AC voltage/ICP adaptable with constant
current source), strong adaptability; can support GPS synchronization, support mobile
network and wireless network communication, can access all the website information
allowed by the Internet under the communication protocol support; 12/16/24 bit models
are complete, can measure UV signal; each way can set gain, can measure IEPE input,
can measure rotate speed, can increase D/A, arbitrary signal generator, DDS frequency
synthesizer [8]. The multifunctional harvester is shown in Fig. 4 below:
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input signal

IEPE input

processor

Noise 
reducer

Time 
difference 
database

Collector

Fig. 4. Structure of multifunctional acquisition instrument

In addition, in order to ensure the normal operation of data acquisition and storage,
a large capacity data acquisition recorder is configured, which can be used for offline
independent acquisition and storage, as well as real-time acquisition and transmission.
The internal storage capacity is up to 512gb.Thememory chip adopts the storagemedium
with small volume and large space (which can be expanded to 1 TB) and occupies almost
no space, reducing the waste of space volume [9]. The circuit diagram of the acquisition
instrument is shown in Fig. 5.
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D(14)
31.00
D(14)
31.01
D(14)
31.02

12.02 3.00

4.01

5.04

Fig. 5. Circuit diagram of acquisition instrument

The three core components of a computer server are the CPU central data processor,
internal memory, and input/output devices. The main function of the central processing
unit is to interpret the computer instructions and process the data in the computer soft-
ware, read the instructions, decode and execute the instructions, control and allocate all
the hardware resources of the computer (such as memory, input and output units), and
perform general operations. The computer server circuit diagram is shown in Fig. 6:
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Fig. 6. Computer server circuit diagram

The central processing unit consists of two main parts: the controller and the arith-
metic unit. It also includes the cache memory and the data and bus to realize the con-
nection between them. In general, the central data processor is primarily responsible for
processing instructions, executing operations, controlling time, and processing data for
the information retrieval system [10]. The central processing unit controls other parts of
the computer through the control circuit. The data information collected by the informa-
tion collector is transmitted to the central processing unit of the computer server through
the communication device for data processing. The data is transmitted orderly through
the input unit, and the analyzed and processed data is transmitted outwards through the
output unit or is transmitted to the memory for data backup and storage. The output
information or instruction is then transmitted to the corresponding peripheral terminal
through the communication device to execute the instruction task.

3 Software Design of Online Multimodule Educational
Administration System Based on Time Difference Database
Technology

After completing the hardware design of the system, the work flow of the online multi-
module educational administration system is shown in Fig. 7 according to the system
hardware and software flow.

According to the above data retrieval flow, the software retrieval is completed by
information analysis, keyword data analysis, data retrieval, judging whether the retrieval
results are appropriate and data input. Specific retrieval steps as follows.

Step 1: Course Management. Curriculum management is mainly responsible for
the management of online art courses, and arranging the time of online courses by
integrating the relevant information of teachers and students [11]. Because the system
curriculum content is rich and diverse, the curriculum change will cause the bigger
influence, therefore, the curriculum content and the time arrangement must be rigorous
and reasonable, avoids many time changes. Confirm the course information input system
course management interface, facilitate the relevant personnel inquiry understanding. At
the same time, the corresponding course editing function should be designed so that the
staff or clients can customize some information of the course, which is conducive to the
development of the system. Also equipped with the corresponding notification function,
users can get timely information on the course to inform, so that users can better respond
to course adjustments, updates and so on.
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Fig. 7. Workflow of multimodule educational administration system

Step 2: Information Retrieval. Information retrieval is the most important function
of the online art course assistant system [12], which is mainly responsible for analyzing
the information needs of users, and then retrieving the related contents according to the
analysis results. Firstly, the system searches the information in its own database. The
information that can not be found is searched through the network communication to the
Internet website and platform, and the information is obtained if the access authority per-
mits, and saved in its own database to improve the system’s data information resources.
The acquired information resource is transmitted to the user’s terminal interface through
the information transmission line, and then the user can operate the information resource
within the scope of authority. The information retrieval operation is shown in Fig. 8:
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User access 
system

Edit, add, delete

Page display 
data

Database

Fig. 8. Information retrieval operation process diagram
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Part III: User information analysis. User information analysis is mainly responsible
for system user login and information management. Users use the system, first of all to
register the login account applied to the system, and set the password and related security
issues, to strengthen the confidentiality of the account [13]. Then need to carry on the
real name authentication, facilitates the curriculum study and the user management,
prevents the appearance to defraud the account to cause the threat to other users. After
registration, users have their own user center to edit and manage the information, which
can record the user’s learning, interest, style and other related information, enhance the
system’s personalized characteristics, and facilitate the system to supervise and manage
the user’s operation to some extent, and standardize the system’s application order. At the
same time, according to the user’s identity there are different permissions, administrators
than ordinary users for more administrative permissions, such as part of the information
management, local interface access and curriculum information modification.

Step 4: System management. System management module is responsible for the
informationmanagement of thewhole system, including user operation, data processing,
access to other platforms and so on [14]. Its core is the computer central processing
procedure, carries on the total control to system each aspect content. Its control operation
part mainly compiles through the Java code.

Step 5: Data storage. The data storage takes the computer disk as the main carrier
and is connected with the information retrieval function module. Users through the login
account, to access the database, according to the user’s corresponding authority to find
or edit data resources and other operations.

Web browsers in the software area are encrypted by special codes to ensure the
security of the data stored in the management and control system. The login page of the
system software part is registered by the user’s registered mobile phone number, and
the student enters the system browser visible to the student, and the student enters the
teacher’s login browser through the same login page. Through the mutual adjustment
between the database of software systemand eachmodule of hardware area, the operation
of browsers is maintained, and the stable operation of system and the safety of file data
are guaranteed.

The ultimate goal of designing the hardware area of educational administration sys-
tem is to ensure the system security and improve the system efficiency. Therefore, in
order to achieve the design goal [15], this paper presents the XGBoost algorithm to
assist the system management and control function. The XGBoost algorithm is an opti-
mized distributed gradient computation integration algorithm. The idea of the algorithm
is derived from the gradient lift iterative decision tree. The second order Taylor function
is added to the gradient lift iterative decision tree algorithm to improve the speed and
accuracy of XGBoost algorithm in classifying data files. The algorithm is specifically
completed by using the following formula:

yi = θ(xi) =
k∑

k=1

fk(xi) (1)

Among them, k is the total number of data in XGBoost submodel, yi is the predictive
value of uankong data sample, xi is the characteristic value of input file data, fk is the
controlled regression value of the algorithm’s kth period.



Design of Online Multimodule Educational Administration System 11

In order to calculate the weights of each file data, [16] we use the Taylor function to
normalize the initial input data and avoid the confusion of the data.

0 = 1(y, yi) +
k∑

k=1

β(fk) (2)

In the standardmodel, 1(y, yi), 0 represents the difference between the predicted value of
the previous formula and the recorded value of the actual data, the normalized processing
coefficient and the positive value after calculating theweights of the data, so as to prevent
confusion among the data [17]. The final simplified formula of the XGBoost algorithm
is shown as follows: through the superposition calculation of multiple data, the formula
1 and formula 2 are fused, the predicted values of the iterative samples of the data are
brought into the loss function [18–20], and the results aremultiplied by the normalization
coefficient:

ot =
N∑

i=1

1

(
yi, y

t−1 + gifi(xi) + 1

2
hiyi(xi)

)
+ β(fi) (3)

Based on Formula 1, the input data is compared with the data in the system database, and
if the same type ofmedical record information is retrieved, it is stored in the same storage
space to facilitate the operation of information call. According to Formula 2, the redun-
dant data of decision tree are integrated and classified. Finally, the final management
classification of data is accomplished by Formula 3.

4 Experimental Research

In order to verify the effectiveness of the onlinemulti-module educational administration
system based on TDOA database proposed in this paper, experimental comparison is
made with the traditional system.

The experimental parameters are set as Table 1:

Table 1. Experimental parameters

Project Parameter

The server Nginx1.0.15 server

data type Static data/dynamic data

Operating system Lniux operating system

Interaction mode Web database interaction

Response mechanism Pageinit response mechanism

According to the above experimental parameters, the system in this paper is compared
with the traditional system. The experimental results are shown in Fig. 9.
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Fig. 9. Experimental results of retrieval capability

According to Fig. 9, the retrieval ability of online multi-module educational admin-
istration system based on TDBMS is better than that of traditional system, and the ability
of grasping keywords is better. The retrieval system in this paper introduces Oracle 10
database and expands the scope of the database. Oracle 10 database has the ability of
data analysis, can record the data and integrate all the data words into the database for
the convenience of the users. In the process of retrieval, the system can quickly analyze
the keywords, and search in the database, through the search of data information and
feedback information, generate effective independent data, all independent data at the
same time in the same time, in a way of feedback to a number of principles, according
to their own specific content to choose each other, so as to achieve a diversified infor-
mation retrieval. The server document designed in this paper also has the function of
data extraction. XML documents inside the system can feed back information to users
in real time to help users better analyze data.

The results of the precision experiments are shown in Table 2:

Table 2. Accuracy test results

System Number of search terms Number of related entries

The paper system 1589 1572

Based on data mining system 1241 1109

Based on data analysis system 1025 822

Compared with the experimental results in Table 2, the data retrieval ability of the
system proposed in this paper is stronger, and the system proposed in this paper is better
than the traditional system in terms of the amount of retrieval data and retrieval accuracy.
When searching for the same keywords, the system proposed in this paper has the largest
number of retrieval terms and keywords, of which the relevance between the retrieved
terms and keywords is as high as 98.93%, the data relevance of the traditional data
mining system is 89.36%, and the data relevance of the traditional data analysis system
is 80.19%.
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At the same time, the file transmission task is assigned at this time, and the files are
transmitted centrally according to different transmission directions. The security degree
of the transferred files is compared, and the control security rate comparison table is
constructed as follows (Tables 3 and 4):

Table 3. Result table of system design control safety rate

Control time/s Control safety rate

20 88%

40 94%

60 97%

80 99%

Table 4. Results of traditional system design control safety rate

Control time/s Control safety rate

20 67%

40 78%

60 82%

80 86%

To sum up, the online multi-module educational administration system based on
TDOA database proposed in this paper has strong file management and control perfor-
mance, can process complicated file information to a certain extent, and can continu-
ously provide file inspection service by querying accurate separate files in the complex
information flow, and can provide a solid data operation basis for subsequent research
operations.This is because the design of the system through the application of xgbost
algorithm for distributed gradient calculation, improve the speed and accuracy of data
file classification, avoid data confusion.

5 Concluding Remarks

Based on the analysis of the characteristics of the current online system application and
users’ use, this paper designs the onlinemulti-module educational administration system
based on TDB, introduces the basic hardware facilities of the system, and compiles the
main software programs in Java language, and reasonably designs the application mod-
ules of the system, which is beneficial to the intelligent and personalized development
of the information automatic retrieval system and the development and progress of the
field of information education technology in our country.
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for Chemistry Online Teaching
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Abstract. In the process of chemical network education, there are some problems
in chemical molecular structure retrieval, such as low retrieval efficiency and slow
retrieval speed, which can not meet the needs of teaching. Therefore, a large-
scale chemical structure data retrieval algorithm is proposed for chemistry online
teaching. Through the analysis of the chemical data, the chemical structure of
the molecule was obtained. Using JSP technology and driver, the retrieval speed
is improved. In the process of chemistry online teaching, large-scale chemical
structure data can be retrieved. Through the comparative experiment, the retrieval
speed and efficiency are taken as the experimental indexes. The retrieval speed
ratio of this method is more than 2.3, and the retrieval time is about 100 s.

Keywords: Online teaching · Chemical structure · Data retrieva ·Molecular
structure

1 Introduction

Under the current novel coronavirus pneumonia, many schools are facing the reform
of offline education mode. Online education has become the main trend of teaching
nowadays. Among them, organic chemistry is an important branch of chemistry, which
plays a very important role in the process of undergraduate talent training. Learning this
course well is of great significance for the future study, work and scientific research of
science and engineering students [1]. In the process of chemistry learning, themastery of
chemical molecular structure is an important link in the process of learning. In order to
make online chemistry learningmore vivid, it is necessary to search large-scale chemical
structures for chemistry teaching. Therefore, it is urgent to develop a more efficient
chemical structure data retrieval method.

With the sustainable development and progress of national economy, more and more
researches are focused on the field of chemical structure data. JSP technology is a text-
based, display centered development technology, which combines XML conversion for-
mat with database, and provides a separation mode of dynamic and static combination
for the system [2]. In a typical database, the application of JSP program to the web-
site can provide dynamic content for the system, and complete the tasks of database
connection by using network template. Traditional methods for large-scale chemical
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structure retrieval have some disadvantages [3], in reference [4], nine undergraduate
chemistry students were investigated, and the challenges of online learning chemistry
were described, including their omission of laboratory. Such as low efficiency and slow
speed of data detection, which can not meet the needs of users.

In view of the above problems, a large-scale chemical structure data retrieval algo-
rithm based on JSP technology is proposed. In order to shorten the waiting time of users,
it is necessary to improve the speed of data retrieval. JSP technology is usually used to
achieve large-scale data retrieval. Aiming at the problem of rapid growth of chemical
structure data, the molecular structure processing mode is established. The experimental
results show that the algorithm has fast retrieval speed and high efficiency, and can meet
the needs of users.

2 Method

2.1 Data Analysis of Chemical Molecular Structure

The representation of molecular structure information is usually displayed in computer
system by graphic representation, linear coding and structure coding. Due to the large
space occupied by molecules in chemical structure, it is not suitable for large-scale
chemical structure data retrieval [4, 5]. For the retrieval of chemical structure data,
we need to use SDF format file to store the molecular form of chemical structure.
Because SDF file storage format is connected by two-dimensional structure, it is usually
suitable for molecular data storage and calculation in computer [6]. The information
about molecular molar data in chemical structure mainly includes two parts: structure
data information and physicochemical data information.

Due to the large amount of data contained in the molecular structure data informa-
tion, it is more complex to retrieve the structure data. Therefore, it is necessary to search
a large number of atoms and bonds in molecules. According to the historical records of
physical and chemical properties in different databases, information such as ID, molec-
ular formula, alias and water solubility can be retrieved. Taking the chemical molecular
structure of dichloroacetic acid as an example, the molecular structure is shown in Fig. 1.

Fig.1. Chemical molecular structure of chloroacetic acid (two chloroacetic acid)

The structure of dichloroacetic acid is used as the basis for file storage, and the
specific description information is shown in Table 1.
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Table 1. Two chloroacetic acid format file

Molar
data
structure

Mrv0541 02241214202D

6 5 0 0 0 0.0000

0.8225 1.4289 0.0000

0 0 0 0 0

1.2375 0.6542 0.0000

0 0 0 0 0

0.8113 0.0000 0.0000

0 0 0 0 0

1 2 1 0 0 0

2 3 2 0 0 0

Physical
and
chemical
data

><DRUGBANK_ID> DB08808
><GENERIC_NAME> Dichloroacetic acid

The end symbol of chemical structure data is “END”, and the end symbol of physical
and chemical data is “$$$$”.

Before searching chemical molecular structure in chemistry online teaching, it is
necessary to normalize the structure data [7–9]. In the process of structure matching, we
need to use graph isomorphismalgorithm, so sometimeswewill encounter the problemof
inconsistent retrieval structure: for example, when the user enters the question structure
shown in Fig. 2, this problem will occur. From a chemical point of view, formula (1)
and formula (2) in Fig. 2 express the same molecule. But from a graph point of view,
they are two different graphs. In this way, if users submit queries with different structure
diagrams, they will get different results, which should be avoided in chemical structure
queries. Therefore, the data of chemical structure were normalized as follows.

Fig. 2. Different drawing methods of the same molecular structure

Before loading data to database, use structure conversion function to structures.sdf
The structure data in the file is converted one by one. The method is as follows: first, read
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the 2D structure data of a compound from the structures [10–13]. SDF file, and construct
the corresponding molecule object with the smile string. Then the member function of
the Molecule. object is called aromatize (true) to detect the aromaticity of the Molecule
structure and handle it accordingly. Finally, the other member function toformat () of
the molecule object is used to convert the molecule into a mol format string and a smiles
string, respectively. The normalized structure data of the compounds were encoded to
form the values of each field in the data table molecue, which were imported into the
database.

2.2 Molecular Data Retrieval Based on JSP Technology

The molecular structure of a compound is a two-dimensional undirected connected
graph. The molecular structure retrieval is realized by transforming the molecular struc-
ture retrieval into the graph isomorphism problem [14, 15]. Substructure matching has
been proved to be NP complete problem, that is, the time consumption of the algorithm
increases exponentially with the number of nodes (atoms). In the process of searching
chemical teaching resources, when JSP technology is used for database operation, it
usually has the following operation steps: connection, query, output and result display
[16–18]. The interface of connection class is usually used to connect database in JSP,
and it is implemented by various drivers. Generally, the Prepared Statement is used to
query the database and save the query results to the system. The main feature of this
method is that there is no preprocessing stage. The sliding window is always moved
back one bit. The comparison order of characters in the pattern is not limited. It can be
from front to back or from back to front.

The driver provided by Microsoft is used to hold the query and update of data, and
the type information of Prepared Statementcan be viewed from the code. According to
the programmingmodel, for large-scale data parallel computing, themain task is decom-
position and result merging [9, 10]. First, the information in the function is assigned to
the key and value to form the corresponding key value list as the input stage. In each
input phase, any frame belongs to the value combined by the same key. Then the value
is assigned to each node, waiting for the next task. Because the running function needs
to be processed, therefore, in the last node, the generated results should be merged to
complete the result set [19, 20].

Based on JSP technology, the efficient retrieval ability mainly depends on the allo-
cation stage. Suppose that the total number of parallel issues in the processing stage of
Map task and Reduce task is M and R respectively. Suppose there are s calculation nodes
A1, A2, A3…, As-1, As. The specific calculation formulas (1) and (2) are shown below.

M =
s∑

i=1

Mi (1)

R =
s∑

i=1

Ri (2)

From formula (1) and formula (2), it can be seen thatMi andRi are values on different
nodes, and distributed processing can promote the matching of chemical structure data
with high speed.
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3 Simulation Experiment and Analysis

3.1 Data Source

In this experiment, the molfile of MDL company is used as the question map, and the
SDF file is used as the collection of the target map. It is widely used, and its experimental
data can be obtained free of charge on the NCI open chemical database website.

3.2 Experimental Environment

The experimental distributed environment needs four hosts, whose frequency size is
2.00 GHz and memory size is 3 GB. The simulation software is matlab (2019 a). The
configuration information of each node in the computer is shown in Table 2.

Table 2. Node information configuration

Number IP Role Software environment

1 218.195.2555.44 NameNode:
JobTracker

Ubuntu11.05, JRE1.5, Hadoop0.10

2 218.195.2555.45 DataNode:
TaskTracker3 218.195.2555.46

4 218.195.2555.47

In order to verify the rationality of the large-scale chemical structure data retrieval
algorithm based on JSP technology, the following experiments are carried out using
retrieval speed and retrieval efficiency as experimental indicators.

3.3 Experimental Results and Analysis

Retrieval Speed Verification
The target set of the experiment is to compare the retrieval rate of the traditional algorithm
(reference [3]method) and the proposed algorithm in the system for large-scale chemical
structure data retrieval under the condition of consistent data, combinedwith the retrieval
algorithm. In the experiment, the selected data size is 100 M, with the size of 10 atoms
as a molecular data structure, increasing from 0 M to 6 M of N atoms. The experimental
comparison results are shown in Fig. 3.

When a heteroatom is added to large-scale chemical structure data, the time of data
retrieval can be reduced. With the increase of the number of heteroatoms in chemical
structure, the time of data retrieval for chemical structure tends to be stable. As can be
seen from Fig. 3, the time spent on data retrieval using traditional algorithms fluctuates
back and forth in 200–250 s with the increase of the number of atoms. However, with
the increase of the number of atoms, the retrieval time of this algorithm is gradually
reduced, and finally stabilized at about 100 s.
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Fig. 3. Search rate comparison results of two algorithms

Retrieval Efficiency Verification
To ensure the same amount of data, the traditional algorithm and the algorithm in this
paper are used to retrieve the large-scale chemical structure data in the distributed mode.
The experimental data set is A = {100, 200, 300, 400, 500, 600}, typical chemical
structures were selected for experimental verification. With the increase of the amount
of data, the retrieval speed of distributed compound matching is greatly improved. The
search speed based on distributed can reflect the advantage of great difference, and the
definition of speedup is shown in formula (1).

a = TS
TP

(3)

According to the Formula (3), TS is the time spent by the program executing the
retrieval on the system, TP is the time spent by the program executing the retrieval in
parallel on the distributed cluster, and a is the speedup ratio. As the amount of data
continues to grow, the time of chemical structure data matching increases linearly. The
traditional algorithm and the algorithm in this paper are used for data retrieval of large-
scale chemical structures in this trend, and the acceleration is shown in Fig. 4.

It can be seen from Fig. 4 that with the increase of the number of nodes, the speedup
ratio of chemical structure data retrieval increases in a certain proportion. When the
number of nodes is 2, the speedup ratio of traditional retrieval algorithm is 1.15, and that
of this algorithm is 1.25. When the number of nodes is 3, the speedup ratio of traditional
retrieval algorithm is 1.49, and that of this algorithm is 1.65. When the number of nodes
is 4, the speedup ratio of traditional retrieval algorithm is 2.35, and that of this algorithm
is 2.85.

After the above experimental contents, the following experimental conclusions can
be drawn. With the increase of the number of atoms, the time of data retrieval using
traditional algorithms fluctuates back and forth in 200–250 s. However, with the increase
of the number of atoms, the retrieval time of this algorithm is gradually reduced, and
finally stabilized at about 100s. When the number of nodes is 2, the speedup ratio
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Fig. 4. Acceleration ratio

of traditional retrieval algorithm is 1.15, and that of this algorithm is 1.25. When the
number of nodes is 3, the speedup ratio of traditional retrieval algorithm is 1.49, and
that of this algorithm is 1.65. When the number of nodes is 4, the speedup ratio of
traditional retrieval algorithm is 2.35, and that of this algorithm is 2.85. It can be seen
that the large-scale chemical structure data retrieval algorithm based on JSP technology
has stable scalability, can meet the requirements of large-scale data retrieval, and the
retrieval speed is fast.
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4 Conclusion

In the case of chemistry online teaching, aiming at the problem of low efficiency of
chemical structure data retrieval, a large-scale chemical structure data retrieval algo-
rithm based on JSP technology is proposed. Using JSP technology, large-scale chemical
structure data retrieval can be realized through the network. Experimental results show
that the algorithm has fast retrieval speed, high efficiency and strong scalability. It can
be better applied in chemistry online teaching, which is conducive to improving the
teaching effect.
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Multi Mode Interactive Information Processing
Method in Online Education System
of Ideological and Political Course

Hong-gang Wang(B) and Li-tang Xu

School of Marxism, Fuyang Normal University, Fuyang 236037, China

Abstract. In order to optimize the traditional online teaching mode, taking the
basic course of Ideological and political online teaching design as an example,
this paper proposes amulti-mode interactive information processingmethod in the
online education system of Ideological and political courses. Through live broad-
cast and interactive communication, we organize and carry out online distance
courses, and actively explore and practice online live broadcast, online question
answering, group discussion, bullet screen communication, real-time interaction
and other teaching forms, so as to obtain real-time and efficient teaching effect.
It also provides new ideas for the new teaching mode of Internet plus teaching.
Meanwhile, the transformation of teaching mode has set up a new concept for
forming diversified and multi type teaching contents and curriculum system.

Keywords: Ideological and political course · Online education · Interactive
information · Classroom interaction

1 Introduction

With the application of information technology in Ideological and political classroom
teaching, the interaction behavior of Ideological and political classroom teaching ismore
diverse. The interaction of Ideological and political classroom teaching is no longer just
the interaction between people, but supplemented by the interaction between people and
technology [1, 2]. In recent years, with the new education mode online education (e-
learning) and MOOC (massive openonline courses), the large-scale open online courses
are proposed and gradually popularized, which makes more learners have the opportu-
nity to study on the online platform. Accordingly, the platform has accumulated a large
amount of teaching behavior data and knowledge resources, which provides a good
foundation for the platform to update and improve itself [3, 4]. Under this background,
this paper explores the characteristics, performance and rules of the interaction of Ideo-
logical and political classroom teaching under the application of information technology
supported teaching media, and puts forward the multi-mode interactive information pro-
cessing method in the online education system of Ideological and political courses.
Aiming at the particularity of learning structure and learning situation of local colleges
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and universities, according to the teaching object and course nature, we actively explore
and design the online teaching mode and teaching organization strategy in line with our
students’ learning rules, so as to ensure the teaching effect and quality.

2 Multi Mode Interactive Information Processing in Online
Education of Ideological and Political Courses

2.1 Multi Mode Interactive Structure of Online Education of Ideological
and Political Courses

Comparedwith the traditional ideological andpolitical classroommode, the synchronous
interactive elements of Ideological and political classroom in the online education sys-
tem of Ideological and political courses are more complex, which mainly consists of five
elements: the lecturer, the assistant teacher, the local students, the online students and
the interactive teaching terminal. Among them, the lecturer is the core of synchronous
ideological and political classroom teaching, undertaking the task of Ideological and
political classroom teaching. Online synchronous ideological and political classroom
is a kind of distance education in terms of teaching nature. The essence of Ideological
and political distance education is a cross school, cross regional education system and
teaching mode. Its characteristics are: students and teachers separated from each other,
using a specific transmission system and media for teaching, teaching interactive infor-
mation in the process of communication is two-way, dynamic. In the online synchronous
ideological and political classroom, the lecturer and online students are separated from
each other in space. They teach through Internet technology, and the video transmission
process is bidirectional and real-time. As a result, online synchronous ideological and
political classroom is different from traditional ideological and political classroom in
teaching interaction. In the traditional ideological and political classroom teaching pro-
cess, teachers and students are in the same space, teaching interaction is face-to-face, a
teacher only teaches one class of students [5]. In the online synchronous ideological and
political classroom, teachers and students are separated in space, which leads to teach-
ers’ inability to manage online students effectively. Therefore, teachers need to assist
teachers to organize and manage online students in the teaching process. Figure 1 shows
the structure of the interaction relationship between online synchronous ideological and
political classroom based on information interaction.

In the online synchronous ideological and political classroom, the interaction
between the lecturer and the local students is face-to-face, and the interaction between
the lecturer and the online students is realized through Internet technology. The online
synchronous ideological and political classroom completes the video collection of local
and online ideological and political classroom through multimedia devices such as cam-
eras and pickups, and completes the teachingwork of Ideological and political classroom
through video interaction [6]. The main feature of online synchronous ideological and
political classroom teaching is the combination of interactive mode.

The types of interaction can be divided into three categories, namely, the interaction
between students and teachers, the interaction between students and learning content
and the interaction between students and other students. The subjects of Ideological and
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Fig. 1. Interaction structure of online synchronous ideological and political classroom

political classroom interaction are mainly teachers, students and student groups. Five
types of interaction can be obtained by combining the three subjects [7]. The five types
of interaction are summarized as shown in Table 1.

Table 1. Interaction behavior of Online Ideological and political classroom based on teaching
subject

Interaction type Interactive behavior

Individual teacher and individual student Organizing teaching; classroom narration;
classroom questioning; classroom practice;
classroom evaluation

Individual teachers and student groups Questions and answers; requirements and
responses; evaluation and feedback; individual
counseling; direct contact

Individual student and individual student Communication and discussion among students in
the process of classroom teaching, class practice
and class discussion

Individual student and student group Group discussion: discussion, communication and
opinion evaluation between middle school students
and the whole group of students

Student group and student group Discussion and interaction between individual
students and the whole class when demonstrating
or expressing opinions

In the process of online teaching, ideological and political classroom teaching inter-
action is not only the original single interpersonal interaction, but also the human-
computer interaction between teachers and students and information technology. The
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use of subject tools in Ideological and political classroom teaching can improve stu-
dents’ initiative, teaching interactivity and generativity [8]. Based on this, this paper
further studies the interactive content of Ideological and political classroom teaching
in the information technology environment, further improves the teacher language and
student language, and adds the category of technology on the basis of Table 1. The details
are shown in Table 2.

Table 2. Interactive content of online teaching in Ideological and political class

Classification Code Formulation Content

Teacher’s speech Indirect impact 1 Teachers accept emotion Accept and clarify
students’ attitude or
emotional tone in a non
threatening way

2 Teachers encourage
praise

Praise or encourage the
action or behavior of a
student

3 Adoption of opinions Recognize the student’s
statement; modify or
restate the student’s
statement; apply it to
solve the problem;
summarize what the
student said

4 Ask open questions Based on Teachers’
opinions or ideas, ask
students questions and
look forward to their
answers

5 Asking closed questions

Direct influence 6 Teach Provide facts or opinions
on the content or steps;
express the teacher’s own
opinion, put forward the
teacher’s own explanation,
or quote the opinion of an
authority (not the student)

7 Instructions Instructing or ordering
students to do something
has the function of
expecting students to obey

(continued)
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Table 2. (continued)

Classification Code Formulation Content

8 Criticism The content of the
statement is to attempt to
change the behavior of
students, from
unacceptable to
acceptable; to scold
students; to explain why
teachers take such
behavior; and to refer to
themselves extremely

Speech students 9 Response (passive
response)

Students respond to what
the teacher says. Teachers
make students answer
questions, or lead students
to speak, or construct
dialogue situation.
Students are limited to
express their ideas freely

10 Response (active
response)

Students’ answers go
beyond the answers to the
questions, express their
own ideas, initiate new
topics, and freely express
their opinions and ideas,
such as raising thinking
questions and open
structure

11 Ask questions on your
own initiative

Ask questions and express
your opinions freely

12 Discuss with peers Discussion and exchange
of views

Quiet 13 It is not conducive to the
confusion of teaching

A brief pause, quiet, or
confusion. So that the
observer can not
understand the
communication between
teachers and students

14 Ponder a problem Students think about
problems

(continued)
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Table 2. (continued)

Classification Code Formulation Content

15 Do exercises Students do classroom
exercises

Technology 16 Teachers’ operation
technology

Teachers use technology
to present teaching
content and explain
opinions

17 Student operation
technology

To make use of the
teaching content

18 The role of technology in
students

Students observe media
presentation

Based on Table 2, the MySQL service module is added to the system. Provide a
master and slave database cluster mode. When the system enters the title and submits
the data to the master database, the master database sends the transaction to each slave
database and waits for the response from the slave database. When the slave database
is ready, it sends a confirmation message to the master database. When all the slave
databases send a confirmation message to the master database, the master database will
send a commit transaction message to all the slave databases. At this time, the title
will be entered into the master-slave database to complete a data writing process [9].
Comparedwith a singleMySQLserver, the database clusterwill be slightly slower in data
update. However, when the interactive teaching system reads more data than it writes,
the sacrifice is acceptable. By describing the average load of teaching information, we
can see the difference between single database and database cluster. The formula of the
average load of the system can be described as.

AverageLoad = (� WriteData + � ReadData)/� Capacity (1)

In formula (1), Average Load is the average load of the system, Write Data is the load of
writing data, Read Data is the load of reading data, and Capacity is the total transaction
volume of the system. Through different database forms, we can see the average load
of the system, assuming that the number of transactions per second of each database
is 20000, the number of read data transactions is 16000, and the number of write data
transactions is 4000. Since synchronous replication is also required from the database,
the number of write data transactions is multiplied by the number of database clusters.

2.2 Interactive Processing Function of Online Teaching Information
in Ideological and Political Classroom

According to the dissemination mode of information in the teaching process, this paper
analyzes the process of students’ knowledge self construction, and optimizes the inter-
active function of teaching information. In the learning process, students can not only
acquire knowledge through the learning tasks issued by teachers, they can choose the
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form of e-learning materials for auxiliary learning, and these learning materials are large
in quantity and variety, so the function of interactive information management module is
to centralize the management of these teaching interactive information [10]. According
to the analysis of the functional requirements of the interactive teaching system, the
interactive teaching system is divided into five functional modules: question bank man-
agement, homework management, interactive information management, online chat and
system management [11–13]. Next, five functional modules will be designed in detail.
Figure 2 shows the functional tree diagram of information processing of interactive
teaching system.
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Fig. 2. Information processing function of Ideological and political education interactive system

Aiming at the problem of scattered teaching interactive information, this paper
attempts to establish an interactive information sharing system with the help of SAE
cloud storage service. Through the research of the current teaching interactive informa-
tion system, this paper summarizes two schemes of the current interactive information
sharing [14]. The first is to share interactive information by uploading interactive infor-
mation. The operation mode of this kind of interactive information system is: each
interactive information corresponds to a score. When users download interactive infor-
mation, they have to deduct the corresponding interactive information score, while the
user’s score comes fromuploading interactive information. Through thismode to achieve
a virtuous circle of interactive information. The second is that administrators upload
interactive information, and users download interactive information directly. There is
no user interaction in this form. Users only need to find the interactive information they
want.

In the first method, interactive information is stored in the cloud for centralized man-
agement of interactive information. If users are allowed to upload interactive information
freely, the quality of interactive informationwill not be guaranteed, and the centralization
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of high-quality interactive information will be meaningless [15]. Therefore, the second
solution is more suitable for the cloud. Aiming at the problem of insufficient user inter-
action in the second scheme, the interactive information sharing scheme is improved.
Due to the huge amount of interactive information in the cloud, users need a certain
amount of energy to find the appropriate interactive information. Therefore, a module is
added to realize the sharing of interactive information among users and help other users
find the appropriate interactive information faster. At the same time, the system provides
users with personal interactive information space to save users’ interactive information.

At the beginning of the design, we need to consider whether we can open up a file
domain name in SAE storage space to store user interaction information.After analysis, it
is considered that using data table to link interactive information can savemore space. For
users, the content of interactive information is the same, but the interactive information
cannot be managed. If there are no special needs, users are not required to manage the
interactive information. In addition, although the cloud storage space is large, but beyond
a certain limit, it will also increase the deployment cost of interactive teaching system.

Through the above analysis, combined with the characteristics of cloud storage,
the interactive information sharing system of Ideological and political online teach-
ing system is proposed, as shown in Fig. 3. The interactive information of teaching
interactive system is divided into two parts: private interactive information and open
interactive information. The privacy interaction information is used to store the privacy
interaction information of the system itself, which is controlled by the cloud adminis-
trator. Open interactive information, as a centralized system of interactive information,
provides users with interactive teaching information. Interactive information is stored
persistently through SAE’s cloud storage service, and users’ sharing and personalized
interactive information space design are realized in the form of interactive information
URL.

Cloud

Interactive teaching 
platform

Platform privacy 
resources

Platform open 
resources

Resources 
shared by 

users

User saved 
resources

user
user user

Fig. 3. Interactive information sharing platform of Ideological and political online teaching
system
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According to the interactive information sharing system of teaching interactive sys-
tem, the system is mainly divided into two sub modules: view/download interactive
information and user interactive information. And the interactive information sharing
resource processing process is optimized, the specific steps are shown in Fig. 4.

Student

Select resource type

View resources Call storage API

Download resources Sharing resourcesSave resources

Fig. 4. Interactive information sharing resource processing flow

Furthermore, NVivo 8.0 developed by QSR International company is used as the
video analysis system of Ideological and political classroom to process and analyze
the ideological and political classroom teaching video under the background of deep
integration of information technology and teaching. UsingNVivo 8.0 software to analyze
different types of data, such as text, pictures, audio and video, has great advantages
in processing teaching information analysis. When observing the interactive files of
teaching letters, you can change the playback speed, cycle a part continuously, rewind
or skip a part. You can create your own script for the video file, or create a script or
other comments for a part of the video. You can view the relevant video parts by clicking
the script. NvivoB. 0 can also create and export professional models or graphs based
on project information, such as bar chart, column chart and pie chart, and use charts to
view data from a new perspective. In order to achieve the effective processing of multi-
mode interactive information in the ideological and political online education system
and improve the speed of information processing.

2.3 Realization of Multi Mode Interactive Information Processing

According to the textbook knowledge points and curriculum design plan, the knowledge
ismade into various courseware and sent to the teaching system. students can learn online
according to their personal needs. This is a one-way process, teachers are not in the
process of information processing, need to understand the learning situation of students
and the use of interactive information. Students can quickly obtain these interactive
information, effectively break the separation of regional interactive information, so that
more learners have the opportunity to obtain better interactive information, and promote
education equity. In order to better realize the processing of interactive information, the
static learning and dynamic learning mode are further optimized, as shown in Fig. 5.
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Fig. 5. Interactive information processing principle under static learning mode

With the development of more and more teaching systems, how to make better
interaction between learners and learners, learners and teachers, learners and learning
information has become a new research field. Based on the problem of insufficient
interaction of static learning application mode, dynamic interactive application mode
began to appear. The specific principle is shown in Fig. 6.
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Fig. 6. Interactive information processing principle under dynamic learning mode

The question bank system of interactive teaching system, like other systems, has
much more query operations on the database than update and add operations. For exam-
ple, the administrator can input most of the test questions at one time through batch
import and other tools, and then the maintenance of the question bank is reduced, only
a small number of test questions are input, while the operating system is constantly
reading the data from the database. The openness of the system will allow many users
to access at the same time, which puts forward certain requirements for the perfor-
mance of the database. Through the way of database cluster to achieve query load, it
can effectively deal with the performance bottleneck of database. Through the system-
atic analysis of different disciplines to determine the breadth of students’ knowledge
and the breadth of interactive information involved, and each discipline is subdivided
into different knowledge points a, further refining the scope of students’ knowledge and
the scope of interactive information. Therefore, a vector matching model of students’
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interactive information knowledge breadth is proposed.

ka = {a0, a1, a2, a3, a4, a5} (2)

This paper calculates the degree of problem and interactive information knowledge
model of students and interactive information from two levels of breadth and depth. In
this paper, the angle cosine formula is used to calculate the similarity between the two
vectors. X = (X1,X2,X3 . . . . . . ,Xn) and Y = (Y1,Y2,Y3 . . . . . . ,Yn) represent the
knowledge breadth vector and depth vector of data source respectively.

cos θ = X · Y
ka + |X | + |Y | (3)

When the angle is larger and the cosine value is smaller, the matching degree between
students and interactive information is lower. CombinedwithGaussian distribution prob-
ability density function, the knowledge depth model matching between students and
interactive information is quantified.

F(M,N) = 1√
2π cos θ

exp

(
− (X − Y )2

2 cos θ

)
(4)

Interactive teaching system provides two learning mechanisms, one is “I want to
learn”, the other is “I want to learn”. The operation mode provided by the interactive
teaching system provides an asynchronous interactive learning mechanism for students
and teachers. The interaction level ismainly between teachers and students, and thewhole
learning effect is two-way docking with teachers and students. The interactive informa-
tion mode of learning attachment provided by the interactive teaching system provides
an asynchronous interactive “I want to learn” learning mechanism between students.
The instructional designer uploads the interactive information of learning attachment to
the system. Students actively search for interactive information for learning, students
can share interactive information to other students, help other students find interactive
information, form a benign flow of interactive information between students, online chat
system, provide synchronous communication between students and teachers, students
and students. Teachers can answer questions for students in time and help them solve
problems in the process of learning. Students use the power of groupwisdom to exchange
learning experience and solve practical problems. Sina cloud system SAE is selected
as the deployment environment of the interactive teaching system, and the interactive
information of the question bank is stored in the cloud database by using the distributed
database Mysql service. Using the persistent file storage service, the interactive infor-
mation of learning attachment is stored in the cloud storage, and the learning interactive
information of the teaching interactive system is built in the cloud for management. It
saves the cost of infrastructure purchase and abandons the disadvantages of repeated
construction of interactive information. SAE provides a dynamic scaling mechanism of
multiple virtual machines, which can calculate according to the visits of teachers and
students, increase the flexibility of interactive information, and enhance the interaction
of teaching interactive system. SAE has the heterogeneous characteristics of cloud com-
puting, students can use mobile devices in their spare time to complete homework and
check wrong questions, which improves students’ learning efficiency.
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3 Experimental Results and Analysis

In order to verify the feasibility of the multi-mode interactive information processing
method in the online education system of Ideological and political courses proposed in
this paper, questionnaires were distributed in the pilot schools and data were collected.
The survey of students’ use mainly starts from the following aspects: whether the system
operation is simple, whether it needs open analysis after the homework is completed,
whether it can effectively complete the homework, and whether it can understand the
mastery of knowledge through the homework. The results are shown in Fig. 7.
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Fig. 7. Survey of students’ satisfaction with using

As can be seen from Fig. 7, students are not very satisfied with the operation, but
basically agree with the open analytic answers. At the same time, most of the students
agree whether they can complete the homework effectively, only a few students think
that they can not complete the homework better in the system. Most of the students think
that they can understand the mastery of knowledge through homework.

The survey of teachers’ use is mainly carried out from the following aspects: whether
it is in line with teaching habits, whether the function setting is reasonable, whether it can
cover the knowledge points of teaching materials, and whether it is difficult to choose
topics. The results are shown in Fig. 8.
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Fig. 8. Survey of teachers’ satisfaction

It can be seen from Fig. 8 that teachers are quite satisfied with the system func-
tions. Basically covers the teaching methods of teachers, but also basically in line with
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the teaching habits. The textbook is divided into chapters, which basically covers the
knowledge points of the textbook. At the same time, the difficulty of the topic is dis-
tinguished, which helps teachers to achieve multi effect homework design. Teachers
are quite satisfied with this. In general, the proposed interactive system of Ideological
and political education is safer, more stable, more reliable and more efficient than the
traditional teaching application.

In order to further verify the information processing performance of this method
in online teaching of Ideological and political course, the online learning duration of
30 students in a high school was tested under the same experimental environment. The
reference [3] and reference [4] methods were used as the control group to test the total
daily online learning time of the three methods. The higher the online time, the better the
students’ evaluation of the model. The specific experimental results are shown in Fig. 9.
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Fig. 9. Comparison of online learning duration

According to the analysis of Fig. 9, the online learning time of students using this
method is generally on the rise, and the maximum learning time is up to 3.3 h, which
is far higher than that of the two comparative methods. It shows that this method has
advantages in online learning of Ideological and political courses.

4 Conclusion

Through the effective management and transmission of massive teaching information,
the online teaching effect of Ideological and political education can be better improved
and the teaching interaction can be better carried out. Including interactive information
sharing, learning exchange, interactive chat, so that any student and teacher can enjoy
the latest interactive information and services, break the barriers of uneven distribution
of interactive information, promote education equity, and lead the continuous innovation
of teaching technology. The future research on this topic can be carried out from the
following methods. Improve the definition and practical application of learner centered
education model, because the starting point of this model is to improve the problems
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existing in the current online education platform. Therefore, its definition and application
scenarios are still incomplete, and it needs to be improved in the future to improve its
use value.

Fund Project. Fuyang Normal University 2019 School-level Undergraduate Teaching Project:
“MOOC + Flipped Classroom Hybrid Teaching Model Design” Number: (2019JYXM35);2019
Provincial College Student Innovation and Entrepreneurship Project: “Research on the Innova-
tion and Development of Red Tourism in Anhui Province Based on SWOT Analysis” Number:
(S201910371062).
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Abstract. Since the current online talent training system only focuses on tal-
ent training resources in a certain discipline, the number and types of resources
shared within the system are relatively small, so it is necessary to design a multi-
disciplinary cross-integrated innovative and entrepreneurial talent online training
system to expand the amount of data resource sharing. The system is designed from
both hardware and software aspects. In the hardware design, related parameters
such as servers and storage devices are designed, and the overall system archi-
tecture is designed; in the software design, the resource information processing
in the system is first completed, and the system resources The video is encoded
and decoded, and the server and client are separately maintained through Socket
to realize the accurate identification and communication of resource information;
then the system database ER diagram and database table are designed. In the per-
formance simulation test of the system, the experimental results show that the
maximum number of shared resources of the designed system is 1 million, which
is a significant increase in the number of shared resources of the original system,
which verifies the effectiveness of the designed system.

Keywords: Interdisciplinary integration · Innovative and entrepreneurial
talents · Online training · System design

1 Introduction

In the era of knowledge economy, innovation and entrepreneurship has become an impor-
tant theme of world economic development. Countries all over the world attach great
importance to the important role of innovation in promoting social progress and economic
development, and have issued various policies to promote and promote innovation and
entrepreneurship. With China’s sustained and rapid economic growth, the rapid devel-
opment of industry, agriculture and service industry has given birth to a large number
of talent demand. In 2001, China joined the WTO, the domestic competition became
international, and the competition for innovative talents became increasingly fierce [1,
2]. At present, the main contradiction between supply and demand of talents in China is
the contradiction between the growing demand for innovative talents and the traditional
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mode of talent training. This leads to a significant dissimultaneous interpreting between
talent training and talent demand in the universities. On the one hand, the demand for
high-quality innovative talents is far from being met, and on the other hand, a large num-
ber of graduates are hard to obtain employment. This contradiction seriously restricts
the healthy and sustainable development of China’s economy and higher education.
Therefore, to adapt to the needs of the development of the times and industry, to reform
the talent training mode in Colleges and universities and to improve the training level
of application-oriented innovative talents is an important issue to be solved in China’s
higher education.

The traditional talent training system has been unable to meet the higher needs of
society, so the talent training mode of interdisciplinary integration arises at the historic
moment. Interdisciplinary is to integrate two or more disciplines, master more than
two disciplines knowledge, have more than two disciplines skills, and learn to integrate
knowledge and skills. The cultivation of innovative and entrepreneurial talents by inter-
disciplinary integration is to integrate two or more disciplines in the process of talent
cultivation, so as to cultivate college students’ innovative and entrepreneurial ability
and improve their comprehensive quality. To this end, this article proposes a multi-
disciplinary cross-integration of innovative and entrepreneurial talent online training
system design. Servers and storage devices constitute the hardware part of the system.
Use video encoding and decoding and frame rate calculation to improve video fluency.
Paradigm theory is used in database design. This completes the software design part of
the system.

2 Multi-disciplinary Cross-Integration of Innovative
and Entrepreneurial Talent Online Training System Design

2.1 Hardware Design

The users of this system are divided into teachers, students and administrators. Each
type of user has its own corresponding authority and corresponding functions. Gen-
erally speaking, it is composed of home page, daily summary, weekly report, project
information, personal files and resource sharing modules, covering all aspects of online
communication between students and teachers during school. Development tools are
an important means to build a hybrid architecture of resource sharing system. Devel-
opment tools mainly include servers, storage devices, operating systems and functional
software.As the operation core of the whole system, the server selects the Dell (TM)
upgraded PowerEdge r740 dedicated server, built-in Xeon SP scalable series processor,
equipped with inter c621 series chipset, supports DDR4 2666 (24 slots), with 8 3.5-disk
hard disk facilities, em 64t, 800 MHz front-end bus, with up to 8 pcle3.0 slots, h330,
h730 and h740 array cards, Broadcom gigabit network card (four ports) is provided,
which can play the role of central node of hybrid architecture, provide large capacity
data interaction for the whole system, and expand the number of data sharing of the sys-
tem; the storage device adopts the way of connecting disk array and database server It
can save the historical data and forecast data of database system and application system,
which is convenient to call and share [3, 4]. As a resource sharing system, business data
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will grow greatly over time, and data records will become increasingly large, so there is
a higher requirement for the scalability of database driver interface. Operating system
is the basis of system operation. For small and medium-sized enterprises, the operat-
ing system of enterprise network generally adopts Linux, which has low requirements
for server hardware, and can meet the server configuration of PC server of small and
medium-sized enterprises to the greatest extent, and has good stability in daily opera-
tion. It integrates windows pages, which is easy to operate, powerful and widely used for
users. Under this design concept, the system design architecture is as follows (Fig. 1):
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Fig. 1. System design architecture

For the successful construction and continuous application of the system, the devel-
opment process needs to follow the unified design principles of the system.When design-
ing the system, System structure should be comprehensively planned, especially the
system construction structure and database structure. The overall situation needs to be
considered. Seeing the problem requires the principle of advanced nature. In system con-
struction, the trend of maturity, advancement and internationalization should be adopted.
In the process of construction, The relevant standards should be fully followed. Mature
and stable mainstream website architecture should be used for reference. and ensure the
scalability and sustainable use ability of the system; in the principle of scalability, the
construction of information system must take into account the changing development
needs, and in the design, The relationship between modules should be fully considered,
so as to reduce the cost Block coupling.
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2.2 Resource Information Processing in the System

In the online training system of innovative and entrepreneurial talents designed in this
paper, the most important teaching resource information is video resources. In fact,
video playback is to quickly switch multiple images with subtle differences in the same
position. For human vision, it is like the image in “motion”. This sense of image motion
gives people the experience of video. When playing the video, when the frame rate
reaches 16–24 fps, for the naked eye, what you see is smooth video [5, 6]. In general, the
video files used in the online training system are avi, MKV and other formats, which are
the packaging format of the original video after the algorithm compression. The capacity
calculation formula of the original video can be expressed as follows:

FC = FW × FH × Fbit

FB
× FPS × 60

FMB
(1)

In the above formula, FC represents the capacity required for playback of the original
video, FW and FH represent the width and height of the video respectively, and the

units are calculated in pixels.
Fbit
FB

represents the conversion between the number of

bits and bytes of the video color, and FPS Represents the number of frames, and 60
FMB

represents the conversion between bytes and megabytes.If calculated according to the
above formula, a 45-min MOOC requires more than 375G of capacity. In actual use, the
transmission speed and playback quality of the video cannot be guaranteed, especially
the network video. Therefore, it is necessary to compress the original teaching multiple
information, and the process is shown in the following Fig. 2:
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Fig. 2. Schematic diagram of video encoding and decoding

As shown in the figure above, the container refers to the format of the video itself,
such as MP4 and other audio and video tracks that have different characteristics, and
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the audio and video streams are stored on the track. The stream is generated when the
video is encoded by the encoder, so during the playback process, different tracks will
be played back synchronously. Therefore, different compression algorithms determine
the format of video encoding. This article chooses AAC advanced audio coding. This
coding method has more sampling rate and bit rate support, and is more efficient in the
decoding process. It can effectively compress audio and video. The difference between
lossless compression and lossless compression at a bit rate of 448kbps is very small.
It is the best lossy compression format currently in use. In the system designed in this
paper, the transport layer is an important layer of interactive communication in the
entire system. In the general interactive communication layer, there are generally two
important underlying protocols, namely TCP and UDP protocols [7, 8]. This article
adopts the Socket API based on C language, this abstraction layer can facilitate users
to directly use TCP and UDP protocols. Socket can realize the mode that the server and
the client maintain separately, and establish a link to complete the opening, reading and
writing, and closing of the file. The process is as follows (Fig. 3):

Fig. 3. Socket connection interaction process

In the process of communication, the connection is established and opened, you can
write certain content to your own file and save it for the other party to read or read the
content of the other party. After the communication ends, the file can be closed.

In the actual interaction process of the system, due to problems such as light in the
classroom, it is difficult to identify and communicate during the interaction. Therefore,
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it is necessary to improve the system’s tracking and identification algorithm. Make the
difference between the pixel value of the pixel point corresponding to the current frame
image and the previous frame image, and determine the magnitude of the difference and
the threshold:

d = |IL(x, y, i) − IL(x, y, i − 1)|

IDL(x, y, i) =
{
1, d ≥ T

0, d < T

(2)

In the above formula, IDL(x, y, i) represents the detection result of the corresponding
pixel in the image of two adjacent frames, 1 represents the pixel of the moving target,
0 represents the background pixel, which is the threshold. The threshold setting will
be based on the actual situation of the system and the past Operating experience, this
article is set to 50. After the binary image is obtained under the above operation, after
denoising, the accurate identification and communication of resource information in the
system’s interaction process can be realized.

2.3 Database Design

Database design is a very important step in system development and the starting point of
software design. The quality of database design is related to the logic and stability of the
system, so in the development of software system, the theory of database paradigm is
put on the focus. In order to realize the efficient organization, storage and management
of data, database design must follow the necessary principles to reduce redundancy and
ensure the integrity and correctness of data. The database is the direct response and data
performance of the requirements, so the design must meet the user’s needs, repeatedly
corresponding to the relevant data, and timely adjust and modify when there are changes
[9, 10]. Conceptual structure design is the process of transforming user requirements into
conceptual model. Conceptual structure design can fully display the actual relationship,
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easy to understand, easy to change, easy to transform to the relationship, network, hierar-
chy and other data models [11, 12]. Conceptual structure design uses entity relationship
diagram to describe the relationship between entities. Part of the entity relationship dia-
gram of the process management of innovative and entrepreneurial talents cultivation
with interdisciplinary integration is shown in the following Fig. 4:

It is mainly composed of students, tutors, plans, projects, tasks and other entities.
This system usesMySQL database to ensure the portability of the code, which is suitable
for this system. In the database design, the main task is to complete the design of data
table structure. Through the design and implementation, it mainly includes the table
structure design of six modules, including user management, memo, daily and weekly
reports, project information, personal files and resource sharing [13]. In the database,
the database tables need to be divided according to the functional design of the system.
The division of these database tables t is usually represented by the function matrix, as
shown in the following formula:

T =

⎡
⎢⎢⎣
t11 t12 · · · t1m
t21 t22 · · · t2m
· · ·
tn1 tn2 · · · tnm

⎤
⎥⎥⎦ (3)

In the formula, n field descriptions can be combined into set A, and m data table
descriptions are recorded as set B. Formula (2) can be obtained:

A ∪ B = W (4)

Where, W is the set of subtables of the database, then the formula for the number of
subtables divided by the database w can be obtained:

w = √
1.28mn + 4.32m + 4.46n + 0.36 (5)

The sub tables of the database are mainly divided into student management database
table, memo database table, daily summary database table, weekly report database table,
new project information database table, personal task information database table and
course resource information database table. The specific field description is shown in
the following Table 1:

According to the analysis of users’ requirements in the previous chapter, more spe-
cific system requirements are obtained. These requirements are designed into the specific
functions of the system, and the overall framework of the system is given. On the basis
of clarifying the logic of use, a more reasonable and specific data table is designed, and
some data tables are given, such as student table, memo table, daily summary table,
weekly report table, project table, task table, course resource table and shared resource
table, which lays a solid foundation for the construction of the whole system.
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Table 1. Database tables

Field name Field type Length of field Illustration

Id Int 10 –

Name Varchar 20 Name

Student Id Varchar 20 Number of
students

Password Varchar 20 Password

Group Varchar 50 Panel

Phone Varchar 11 Telephone

Email Varchar 20 Mailbox

Img Varchar 100 Head

Plan Varchar 100 Project title

Time Date – Year

Hours Time – Hours

Status Int 11 State value

Plan_ Details Varchar 500 Details of the
plan

Stu_ Id Int 100 Id of student
tables

Title Varchar 100 Title

Content Varchar 250 Daily Content

Weekly_File Varchar 100 Annex Name

Weekly_Title Varchar 100 Title

Weekly_Content Varchar 3000 Weekly Content

Orig-Filename Varchar 100 Original Annex
Name

Week Varchar 30 Week 1

Tern Varchar 30 First semester

3 System Test

3.1 Build System Test System

After the completion of the system design, in order to find the defects in the system as
soon as possible and ensure the reliability in practical application, The system needs to
be tested and the results recorded, design comparative experiments to verify whether
the number of data resource sharing has been increased compared with the traditional
system. The design of the system server uses the parameter configuration in this paper,
carries on the page setting and the student source information import in the system,
imports the existing student source information to the university end, the information
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format imported is dBASE IV version of DBF file, if the information format is excel or
other formats, the file needs to be re exported and converted. After making sure that the
web server is set up successfully, you can upload and download the required information.
First, deploy the architecture of the experimental cloud environment, as shown in the
Fig. 5:

Modern Firewall Router Server

Computers

Cloud services

Fig. 5. Cloud environment architecture deployment

The stable operation of the system needs the support of software and hardware
environment, and the system is based on J2EE platform. In order to ensure the normal
operation of the system, the required software includes JDK compiler, Tomcat server
and SQL Server 2005. The server memory needs to be more than 4G, and the hard disk
is 512g. Because the system is designed and implemented based on cloud environment,
the client needs to install browser. In order to verify that the designed system has a
larger number of data resources to share, it is necessary to use KVM converter to control
the user hosts in different areas. The KVM converter uses rekason sp1708-b, and its
parameters are as follows (Table 2):

Table 2. KVM converter parameters

Order number Relevant parameters Specific indicators

1 Number of hosts connected 256

2 Scan interval 1–255 s

3 Input and output interfaces USB interface conversion module

4 Power supply voltage AC 100–240 V, 50–60 Hz, 1 A

Under the above experimental preparation, the traditional system and the designed
system are tested for the number of data resource sharing.
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3.2 Experimental Results and Analysis

In the above experimental environment, the KVM converter is used to control different
user hosts. After successfully logging into the system, the user hosts are used to count
the resource sharing data in the system. The results are as follows (Table 3):

Table 3. Comparison of experimental results

Number of
experiments

Number of resources
shared by traditional
systems (10,000)

Number of
system-sharing
resources designed
(10,000)

Expected number of
shared resources
(10,000)

1 1 1 1

2 5 5 5

3 9.7 9.86 10

4 10 49.9 50

5 10 97.8 100

6 10 100 500

7 10 100 1000

As can be seen from the above table, after the fourth experiment, the number of
shared resources of the traditional system reached 100000. In the later experiment, the
expected amount was continuously increased, and the number of shared resources of the
traditional system did not exceed 100000, indicating that themaximumnumber of shared
resources of the traditional system was 100000. After the sixth experiment, the number
of shared resources of the designed system reached 1 million, In the seventh experiment,
the expected amount is adjusted to 10 million, and the number of shared resources of
the designed system remains at 1 million, which indicates that the maximum number of
shared resources of the designed system is 1 million. To sum up, it can be seen that the
number of shared resources of the designed system has increased significantly, which
verifies the effectiveness of the designed system. This is mainly because the method
in this paper uses the paradigm theory to design the database, so the capacity of the
database is relatively large. At the same time, the system focuses on the research of
multi-disciplinary teaching resources, and the type and number of resources are not
restricted by disciplines.

4 Conclusion

The cultivation of innovative and entrepreneurial talents with interdisciplinary integra-
tion is a new journey of the reform of talent cultivation mode in Colleges and universi-
ties. The establishment of interdisciplinary innovative and entrepreneurial talent training
objectives points out the direction of reform for talent training; scientific curriculum sys-
tem is the main carrier of innovative and entrepreneurial talent training activities, and is



Design of Online Training System for Innovative and Entrepreneurial Talents 49

the key step to achieve the goal of talent training; the construction of interdisciplinary
innovative and entrepreneurial talent training platform is to find a specific practice path
for talent training; the construction of interdisciplinary innovative and entrepreneurial
talent training platform is to find a specific practice path for talent training; Teachers are
the practitioners of talent training program, and building a reasonable teaching team can
provide a strong guarantee for talent training. Only with these basic conditions can the
cultivation of innovative and entrepreneurial talents with interdisciplinary integration
become a reality, and it is possible to cultivate comprehensive innovative talents from
all walks of life for the country. The main contribution of the method in this paper is
to expand the number of original system resource sharing and increase the speed of
calculation.
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Diversified Design of Distance Teaching Platform
for Pathogenic Microorganism and Immunology
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Abstract. In the current distance teaching platform,when carrying out diversified
teaching, it is difficult to carry out diversified teaching because of the poor bearing
capacity of platform load. Therefore, the paper proposes the diversified design of
distance teachingplatform for pathogenicmicroorganismand immunology course.
Firstly, the b/s framework is used to construct the platform structure. At the same
time, the load balancing of platform server is balanced by using consistency hash
algorithm. Access database is used as the database of teaching platform. The
paper establishes the calculation method of teaching resource relevance and the
teaching classification operation mode for students, and improves the function
business of the platform, and completes the diversified design of the platform. In
order to verify the feasibility of the design platform, the design experiment uses
the teaching resources of pathogenic microorganism and immunology course in a
university as the database resource, and carries out the platform test comparison
experiment with the traditional method platform. The experimental results show
that the design teaching platform has better performance than other flat platforms,
and at the same time, it can still have better load capacity under different teaching
modes, which can meet the original design intention.

Keywords: Diversified teaching · Hash algorithm · Balanced processing · B/S
architecture

1 Introduction

With the promotion of campus culture and the deepening of educational information-
ization research, more and more informationization management systems have been
designed and developed and successfully applied to all levels of college management
departments [1–3].With the development of diversified teachingmodes, the era of simple
teaching and chalk teaching is gradually replaced by multimedia teaching mode, LAN
teaching mode and distance teaching mode. At present, the research on the teaching
platform is relatively mature, and most of them use B/s and C/S structure to build the
platform. In order to meet the needs of use, the current research direction begins to turn
to improve the diversity of the platform. Most of the researches on teaching platform
abroad focus on the function of Moodle, the application of Moodle in teaching and the
function redevelopment of Moodle [4–6]. At the same time, on the basis of teaching
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practice, the future development direction of Moodle is explored, and the function of
Moodle is adjusted, improved and perfected. According to the characteristics of Moo-
dle platform, domestic scholars use B/S structure to design the platform structure and
improve the compatibility of the platform in the B/S structure to achieve diversity teach-
ing. However, this type of load is often larger server-side pressure, the current lack of
research on load distribution, there are limitations [7, 8].

2 Diversified Design of Distance Teaching Platform for Pathogenic
Microbe and Immunology Course

2.1 B/S Structural Platform Architecture Design

This platform is developed using the B/S platform architecture, with the basic framework
and physical framework defined and used as the basis for platform deployment, as shown
in Fig. 1:

Web server

Database server

Firewall Network

Student

Teacher

Administrators

Fig. 1. Platform physical architecture diagram

The architecture of the platform is shown below. The physical architecture dia-
gram details the various communication entities associated with the architecture of the
system, including the Web server (apache server), the database server, the firewall, the
Internet, and various user terminals. Among them, the apache server receives the request
information from the client user and produces the dynamic web page according to the
request information of the user, and processes various business logic in use of the system:
including identifying the user’s permission, judging the permission of database access,
providing the user’s demand and other logic rules, and separating the database server and
theWeb server in the physical structure in this platform, which is in the charge of special
persons, so as to ensure the security of data, reduce the amount of data transmission, and
provide the speed of data access. The user terminal uses the browser to make use of the
system platform. The network architecture of the platform is shown in Fig. 2:
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Teacher Student Administrators

Remote teaching platform
server

Access database

Fig. 2. Platform network architecture

In the distance teaching platform of this paper, the platform users are divided into
three kinds of user identity: administrator, teacher and student. The platform puts the
information setting of each college at the administrator level. The hospital administrator
is responsible for checking and managing the teaching situation of all teachers in the
hospital.

2.2 Platform Server Load Balancing Operation

Considering the load balance of teaching platform, this paper uses consistent hash
algorithm to balance the load of platform server.

First, the media server node is mapped to a value range ring by hash function, then
the real-time media streaming request is also mapped to the ring

[
0, 232 − 1

]
, and the

nearest media server node is searched clockwise to process the request. The load rate of
media server node is obtained by the following formula:

LBi = εCi + ηMi + θBi + ςL (1)

In the formula (1), LBi represents the load rate of the platform’s first server node, Ci,
Mi, Bi, Li and represent the load balance index of the server, respectively representing
CPU utilization, memory utilization, bandwidth utilization and connection ratio, and
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ε + η + θ + ς = 0. The load server in the platform sends the relevant load, and uses the
formula (1) to calculate the corresponding load rate LBi. When the node of the platform
server is LBi > LBMax, the nodes in the server are allocated to ensure the load balance
of the platform server.

2.3 Multivariate Database Design for Teaching Platform

In this paper, ACCESS database is selected as the main database of the platform. The
database has the advantages of simple installation, flexible operation, convenient transfer
and simple operation environment [9]. ACCESS in this platform is mainly used in the
following aspects: system database: that is, the entire system contains the database files,
including pre-quality course name, course description, course website, TCP/IP filing
number, traffic statistics, contact information and other settings. Administrator database:
themanagement of the account, password and permissions set. Student user database: the
student user’s account number, password and information settings. The system platform
module, the column sets the database: Mainly is carries on the rank to the high-quality
goods curriculum’s section content the column sets. Other column database: the column
can be set by the high-quality curriculum builders, the platform developed in this study
only preset the message board, contact us and other columns database settings. Platform
access to the data in the database, the use of AD0 data access object technology, the
application of platform database access. Enables clients to access and manipulate data
in a database service system through any of the OLE DB providers. Combining ADO
and ASP, we can establish the web page content provided by the database information,
and then we can insert, query, update and delete the database. In ADO, we can use
JavaScript, VBScript and other scripting languages to control access to the database and
output query results, use RecordSet object to operate the database, use ODBC’s system
data source, ADO can also connect to many types of databases. In the ASP solution,
ADO is the ability to provide users with the ability to develop fully functional database
applications and connect to any database that is compatible with ODBC.

2.4 Correlation Operation of Diversified Teaching Resources

The data is stored in the database of this paper in a tree structure. In the ontology tree,
nodes represent concepts, and edges connecting nodes represent relationships between
concepts [10–12]. A node in the ontology tree is designated as the root node. Each node
has at least one path to the root node, and the nodes on this path are the immediate
ancestors of the node, the closest immediate ancestors being called parental nodes. For
the two nodes in the ontology tree, they must share a common set of ancestor nodes.

The node representing the most specific concept is generally related to the nearest
common ancestor of two nodes. Given two concepts c1 and c2, themost commonmethod
to calculate the similarity is to calculate the semantic distance of nodes according to
their ontology levels: the closer the distance is, the higher the similarity is. When there
are multiple paths in a node [13–15], the shortest path or average path of all paths
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is considered, and the corresponding common definitions are given, and the semantic
similarity between the data of two nodes is calculated:

sim(c1, c2) = α

dist(c1, c2) + α
(2)

In formula (2), where dist(c1, c2) represents the shortest path length from c1 to c2, and

dist(c1, c2) =
n∑

1
1 and α represent the adjustment factor. Considering the influence

factors between nodes and the density of ontology tree [16–19],when the is-a relationship
and part of relationship appear between nodes, the following formula is used to calculate
the similarity:

sim(c1, c2) = α × 1
(

n∑

i=1
wt(ei)

)2

+ 1

+ β × deg ree(lso(c1, c2))

deg ree(Tree)

+ λ × depth(lso(c1, c2))

depth(c1) + depth(c2) − depth(lso(c1, c2))
(3)

In formula (3), lso(c1, c2) represents the common ancestor node of c1 and c2. depth(ci)
represents the path length from the root node to ci. The first term in the formula represents
the distance between the upper and lower relationship edges in the short path from c1
to c2, ei represents the i-th relationship connecting two nodes, and wt represents the
weight value. The second term reflects the density of nodes, where deg ree(lso(c1, c2))
represents the degree value of lso(c1, c2) and deg ree(Tree) represents the degree value of
ontology tree [20]. The third term reflects the depth of nodes, in which α, β, λ represents
adjustable parameters. According to the relevance of teaching resources, we classify
them.

2.5 Platform Student User Classification

Cluster analysis can establish a macro concept, discover the distribution pattern of data,
and the possible correlation between data. Its purpose is to provide targeted services to
the learning groupwith a certain characteristic attribute. Clustering is to divide the whole
data into different groups, and make the gap between groups as large as possible, and
the difference within groups as small as possible. Different from classification, before
clustering, users do not know how many groups to divide data into, nor do they know
the specific criteria of grouping, while the characteristics of data set are unknown in
clustering analysis. According to certain clustering rules, clustering can gather data with
the same characteristics, which is also called unsupervised learning. Clustering can be
carried out according to learners’ educational level, age, hobbies, etc. The process of
clustering can be carried out by different algorithms according to the needs, and the
attribute information of students can be compared comprehensively. At the same time,
K-means algorithm is used for clustering operation in this paper. Let C represent the
collection of document information, and A and B are platform learning users:

A,B ∈ C,A = (a1, a2, . . . an)

B = (b1, b2, . . . , bm)
(4)
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Then the dissimilarity d between two learning users can be expressed as:

d(A,B) =
∑

f
(
ai, bj

)
(5)

At the same time, the corresponding d value is calculated according to the dissimilarity
matrix, as follows:

d =

⎛

⎜⎜⎜
⎝

f (a1, b1) f (a1, b2) · · · f (a1, bm)

f (a2, b1) f (a2, b2) · · · f (a2, bm)
...

... · · · ...

f (an, b1) f (an, b2) · · · f (an, bm)

⎞

⎟⎟⎟
⎠

(6)

In formula (6), when ai = bj is f
(
ai, bj

) �= 0, and when ai �= bj is f
(
ai, bj

) = 0. When
d(A,B) is close to 0, the greater the difference between the two learning users is, and vice
versa. By setting a threshold value in the platform, when d(A,B) reaches the threshold
value, the two students will be added to the cluster and form a student category.

2.6 Implementation of Business Functions of Teaching Platform

The platform designed in this paper provides two login methods in user login, namely
user password login and QR code scanning login. The operation process of platform
login is shown in Fig. 3
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QR code login
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Client to 
confirm

Jump to home page

Enter the user name 
and password

Input verification 
code

The verification 
code is correct

Login again after 
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information

End
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and login again

Connect to platform 
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N

Y

Y
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Y

N

Y

N
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Fig. 3. Flow chart of user login

Log in with a user name and password. The user first enters the user name, password
and verification code information. After that, the verification code entered by the user is
verified. If the verification code is wrong, the user needs to re-enter the verification code.
Only after the verification code is passed, the browser submits the login form containing
the user name and password to the server for verification. If it fails, the login information
entered by the user is cleared, and the user executes the login process again. In order
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to protect users’ privacy, the system first uses HTTPS The protocol encrypts the login
information and prevents man in the middle attack, and calculates the message digest
of the password through MD5 algorithm, so as to prevent the background developers
from misoperation, which leads to the direct disclosure of the user password in plaintext
form; secondly, when the user logs in, it needs to input the verification code, which can
prevent the script program from brutally cracking the user account to a certain extent; in
addition, when the user registers, it is used for each user A unique random string (called
salt) is generated, and the value stored in the database is the message digest calculated
by MD5 algorithm after the hash value of user password and salt are spliced. Log in to
the system by scanning the QR code. After the user enters the login page, between the
browser and the server.

Maintain a long connection to view the status of user code scanning. When the user
does not scan the QR code, confirm login or cancel login within the specified time, the
login page will refresh the QR code and the user will execute the login process again.
In the communication module of teaching platform, this platform uses mqtt protocol to
realize the communication between platforms. First, the client subscribes to the related
topic, and then when the topic has a message update, mqtt broker forwards the message
to the client. At the same time, the corresponding instant messaging module is designed
to realize. Some instant messaging topics are shown in Table 1.

Table 1. Theme design of instant messaging module

Theme Subject category Topic description

/e/eid/pres/uid Status information Used to notify users of status

/e/eid/im/u/uid Instant messaging For two person chat

/e/eid/im/g/gid Instant messaging For group chat

/e/eid/u/notice/uid Notice Personal notification message

/e/eid/g/notice/gid Notice Group notification message

/e/eid/gmanage/gid Notice For group management

In Table 1, eid, uid and gid represent course number, user number and group number
respectively, and they are variable numbers.

3 Experimental Demonstration and Analysis

In order to verify the feasibility of the design platform, this paper uses the teaching
resources of pathogenic microorganisms and immunology in a university as the platform
data resources, and carries out comparative experiments with the platforms in literature
[1], literature [2] and literature [4] to test the performance of the platform.

3.1 Platform Establishment Environment

The platform server environment is Dell PowerEdge r720 (Xeon e5–2609/2 GB/300 gb),
CPU model: Xeon e5–2609 2.4G, memory capacity: 2 GB ECC DDR3, standard hard
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disk capacity: 1 TB, network controller: Intel four port Gigabit network, CPU frequency:
2.4 GHz. Client environment: Tsinghua Tongfang (u49f-i3314001) 200 desktop com-
puters, screen size: 14 inch 1366x768, CPUmodel: Intel Core i5 3317u, CPU frequency:
1.7 GHz, memory capacity: 2 GB DDR3, hard disk capacity: 128 GB SSD, solid state
disk, ie8.0. Integrated build Java language compiler environment, Tomcat server, access
database.

3.2 Teaching Resource Data

The teaching resource data of pathogenicmicroorganism and immunology in a university
was used as the experimental resource data.

Table 2. Data of experimental teaching resources

Resource type Resource format Number of resources Resource size

video .mp4 148↑ 218 GB

Audio frequency .mp3 Paragraph 98 12 GB

Written words .txt Chapter 45 86 MB

Picture .png 278 1.78 GB

3.3 Classification Test of Teaching Resources

The teaching resources of pathogenic microorganism and Immunology selected in this
experiment include multi chapter and multi type research direction teaching resources.
Therefore, the platform is needed to classify these teaching resources. The experimental
results are shown in Table 3.

Table 3. Experiment on classification ability of platform teaching resources

Platform number Classification accuracy Classification error rate Number of classification
types

Platform one 98.79% 1.04% 68

Platform 2 90.51% 4.65% 61

Platform 3 98.17% 0.98% 30

Platform 4 91.24% 4.33% 62

In Table 3, platform one is the distance teaching platform designed in this paper,
platform two is the teaching platform in literature [1], platform three is the teaching
platform in literature [2], and platform four is the teaching platform in literature [4].
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It can be seen from Table 2 that the accuracy and error rate of the teaching platform
designed in this paper are lower than those of other platforms, while the accuracy and
error rate of the three classification of the platform are similar to those of this platform,
but the number of types in the platform is less, and the classification is rough.

3.4 Teaching Resource Search Test

After classification, in order to verify the query ability of the platform to different teach-
ing resources after classification, we use the experimental platform to query different
table and graph resources in teaching resources, and verify the query ability of the
platform. The test results are shown in Table 4.

Table 4. Platform teaching resources query test

Algorithm comparison Linked list Linear structure Fork tree structure

Platform 1 Recall ratio 89.7% 91.4% 95.4%

Precision ratio 91.2% 94.5% 91.7%

Platform 2 Recall ratio 82.1% 80.5% 81.2%

Precision ratio 78.5% 77.6% 72.4%

Platform 3 Recall ratio 75.2% 77.5% 70.3%

Precision ratio 80.2% 81.5% 83.5%

Platform 4 Recall ratio 72.5% 70.3% 70.2%

Precision ratio 81.4% 83.5% 84.7%

In Table 4, it can be found that the recall and precision of the design platform are
better than other platforms in the query of teaching resources, which proves that the
platform has strong computing ability on the relevance of teaching resources.

3.5 Platform Diversified Use Load Test

In order to verify the load capacity of the platform under different use modes, 350
simulated users were established to simulate group chat interaction, video teaching and
teaching test, and verify the load capacity of the test platform. The test results are shown
in Table 5.

The results in Table 5 show that under the group chat interaction of 350 simulated
users on the four platforms, the CPU and memory occupancy rates of the servers on the
four platforms are less than 50%, and the load condition is good. The load test results
of simulated user video teaching are shown in Table 6.

It can be found from the results in Table 6 that due to the large amount of data
to be distributed and transmitted in video teaching, the platform load is required to be
higher. Except for platform 1, the load of other platforms is higher than 50%, and the
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Table 5. Load of group chat interactive teaching platform

Platform number Server CPU usage% Server memory usage% Average data update delay

Platform one 16.7 18.5 78 ms

Platform 2 25.8 19.8 133 ms

Platform 3 31.1 23.4 147 ms

Platform 4 36.5 28.7 182 ms

Table 6. Load of video teaching platform

Platform number Server CPU usage% Server memory usage% Average data update delay

Platform one 26.9 28.9 115 ms

Platform 2 54.6 49.8 386 ms

Platform 3 56.7 43.1 497 ms

Platform 4 65.3 61.4 487 ms

Table 7. Load of teaching test teaching platform

Platform number Server CPU usage% Server memory usage% Average data update delay

Platform one 19.7 22.1 94 ms

Platform 2 43.5 48.2 216 ms

Platform 3 38.9 33.1 233 ms

Platform 4 39.2 40.5 287 ms

data update delay is higher than 200ms, which indicates that there is a certain pressure
on the platform load. The load test results of simulated users are shown in Table 7.

In Table 7, it can be found that the load pressure on the platform is reduced in the
teaching test operation of simulated users. But after three different platform operations,
we can see that platform one is better than other platforms in carrying out diversified
teaching.

4 Conclusion

In this paper, the B/S structure is used to build a diversified teaching platform, and
the consistent hash algorithm is used to improve the server load distribution of the
platform. It can meet the actual use of multiple teaching mode and improve the quality
of teaching. However, most of the research of this platform focuses on the platform
structure and platform load, and the user interface of the platform is lack of improvement
and beautification, including page layout, font display and other issues, which still need
to be further adjusted.
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Design of Sports Dance Online Interactive
Teaching System Based on Intelligent Terminal

Jing Zhao1(B) and Ya-na Tang2
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Abstract. This research designs an online interactive teaching system of sports
dance based on intelligent terminal. In the hardware part of the system, the proces-
sor, memory and storage circuit, wireless transceiver circuit, power circuit, liquid
crystal display module and circuit module are designed; In the software part of
the system, the data in the system are mainly processed, and the corresponding
database is designed. The experimental results show that the sports dance online
interactive teaching system based on intelligent terminal not only improves the
storage capacity of the system, shortens the response time of the system, but also
improves the maximum concurrent number of the system, which shows that it has
high practical significance and can effectively realize the online teaching of sports
dance.

Keywords: Intelligent terminal · Sports dance · Online interaction · Teaching
system

1 Introduction

Sports dance is a dance of international social activities, which plays an important role
in enriching human life and improving human self-cultivation. However, due to the
limitation of time and space in traditional dance teaching, it is difficult for the majority
of fans to arrange time to study reasonably [1].

With the continuous development and maturity of computer network technology
and communication technology, online teaching has become a reality. The use of online
video teaching can make up for the limitations of traditional sports dance teaching, so
that people do not have to learn sports dance at a designated time and place, which can
increase the interest of dance lovers and improve dance.

Generally speaking, the sports dance video teaching system uses the combination
of sports dance and computer technology, uses the recorded dance teaching video to
express the teaching content of the course in a digital form, and uses the establishment
of a database to compare the various teaching resources in the teaching system and Stu-
dent and teacher information is stored and managed. It can not only effectively manage
teaching resources, but also provide learning opportunities for fans more clearly and
conveniently through video teaching. At present, the commonly used teaching systems
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mainly include online interactive teaching system of sports dance based on VEM frame-
work and online interactive teaching system of sports dance based on VEM framework
of Leap Motion Motion controller. However, it is found in practical application that
the above-mentioned traditional system has some shortcomings such as poor storage
capacity and long response time.

Smart terminals are also called mobile smart terminals, mainly including mobile
phones, tablets, laptops, vehicle-mounted smart terminals, PDA smart terminals, wear-
able devices, etc. In our country, students, no matter in primary and secondary schools,
generally have mobile phones. This creates conditions for the development of teaching
based on intelligent terminals. Therefore, in view of the shortcomings of the traditional
system, this research is based on the intelligent terminal to design the online interactive
teaching system of sports dance.

2 Hardware Design of Sports Dance Online Interactive Teaching
System

The hardware structure of Sports Dance online interactive teaching system is shown in
Fig. 1.

In Fig. 1, the data layer mainly stores teaching data in the form of XML database.
The data layer takes knowledge points as the core; the intermediate agent layer mainly
interacts with the system after the learners log in to the system and returns to the informa-
tion base according to the learners’ learning results; the realization layer mainly accepts
the user’s request and returns the generated formatted data to the page.

2.1 Processor Design

ARM’s Cortex-M3 processor is the latest generation of embedded ARM processors. It
provides a low-cost platform, reduced pin count, reduced system power consumption,
and excellent computing performance for the needs of MCU. And advanced interrupt
system response. In addition, ARM’s Cortex-M3 processor is a 32-bit RISC processor,
which provides additional code efficiency and exerts the high performance of the ARM
core in the storage space of the usual 8-bit and 16-bit systems [2, 3].

Stm32f103zet6 is a high-performance arm Cortex-M3 32-bit RISC microcontroller
produced by stm32f103zet6. Therefore, it is compatible with all arm development tools
and software. Stm32f103xx is a complete series, its members are completely foot to
foot compatible, software and function are also compatible. In the reference manual,
stm32f103x4 and stm32f103x6 are classified as small capacity products, stm32f103x8
and stm32f103x B are classified as medium capacity products, and stm32f103x C,
stm32f103x D and stm32f103x e are classified as large capacity products. Small capac-
ity products have smaller flash memory, RAM space and fewer timers and peripherals.
The high-capacity products have larger flash memory, RAM space and more on-chip
peripherals, such as SDIO, FSMC, I2S and DAC, while maintaining compatibility with
other products of the same series.

STM32F103ZET6 is mainly equipped with 3 12-bit analog-to-digital converters,
1us conversion time, up to 21 input channels; 2-channel 12-bit digital-analog converter;
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Fig. 1. Hardware structure of online interactive teaching system of sports dance

12-channel DMA controller; up to 11 timer, Are 4 16-bit timers, each timer has up to 4
channels for input capture, output comparison, PWM or pulse counting and incremental
encoder input [4, 5]; 2 16-bits with dead zone Control and emergency braking, PWM
advanced control timer for motor control; 2 watchdog timers (independent and window
type); 2 16-bit basic timers for driving DAC; 1 system time timer: 24-bit self-decreasing
counter; up to 13 communication interfaces, respectively 2 I2C interfaces; 5 USART
interfaces; 3 SPI interfaces, 2 of which can be reused as I2S interfaces; Controller area
network CAN interface (2.0B Active); USB 2.0 full-speed host/slave/OTG interface; up
to 112 users can operate general-purpose I/O pins; debug mode has a serial single-wire
JTAG debug port.

2.2 Design of Memory and Storage Circuit

SRAM is a kind of static random access memory. SRAM uses registers to store informa-
tion, and it can save the internal data without refreshing the circuit. Therefore, SRAM
has high performance, and the speed of SRAM is very fast, so it is the fastest read-write
storage device at present [6–8]. SRAMneeds four to six transistors and some other parts,
while DRAM only needs one transistor and a small capacitor for the same memory cell.
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Therefore, for SRAM and DRAM with the same capacity, the cost of SRAM is much
more expensive than DRAM, and the chip area is also larger.

Therefore, this system chooses 256K × 16bit SRAM, the model is
IS61WV25616BLL-10TLI, it is a high-speed asynchronous CMOSperformance SRAM
produced by ISSI company, the operating frequency can be up to 125 MHz, the oper-
ating voltage is 3.3 V, and the operating power consumption The maximum is 85 mW,
the static power consumption is 7 mW, with three-state output, the data read and write
control is divided into high byte and low byte, and the address line and data line operate
independently [9].

In SRAM, the decoder and interface circuit with external signal are around the array
of memory cells arranged in matrix form.Memory cells are usually in the form of square
or matrix to reduce the area of the whole chip and facilitate data access. A0-a17 is the
address input, I/o0-i/O15 is the data input and output, and /CE is the chip enabling end.
The low level is effective. When the driving level is low, the device is enabled. /OE is
the data output enable end, low level valid, / we is the write enable end, low level valid,
/Ub and /lb are the high and low byte control end, low level valid respectively. SRAM
operation is divided into read operation and write operation. When the address of MCU
/lb /CE is low, the data can be read from MCU /lb /CE Write data. The function of high
and low byte control terminals /Ub and /lb is to facilitate users to write or read only one
byte of data at a time [10].

2.3 Wireless Transceiver Circuit Design

The RF wireless transceiver module is also the core module of the system. This research
uses CC1101RF transceiver to design RF wireless transceiver module. The CC1101RF
transceiver is a sub-1 GHz high-performance radio frequency transceiver launched by
Texas Instruments. It is Chipcon’s Smart RF 04 technology based on a 0.18 micron
CMOS crystal and is designed for extremely low power RF applications. The CC1101RF
transceiver integrates a highly configurable modem. This modem supports different
modulation formats, and its data transfer rate can reach 500 kbps. By turning on the
forward error correction option integrated on the modem, performance can be improved.
In addition, the CC1101RF transceiver provides extensive hardware support for data
packet processing, data buffering, burst data transmission, clear channel assessment,
connection quality indication and electromagnetic wave excitation.

Cc1101rf transceiver can provide a wide range of hardware support for packet pro-
cessing, data buffering, burst transmission, received signal strength indication (RSSI),
idle channel assessment (CCA), link quality indication and wireless wake-up (wor).
Cc1101rf transceiver is compatible with CC1100 in code, package and external pin. It
can be used in the most commonly used open RF design with frequency lower than 1
GHz in the world. The main characteristics of cc1107 transceiver are as follows:

• Small size (QLP 4 × 4mm package, 20 pins);
• Real single chip UHF RF transceiver;
• Frequency bands: 300–348 MHz, 400–464 MHz and 800–928 MHz;
• High sensitivity (- 110D BM at 1.2 kbps, 1% packet error rate);
• The programmable data transmission rate can reach 500 kbps;
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• Low current consumption (15.6 m a, 2.4 kbps, 433 MHz in Rx);
• The output power of programmable control can reach + 10d BM for all supporting
frequencies;

• Need few external components: on chip frequency synthesizer, no external filter or
RF conversion;

• The programmable baseband modem supports 2-fsk, GFSK, MSK and ook;
• Optional forward error correction with interleaving;
• Separate 64 byte RX and TX data FIFO;
• Efficient SPI interface: all registers can be controlled by a “burst” converter.

The working principle of CC1101RF transceiver is as follows: CC1101RF
transceiver chip has multiple functional modules, mainly including low noise amplifier
(LNA), power amplifier (PA), analog-to-digital converter (ADC), multiplier, 90-degree
phase shifter, Baseband modem and frequency synthesizer, etc. When receiving data,
the CC1101RF transceiver can be used as an IF (Intermediate Frequency) receiver. The
received RF signal first passes through a low-noise amplifier (LNA) to amplify the use-
ful signal and suppress noise, and then down-convert to an intermediate frequency (IF)
through a mixer. At the intermediate frequency, two orthogonal components he signals I
and Q are respectively converted into digital signals through two analog-to-digital con-
verters (ADC) [11, 12]. After the two digital signals are controlled by forward error
correction, they are packed and stored in the 64Byte receive buffer (RXFIFO). Wait for
the microcontroller to read the data. The transmitted data of CC1101 is based on the
direct synthesis of RF frequency. Its internal frequency synthesizer includes a complete
LC voltage-controlled oscillator (VCO) and a 90-channel signal generated by the down-
conversion mixer in the receiving mode. Degree phase shift network. The transmitted
data is first stored in the 64Byte transmission buffer, and then the data is packaged and
modulated. The modulated signal is directly generated by the frequency synthesizer
and then passed through the phase shift network and power amplifier (PA), and finally
transmitted through the antenna.

2.4 Design of Power Supply Circuit

The battery panel uses 36 ah, 12 V maintenance free lead-acid battery as the energy
storage element, that is, the output voltage of the battery is 12 V. When selecting the
power conversion chip for 5Vvoltage conversion circuit, it is necessary to have an overall
evaluation of the overall power consumption of the system. In order to make the power
conversion chip meet the maximum load requirements of the system and leave a certain
margin, at the same time, it is necessary to consider the efficiency of chip conversion. 5
V power supply is mainly for LED The display power consumption is relatively large,
and the maximum power consumption can reach several watts. Considering the above
factors, in this system, the 5 V voltage conversion chip selects the Synchronous Step-
Down Switching Regulator lm2576-5.0v of national semiconductor company, which
can provide various functions of the step-down switching regulator, and can drive 3 A
at most It contains a frequency compensator and a fixed frequency oscillator of 52 kHz,
which can reduce the number of external components to the minimum and make the
designer more convenient.
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2.5 LCD Module Design

Syg128641 LCDmodule is adopted, which is a 128× 64 dot matrix LED backlight STN
LCD with blue background and white characters. With negative pressure conversion
function, its connection principle is shown in Fig. 2.

VSS

VDD

VO

RS

R/W

E

DB0

DB1

DB2

DB3

DB4

DB5

DB6

DB7

CS1

CS2

RST

Vee

LED+

LED-

1

2

3

4

5

6

7

8
9

10

11

12
13

14

15

16

17

18

19

20

DB0

DB1

DB2

DB3

DB4

DB5

DB6

DB7

LCDCS1

LCDCS2

nRest

LCCDI

VDD3.3

Fig. 2. Partial connection diagram of LCD module

In Fig. 2, DB0–DB7 represent data line 0~data line 7, VOUT represents voltage
output, LEDA represents backlight input, RD represents read signal, CE represents chip
select signal, and C/D represents command/data selection.

2.6 Liquid Crystal Display Module Circuit Design

The integrated LCD controller of OMAP-L138 includes two independent controllers,
one raster controller and one LCD display interface display driver (Lido) controller.
Each controller operates independently and only one controller can be effective at the
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same time. Grating controller is used to process synchronous LCD interface [13], which
provides clock and data for continuous graphic refresh of passive display; Lido controller
supports asynchronous LCD interface, which provides programmable control signal and
output data. The maximum resolution supported by LCD controller is 1024 × 1024
pixels, and the maximum frame rate is determined by image size and clock frequency.
LCD controller supports two kinds of LCD, STN (super twisted nematic) LCD and TFT
(thin film transistor) LCD.

This research uses POWERTIP’s TFTLCDPH320240T-005-IQ, which has a resolu-
tion of 320× 240 pixels, supports 24bit RGB (red, green, and blue) color mode, uses 3.3
V power supply, and its operating current is generally 75 mA. The dot clock frequency
is 6.4 MHz. The internal LCD controller of OMAP-L138 only provides 16 data lines,
while the selected LCD screen PH320240T-005-I-Q has a total of 24 data lines. In this
design, the excess 8 data lines are directly pulled up. The LCD_AC_ENB_CSn signal is
used here as the LCD controller data output enable signal, that is, the DE signal. In order
to ensure the high quality of the liquid crystal display, this design adds a resistance of
33 � to the data line, clock line and control line to do impedance matching processing
to eliminate signal reflection and ensure signal integrity [14, 15].

3 Software Design of Online Interactive Teaching System for Sports
Dance

3.1 Teaching Data Processing

Based on the hardware design of the above-mentioned sports dance online interactive
teaching system, the software design of the sports dance online interactive teaching
system. Under the intelligent terminal, the software development of the sports dance
online interactive teaching system is mainly composed of teaching resources, bulletin
boards, resource downloads, student communication and management systems, in order
to meet the functions of downloading and sharing learning resources of students, and
understanding the latest learning trends. Teachers can also use the software to publish
news and carry out teaching to complete classroom teaching and experimental analysis.

The software designed this time mainly includes news updates, bulletin boards,
download centers, communication areas, system management, course introduction,
teaching methods, syllabus, teaching plans, bibliography, electronic courseware, stereo
and answers, case addition and deletion functions. In order to avoid conflicts between
various functions in the system, a resource database is constructed, and the port of the
sports dance online classroom teaching system is connected to the database to ensure
that the data transmission speed is increased when resources are requested to download.
In addition, set the user authentication function in the system software, because there
are more users using the software, if there are more users accessing a project at the
same time, there will be a stuck phenomenon, so set the user authentication function.
According to the different identities of teachers and students, access to different system
resources. So as to improve the use of the online classroom teaching system. The user
authentication link needs to mobilize the database to complete, so it is necessary to
enter the relevant information of teachers and students in the online classroom teaching
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software to improve the response speed of the system. The implementation steps are as
follows:

First, user requirements are abstracted as information structure, which is also the
basis of database design;

Second, construct the result tree, add any structure through filtering and reordering,
and judge the data attributes. The calculation formula is as follows:

|G| = v ∈ t
∫
V × Ki

(1)

In formula (1), |G| is the data in the database, ∫ V is the data attribute, Ki is the attribute
determination factor, and v ∈ t represents the attribute of the data v is t.

Third, the attributes of the data are obtained through the above calculations, and the
result tree is constructed according to the attributes of the data;

Fourth, format the system data and use the following formula to achieve:

G log =
√

pbv
Z × v

(2)

In formula (2), G log stands for formatting factor, Z stands for data entity attributes, v
stands for configuration data, and pbv stands for data hierarchy logic.

Fifth, the formatted vocabulary specified in the XML document is implemented to
construct the result tree. Each type of data in the database corresponds to a formatted
object class. Mapping process is shown in Fig. 3.
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Fig. 3. Data mapping process

When an attribute of a data in the system database has the same attribute value in
multiple object instances, all the system name information is stored in a single database
table to avoid data redundancy;

Sixth, create a course group. In the process of creating, if the service nature of
assessment encounters an access request, it first executes the data segment. Because the
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amount of data mapped to the library table is large, which affects the query efficiency, it
creates a course group, stores the same kind of data information in the unified curriculum
table, and then returns the execution result to the system together with the JSP file;

Seventh, test function, which is the core part of the distance teaching management
system, separates the generation anddisplayof the content in the system.According to the
result of separation, the level of students is distinguished. The degree of discrimination
of each test question in the system is determined in advance by an experienced teacher,
and is continuously adjusted according to the test takers’ scores. The mathematical
expression of the overall degree of discrimination is:

Qn =
(

∑

x

j×Wj

)

/M (3)

In formula (3), Qn is the discrimination degree of question n, Wj is the full score of
question j,

∑

x
j is the full score of the whole paper, and M is the test taker’s score.

The calculation process and results are stored in the database, so that the system can
continuously improve the database structure according to the level of students.

3.2 Database Design

The data after the above processing is stored, and the relevant information of the
relationship table between the main entities in the database is shown in Table 1.

Table 1. The relationship table between the main entities in the database

Entity 1 Entity 2 Relationship type

Student Class an: 1

Class Profession an: 1

Forum message Leave a feedback 1: an

Student Forum message 1: an

Student leave a feedback 1: an

Student Q & A 1: an

System users Operating 1: an

Test questions Chapter an: 1

Test questions Error 1: 1

Based on the above analysis, the software flow is designed as follows:

1) Connect the system database with the system hardware;
2) Check whether the hardware connection is successful. If successful, access the

relevant information. If unsuccessful, send an error report and return to the login
page;
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3) Through the output - Edit - Review - modify - delete and other steps to complete the
software operation.

The structure of class table is shown in Table 2.

Table 2. Class table structure

Serial number Field name Types of length meaning

1 Classid Integer 256 Welder id

2 Institutename Character type 30 College name

3 Majorname Character type 30 Professional title

4 Classcode Character type 8 Class number

5 Classname Character type 20 Class name

According to the above process, the data is stored to complete the research on the
online interactive teaching system of sports dance based on the intelligent terminal.

4 Experimental Comparison

In order to verify the effectiveness of the design of Sports Dance online interactive
teaching system based on intelligent terminal, experimental analysis is carried out, and
in order to ensure the preciseness of the experiment, the performance of this research
system is compared with the traditional system.

4.1 Comparison of System Storage Capacity

The storage capacity comparison between the online interactive teaching systemof sports
dance based on intelligent terminal and the traditional system is shown in Fig. 4.

Analyzing Fig. 4, we can see that in the first phase of testing, the data storage
capacity of the research system is similar to that of the traditional system. The data
storage capacity of the research system is on the rise throughout the entire time period,
and the data storage capacity is relatively high. The overall data storage capacity is
higher than that of the traditional system. It can be proved that this research can achieve
the system design goal in data storage capacity, and there is no storage slack, and the
storage capacity is superior.
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Fig. 4. System storage capacity comparison

4.2 Comparison of Response Time of Different Requests

Compare the response time of this research system and the traditional system under
different requests. The main test contents include the response time of teacher assign-
ment, user login operation, online classroom operation and homework operation. The
comparison results are shown in Fig. 5.

AnalyzingFig. 5,we can see that the transmission rate of different systems is different
under different user operations. By comparison, it can be seen that the response time of
the four operations of this research system is relatively short, and it can respond to user
operations in a short time. However, the traditional system has a longer response time
in user login operation time response, online classroom operation time response, and
homework exercise operation, and the response time is much longer than this research
system.
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4.3 Comparison of the Maximum Number of Concurrent Systems

Figure 6 shows the comparison result of themaximum concurrency between the research
system and the traditional system.

Analyzing Fig. 6 we can see that when the number of concurrent data of the research
system and the traditional system accomplish the same goal, the system time shows a
gradual upward trend. Careful analysis shows that the research system takes less time
than traditional systems to complete the maximum concurrency.
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5 Conclusion

This study designed an online interactive teaching system of sports dance based on
intelligent terminal. The functions of the system include user login and authentication,
information management, course management and database design. This system can
not only realize the sharing of teaching resources, but also create network courses. The
system reduces the limitation of communication between teachers and students, students
can ask questions on the message board, teachers reply students can check, the design
of other network classroom teaching software development system is also of reference
significance. However, due to the limitation of research time, the system still has some
deficiencies. In the following research, the system will be further optimized from the
perspective of teaching resource oriented mining.
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Abstract. Aiming at the problems that the traditional classroom teaching method
cannot update the database in real time, resulting in incomplete data transmis-
sion and low efficiency of tutoring, a remote online 3D teaching platform for
industrial design major in colleges and universities is designed. According to the
framework of online distance stereoscopic teaching platform, the infrastructure
layer, database layer and application service layer are designed. The informa-
tion is stored in the SQLite lightweight database of memory to provide students
with the required course information of industrial design. From the exhibition
three-dimensional teaching mode, competition three-dimensional teaching mode,
training three-dimensional teaching mode and project driven three-dimensional
teaching mode four methods, design online distance three-dimensional teaching
platform mode. The experimental results show that all the black box test contents
of the system are passed, and the highest counseling efficiency is 99%, which has
a good counseling effect.

Keywords: Industrial design major in colleges and universities · Online
distance · Three-dimensional teaching · Platform construction

1 Introduction

Distance education is a kind of education mode where the training courses are transmit-
ted to distance (outside the campus) through audio, video (live or video) and computer
technology including real-time and non real-time [1]. Its emergence has changed the tra-
ditional education space, time, work and family relations, economic constraints, which
are the requirement of the development of the times, but also the social demand for a
variety of forms of education [2]. It is a new component of the existing higher education
system and a supplement [3]. Industrial design is a comprehensive design of the func-
tion, material, structure, shape, color, surface treatment, decoration and other elements
of mass-produced industrial products from the perspectives of society, economy, tech-
nology and art, so as to create new products that can meet people’s growing material
needs [4].
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At present, domestic colleges and universities attach great importance to the practi-
cal teaching of industrial design. The core of industrial design is product design. If it is
separated from enterprises, design will become the water without a source. It is an indis-
putable fact that industrial design can develop only when it is combined with enterprises.
Therefore, colleges and universities now choose to cooperate with enterprises to com-
plete the practical teaching of students. There are professional practice teaching links in
the training programs of various colleges and universities. Due to the accommodation
of enterprises and the internship funds of schools, students generally choose to visit the
enterprises for internship, or directly contact the internship site nearby by themselves,
so as to guide students to understand the actual design process and practical teaching
knowledge. This can play a certain role, but due to the short time and other reasons,
students can not better integrate into the practical teaching link, and the pertinence is
poor. In the traditional classroom and satellite TV teaching process, students’ learning
time and place are limited, and the course content presents a linear display mode, which
can not be updated in real time. In the traditional classroom, when the server sends and
returns files to the client, the data is centralized, but the file is large, which is easy to cause
network congestion and data loss. However, the use of satellite TV teaching method is
affected by the quality of the floppy disk, which is prone to the loss of course data.

For this reason, this paper puts forward the construction of online distance three-
dimensional teaching platform for industrial design major in colleges and universities.
Aiming at the problem that the traditional classroom teaching method can not update
the database in real time, the infrastructure layer, database layer and application service
layer are designed. The information is stored in SQLite lightweight memory database,
which provides students with the required course information of industrial design. Start-
ing from the four methods of display three-dimensional teaching mode, competition
three-dimensional teachingmode, training three-dimensional teachingmode and project
driven three-dimensional teaching mode, the online remote three-dimensional teaching
platformmode is designed to optimize the teaching efficiency. Experimental results show
that the proposed method has good application performance.

2 Industrial Design Major Framework Design of Online Distance
Stereoscopic Teaching Platform

To establish an online distance three-dimensional teaching platform for industrial design
major in colleges and universities, the construction of the platform needs to integrate and
apply information technology in combination with new information technologies such
as big data, cloud computing and mobile Internet, so as to meet the needs of all parties
as much as possible [5]. Information collection is very important for the construction of
the platform. By strictly controlling the collection mode, we can realize the strict control
of the course teaching mode. On the basis of hierarchical structure design, the platform
has certain expansibility and adaptability at all levels [3]. Figure 1 shows the framework
of online distance stereoscopic teaching platform.

As can be seen from Fig. 1, the online distance stereoscopic teaching platform can
be divided into three levels: Infrastructure layer, database layer and application service
layer. The three do their best and each do their best to provide students with the necessary
information on industrial design courses.
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2.1 Infrastructure Layer

The digital sensor used in the infrastructure layer is to add or modify the A/D conversion
module of traditional analog sensor to make its output signal digital (or digital coding).
It mainly includes function realization, A/D conversion controller, single chip micro-
computer (CPU), memory, communication interface, temperature detection circuit, etc.
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[6]. Through software design, comprehensive compensation is performed on the sen-
sor’s linearity, zero point, temperature drift, creep and other performance parameters,
eliminating the influence of human factors and improving the accuracy and reliability of
compensation [7]. The output compatibility error is more than 0.02%, the characteristic
parameters are identical, and the interchangeability is good. The A/D converter with
successive approximation method is composed of a comparator, D/A converter, buffer
register and control logic circuit, as shown in Fig. 2.

Adopting A/D conversion is to convert analog signal into digital signal, and convert
analog quantity into digital quantity through certain circuit. From the high position to
the low position, the trial comparison is like using a balance to weigh the object, and the
weight is gradually increased or decreased from heavier to lighter. [8]. The conversion
process of successive approximation method is as follows: During initialization, all bits
of successive approximation register are cleared; At the beginning of the conversion, the
highest position 1 of the successive approximation register is sent to the D/A converter,
and the analog quantity generated after the D/A conversion is sent to the comparator,
which is called vo. Compared with the analog quantity VI to be converted, the optimal
one is selected to complete the A/D conversion [9].

2.2 Database Layer

The collection of a large amount of industrial design professional course information
needs to be classified reasonably and in accordance with the prescribed data format
and technical specifications. The database layer can transmit, store, and divide the basic
structure of data information processing and sharing into three levels, and examine the
database from three different perspectives.

Using SQLite lightweight database, its internal structure is shown in Fig. 3.
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As can be seen from Fig. 3, SQLite lightweight database adopts modular design,
which is composed of eight independent modules. Each module divides the complex
query process into several small tasks. This interface is composed of SQLite capi, which
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is used to interact with SQLite. Whether it is a program, script language or library file,
it needs to compile the program to process the relevant code. The word segmentation
program and the word segmenter cooperate to process structured query sentences in
text form, analyze their grammatical validity, and convert them into hierarchical data
structures that are easier to process at the underlying virtual machine. Virtual machine,
also known as virtual database engine, is mainly used to interpret and execute byte code.
SQLite is used to realize the version management of database in the system. In addition
to software, users can create database table structure for application, add some initial
records, and update the data table structure. The system also provides SQLiteDatabase
class, which encapsulates some API interfaces to manipulate the database. This class
can be used to add, query, update and delete data.

The database using internal model as framework is called physical database; the data
using conceptual model is called conceptual database, and the database using external
model is called user database.

(1) Physical data layer
The innermost layer of the database is the data collection actually stored on the
physical storage device. The data is the original data and objects processed by the
user, including bit strings, fields and fields, which are used to process the commands
described in the internal mode.

(2) Conceptual data layer
Conceptual data layer is the central layer of database, which is mainly represented
by logical attributes. Each data type has a logical relationship, that is, a group of
data record relationships. In different data levels, all the logical relationships are
not physical states. For database managers, it is a platform to store all the data.
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2.3 Application Service Layer

The user data layer is the data layer for the convenience of users to view,which represents
different data sets. With the help of the logical relationship of the concept data layer, the
data mapping is transformed into different databases for hierarchical connection. The
client design of this level is shown in Fig. 4.

The client module can accurately reflect the students’ learning ability and skill level,
and provide the basis for the online remote three-dimensional automatic tutoring of the
system. The module is composed of collaborative teaching agent and other agents. Each
teaching subject has the necessary knowledge to solve the problem independently. As an
independent individual, artificial intelligence is mainly responsible for displaying spe-
cific teaching materials, solving problems and guiding students’ views. It combines the
knowledge of curriculum structure, answers students’ questions and supervises students’
learning behavior. It is a specific measure to realize students’ personalized interactive
learning. In the teaching process, teachers can collect students’ feedback information
through the network to improve the teaching strategy library, and use their own reasoning
mechanism to solve the problems encountered in the teaching process. The interaction
between teachers and students can supplement students’ knowledge at any time in the
classroom. The personalized data collection method is adopted to add the interactive
information of teachers and students to the basic content of the basic courseware dis-
played by teachers, which can be stored in the database after being supplemented by
students themselves.

3 Mode Design of Online Distance Stereoscopic Teaching Platform

In daily teaching, design practice teaching is an important way to cultivate the practical
design ability of industrial design students. Whether the design practice teaching mode
and scheme design are reasonable or not is the key towhether the design practice teaching
can achieve the expected teaching objectives. In order to achieve the expected effect of
practical teaching of industrial designmajor, and ultimately meet the requirements of the
outline of the design personnel training requirements, and meet the needs of enterprises
and society, the online remote three-dimensional teaching mode of industrial design
major in colleges and universities is proposed. The three-dimensional practice teaching
mode in the research mainly includes the design practice mode based on exhibition, the
design practice mode based on design competition, the design practice mode based on
internal and external training base, and the design studio practice mode based on project
driving, as shown in Fig. 5.

3.1 Three-Dimensional Teaching Model of Exhibition

The basic goal of the design practice teaching ability of the exhibition is to cultivate
the user research ability of industrial design students. The basic process of this mode
is described as follows: First, according to the requirements of the course, the teacher
assigned the students specific design practice theme; Second, after understanding and
understanding the theme tasks of design practice, students will find out the theme and
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go to relevant exhibitions to conduct serious market research and user analysis research,
so as to form a more detailed user analysis research report. These reports must include
the division of target users, consumption characteristics of target users, physiological
and psychological characteristics of target users, aesthetic cognition and values of target
users, etc.; Third, according to the user report, students design and conceive the sketch
scheme; Fourth, screen and optimize the sketch scheme; Finally, determine the final
scheme and carry out the detailed design.

3.2 Competition Three-Dimensional Teaching Mode

The basic goal of design practice teaching based on design competition is to train stu-
dents’ innovative design ability and initially establish the idea that design needs to solve
practical problems. The basic process of the model is as follows: First, according to
the requirements of teaching tasks and time, teachers collect relevant design competi-
tions that meet the requirements of course time and theme; Second, teachers analyze the
requirements of relevant design competitions and assign design tasks to their students;
Third, students choose the design competition theme according to their own actual situa-
tion; Fourth, the conception and optimization of design power; Fifth, design refinement;
Finally, design feasibility analysis.

3.3 Three Dimensional Teaching Mode of Practical Training

The basic goal of design practice teaching based on off campus training base and on
campus experimental platform is to cultivate students’ engineering consciousness. As an
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engineeringmajor, students of industrial designmust strengthen the training of engineer-
ing knowledge such asmaterials, structure and processing technology, so that their design
works can be quickly transformed into products and commodities. The basic process of
the model is as follows: First, according to the curriculum requirements and the exist-
ing conditions of the experimental teaching demonstration center’s existing on campus
experimental platform and off campus training base, the teachers select the appropriate
design theme and give it to the students; Second, after receiving the design task, students
are familiar with the various properties of materials on the campus experimental plat-
form, especially the surface texture of materials including vision and touch; Thirdly, we
should be familiar with and master the structure principle and realization force of similar
products on the campus experimental platform; Fourth, innovative design or improved
design of materials and structures; Fifth, go to the training base inside and outside the
school to further understand the material and structure, and discuss and exchange the
material, structure and processing technology with the enterprise engineers, so as to
make their own design more in line with the reality; Finally, the design of a case of
improvement and improvement.

The practice site includes the practice site inside the school and the practice site
outside the school, as shown in Table 1.

Table 1. New engineering foundation practice site

Serial number 1 2 3

Name Industrial Design
(Mechanical) principle
and innovative design
experiment

Mechanical parts and
mapping design
training room

Metal technology
training base

Basic conditions There are 2 groups of
mechanical principle
display cabinet, 2
groups of mechanism
innovation design
platform and 1 group
of hydraulic
experiment platform

There are 10 small
reducers, one group of
experimental platform
for car engine, chassis
and gearbox, and
several parts inspection
tools

Mechanical processing,
mechanical assembly,
plastic products
processing, casting,
forging, welding, heat
treatment and other
production conditions

Practice teaching
content

Mechanical design
basic course training,
mechanical innovation
design experiment

Mechanical design,
professional cognitive
practice, mechanical
mapping practice

Cognitive practice of
industrial design,
cognitive practice of
professional basic
courses

Practice site Campus experimental
site

Campus experimental
site

Off campus
experimental site
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3.4 Project Driven Three Dimensional Teaching Mode

The goal of the project driven design studio and the practice mode based on industry
university research cooperation is to cultivate students’ ability to solve practical prob-
lems in design from works to products and commodities. The ability involves online
automatic question answering function. Community seminar is a community place for
teacher-student exchange activities. It should provide services for students, teacher-
student exchange, teacher organization, seminar, community management, etc. In order
to let more student users participate in the discussion, maximizing the interactive teach-
ing function is the basic goal of the design of the discussion and answering community.
When the user enters the discussion reply community, the registration, login, commu-
nity classification, publish list, and online automatic question answering process will be
displayed, as shown in Fig. 6.
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Fig. 6. Online automatic question answering process

Online automatic question answering has the basic function of posting. Students
can express their personal questions, learning experiences and opinions in the learning
process through the organization, guidance and management of teachers; Teachers can
reply according to students’ posts (answer questions, adjust teaching ideas and strate-
gies). Community users can be divided into two categories: Ordinary users and moder-
ators (administrators). Students are ordinary users, teachers are managers, users can be
classified according to teaching category, and can participate in the teaching discussion
of this course. As the manager of the classroom community, teachers have the right to
answer questions and delete classroom posts.

The implementation process of practical teaching mode: First, the teacher team
undertakes the design project; Second, the design task decomposition, a group of students
engaged in product appearance design; Third, the second group of students design the
material and structure of the product; Fourth, the first group and the second group
of students carry out the coordinated design of modeling and structure; Fifthly, make
product model and prototype in professional factory; Finally, the manufacturing and
marketing of products.
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4 Experiment

Experimental testing is an important process in software engineering, which is the key
step to ensure the rationality of the research on the construction of online distance three-
dimensional teaching platform for industrial design major in colleges and universities.

4.1 Test Content and Method

The test content includes the platform program running and platform security, and is
tested on Pentium (R) 4cpu 2.0 GHz processor, Windows XP SP3 operating system and
MySQL 4.1 database.

The test method is as follows: Black box test is used to check whether each function
works normally. In the process of testing, the program is regarded as a box that can
not be opened. Regardless of the internal structure, the program interface is tested to
check whether the program function is in accordance with the requirements and specifi-
cations, and whether the program can properly accept the input data and generate correct
information.

4.2 Experimental Results and Analysis

Black box test is carried out for the system, and corresponding operation is carried out
for the designed system, traditional classroom and satellite TV teaching. The content of
black box test is shown in Table 2.

Table 2. Black box test content

Test time Test content

2019–03-05
9:00

Log in the tutoring interface and use the system

2019–03-05
9:05

Online automatic question answering

2019–03-05
9:10

Using the system without login

2019–03-05
9:15

Online automatic tutoring

The content of the black box test is as follows: 200 students are selected for the test,
of which 50 are correct information and 30 are error information. The main reasons for
the error information are interface login number error and data submission error.
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According to the actual needs of users, the black box test results of the three systems
are shown in Table 3.

Table 3. Black box test results of three systems

Content Tradition classroom Satellite TV teaching Distance stereoscopic
teaching platform

Can members register
normally

Can Can Can

Can non members
register normally

Can No Can

Can you register
information normally

No Can Can

Can teachers and
students communicate
normally

No No Can

Can teachers organize
normally

No Can Can

Can the seminar go on
normally

No Can Can

Can the community be
managed normally

Can No Can

Can the course be
browsed normally

No No Can

Can I access online
normally

Can No Can

Can I submit questions
normally

Can Can Can

Can the problem be
solved normally

No No Can

It can be seen from Table 3 that most of the black box test contents failed in the
traditional classroom counseling method, and five of them passed; Most of the contents
of black box test failed in the satellite TV teaching method, and five of them passed;
All black-box test contents using the remote three-dimensional teaching platform have
passed.

Taking the practical training of mechanical design foundation course as an example,
three methods are used to compare and analyze the counseling efficiency, and the results
are shown in Fig. 7.
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Fig. 7. Comparative analysis of the efficiency of three kinds of counseling methods under the
practical training of mechanical design foundation course

As can be seen from Fig. 7: Using traditional classroom, the highest counseling
efficiency is 42%, and the lowest is 35%; The highest efficiency of using satellite TV
teaching method is 30%, and the lowest is 5%; The maximum tutoring efficiency using
the remote three-dimensional teaching platform is 99%, and the minimum is 88%. From
this, we can see that the use of the platform is more efficient.

Taking the mechanical innovation design experiment as an example, three methods
are used to compare and analyze the counseling efficiency, and the results are shown in
Fig. 8.

As can be seen from Fig. 8: Using traditional classroom, the highest efficiency was
49%, and the lowest was 26%; The highest efficiency of using satellite TV teaching
method is 18%, and the lowest is 8%; The maximum tutoring efficiency of using the
remote three-dimensional teaching platform is 92%, and the minimum is 80%. From
this we can see that the use of the platform is more efficient.

4.3 Empirical Conclusion

We should adhere to the combination of theoretical teaching and practical teaching,
scientific research and experimental education, project-based curriculum reform and
project-based practical teaching, deepen the reform of practical teaching, and strive
to improve the teaching contents and methods of experimental training. This paper
introduces the basic knowledge of industrial design, design projects and design innova-
tion topics into the field of practical teaching, and constructs a practical teaching form
integrating teaching, learning and doing with theory and practice.
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Fig. 8. Comparative analysis of the efficiency of the three methods under the mechanical
innovation design experiment

(1) To develop and cultivate the practical teaching project of the integrated teaching
and learning, whether it is the basic course of art design or the basic course of
mechanical design, all the teaching contents that need to enter the practical teach-
ing link are designed according to the project requirements, and the experimental
training instructions are compiled to test the students’ learning effect according to
the project requirements.

(2) Create a training environment similar to the actual enterprise culture, and establish
a practice environment according to the actual enterprise culture. The rules and
regulations of the practice site are “imitated” by the enterprise to ensure that the
practice teaching is not divorced from the actual production.

(3) To build a highly skilled and high-level experimental and practical training teachers
team. We should strengthen the training of practical teaching teachers, cultivate
and bring up a group of practical teaching teachers with professional teaching
ability, practical innovation level and hard work ability. Practical teaching teachers
should have academic qualifications and skills requirements. For practical teaching
teachers, we should establish enterprise rotation training system, keep in touch with
enterprises, and constantly improve the level of practical teaching. Teachers should
often go to enterprises to learn about the progress of technical skills of relevant
courses, and constantly update the practical teaching content. Professional teachers
should continuously obtain practice projects and design projects from society to
provide new resources for the integration of theory and practice teaching.



88 J. Liu and L. Dong

5 Conclusion

The idea of three-dimensional practical teaching mode of industrial design major solves
the problem of training students’ practical design ability at all stages in theory, and plays
an important role in promoting students’ comprehensive quality and improving their
employment competitiveness after graduation. Distance design education has the flex-
ibility and diversity of teaching, at the same time, it needs modern scientific and strict
management to protect high-quality teaching and graduation standards. The course set-
ting should be reasonable and orderly, and the top and bottom should be consistent,
especially in the guidance link. After the courseware of each course is played, it is nec-
essary to help students digest in time, so as to ensure the progress of learning and the
quality of teaching. For the teaching situation, the teaching center should have detailed
information records, especially the students’ homework, credits obtained, and examina-
tion results, which should be input into the students’ electronic files respectively for the
basis of inquiry and final graduation evaluation. The teaching center communicates with
the students regularly, discusses the situation of teaching and learning, sums up experi-
ence, and communicates with the host school in time, so as to continuously improve the
teaching and make the students’ achievements reach the established training standards.
However, the practice mode of design studio based on project driven and the practice
mode based on industry university research cooperation are still in the stage of explo-
ration and practice, and we hope to continue research and practice in the future design
practice teaching.

Fund Projects. Undergraduate teaching reform and research projects of Shenyang University of
Aeronautics and Astronautics “Teaching reform of «Design engineering 3» based on design patent
output from the perspective of OBE” and “Teaching reform exploration of «Design engineering
3» based on innovation and practice of the product organization design”.
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Design of Online Visual Interactive Teaching
System Based on Artificial Intelligence

Technology
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Abstract. Based on the research results obtained, an online visualized interac-
tive teaching system based on artificial intelligence technology is designed. The
tools and technologies used in the system include Windows XP Professional SP3,
Eclipse Flex SDK4, etc. TheRIA scheme based onAdobe Flex technology system
is adopted as the client, and the development architecture adopts MVC pattern.
Data access is implemented by JDO. The designed system running environment
includes the server running environment and the client running environment. Sys-
tem function modules include system setting module, teaching resource man-
agement module, electronic whiteboard programming module, controller mod-
ule, online visual interactive teaching module, database module. The interactive
teaching of online visualization is realized by combining hardware and software.
The test results show that the system has high throughput, short request waiting
time and short request processing time, which proves that the system has good
performance.

Keywords: Artificial intelligence technology · Visualization · Interactive
teaching system · Development environment

1 Introduction

The concept of interactive teaching is: in modern interactive education, in order to
achieve the predetermined learning goal, students interact and interact in self-learning
with teachers, classmates and others, with various teaching resources, and with media
such as computers and the Internet [1]. From this concept, we can see that mutual
communication and interaction are the essential characteristics of teaching interaction.
Modern interactive education is the application of teaching interaction, to achieve the
new form of education under the mutual exchange and interaction, thereby improving
teaching effectiveness and achieving teaching objectives [2]. According to the differ-
ence between the subject and the object of interaction, generally speaking, interaction
includes three levels: student-curriculum interaction, student-teacher interaction and
student-student interaction. Experts in the field of pedagogy generally believe that mod-
ern interactive teaching is more efficient and more effective than traditional face-to-face
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teaching by adopting more convenient and efficient network communication technol-
ogy and multimedia technology to realize the interaction between teachers and students
and between classmates because of their absence [3]. At the same time, the continuous
development of our country’s education has created a huge education information mar-
ket. The interactive teaching systemwith the characteristics of “distance, interaction and
cooperation” is gradually becoming an important development direction in the field of
scientific research and application of modern education informationization in our coun-
try, and extends to various educational fields. With the deepening of teaching reform and
the development of computer technology and application, the traditional teaching model
can notmeet the needs ofmodern society. Interactive teaching systemhave become a new
generation of education technology which combines computer networks andmultimedia
technology. On this basis, the diversified teaching mode has been developed and used
and achieved good results. Interactive teaching system, is the use of modern computer
network technology as the transmission carrier of teaching content, make full use of
multimedia technology, in the LAN or WAN teaching activities management, arrange-
ment and implementation. Its advantage is that it has a good communication channel,
can fully promote students, students and teachers between the exchange and communi-
cation, and second, it is flexible learning form, content can be visited at any time. All
of these are necessary to improve the teaching quality of a course. The advantages of
interactive teaching system are obvious, and its development prospect is immeasurable,
which is worthy of our research, application and promotion. Under this background, the
interactive teaching system is studied, and an online visual interactive teaching system
based on artificial intelligence technology is designed.

2 Design of Online Visual Interactive Teaching System Based
on Artificial Intelligence Technology

Using artificial intelligence technology to realize online visual teaching, the system
function is shown in Fig. 1.

Online visual interactive teaching 
system

Resources 
construction 
and sharing

Network 
teaching

Students'
Autonomous 

Learning

Learning 
interactive 
community

Fig. 1. Systems function diagram
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2.1 Selection of Development Tools

The selection of development environment plays a very important role in the successful
implementation of the project. Appropriate tool collocation and perfect server configu-
ration need to be fully combined with the actual needs and the specific needs of users,
comprehensively considering the benefits and costs to make trade-offs. The tools and
technologies selected by the system are shown in Table 1 [4].

Table 1. List of system tools and technologies

Serial number Project Data

1 Operating system for development Windows XP Professional SP3

2 Development tools and SDK version Eclipse

3 Web server Flex SDK 4

4 Database server Apache + Tomcat + Axis

5 UML and database modeling tools MS SQL Server

6 Client Microsoft Office Vision 2003

2.2 Architecture Design

The RIA solution based on Adobe Flex technology system is used as the client, which is
different from the traditional B/S interactive teaching system. After the server software
is configured and distributed, the client user only needs to access the URL address of the
Flex application on the pre-configured server by using the browser with Flash plug-in
support, so as to realize the “zero” installation and “zero” configuration of the client.
Users can directly access theWeb server through the campus network, users of the public
network or users of the outside campus, can directly access the Web server, and can also
access the internal WEB server through the campus network through the VPN [5].

The development architecture adopts the MVC pattern, and from the front end to
the back end is the Flex client presentation layer (. swf), the client-side business logic
layer (. as-> .swf/. swc) and the server-side business logic layer (. jsp), the database
access abstraction layer (JDO) and the back-end data storage persistence layer. This
design model makes the structure of the system clear, the functional modules at all
levels work together and perform their own duties, which is very conducive to system
function expansion and future maintenance and upgrading.

2.3 Data Access Layer Design

Data access is implemented by JDO. For developers, the great benefit of using JDO
is that storing data objects requires no additional code at all, because JDO provides
transparent object storage and shifts this mundane routine to the JDO product provider,
allowing developers to focus on business logic implementation [6].
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2.4 Operating Environment Design

1. Server-side operating environment
CPU: Intel E5200
Memory: 4 GB
Network environment: Campus network
HDD: 2T7200 to HDD 2, RAID1 array
System: Windows Server 2003

The above server configuration, for an ordinary class size of online interactive teach-
ing activities, has been enough.Considering that theremaybe video sharing andplayback
for multiple classes and online interactive teaching, or in the case of high concurrent
users, the server memory may be increased appropriately according to the actual needs,
or the gigabit network card with better throughput may be replaced in order to obtain
better throughput and concurrent volume of the whole system.

In addition, a large amount of audio, video or other document resources will be
accumulated after a long time use of the interactive teaching system, which will occupy
a large amount of hard disk space and can be used to expand the capacity of the server
hard disk at an appropriate time to meet the demand for resource growth.

2. Client operating environment

The only requirement is that the client machine must have a browser that supports
Flash Player, such as Internet Explorer, Firefox, Chrome, Safari, or Opera.

In addition, if you need to use electronic whiteboard interaction, you need to consider
the client and the teacher’s computer mouse sensitivity and precision.

Furthermore, if there is an online voice interaction or video sharing, playback situa-
tion, the client and teachers need to be equipped with available headphones for voice or
video communication.

2.5 Functional Module Design

System Setup Module Design
System setup module is divided into user management, role and authority management,
access control management, login interface management and other 4 small functional
modules [7].

Among them, user management to create, delete and edit basic user information,
such as user name, password, and can view the user’s login and operation history.

Role and privilege management: Users add, delete and modify roles, and can change
the permissions associated with the role, and can also add or delete users under the role.

Role-based access control includes three concepts: user, user group and function,
which are the basis of system dynamic easy-to-use user privilege management. Role-
centered access control model can effectively separate the users from the functions of
the system, so that the users and permissions are not directly related, but the role is
used as the middle layer of users and permissions, which can increase the flexibility of
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configuration. Users in a system can belong to one or more user groups; permissions
can also be associated with one or more user groups; and an action permission can be
associated with one or more roles. A user’s permissions are essentially a union of all
the permissions of all the roles to which the user belongs. After the user logs in, the
system can read the authority configuration and the user group information, constructs
the user function menu. In addition, when trying to access each authority module, the
access legitimacy of the current logged-in user to the authority module is also detected.

A role is an abstract association concept that is created for system security. All users
within a role have identical permissions configurations [8]. Roles can be flexibly set
(addedor deleted) according to the needs of the interactive teaching system, and similarly,
users and their associations can be arbitrarily added and deleted without restriction.

Login interface management: in the interactive teaching system login interface, need
to enter the correct user name and password to login. If the user does not enter a username
or password, or if password authentication fails, the appropriate message is given and
the user’s login history is recorded on the server side. When the user name and password
are correct and the user authentication is completed, the login history is also recorded,
and the user’s role list is read, user permissions are assigned, the main menu is initialized
and the main interface is displayed according to the system settings.

Design of Teaching Resource Management Module
The teaching resource management module is a background content management mod-
ule of the system, which is digitized by the teachers or special administrators according
to the needs of the teaching content, and then uploaded, published, and set the appropri-
ate authority, so that the appropriate students can browse. Which mainly meet the file
upload, format conversion, the corresponding records of information and related work
[9].

Electronic Whiteboard Programming Module Design
Electronic whiteboard programming module is used to program the writing demon-
stration and interactive communication of online interactive teaching. The electronic
whiteboard brush binding implementation code is as follows:

Bind the user-set color and line width values for the brush
BindingUtils.bindProperty (this, “_ penLineWidth,” hsplw, “value”);//Bind the brush
line
BindingUtils.bindProperty (this, “_ penLineColor”, cpplc, “selectedColor”);///Binding
brush color

Where the value of the variable penLineWidth represents the thickness of the brush
line and the value of the variable penLineColor represents the color of the brush line
(hexadecimal, such as 0xff0000).

//Set Flex space and bind its associated property values
< mx: HSlider = “hsplw” value = “{_ penLineWidth}”/ >
< mx: ColorPicker id = “cpplc” selectedColor = “{_ penLineWidth}”/ >
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Controller Module
The controller module designs three controllers, which are HttpServer controller, code
classification controller and online integrated development environment controller. The
HttpServer controller is mainly responsible for HTTP request parsing and response.
Libevent is a low-level web library and is also an open source, lightweight, high-
performance web library. Libevent has the following features: lightweight, high perfor-
mance, network-focused, event-driven, cross-platform; support for multiple operating
systems; support for events such as signals and timers; support for multiple I/O multi-
plexing methods. Libevent is a typical event-driven design pattern-reactor model, which
has the advantages of simple and efficient programming interface, fast response, strong
scalability, high reusability and so on.

In view of these features and advantages of libevent, the system employs libevent
to develop a lightweight and efficient http server that acts as an HttpServer controller
responsible for receiving http requests from the front-end web, parsing http requests and
processing them, while handing over specific requests to other controllers for processing
and returning the results to front-end browsers for display [10]. The main steps of the
HttpServer controller implemented with libevent are as follows:

(1) Creating servers.
(2) Register the controller with the server.
(3) Open the server, listen on port 80, and wait for the http request.
(4) Upon receipt of the http request, the http parameters are parsed and the request is

forwarded to the corresponding controller.
(5) The controller calls the corresponding processing function according to the

parameters.
(6) The processing function shall call themodel to process the business logic as needed.
(7) The controller reads the result of the model and returns it to the http server.
(8) The http server organizes the results into packets and returns them to the front-end

browser.

Figure 2 is a class diagram of the system implementing HttpServer, which is
explained in Table 2. In Step 2 of the HttpServer, you need to register additional con-
trollers, the Code Classification Controller and the Online Integrated Development Envi-
ronment Controller, whose class diagrams and explanations are shown in Fig. 3, Fig. 4,
and Table 3.

Design of Online Visual Interactive Teaching Module
The online visualization interactive teaching module can realize the online visualization
interactive teaching function. In order to realize the interactive teaching function of
online visualization, it needs the cooperation of several sets of devices, and the main
devices needed.
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        HttpServerController
-req
-controllerList
+ParseReq()
+Register()
+HttpHandleQ
+Start()
+Stop()

Fig. 2. Httpserver controller class diagram

Table 2. Explanation of httpserver class diagram

Serial number Class Explain

1 REQ This property is the request link

2 CONTROLLERLIST This attribute is the controller list, that is, the controller
registered in step 2. at present, the system only registers
the code classification controller and the online
integrated development environment controller

3 PARSEREQ This function is responsible for resolving the request
link REQ, getting the request address and request
parameters, and passing them to the corresponding
controller

4 REGISTER This function is responsible for registering other
controllers

5 HTTPHANDLE This function is responsible for responding to the
HTTP request, processing the request or transferring it
to other controllers for processing, and then returning it
to the requester

6 START To start the service, perform step 3

7 STOP Out of service

ClassificationController

+GetCodeAction()
+GetProblemsAction()
+GetClassInfoAction()

Fig. 3. Code classification controller class diagram

Including the teaching scene video capture systemcomposed of the student panorama
camera, the teacher mid-shot camera, the tracking host computer, the student tracking
camera and the teacher tracking camera; the video playback system composed of the
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      IDEController
-gdbId

SaveCode()
+CompileAction()
+RunAction()
+CreateDebugAction()
+WriteDebugCmdAction()
+ReadDebugResult()

Fig. 4. Controller class diagram of online integrated development environment

Table 3. Description of code classification and controller class diagramof integrated development
environment

Serial number Class Explain

1 GETCODEACTION This function is responsible for the
processing of the request to get the source
code

2 GETPROBLEMS This function is responsible for the
processing of the request to obtain the
topic information

3 GETCLASSINFOACTION This function is responsible for the
processing of the request to obtain the
classification information

4 GDBID This attribute is the ID of GDB. after the
GDB debugger is created, an id
corresponding to a request will be
generated to prevent the same request
from creating multiple GDBS at the same
time

5 SAVECODE This function saves the code submitted by
the front end to a file

6 COMPILEACTION This function is used for compiling
request processing

7 RUNACTION This function is used to run code request
processing

8 CREATEDEBUGACTION This function is used to debug code
request processing

9 WRITEDEBUGCMDACTION This function is used to write debug
command request processing

10 READDEBUGRESULT This function is used to read debugging
results and request processing
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projector, the electronic whiteboard and the large screen; the teaching scene audio play-
back system composed of the wireless microphone, the pickup device and the noise
suppressor; the audio playback system composed of the mixer, the power amplifier and
the sound box; the audio playback system composed of the audio playback system, the
video playback system, the teaching computer and the recording host computer. Codec
is the “throat” of communication in online visual interactive teaching. Only when the
local video, audio and computer display signals are encoded, can they be input into
the communication host and transmitted out; only after the signals from each other are
decoded can they be restored to images and sounds. The communication host computer
is the hub of the communication system. On the one hand, it transmits the live video,
audio and teaching computer display signals collected by one party; on the other hand, it
transmits the video, audio and teaching computer display signals collected by the other
party; and the programmable central controller is used to switch the screen to display
the signal source.

Database Module Design
The system database adopts MYSQL database. MySQL is an open source relational
database management system (RDBMS). The MySQL database system uses the most
commonly used database management language, Structured Query Language (SQL),
for database management, which has the following characteristics:

1. Large data with tens of millions of records may be processed.
2. Support common SQL statement specifications.
3. High portability, simple and compact installation.
4. Good operation efficiency and network support with rich information.
5. Simple debugging, management and optimization (compared with other large

databases).

The database module covers the database structure as follows:

1. User service: user table, user expansion table, organization table, privilege table, role
table, log table, user corner table, etc.

2. Booking service: booking information table, classroom information table, classroom
equipment table, statistics table, etc.

3. Equipment services: equipment information table, equipment classification table,
interface configuration table.

3 Simulation Experiment

3.1 Experimental Design

The system test platform constructed is as follows:

Platform server hardware environment:
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CPU: Intel i5 processors;
Memory: 8G;
Equipped with sound card, headset, video capture equipment (camera) and other
multimedia equipment.

Platform system software configuration:

WIN7 32-bit, WIN7 64-bit, WIN8.132-BIT, WIN8.164-BIT, WIN1032-BIT and
WIN1064-BIT systems;
Platform browsers: IE10, IE11, Chrome.
MCU Multipoint Controller: Cisco MCU Controller.
Smart Classroom: Educational Large Screen and Related Equipment.
Terminal Equipment: Cisco Education Terminal.

The installation of the systemmainly includes the installation of the booking platform
of the teaching system, inwhich the system includes the booking service and user service,
the installation of control service, the way of using the same installation package (exe
form) for installation, the installation with one key and the instructions for use shall be
marked.

On the system test platform, the online visual interactive teaching system based on
artificial intelligence technology is tested.

After the system runs, the throughput, request waiting time and request processing
time are tested and compared with each other using the AB test tool that comes with
APACHE.

3.2 Experimental Results

The throughput test results of the online visual interactive teaching system based on
artificial intelligence are shown in Table 4 under the condition of different concurrent
numbers in response to the default WEB directory.

Table 4. Throughput test results

Serial number Serial number Throughput (REQS/S)

1 1 4055.35

2 2 3452.29

3 5 4229.63

4 10 4863.50

5 20 8080.25

6 30 8279.98

7 50 8687.23

(continued)
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Table 4. (continued)

Serial number Serial number Throughput (REQS/S)

8 100 8687.23

9 150 4578.72

10 200 1621.00

11 500 398.26

12 1000 292.24

Table 5. Test results of request waiting time

Serial number Serial number Throughput (REQS/S)

1 1 0.264

2 2 0.528

3 5 1.157

4 10 2.534

5 20 3.060

6 30 4.979

7 50 8.483

8 100 10.998

9 150 23.552

10 200 185.479

11 500 1238.055

12 1000 3350.076

The test results of request waiting time are shown in Table 5.
The test results of request processing time are shown in Table 6.

Table 6. Test results of request processing time

Serial number Serial number Throughput (REQS/S)

1 1 0.264

2 2 0.219

3 5 0.263

4 10 0.249

(continued)
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Table 6. (continued)

Serial number Serial number Throughput (REQS/S)

5 20 0.130

6 30 0.144

7 50 0.180

8 100 0.200

9 150 0.271

10 200 0.729

11 500 2.576

12 1000 3.306

According to the test results in Table 4, Table 5 and Table 6, the throughput of online
visual interactive teaching system based on artificial intelligence technology is higher,
while the request waiting time and request processing time are shorter.

4 Conclusion

The online visual interactive teaching system based on artificial intelligence technology
has realized the purpose of online visual interactive teaching. However, due to many
factors, such as the development technology andpractical application framework adopted
by the subject, the time of the subject is in a hurry and the software testing environment
and so on, the research of the subject is not deep enough and perfect. We will try our
best to study in the future. In the process, we should conduct further exploration and
research.

Fund Projects. Source: General Project of Jiangxi Provincial Department of Education Science
and Technology.

Research Title: Research and Practice on the Construction of Maker Service Base for College
Students Based on Mobile Internet of things.

Project Number: 171223.
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Design of Management Accounting Online
Teaching System Based on Virtual Simulation

Technology
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Abstract. In view of the low security of themanagement accounting online teach-
ing system, this paper puts forward the design of the management accounting
online teaching system based on virtual simulation technology. The overall mod-
ule of management accounting online teaching system is designed by using virtual
simulation technology. Combined with the detailed design of online classroom
module, video management module, course management module and user man-
agement module, the design of management accounting online teaching system
is realized. The test results show that the online teaching system of management
accounting based on virtual simulation technology meets the expected results and
has higher security.

Keywords: Virtual simulation technology ·Management accounting · Online
teaching · System design

1 Introduction

With the vigorous development of the Internet and multimedia technologies, the online
education industry began to emerge [1]. With the help of the Internet, computer technol-
ogy andmultimedia technology, the new teachingmode has a significant and far-reaching
impact on the overall structure of education, and is a trend for online education in the
future.

Traditional offline classroom teaching requires teachers and students to co-exist in a
classroom, and online education through the network and multimedia to break the tradi-
tional teaching methods. Teaching and learning are fully decoupled because of the use of
audio, video, documents, and other things that can be stored permanently online. Teach-
ers and students do not need to teach in class at the same time. As long as teachers record
the content into video and audio, and upload the corresponding courseware, students can
learn through these materials at any time and any place. In traditional teaching activities,
teaching resources, especially those of high quality, are often concentrated in large and
medium-sized cities, famous universities and colleges, small cities and remote areas,
especially in rural areas where the economy is backward, and teaching resources are
extremely scarce [2, 3]. The imbalance of economic development leads to the imbalance

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2021
Published by Springer Nature Switzerland AG 2021. All Rights Reserved
W. Fu et al. (Eds.): eLEOT 2021, LNICST 390, pp. 103–117, 2021.
https://doi.org/10.1007/978-3-030-84386-1_9

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-84386-1_9&domain=pdf
https://doi.org/10.1007/978-3-030-84386-1_9


104 S. Zhang et al.

of education level, and online education is to break the imbalance through the Internet
and multimedia technology. Through online teaching, quality teaching resources can be
shared across the country. In the traditional teaching, teaching progress, teaching con-
tent and all other things are under the control of teachers, students can only passively
adapt. In the online teaching environment, students can freely control their learning
progress according to their ability and understanding of the learning content, and can
freely choose the courses according to their interests and characteristics, which can fully
mobilize their active initiative. The content of the traditional curriculum is often stable,
which makes it easy to disconnect from the rapid development, often the teaching of
learning has long been outdated and obsolete [4]. Online teaching can be updated at any
time to learn the content. With the help of Internet technology, the latest cutting-edge
information and technology can quickly become teaching content. At the same time, the
teaching method is no longer limited to the simple course explanation, and can be rich
in teaching activities through multimedia technology.

Online education has a variety of different means of teaching technology. The tech-
nical platform, no matter what kind of teaching methods need stable operation, good
scalability, reasonable cost-effective online education products. NewOriental School has
made it clear that it will be a provider of educational content in the future, rather than
an online platform, because education is a non-standardised product compared to the
established vertical search industry, and because educational institutions differ in their
structure. At present, the online education industry on the market model and technology,
it is difficult to completely replace the offline learning effects and experience.

Based on the above research background, this paper applies virtual simulation tech-
nology to the design of management accounting online teaching system, and designs
four parts: online classroom module, video management module, course management
module and user management module respectively. Finally, the overall performance of
the design system is verified by performance test.

2 Overall Module Design of Management Accounting Online
Teaching System

The goal of this paper is to create a virtual classroom like a real classroom,where teachers
and students can fully interactwith eachother, includingvideo and audio communication,
using a whiteboard (the blackboard of a real classroom) to demonstrate and write, and
being able to practice and explain exercises on the spot. Make students feel as if they
are immersed in an offline church, instead of learning by themselves, and are unable
to solve difficult problems in time. Teachers can also timely understanding of students’
acceptance of knowledge, and according to the circumstances at any time to adjust the
progress of lectures. In this way, both in teaching and learning, can achieve good results.

Interactive teaching is one of the most important functions of our system, but as
a complete online teaching system of management accounting, it should also provide
such functions as course management, course content production and uploading, course
assessment, etc. [5].

As a teacher, we can complete the management accounting curriculum planning,
courseware management, exercise assessment, and can also carry out on-site teaching
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and after-the-fact teaching. Basically, there is a need to cover the teaching and assessment
functions of a teacher throughout the course from start to finish [6]. As students, they
may add corresponding courses to this system, participate in management accounting
online classes at the prescribed time for interactive teaching, and in some cases (for
example, teachers and students are absent due to business), they may watch the teaching
of previous courses or relevant materials through the on-demand system. Students can
practice the exercises under the assessment system and submit the exercises to the teacher
for feedback. Specifically, the functions that this system should include are shown in
Fig. 1.

Management accounting online 
teaching system

Course management Video management User managementOnline classroom

Live online

Text chat

Multiplayer voice

Multiplayer video

Document sharing

Field test

Shared desktop

Online on demand

course 
management

Creating courses

Curriculum plan

Join the course

Courseware 
management

Assessment 
module

Video management

record video

Post video

User management

User registration

Login and logout

Authority 
management

Fig. 1. Function module diagram of online teaching system

2.1 Detailed Design of Online Classroom Module

Red5, as the core server, needs to handle the real-time interaction of all clients. It needs to
support the functions of instant text chat, voice chat, video chat, document presentation,
etc. In the online live broadcast of accounting [7]. The application architecture of the
server is shown in Fig. 2.
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Client Shared desktop

Event handlerService interface Synchronization 
component

Text chat Test application Voice application

Video application Demonstration 
application

Classroom 
participation

Redis

Fig. 2. Application architecture diagram on the Red5 server

The functions of each module are explained as follows:

Clients
That is, the Flash client, the user live module online interface to interact directly. It needs
to interact with the server to synchronize the state of this client to other clients.
Event handlers
Used to handle client access and exit, as well as installation of various applications and
synchronization components.
Service interface
It is primarily responsible for the client’s remote method scheduling (RPC), which
enables the client to invoke the server’s methods as if they were local methods.
Synchronization components
The purpose of the synchronization component is to synchronize all clients, using share-
Object to update and synchronize state between clients and servers. ShareObject, which
is a shared object, is divided into local and remote shares. Synchronization components
use remote shared objects, so that state updates on one client can be synchronized directly
to other clients via the server shared object.
Desktop sharing
The Desktop Sharing Component, which provides the ability to transfer the presenter
client desktop and associated operations to other clients, is implemented in detail below.

2.2 Detailed Design of Video Management Module

Video management is mainly video recording. In the management accounting online
teaching system, video recording is widely used, and the system mainly solves two
major problems: some students are unable to attend the course on time due to time
constraints; students still have doubts and want to watch the course video again [8] after
the completion of the course.
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Through the recording and broadcasting system, not only improve the utilization
of learning resources, but also meet the demands of students to study independently
according to their own time.

Teachers use the system to open the camera recording video. The video will be
saved in the system, and uploaded to the corresponding courses, students can watch the
on-demand class online.

Teachers request recordings via Nginx and upload the corresponding documents to
the Tomcat server, which delegates document conversion and communicates with the
Redis server via Redis messages. The Red5 streaming media server interacts directly
with the Flash recording client to process user input video streams.

The overall architecture of the video recording is shown in Fig. 3.

Document 
conversion

Web 
Services

Courseware 
informationThe server

Message 
service

Tomcal Web 
Services

Ngins

Static file 
resources

Courseware 
processing

courseware 
resources

Media 
services

Recording 
terminal

Player

Courseware 
recording user

Viewing 
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Interactive real 
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Document 
upload
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Fig. 3. Architecture diagram for video recording

The recorded video will be uploaded to the cloud storage service after being pro-
cessed by the Ruby courseware processing module, and other users can access the cloud
courseware resources for on-demand [9].

Video recording and broadcasting, on the whole, is divided into five stages:
collecting, archiving, grabbing, publishing and on-demand.

1. Collection stage: the collected events in the chat, document demonstration, electronic
whiteboard, video, voice and other modules shall be sent to the server message bus
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in real time. Media builds push video, audio, and desktop sharing streams to the
server side.

2. Archiving stage: subscribe to events in the message bus, archive them to a file or
database, and extract the original media files to a specified location without affecting
the class.

3. Crawling and processing stage: extract original events/media files, based on config-
uration rules, transcode operations, and process them into multi-specification media
packages. In the future, editing functions can be supported, such as cutting and delet-
ing part of the contents, and monitoring and operation of the processing process can
be supported.

4. Release stage: release the generated courseware to the designated location based on
the configuration and make local backup.

5. On demand stage: used for viewing customizable courseware through Flash client
on demand according to downstream system media specifications.

Video recording can record the content of the teacher’s lecture, which provides
convenience for storing teaching resources. Video-on-demand is beneficial to students’
learning and provides them with a wealth of resources. Students can choose their own
learning time to study.

2.3 Detailed Design of Course Management Module

Curriculum management module mainly includes creating curriculum, setting curricu-
lum plan, joining curriculum, courseware management and assessment system, etc. Note
that the system does not have the function of “deleting curriculum”. The main consid-
eration is that, even if a curriculum is completed, it is necessary to retain for review or
review, etc., basically there is no need to delete a curriculum; and the only need to delete
a curriculum may be to create the curriculum information errors, etc., but this can be
modified by re-editing the curriculum, and there is no need to delete the curriculum. No
deletion function is provided to ensure that “erroneous deletion” will not occur from the
system; and if some special circumstances do occur and a course is to be deleted, it can
be deleted by directly manipulating the back-end database by the system administrator,
but the function will not be open to general users [10].

Creating courses is a feature that is visible only to the administrator/teacher
role. Teachers can create courses through this function, and give courses associated
courseware (PPT, video, etc.).

When creating the course, the associated courseware is optional, and some course-
ware can be associated with the courseware when it is created, or can be associated with
the courseware after the creation. When creating a course, you can choose to import the
list of students for the course, or you can add students after the course has been created,
or you can add students through student application and teacher approval.

The specific implementation process for creating the course is shown in Fig. 4.
Joining the course is a function that students need to use. Students can apply to join

a course after they have selected it from a list of courses. After the teacher approves the
application, they can join the course, see the details of the course, watch and download
the courseware, and then watch the course online or on demand.
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Fig. 4. Course management flowchart

The flow chart of students joining the course is shown in Fig. 5.

Choose a course

Apply to join

Pass or not

Course information acquisition

no

yes

End

Start

Fig. 5. Student participation flowchart

The process of joining the course is simple. If the teacher approves the application,
the students can get the information about the course, watch the VOD and download the
courseware at any time. If the approval does not pass, the process ends. Students can
contact their instructor offline to find out why or to reapply.
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2.4 Detailed Design of User Management Module

User Registration Module
User registration function we mainly use its Baidu user unified registration program,
registration function needs a total of five corresponding interfaces. Including a session
service interface, get the recommended user name interface, SAPI registration interface
three.

The steps are as follows: register the data verification interface, obtain the recom-
mended user name interface, apply for sending the SMS verification code interface,
verify the verification code and user registration interface, and session service interface.

Session Service Interface Usage: Since the user should be logged in directly after the
registration is completed, a parameter named bduss will be returned when the authen-
tication code and the user registration interface return the successful status. After this
parameter is used to request Session Service Interface, aid, username and other informa-
tion will be returned, and then the user can be logged in by transmitting the successful
information, aid and username to the client.

User Logout Module
Login and logout module is one of the most used modules in this teaching system. If
the user wants to get the corresponding privilege, he must login to authenticate before
he can get the privilege. Teachers, students, and administrators use their own usernames
and passwords to verify their identities and whether they have permissions. The system
login schematic is shown in Fig. 6.

Register

Sign in Enter user login 
information

Get login 
permission

System main 
interface

Database

Fail

success

User 
authentication

Fig. 6. User login schematic

The user login module is divided into three parts.

1) User operation interface: mainly the graphic interface and logical design that the
user operates, and the password can be checked;

2) Database: MySQL is used, and the server uses Tomcat;
3) Java class: Realize the operation of adding, deleting, changing and checking

database.
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User logoff is the operation to log off the system after the user has successfully
logged on. So, when you logoff, you will check whether the user is logged on or not. If
it is logged off, you can log off the system.

3 Test Analysis

3.1 Functional Testing and Analysis

After the completion of the development, through the most basic test cases to verify
whether the system can meet the needs of online teaching system.

Before testing, the test environment should be configured. The deployment of the test
environment should be configured according to the requirement of online deployment,
and the real online scenario should be simulated.

Online Classroom Module
Online classroom ismainly divided into online live streaming and online on-demand. The
main test points of online live streaming are text chat, audio and video chat, document
sharing, on-site testing and desktop sharing. The main test point of online on-demand is
on-demandvideo. The testingmethod adopts role-basedmethod to test the corresponding
functions. Teachers use these tests as shown in Table 1.

Table 1. Teacher test case table of online broadcast module

Serial number Input Expecting results Result

1 Upload handouts in
handout management

Use the handout
correctly after
uploading
successfully

In line with expectations

2 Teacher opens mic voice Mic sound is turned
on

In line with expectations

3 Adjust mic volume Mic volume changes
with the adjustment

In line with expectations

4 Turn on the headset The headset is turned
on

In line with expectations

5 Adjust the sound level of
the headset

The sound of the
headset changes with
regulation

In line with expectations

6 Select to turn on the
camera

It can collect the
camera information of
teachers

In line with expectations

7 Turn off the camera Show teacher’s default
Avatar

In line with expectations

(continued)
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Table 1. (continued)

Serial number Input Expecting results Result

8 Click Share desktop Teacher desktop
shared

In line with expectations

9 Use the tools in the
toolbar to write and draw

The operation is
successful and can be
displayed correctly

In line with expectations

10 Some students raise their
hands and the teacher
clicks on it

Students can speak In line with expectations

11 Some students raised
their hands and the
teacher refused

Students are not
allowed to speak

In line with expectations

12 Enter text in the
discussion area

Students can view the
teacher’s speech

In line with expectations

13 Click to view online
students

Show all online
students

In line with expectations

14 Select upload document
in data area

The document can be
uploaded successfully

In line with expectations

The main test used by students is shown in Table 2.

Table 2. Student test case table of online live broadcast module

Serial number Input Expecting results Result

1 Students click the
“handout” button

View the handout of the
teacher’s current speech

In line with expectations

2 Click preview Preview the entire
handout

In line with expectations

3 Turn on mic sound Mic sound is turned on In line with expectations

4 Disable mic Mic sound is disabled In line with expectations

5 Adjust mic volume Mic volume changes
with the adjustment

In line with expectations

6 Turn on the headset The headset is turned on In line with expectations

7 Mute the headset The headset is muted In line with expectations

8 Adjust the sound level
of the headset

The sound of the headset
changes with regulation

In line with expectations

(continued)
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Table 2. (continued)

Serial number Input Expecting results Result

9 Select to turn on the
camera

It can collect students’
video information

In line with expectations

10 Turn off the camera Show the default picture
of the student

In line with expectations

11 Students click and
raise their hands

The teacher looked up
the students who raised
their hands

In line with expectations

12 In the discussion area,
students input text to
send

Speech sent successfully In line with expectations

13 Click to view online
students

Show all online students In line with expectations

14 Click download in the
data area

The document can be
downloaded
successfully

In line with expectations

15 Enter the answer and
submit the test

Upload the answers to
the teacher

In line with expectations

The conclusion is drawn through the test, and the online classroom module test is
passed.

Video Management Module
The main function of video management is to record and release video. The specific test
is shown in Table 3.

Table 3. Test case table of video management module

Serial number Input Expecting results Result

1 Click video recording The video starts recording In line with expectations

2 Click stop Recording pause In line with expectations

3 Click save Save the current recording In line with expectations

4 Click publish The recorded content can
be published

In line with expectations

The conclusion is drawn from the test, and the videomanagement module has passed
the test.
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Course Management Module
Courseware management module is mainly a module that teachers and administrators
can operate. The main test function points are to create and edit courses, create course
plans, manage courseware, and arrange and correct homework. The teacher’s specific
test is shown in Table 4.

Table 4. Teacher test case table of curriculum management module

Serial number Input Expecting results Result

1 Create a new course and
input the relevant
information about the
course

Successful new courses In line with expectations

2 After the creation is
successful, click publish

Publish successfully,
front desk students can
view the course

In line with expectations

3 Create new courseware
and input relevant
information of
courseware

Courseware created
successfully

In line with expectations

4 Online classroom
selection recording and
broadcasting

Producing recording
and broadcasting
courseware

In line with expectations

5 Click on course
management

Get course list In line with expectations

6 Click courseware
management

Get courseware list In line with expectations

7 Click Create course plan
and submit

The front desk can see
the course plan

In line with expectations

8 Click to assign
homework and ask
questions

Students can see
homework information

In line with expectations

9 Click to correct the
assignment

See the homework and
input the comments

In line with expectations

The administrator specific test is shown in Table 5.
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Table 5. Administrator test cases of course management module

Serial number Input Expecting results Result

1 Create a new course and
input the relevant
information about the
course

Successful new courses In line with expectations

2 After the creation is
successful, click publish

Publish successfully,
front desk students can
view the course

In line with expectations

3 Create new courseware
and input relevant
information of
courseware

Courseware created
successfully

In line with expectations

4 Click on course
management

Get course list In line with expectations

5 Click courseware
management

Get courseware list In line with expectations

6 A course is suspended in
the course management

The course has been
taken off the shelves

In line with expectations

The test results show that the user management module has passed the test.

User Management Module
The user management module is mainly the entrance to the system. If you want to get
the corresponding permissions, you need to go through this module. The detailed test is
shown in Table 6.

Table 6. Test case table of user management module

Serial number Input Expecting results Result

1 Registered users Login was successful In line with expectations

2 Enter the student’s user
name and password to
log in

Login successful, enjoy
the corresponding
rights of students

In line with expectations

3 Enter the teacher’s user
name and password to
log in

Login successful, enjoy
the corresponding
authority of the teacher

In line with expectations

4 Enter the administrator
user name and password
to log in

Login successful, with
the corresponding
authority of the
administrator

In line with expectations

(continued)
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Table 6. (continued)

Serial number Input Expecting results Result

5 Enter the wrong user
name and password

Login failed, you can
view the basic
information about the
platform

In line with expectations

The test results show that the user management module has passed the test.

3.2 Safety Test and Analysis

Since the teaching system is a product developed externally, it is necessary to carry out
security test on it. In the process of testing, we mainly find security loopholes and their
repair, as shown in Table 7.

Table 7. Statistics and repair of security vulnerabilities

Vulnerability types Specific description Repair situation

Information leakage vulnerability The interface leaks the user’s email
address, which does not conform to
the passport security specification

Fixed

Arbitrary file upload vulnerability The interface allows arbitrary files to
be uploaded. Although they are
stored in BCS, attackers can upload
HTML, resulting in persistent storage
XSS, phishing, etc.

Fixed

CSRF attack vulnerability Multiple interfaces do not defend
against CSRF attacks. Csrffilter has
been written before, but it is not
applied to all data writing interfaces

Fixed

Storage XSS vulnerability The main reason is that rich text does
not filter out dangerous tags and
attributes, which leads to JS code
execution during display

Fixed

Privilege bypass vulnerability URL access control and resource
usage control

Fixed

Http401 phishing vulnerability Since the SRC source of rich text img
is not judged, attackers can introduce
malicious addresses

Fixed

After security testing, the existing security problems of the systemhave been repaired
to meet the online requirements.
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4 Conclusion

This paper proposes the design of management accounting online teaching system based
on virtual simulation technology. Through the detailed design of the online classroom
module, video management module, course management module and user management
module, the research of this paper is realized. The results show that the system has higher
security.
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The Design of Interactive English Online
Education System Based on B/S Structure
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Abstract. Aiming at the problem that the signal attenuation rate obtained by
the existing online education system is too large, a free speech interactive English
online education systembased onB/S structure is designed. The hardware part uses
single chip microcomputer as the main controller, expands the interface outside
the sensor, and designs the hardware circuit structure. B/S structure is built in the
software part, the online interactive algorithm of free speech interactive English is
constructed, and the system design is completed. After setting up the system test
environment, the traditional system and the online education system designed in
this paper are tested. The results show that the signal attenuation rate of the online
education system designed in this paper is the smallest.

Keywords: B/S structure · Free speech interaction · English online education ·
Signal attenuation rate

1 Introduction

Online education refers to the use of advanced digital methods to convert text, pictures,
and videos into data that can be stored and converted, and transmitted via the Internet,
which is convenient and efficient interactive teaching. With the rapid development of
information technology, the coverage and transmission rate of the Internet have increased
substantially. This has laid a solid foundation for the large-scale application of P2P
technology in video transmission,which can transmit smooth video remotely and interact
with low latency. On the one hand, the development of the fixed network has broken the
technical bottleneck of the popularization of online education. On the other hand, the
rapid deployment of domestic 5G mobile communication technology has also pushed
the large-scale promotion of online education to a new peak [1]. The online education
system, also known as the distance education system, is a product of the information age.
Its characteristics are: to achieve personalized and efficient teaching methods that teach
students in accordance with their aptitude. It is a revolution to the traditional teaching
mode; it breaks through the limitations of traditional "face-to-face" teaching. The seeker
provides a way of learning with scattered time, free arrangement of learning, resource
sharing, a wide geographical area, and interactive learning.
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Compared with traditional education, online education has many outstanding advan-
tages. The latter has wide coverage, high resource sharing, low deployment cost, and
supports personalized teaching. At present, in order to promote the healthy develop-
ment of online education, the state has issued a series of regulations, standards and
preferential policies to create a standardized and active promotion environment for the
development of the online education system. It is foreseeable that online education will
develop substantially. As an emerging field, whether in terms of system or technology,
online education has many topics that need to be discussed in depth. Among them, how
to achieve a resource-sharing, scalable and highly interactive online education system is
the future of online education The key to rapid development [2]. The innovation of the
research is that modern distance education is a new form of education with the devel-
opment of network technology and multimedia technology. It is the third generation of
distance education after correspondence education and radio and television education. Its
implementation makes learners not limited by time and place, which greatly facilitates
students’ learning.

2 Online Education System Hardware Design

2.1 Design the Main Controller Structure

The single-chip microcomputer is used as the main controller to control and process
some special educational interactive calculation processes. Design the input environment
indicator unit and output unit. The two units carry the input and output of virtual reality
technology. The overall hardware design circuit frame diagram is shown in Fig. 1 below:
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Arithmetic unit

The output 
unit

A peripheral 
interface

Expand the 
interface

Storage

System 
program 
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User 
program 
storage

Progra
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The 
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Fig. 1. Hardware composition diagram

According to the above Fig. 1, the hardware of the design system mainly designs
the central processing unit, memory, input/output interface, design equipment, com-
munication interface and power supply. The controller adopts a microcontroller based
on a single-chip microcomputer. The single-chip microcomputer has a simple structure
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and powerful programming function, which can carry continuously changing English
interactive data.

The data function module is designed. The data function module is designed as
an education data module, an exchange module and an online education module. The
threemodules collect data separately and then perform digital-to-analog conversion. The
three modules are uniformly connected to the data transmission unit to facilitate unified
transmission and unified processing of the converted data [3]. In order to ensure the safety
and reliability of the processing process, the sensor adopts the SP12 multifunctional
sensor. The internal clock of the sensor is designed. Two oscillators are placed inside
the sensor. The low-power oscillator with an oscillation frequency of 2.5 kHz is placed
in the internal clock. An oscillator with an oscillation frequency of 2 MHz is used in the
data function module.

Under the sensor structure shown in the figure above, the sensor is connected to an
external expansion interface to help input actual educational data to the central processing
module. The external input part of the central processing module is connected to the
computer keyboard, and the keyboard inputs data to complete the input of the design
data. The memory is designed into two modules, the system program memory and the
user program memory. The system program memory is mainly responsible for storing
the system data obtained by the programmer, and the user program memory is designed
to record the data of teaching interaction. Using a hard disk drive with a capacity of
2G, control its single-disk capacity to 512M. Design the hardware circuit structure, and
finally complete the design of the system hardware.

2.2 Design the Hardware Circuit Structure

The system circuit part is mainly designed for clock circuit, reset circuit and power
circuit. When designing the clock circuit, a magnetic bead FBI needs to be connected
in series with the input end of the power supply to filter out high-frequency noise on the
signal line and power line, and reduce the impact of spikes on the system [4]. Connect a
filter capacitor C44 between the power supply and ground to filter out the interference
of the noise signal, and then connect a 33� resistor in series with the output to filter the
signal to ensure the output of a high-level clock signal with a duty cycle of 50%. The
clock signal circuit The connection diagram is shown in Fig. 2 below:
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FBEAD C44

104

4

2
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GND

OUT

NC

3

1

4MHz

Fig. 2. Clock signal circuit connection diagram

The reset circuit uses the power management chip TPS3307-33, connects the pins
SENSE1, SENSE2, and SENSE3 on the chip. The threshold voltages of the design pins
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SENSE1 and SENSE2 are 4.55V and 2.93V respectively, and the voltage of the SENSE3
pin is designed to be 1.25V. After the two pins SENSE1 and SENSE2 are divided by
resistors R19 and R20, they are connected to the SENSE33 pin. The connection of the
reset circuit is shown in Fig. 3 below:
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Fig. 3. Reset circuit design diagram

When designing the circuit of the power supply part, the external power supply
inputs a DC voltage of 9–12V, and the analog digital 5.0 V voltage supplies power to
the digital device, and the reference voltage in the reset circuit is adjusted to a high-
precision voltage. In order to prevent a relatively large change in the operating current
of a component, causing disturbance to other parts, power is supplied to the driving part
of the component separately [5]. The remaining part of the voltage is transformed by a

Fig. 4. Power supply circuit
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linear regulator on the basis of 5.0V. The detailed system power circuit design is shown
in Fig. 4 below:

After designing the hardware of the main control part of the system, connect the
designed three-part circuit to complete the design of the hardware part of the online
education system.

3 Online Education System Software Design

3.1 Build B/S Structure

The B/S structure is the browser and server structure [6]. The user’s working interface
under this structure is realized through the WWW browser, and only a small part of the
transaction logic is realized by the front end. The main transaction logic should also
be realized on the server side, forming the so-called three-tier 3- The tier structure, the
designed database structure is shown in Fig. 5 below:

Fig. 5. Set B/S structure

Under the B/S structure built in the above figure, the client is located on the first
layer, which is different from the client in the C/S structure. The client only retains a
web browser (such as IC or Navigator, etc.). There is no need to store any applications,
and in the C/S mode, each user must install the application on the client before using
it, configure the parameters of the client, and provide information about the server [7].
At the same time, users also need to participate in the maintenance and management of
the client software. If the user’s working platform is different, then the corresponding
Client terminal must be specially developed according to the characteristics of different
platforms [8]. Located in the second layer is the application service layer, which is
composed of one or more servers. The Web server is also in this layer. The function of
Java Application Server is to process the business logic in the application. This layer
has excellent scalability, The number of servers can be adjusted at will according to the
needs of the application to prevent object sharing conflicts, avoid object call failures,
ensure the granularity and availability of objects, and manage the life cycle of objects.
The biggest feature of the Browser/Server structure is that the client unit adopts the
browser, which eliminates the time consumed when calling the database [9, 10].



The Design of Interactive English Online Education System Based on B/S Structure 123

3.2 Building an Interactive Algorithm

According to the needs of different online education users, the attributes of information-
based teaching resources are delineated, and after the entities of the teaching resources
are contacted by the ER diagram, they are converted to the selected DBMS record
type [11, 12], which is constructed into a sub-mode, which is regarded as the interface
between the application and the resource database summarizes the data at the interface
and integrates it into a data set A to construct a data transfer function, which can be
expressed as:

A(s) = ω2

s2 + Q
(1)

Among them, s represents the data transmission time, Q represents the amount of
transmitted data, andω represents the buffer parameter. According to the above transmis-
sion process, assuming that the hardware structure has the same sensitivity to each incom-
ing data, an attribute parameter r is set, and the quantity relationship of the parameters
can be expressed as:

r2 = (1− e11)

(
1+ e11(a11 + e21)

2

)
(2)

Among them, e11 and e21 respectively represent the amount of data transmission at
differentmoments, and a11 represents the sensitivity parameter [13]. Under the control of
this attribute parameter, a shared signal delay parameter is set to form a fluent interactive
attribute mode, which can be expressed as:

(
uk+1

vk+1

)
= P

(
uk
vk

)
+E2

(
1 j
0 κ

)
(3)

Among them, uk represents the data stability parameter, vk represents the data trans-
mission speed, j represents the delay parameter, κ represents the sensitivity of the hard-
ware structure to the data, k represents the signal transmission time, and P represents the
fluent interactive attribute parameter[14]. Under the control of different signal transmis-
sion times, in order to unify the data mode of online education resources, the above pro-
cessing acuity parameters and delay parameters are normalized. The processing process
can be expressed as:

G = f
T

κj
(4)

Among them, f represents the operating frequency of the hardware component, and
T represents the operating cycle. Set the above-mentioned work cycle as the actual
interactive cycle, and send educational data to the system hardware structure according
to this cycle [15]. Based on the above process, the design of the B/S-based interactive
English online education system is finally completed.
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4 System Test

4.1 Experiment Preparation

After the system is deployed to the cloud server, the operating environment and related
test tools needed to achieve the most basic system functional requirements and system-
related performance tests are as follows (Table 1):

Table 1. Test environment and tools prepared

Serial number Name Parameter

1 Server CentOS 7.3, 1 core CPU, 2G memory, 1 Mbps bandwidth

2 Browser Firefox 73, IE 11, Chrome 80

3 Operating system Windows 10

4 Test machine PC

5 Test tools LoadRurmer

Under the test environment and tools shown in the table above, build the system test
environment as shown in Fig. 6 below:

Test deployment 
environment

The service layer

Storage layer

Presentation layer

Fig. 6. The deployed test environment
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In the test environment deployed in the picture above, the presentation layer is com-
posed of the clientAngular single-page applicationmiepweb and themanagementAngu-
lar single-page application miepAdmin web, each of which deploys an instance, on the
one hand, to provide access to static resources (the source code of the single-page appli-
cation includes html, js, css, images, etc.) and on the other hand, each container has a
request broker nginx service, which dynamically distributes requests to four MiepSer-
vice containers, and the service layer is a cluster of four Miepakka services composed
of four MiepServices. The storage tier consists of mongodb and EventStore database
instances. After the software structure is debugged, experiments are carried out by using
the educational system in reference [4], the educational system in reference [7] and
the designed educational system to compare the performance of the three educational
systems.

4.2 Experimental Results and Analysis

Based on the above experimental preparations, using the same test environment, using
JMeter as the stress test tool, the input and query interfaces are used for stress testing,
and the throughput and performance of the system are evaluated through the test for the
insertion energy of one of the services. For the performance of writing API, we select
the job title management of the course learning module for insert performance test. We
use the constantly changing number of request threads, insert 2000 pieces of data for
each test, and get the throughput rate of each insert to evaluate concurrent requests. The
relationship between the number and the system throughput rate. Perform insert request
stress test on /api/w/quiz. The set test process is shown in Fig. 7 below:

Fig. 7. The set test process

JMeter created a thread group to simulate the number of concurrent online users. We
tested this using 20, 40, 60, 90, 120, 150, 180, 200, 220, 250, 280, 300, and configured the
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calling server API at http request: http://localapi/host/quiw/quiz and the method used for
the request was POST. Summary Repot is used to generate the results of the test, giving
Throughput data. Under the three online education systems, the throughput results for
the three education systems are shown in the following table (Table 2):

Table 2. Performance test results of three online education systems

Threads Throughput (records/sec)

Reference [4] systems Reference [7] systems Education system designed in the
article

20 11.3 14.5 17.3

40 8.6 13.2 17.8

60 11.1 12.6 17.9

90 8.9 13.7 18.7

120 10.9 12.9 19.5

150 10.7 13.6 18.9

180 10.7 13.2 18.5

200 11.7 13.5 17.7

220 11.1 13.9 16.9

250 9.8 14.8 16.2

280 11.3 14.6 15.3

300 8.6 12.8 15.3

From the values shown in the table above, we can see that under the control of the
three online education systems, the load value generated by the reference [4] system
is around 10.39, the throughput of the system is small, the throughput value generated
by the reference [7] system is around 13.60, the throughput value is large, and the
throughput result of the online education system designed in this paper is around 17.5.
Compared with the two existing online education systems, the throughput value of the
online education system designed in this paper is the largest and the data that can be
processed is the largest.

In the above experimental environment, set the command name and data size of
Changyan Interactive English, as shown in the following table (Table 3):
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Table 3. Set command name and size

Command name Acquisition frequency/MHz Data size/M

Instruction 1 50 4.9

Instruction 2 55 2.2

Instruction 3 60 3.2

Instruction 4 65 4.1

Instruction 5 70 4.9

Instruction 6 75 4.9

Instruction 7 80 4.4

Instruction 8 85 2.5

Instruction 9 90 2.5

Instruction 10 95 4.4

After transforming the instructions set in the above table in the three online education
systems, calculate the data transmission speed of the three online education systems
according to the response time of the instructions in the system, and the results are
shown in the following table (Table 4):

Table 4. Data transmission time of the three education systems

Command name Transmission speed/Mbps

Reference [4] systems Reference [7] systems Education system designed
in the article

Instruction 1 16.6 34.9 42.3

Instruction 2 15.2 34.6 44.5

Instruction 3 21.9 29.6 38.1

Instruction 4 16.1 25.7 39.3

Instruction 5 15.6 32.4 43.5

Instruction 6 19.3 21.7 40.4

Instruction 7 18.1 33.9 42.4

Instruction 8 15.7 27.8 42.9

Instruction 9 15.4 30.2 37.2

Instruction 10 19.1 30.5 42.1

From the transmission speed shown in the table above, it can be seen that under
the same transmission data size, the three online education systems showed different
transmission capacities, and the average transmission speed in the reference [4] was
about 17.3 Mbps, with a lower transmission speed compared with that in the table. The
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average transmission speed of the educational system in reference [7] is around 30.1
Mbps, which greatly improves the ability of the drawing system to transmit data. The
average transmission speed of the online education system designed in this paper is
about 41.2 MBPS. Compared with the two existing online education systems, the actual
transmission speed of the system is the fastest.

Keep the above experimental environment unchanged, set a signal interference of 1
to 10 m outside the three online education systems, and use an oscilloscope to measure
the frequency of the collected signals under the control of different online education
systems, and generate signals according to signal interference equipment at different
distances Interference obstruction, the attenuation rate of the online education signal
is calculated, and the final attenuation rate results of the three online education system
signals are shown in Fig. 8 below:

Fig. 8. The attenuation rate of the signals collected by the three online education systems

From the attenuation rate result shown in the figure above, the data signal collected
by the education system in reference [4] has the largest transmission attenuation rate
under different transmission distances. At a transmission distance of 10 m, the final
transmission attenuation rate is 25%about. The online education system 2 in reference
[7] maintains a relatively stable transmission attenuation rate between 0 and 4 m, but
at a transmission distance of more than 4 m, the signal attenuation rate rises linearly,
and the final attenuation rate is 10%about. The attenuation rate value of the education
system designed in the article shows a stable changewith the increase of the transmission
distance. At a transmission distance of 10 m, the attenuation rate of the collected signal
is about 5%, and the value of the attenuation rate of the transmitted signal is the smallest.
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5 Conclusion

The future development trend of education is modern distance education. Distance edu-
cation uses today’s advanced communication technology and computer network tech-
nology to deliver multimedia data, audio, video and other information in non-real-time
or real-time, in an interactive or visual form of distance education. As a teachingmethod,
distance education will be used more and more by everyone. Therefore, its development
will become more and more perfect.
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Design of Online Management System
for Painting Teaching Based on Artificial

Intelligence Technology

Dong-dong Suo(B) and Yi-jia Shang

Zhengzhou Technical College, ZhengZhou 450121, China

Abstract. In order to better improve the quality of teaching, the designof anonline
management system for painting teaching based on artificial intelligence technol-
ogy is proposed. The hardware structure configuration of the teachingmanagement
system is optimized and perfected, and the system software operation process is
optimized to improve the system management function. Ensure the effect of sys-
tem operation and improve the quality of painting teaching. Finally, it is confirmed
by experiments that the online management system of painting teaching based on
artificial intelligence technology has high operational safety and reliability in the
actual application process, and fully meets the research requirements.

Keywords: Artificial intelligence technology · Drawing teaching · Online
management

1 Introduction

With the teaching reform as the research background, combined with the preliminary
exploration of drawing teachingmanagement of drawing courses in various schools in ur
country. After investigating and analyzing the operating status of the painting teaching
management system in various schools, it is found that most schools have not perfected
the teachingmanagementmechanism of painting courses. The traditional painting teach-
ing online management system based on Web technology is used for painting courses
teaching. In the system structure, add an automatic reset circuit; avoid the outflow of
drawing resource information, reduce the interdependence between modules, use Web
technology, improve the systemmanagement function structure, use the fitness function,
refine the curriculummanagement plan, and complete the drawing teachingmanagement
system design. However, the management scope of this method has certain limitations,
which to a large extent limits the development of painting courses [1].

Based on this, through analysis and research combined with artificial intelligence
technology, the painting teachingmanagement system is optimized to reduce the learning
pressure of teachers and students, encourage students to study enthusiasm in the learning
process, cultivate students’ active participation and initiative, and let studentsWe actively
understand and explore, increase the emotional communication between teachers and
students, so as to promote the coordinated progress of the entire teaching process.
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2 Online Management System for Painting Teaching

2.1 System Hardware Configuration

In the design process of the drawing course teaching management system, we should
first analyze the current drawing teaching management system requirements and the
business process of the system, so as to summarize the functional requirements and
non-functional requirements of the drawing course teaching management system. The
following aspects should be paid attention to in the design process of artificial intel-
ligence drawing teaching resource management system: The system provides remote
access to the network function, which is convenient for users to access all the material
resources of the system anytime and anywhere, and provides a standardized and safe
interface for applications [2]. Based on this, data processors and interface configura-
tions need to be added to the hardware configuration. Considering the growth of system
resources and storage of large amounts of data, the system must support decentralized
data management. Based on this, the system hardware structure needs to be optimized
first. The specific structure is shown in Fig. 1:

User interface based on Web

Online teaching

Distance teaching, virtual classroom, 
network course

Multimedia teaching resource system (multimedia materials, teaching 
materials, integrable ware, etc.)

Network transmission, network management

Knowledge
system

Teaching
management
instructional

design

User layer

application
layer

Resource
layer

network layer

Fig. 1. Overall system architecture

As shown in Fig. 1, the artificial intelligence drawing teaching resource management
system consists of a database server, a web server, and an on-demand server. The sub-
system can be established on the same server according to the actual situation of other
services to reduce hardware consumption. The painting teaching system is designed
with B/S and browser/server architecture [3]. Combined with the current tensorflow js
launched by goggle, the use of B/S mode can solve the problem of applying deep neural
network models to mobile terminals, and can also improve the compatibility and porta-
bility of the onlinemanagement system for painting teaching [4]. The overall architecture
adopted by the interactive stick drawing teaching system is shown in Fig. 2.

Among them, the Nginx and Gunicorn modules are non-functionally added accord-
ing to the final deployment of the painting teaching online management system [5].
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Fig. 2. System overall B/S architecture diagram

According to the B/S architecture of the system, users use the teaching function through
the browser web page, the server will process the corresponding http request and return
the corresponding response, and the Nginx and Gunicorn modules are responsible for
load balancing, asynchronous processing and other operations [6]. System manage-
ment teaching materials can be divided into online running teaching materials and local
running teaching materials according to the daily classification management method.

The teaching material information in the artificial intelligence database needs to
collect and manage the specific address and file name of the teaching material, and save
the teaching files in the hard disk to sort out and record the information. Determine the
use of authorized artificial intelligence teaching materials according to the user group
name and different permissions [7]. In order to ensure the effect of system operation,
the data processor structure is optimized. The specific system database management
architecture is shown in Fig. 3:

Authorized
usersto examine

userAuthority
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Textbook

Library

Textbook
documents

Submit

Browse,
Download

Fig. 3. Data processor structure

In the structured system design method, the method used is the description table of
the IPO diagram and the system flow chart to design the overall function and detailed
function of the system [8]. The system hardware configuration structure is relatively
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simple, the maintenance is simple, and the work efficiency is high. After the information
is submitted, the web page can be opened immediately. The authorized user can be
the creator of the teaching material or the teacher. Based on this, the system hardware
structure is optimized to ensure the system operation effect.

2.2 System Software Function Optimization

The drawing course teachingmanagement system ismainly to assist teachers in teaching.
The drawing course teaching of the teacher and the course learning of the students are
connected through the system. By analyzing the needs of the drawing course teaching
management and the function of the design, the drawing course teaching management
system is determined The most important thing about the top-level data stream of the
painting course teaching management system is that it can collect and classify relevant
information such as course resources for teachers and students, so that teachers and
students can learn the latest art information, participate in online learning and testing,
and let teachers and students Carry out the needs and characteristics of interactive com-
munication to design the overall structure of the system [9]. In order to realize the basic
functions of the painting course teachingmanagement system, and to be able to carry out
and manage in an orderly manner, standardize and unify, divide the labour management
of different modules, and finally implement it by the system. The overall functional
structure of the drawing course teaching management system is shown in Fig. 4.
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Fig. 4. The overall functional structure of the drawing course teaching management system

As shown in Fig. 4, the system is divided into 8 modules: user management, course
resource management, wide-angle lens management, online test management, teacher-
student interaction, homework management, course management, and notification man-
agement.Among them, usermanagement ismainly to realize the functional requirements
of corresponding operations for all users of the drawing course teaching management
system.

Curriculum resource management is mainly to realize the functional requirements
of uploading relevant materials and information of the course to the Internet, and to pro-
vide students with the functional requirements for downloading and viewing. The visual
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wide-angle lens management is mainly to realize the functional requirements that can
be presented in the course results of the painting course teaching management system.
Online test management is mainly to realize that teachers can accurately master [10],
the functional requirements of students on the learning status of painting courses, and
the interaction between teachers and students is a very important functional requirement
in this system. This function can not only enhance students’ understanding of paint-
ing courses. The interest can also enable students to cultivate their sentiment, increase
their knowledge, and broaden their horizons; homework management is mainly to real-
ize the functional requirements of the release and submission of homework. Teachers
can release homework according to the class situation and urge students to complete
homework in time. Students can directly view the results of homework corrections in
this module, and the results will be saved in the student account information [11]. Cur-
riculum management is mainly to realize the functional requirements for recording the
progress of students’ learning courses. Students can download courseware, and teachers
can monitor the progress of students’ learning and remind students of their progress;
notification management is mainly to implement the functional requirements for issuing
notifications during the teaching process and record The process of the next operation,
standardize the process of notification issuance. Based on this, the functional structure
of the job management module is optimized as shown in Fig. 5:

job management

Homework correctionHomework uploadOperation arrangement

 

Fig. 5. Functional structure diagram of job management module

As shown in Fig. 5, the functional structure diagram of the course management mod-
ule. This part of the module includes course subject management and learning progress
management. In order to be able to improve and pay attention to the curriculum concept
of teachers in curriculum management, and to promote the growth of a professional
teacher, it is necessary to strengthen the implementation of curriculum management in a
school [12].Mainly to expand the enthusiasm of students. The prerequisite for construct-
ing curriculum management well is student-oriented. In addition, the implementation of
curriculum management requires training for some teachers, so that a complete man-
agement plan can be developed, allowing teachers and students to rationally use the
resources on the Internet to create better and favorable conditions for painting teaching.
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2.3 Realization of Online Management of Painting Teaching

Software information resource management plays an important role in the teaching
system. In the process of optimizing the software function of the drawing teaching man-
agement system, the theory, concept, content, etc. must be combined with the traditional
teaching mode, but the main teaching is based on the campus network. Mainly, the tradi-
tional teaching mode is supplemented, the courses are arranged reasonably, and the new
software engineering technology is arranged in the new software engineering technology
to transfer the knowledge to the students perfectly. The establishment of courses is very
necessary. Including specific software management subjects and software configuration
subjects, focusing on making software engineering, teaching software quality knowl-
edge through network teaching [13]. The establishment of systematic practice courses
is also very necessary. Through the campus network, students can independently under-
stand the content of software engineering courses, innovate and develop corresponding
software engineering designs, and actually participate in software development projects.
Simulations are conducted in the form of groups, with the theme of improving software
functions, through the campus The real-time live broadcast of the Internet enables more
students to participate in it, so as to improve the students’ interest in drawing learning
and the quality of teaching management.

In the online management system of drawing teaching, both teachers and students
must pass the design of teaching curriculum resource management module to be able to
implement it. This module can be divided into course resource upload, course resource
release, course resource cataloging, course resource research, course resource query
statistics, course resource download. The upload of data, the download of related files,
and the notification of announcements must all be included in the course resource man-
agement module. In addition, it is about how to select and set up the relevant information
of the course materials and how to delete, modify and reduce the relevant information
content., There should be a relevant teacher in charge to write. Based on this, the func-
tional structure of curriculum resource management is further optimized, as shown in
Fig. 6:
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Fig. 6. Course resource management module
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Online test management includes exam content management, exam management,
scoring management, and score management. This part of the module can add, modify
and delete the existing test questions in the question bank. Students can choose the type of
questions related to them to conduct a comprehensive and complete online test according
to their actual ability and the type of questions the teacher is giving. Course planning in
the course of teaching content can be set up by the teacher to set the parameters of the
test questions (test scores, overall level of difficulty, test time, etc.). Teachers can also
manage the entire test process and specific time. If you want to manipulate the student’
s learning activity status in a timely manner and grasp the students’ understanding of
the teaching content, they must grasp the student’s dynamics through online testing. If
you want students to view their own academic performance and evaluation of teachers,
and clearly recognize the problems in their work, students can also practice their own
exam content through online tests, which can also be better Clearly clarify the level
of learning the students have mastered for the course. Modules such as selecting test
questions, answering questions, teacher’s evaluation of students, and comprehensive
test results are all included in the online test. Based on this, the online test information
management function structure is further divided, as shown in Fig. 7:
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Fig. 7. Online test management module

The online test management module includes course subject management and learn-
ing progress management. In order to improve and pay attention to the curriculum con-
cept of teachers in curriculummanagement, and to promote the growth of a professional
teacher, it is necessary to strengthen the implementation of curriculum management in a
school. The main thing is to mobilize the enthusiasm of the students. I personally think
that the curriculum management must be built well, and the premise is to be student-
oriented. The implementation of curriculummanagement also requires training for some
teachers, so that a complete management plan can be formulated so that teachers and
students can use more resources on the Internet to create better and favorable conditions.
Further plan the main categories of course management, as shown in Fig. 8:

Further design the system notificationmanagementmodule, which includes the plan-
ning of four sub-modules. Notice management, notice withdrawal management, notice
reading management, notice withdrawal management. The scope of the notice is very
common, whether it is in public places, units or campuses, it can be seen everywhere. It
shows that the notice can play a very important role.Most of it is used for the arrangement
of course announcements. Students’ affairs, in addition, theywill alsomake requirements
and affirmations for some related information, especially the required procedures for the
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Fig. 8. Course management module

transfer of certain requirements, so that students can be more clear about the tasks they
want to perform. The key is that the things to be described must be Brief description.
The notification management module is shown in Fig. 9:
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Fig. 9. Notification management module

From the perspective of the business process and the corresponding data flow dia-
gram, if you analyze from the demand analysis, you can obtain user registration diary,
user login diary, student information, user privileges, teacher information, published
resources, and course resource catalog table., Courseware materials, homework, delete
resource records, download records, art policy trends, latest art exhibition information,
master catalog tables, well-known works catalog tables, test questions, completed test
questions, corrected test questions, transcripts, query records, teachers Messages, stu-
dent messages, questions, answers, homework content, completed homework, list of stu-
dent grades, homework results, course resources, course list, student learning progress,
announcement notice, withdrawn announcement, deleted announcement, announcement
browsing history etc. According to the relationship of each entity obtained between busi-
ness processes, it can be seen and determined that the entities can obtain their respective
attributes. Based on this, the system operation process is further optimized to ensure the
accuracy of evaluating students’ drawing ability. In real painting teaching, professional
teachers generally check the students’ current completion progress and accuracy in real
time, and give certain guidance. The purpose of this system to realize the function of
evaluating painting is to evaluate the current painting works of students, and then give
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feedback to the students. Based on this, the systemoperation fluency is further optimized,
and the specific steps are shown in Fig. 10:
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Fig. 10. Flow chart of teaching management

The analysis and design of the drawing course teaching management system is
open and shared. By applying some of the above-mentioned comprehensive related
technologies, they form a joint system development and design. The completed work
generally summarizes the following aspects. According to the teaching management
system of the painting course according to the work needs, the research background of
this course system and the research status and future prospects of the course system at
home and abroad are differentiated. In addition, the necessary prerequisites for building a
curriculum system should be discussed based on the characteristics of drawing teaching
in primary and secondary schools and the current management situation. The overall
structure design idea of the drawing course teaching management system is to use the
principles andmethods of software engineering to conduct a systematic demand analysis
and design. Through the analysis of business requirements, functional requirements, data
requirements and non-functional requirements, business flowcharts, data flow diagrams
and data dictionaries are used tomodel teachingmanagement requirements. The drawing
teaching management has carried out detailed analysis in various business processes,
distinguished the use of drawing teaching course management system in the process of
performance demand analysis, and gave a model for each data flow diagram. Finally, it
mainly focuses on the research of some related design systems of this subject and the
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shortcomings in the system design. It also looks forward to the next step of planning and
development to ensure the operation effect of the system.

3 Analysis of Experimental Results

In order to comprehensively test the functions, performance, safety, and reliability of the
drawing teachingmanagement system, according to the use of this system, the school and
the technical developers of this project will jointly test the network environment: local
area network, virtual private network, the client uses P3 Above host computer, memory
128M or above, hard disk above 10G, server end adopts HP30001 software environ-
ment: client operating system Windows 2000 Windows XP, server end installs software
according to the design plan. Further standardize the system operating environment, as
shown in Table 1:

Table. 1 Test environment description table

Configuration name Test environment 1 Test environment 2 Test environment 3

OS Ubuntu18.04 masOS10.13 Windows 10 × 64

CPU Intel(R) Xeon(R) Intel core i5 Intel Core i5

GPU 1080Ti Nothing Nothing

Memory 32G 8G 8G

Flag version 1.0.2 1.0.2 1.0.2

Tensorflow version 1.2.0 1.2.0 1.2.0

CUDA version 9.0 / /

Browser Chrome Chrome IE

The system research and development adopts java language, the operating system
is Windows 10, according to the actual application situation, carries on the local area
network test, selects the operation parameter corresponding to 4 hosts to set up, as shown
in Table 2.

Table. 2 Experimental parameter settings

Test tools Memory size/G Hard disk size/G Control system Set quantity

The server 4 500 Linux 1

Host A 2 250 Win10 1

Host B 4 300 Win8 1

Host C 4 300 Win6 1
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The traditional online management system for drawing teaching based onWeb tech-
nology is compared with the time spent in the running process of this system to verify
the efficiency of this design system. The result is shown in the figure (Fig. 11).
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Fig. 11. Comparison of data management performance between the two systems

The traditional system and the time spent in the operation of the system in this paper
are compared to verify the efficiency of the system designed in this paper. The result is
shown in Fig. 12.
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Based on the above detection results, it can be seen that in the actual operation process
of the online management system for drawing teaching based on artificial intelligence
proposed in this paper, it has better management efficiency and faster running speed,
which can just achieve effectivemanagement of massive drawing teaching data. Improve
teaching quality and guarantee teaching effect. After the above-mentioned series of
experimental tests, it can be concluded that the system design is reasonable.

4 Concluding Remarks

On the basis of in-depth analysis of the current status of the teachingmanagement system
of painting courses, through scientific and reasonable exploration, practice and planning
of the system hardware structure and software operating functions, the system operation
performance is effectively improved, and the management layout and planning of the
system system are carried out. And the system optimizes the management information
and functions of different modules, and establishes the database table structure for the
planning of the overall framework of the system. Finally, the analysis and design work
done is summarized, and the future direction of the system is expected to be improved,
To better improve themanagement effect of drawing teaching information and guarantee
the quality of drawing teaching.
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Design of Online Teaching System
for Innovation and Entrepreneurship of Finance

Major Based on Big Data

Tong Sun(B)

Department of Economics, Shenyang Institute of Science
and Technology, Shenyang 110167, China

Abstract. The currently proposed online teaching system for financial innova-
tion and entrepreneurship has a limited scope and a long period of time. Based
on big data technology, a new online teaching system for financial innovation and
entrepreneurship is designed. The system hardware includes memory, central pro-
cessing unit, input device and output device. Thememory includes the teacher-side
memory and the student-sidememory. The central processing unit mainly includes
three parts: logic unit, control unit and input/output unit. The software has designed
big data server program and database program respectively. In order to verify the
effectiveness of the teaching system, a comparative experiment was designed.
The results show that the financial innovation and entrepreneurship online teach-
ing system based on big data can effectively expand the scope of assistance and
shorten the time of assistance.

Keywords: Big data · Finance · Professional innovation · Online teaching

1 Introduction

At present, in the process of talent training, university finance majors have all been inte-
grated into the content of innovation and entrepreneurship education, and innovation and
entrepreneurship activities have become more abundant [1]. However, the design of the
talent training system is not integrated with the entire industrial innovation chain. First,
the design of the entrepreneurship education system for finance majors is not systematic.
Undergraduate innovation and entrepreneurship education is limited to the correspond-
ing course modules in the talent training plan, and cannot be designed according to the
actual needs of students in the first to fourth grades. Second, innovation and entrepreneur-
ship education mainly depends on the two links of college theory teaching and practical
teaching. The subject is single, and it is impossible to start from the needs of the entire
industrial innovation chain and form a joint education force through the government,
financial industry, financial institutions, research institutions, etc., to jointly realize the
cultivation of innovative spirit and innovative ability [2].
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In order to innovate the education model and upgrade the education system, my
country uses computer technology to construct an online teaching system for innova-
tion and entrepreneurship in finance, and uses the advantages of computers to assist
teachers and students in teaching and learning. Computer technology is a widely used
distributed application decoupling, which is used to realize the information exchange
between the client and the server. It uses application programs, script programs, and
plug-in technologies to achieve more powerful information exchange.

Traditional methods include an online teaching system for financial innovation and
entrepreneurship based on data mining technology, which uses data mining algorithms
to obtain the teaching goals of financial innovation and entrepreneurship, and constructs
a teaching system; an online financial innovation teaching system based on information
analysis, through the analysis of financial data, obtains Set out teaching goals. Tradi-
tional online teaching systems have many faults and unstable connections. Therefore,
in order to optimize the shortcomings of traditional online teaching systems, this paper
designs a financial innovation and entrepreneurship online teaching system based on big
data based on big data technology. From the perspective of software and software, the
system’s physical equipment and application programs are designed in detail, which is
of great significance for improving teaching effects, strengthening teachers’ evaluation
of students, and providing students with a good distance teaching network environment.
It can also promote big data technology. Further development.

2 The Hardware Design of the Online Teaching System
for Innovation and Entrepreneurship of Finance Majors Based
on Big Data

Computers are the material basis for the online teaching system for innovation and
entrepreneurship of financemajors based on big data technology. In the process of online
teaching, computers are the communication medium between teachers and students. The
teaching logic is shown in Fig. 1 below:

Fig. 1. Online teaching logic diagram

The hardware structure of the system is shown in Fig. 2:
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Fig. 2. System hardware structure

2.1 Memory Design

The memory is the instruction holder, which is mainly used to store the multiple instruc-
tions issued by the teacher and the multiple instructions replied by the students. There-
fore, the hardware is divided into two types: teacher-side memory and student-side
memory, but the function is the same. The main function of the embedded computer is
to enhance the overall endurance and anti-interference ability of the embedded computer
remote-assisted teaching system. In the application process of the system, the memory
will first typeset and reprint the code commands input by the teacher in sequence. Trans-
mitted to the next hardware of the system, when the received code instructions are too
many or too cumbersome to be transmitted at one time, the memory will retain the code
instructions that have not been transmitted and keep the integrity of these code instruc-
tions at all times Sexuality and activity. After the code instruction being transmitted is
completed, the memory will transmit the reserved code instruction again in order and
ensure the perfect connection between the two before and after. The connection error
will not be higher than 0.001 s, so it will not This has an impact on the teaching system
designed in this article, and the hardware for students’ code instructions will also play
the same role, that is, to complete the complete transmission of the code instructions
while ensuring the integrity and continuity of all instructions [3, 4].
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2.2 Central Processing Unit

The central processing unit, also known as the CPU, is one of the core hardware of the
system designed in this article. The processor is mainly composed of three unit parts,
namely the arithmetic logic unit (ALU), the control unit, and the input/output unit. Its
specific structure The picture is shown in Fig. 3:

Fig. 3. Central processing unit composition structure diagram

In the process of working, the hardware processor will first continuously accept the
code instructions sent by the memories at both ends through the arithmetic logic unit and
unitize these instructions. The reason for unitization is that the unitized instructions will
be better. Incorporated into the overall operation of the central processing unit, greatly
improving the overall operation and work efficiency of the central processing unit [5, 6].

The main function of the arithmetic logic unit is to perform operations and com-
parisons on all unitized code instructions and finally typeset functional modules. It will
gradually list all possible items of the unitized code instructions during the calculation
process and then proceed step by step. Excluding the most definite unitized code instruc-
tions in the end, when all the unitized code instructions are determined, the arithmetic
logic unit will integrate these unitized code instructions to obtain a set M, and then pass
the set through the transmission/input unit. To the control unit for processing [7].

The control unit is a functional block that is mainly responsible for managing the
overall actions of the unitized code instructions. When the control unit receives the uni-
tized code instruction setM, it will decompose and analyze the unitized code instructions
in the set M according to the order, and finally The obtained data is processed into action
to obtain the most clear unitized code instruction, and then transmitted to the memory
at both ends for both parties to receive and respond [8].
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2.3 Input Devices and Output Devices

The input device and output device of the financial innovation and entrepreneurship
online teaching system based on big data technology designed in this paper are the
teacher’s input and output device and the student’s input and output device. The main
function of the input device is to transmit the code instructions of the memory to The
central processing unit of the system is used for calculation and analysis, and the main
function of the output device is to transmit the unitized code instruction set M of the
central processing unit to the memory. The difference from the input device is that the
output device has a unitized code instruction set. The number-conversion converter that
transforms M into code instruction set N [9].

3 Software Design of Online Teaching System for Innovation
and Entrepreneurship of Finance Major Based on Big Data
Technology

The program is the lead of the financial innovation and entrepreneurship online teaching
system based on big data technology. Students and teachers interact through the pro-
gram running on the computer. By writing the program, the entire auxiliary teaching
process can be controlled to realize the teaching function. Therefore, this article On the
basis of the system hardware, design related software to cooperate with the hardware to
work together. The main software design includes a big data server based on big data
technology and a database based on big data technology [10, 11].

Big data server is currently themost widely used server with themost comprehensive
performance. Based on big data technology, it refers to a computer that provides brows-
ing of teaching information for the embedded computer remote assistant teaching system
based on big data technology in the corresponding network environment Program, stu-
dents and teachers can send teaching requests, teaching files and other data information
through the server. Generally speaking, a big data server includes four working pro-
cesses: establishing a connection, sending a request, sending a response, and closing the
connection. The working principle is as follows 4 shows (Fig. 4):

Fig. 4. Working principle of big data server

Among them, the establishment of the connection is to connect the big data server
and the browser through a network protocol, and the user can log in to the browser to
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see if the connection is established. Sending requests means that users send requests to
the big data server through the browser, such as login requests, access requests, teaching
requests, and other required requests. After receiving the request, the big data server
uses related algorithms to calculate and process the request, and finally transmits the
result to the browser through the network protocol, and displays the requested content
while displaying the result. After the end, disconnect the connection between the big
data server and the browser, and maintain and upgrade the big data server [12, 13].

The database is an electronic file cabinet that stores teaching-related information.
The teacher and student can add, download, update, and delete files in the database.
The database can be divided into online learning database and online exam database
according to system requirements. A form of storing online learning data and online
exam data of students and teachers. In order to more clearly show the attributes between
various types of information in the database and conceptualize it, the E-R diagram is used
to describe its basic attributes [14, 15]. The specific E-r diagram of an online learning
database based on big data technology is shown in Fig. 5:
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Fig. 5. E-R diagram of online learning database based on big data technology

By observing the above figure, we can clearly understand that the online learn-
ing subsystem database is composed of multiple tables, which are class, test, answer,
announcement, management, tutorial, tutorial number, teacher, question, system setting,
user, and data table. Each table of “class” has a special meaning. These tables repre-
sent the students’ personal information, usual test results, classroom teaching notes and
other necessary materials. The data administrator of each table can add and delete data
according to the students’ learning situation. The unique advantage based on big data
technology is that if other attributes are changed during the learning process of students,
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by entering the database system and changing the corresponding attributes, the data
in the previous learning process can be retained and the new model can be continued.
Learning.

The online examination subsystem database based on big data technology designed
in this paper also consists of 13 tables, as shown in Table 1:

Table 1. Database subsystem table

Serial number Name

1 admin

2 department

3 exam database

4 exam

5 degree exam news

6 exam news_ log

7 exam_ score

8 exam subject

9 exam_ test

10 exam tetuser

11 user

12 waitforpass

The examination subsystem database and the student online learning subsystem
database have the same characteristics. The administrator can change the attributes and
data content of each table at any time to achieve the purpose of remote assistance based
on computer technology. Among them, the most unique advantage of the student exam-
ination subsystem database is that for the internal examination questions of the storage
system, free administrators can view them only through fingerprint authentication, but
not through passwords, which ensures the fairness of student examinations. On the
other hand, the student examination subsystem database based on big data technology
can review some objective questions on student examination papers, which reduces
classroom work and improves classroom teaching efficiency.

4 Experimental Research

In order to verify the effectiveness of the financial innovation and entrepreneurship
online teaching system based on big data technology proposed in this article, the sys-
tem is compared with the traditional financial innovation and entrepreneurship online
teaching system based on data mining technology and the financial innovation based on
information analysis. Entrepreneurship online teaching system conducts experiments to
compare teaching scope and auxiliary time.
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Table 2. Experimental parameters

Project Parameter

Question number length 5

Auxiliary level Level 3

Full score 100

Difficulty ratio Medium

Set the experimental parameters as shown in Table 2:
According to the above experimental parameters, a comparative experiment was

carried out. Provide teaching guidance for different difficulty ratios and compare the
scope of assistance. The experimental results obtained are shown in Table 3:

Table 3. Scope of teaching system

Knowledge point
difficulty

Online Teaching
System for Innovation
and Entrepreneurship
of Finance Major
Based on Data Mining
Technology

Online Teaching
System of Innovation
and Entrepreneurship
for Finance Majors
Based on Information
Analysis

Financial innovation
and entrepreneurship
online teaching
system based on big
data technology

Knowledge points are
more difficult

95% 70% 65%

Knowledge points are
moderately difficult

97% 82% 75%

Knowledge points are
easier

99% 90% 74%

According to Table 3, the financial innovation and entrepreneurship online teaching
system proposed in this paper based on big data technology can effectively expand the
scope of system assistance, adopting different assistance methods for different knowl-
edge points, and when the difficulty of the knowledge points is different, traditional
auxiliary system assistance The scope is much smaller than the auxiliary scope proposed
in this article.

The auxiliary time proposed in this paper is shown in Fig. 6:
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Fig. 6. Results of auxiliary time experiment

Observing Fig. 6 we can see that, compared with the traditional auxiliary teaching
system, the financial innovation and entrepreneurship online teaching system proposed
in this paper based on big data technology has shorter auxiliary time, can distinguish
information in a short time, realize assistance, and has extremely strong assistance The
ability and auxiliary effect are better, and it is more suitable for practical applications.

Digital circuit and logic design is to make virtual experimental instruments and
equipment more authentic in the virtual simulation experiment teaching environment,
and make the virtual simulation experiment teaching multi-dimensional data visualiza-
tion environment more suitable for the real teaching environment. The specific design
process is:

(1) Right-click the virtual simulation experiment teaching page to pull out the display
bar and properties window anywhere

(2) Select different experimental instruments according to different experimental oper-
ations, click the desired instrument, left-click and click use. The virtual simulation
experiment teachingmulti-dimensional data visualization systemwill automatically
select the operator to perform multi-dimensional processing to make the operating
instrument have a three-dimensional effect.

(3) When the experimental instrument is added to the experimental platform, the oper-
ator can perform the experimental operation. If the operation is wrong, the exper-
imental instrument will be damaged like the real instrument, which increases the
operator’s understanding of the experiment.

Virtual simulation experiment teaching multi-dimensional data visualization system
teaching environment screen test, because in the operating environment with the increase
of the number of operations, the page needs to continuously change the screen, so the
test is mainly to detect whether there will be a white screen in the virtual simulation
experimental teaching operating environment Or the situation of stuck screen. The test of
this article selects the additional tool test. It only needs to transmit the operating video
of the operator in the virtual simulation teaching system. The tool will automatically
detect it. If there is a white screen or a stuck screen, the test tool will emit a red light. If
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the conversion is normal, a green signal light is displayed. In order to avoid contingency,
this experiment adopts an experiment process of 100 operators. The test result is shown
in Fig. 7:

Fig. 7. Screen conversion test results

As shown in Fig. 7, after many tests, the virtual simulation experiment teaching
environment shows an average of 1.5 s when the screen transition stays, which is a
normal phenomenon. If it exceeds 3 s, it proves that the virtual simulation experiment
teaching multidimensional data visualization system has problems. The linux browser
has high security and few viruses. The system itself will perform virus detection and
cleaning to reduce the probability of virus attacks. The E-R model can fully reflect the
internal and external relationships of various types of information, and can also quickly
screen out stored information. The security design of the teaching system proposed
in this paper adopts the authorization mechanism based on role characteristics, which
can efficiently save the data information of the operator and the server, and ensure the
stable operation of the teachingmulti-dimensional data visualization system. The system
administrator will analyze and update the data in the database regularly. And backup.
In summary, the optimized teaching system in this paper can construct a more rigorous
teaching virtual environment.

5 Conclusion

Based on big data technology, this paper designs an online education system for financial
innovation and entrepreneurship based on big data technology. It uses computer as the
mediumand software programas the leading factor. Thememory, central processing unit,
input and output devices are designed in detail. Application programs such as physics
foundation and big data server and database realize the remote embedded auxiliary
teaching system, which provides convenience for students’ remote online examination
and online learning, and not only enables teachers to more accurately and clearly under-
stand the true abilities of students, Accurate evaluation in order to specify a reasonable
teaching plan, but also to enable students to obtain better educational resources at home
and provide them with a good teaching environment.
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Design of Economics Course Teaching System
Based on Online and Offline Mixed Mode

Tong Sun(B)

Department of Economics, Shenyang Institute of Science
and Technology, Shenyang 110167, China

Abstract. In recent years,many colleges anduniversities have adopted economics
course teaching systems to assist classroom teaching, but there is a shortage of
teaching resources in traditional teaching systems, which leads to poor teaching
effects. Therefore, the design of an economic course teaching system based on the
online and offline hybrid mode. In terms of hardware, memory chips and FPGA
chips will be selected and applied to the original system hardware framework.
Expand and optimize the design of economic course resource integration module,
economic teaching resource query module and economic course teaching module
to realize the basic functions of the system. So far, the design of the economics
course teaching system based on the online and offline hybrid mode is completed.
Construction of the system test link, through comparison, we can see that the use
of this system is better.

Keywords: Teaching system · Memory · Curriculum resource integration ·
Course inquiry

1 Introduction

With the popularization of computers and mobile devices, learning forms are no longer
confined to the traditional classroom teaching mode, and gradually develop towards
media and network, and online education has become the general trend. As a kind of
online course, the excellent resource sharing course serves university teachers and stu-
dents as well as social learners. The purpose is to promote the co-construction and
sharing of high-quality course teaching resources. The curriculum resource system cre-
ated by it is more suitable for network communication and promotes the improvement
of professional curriculum teaching quality. It is of great significance to research on the
construction of online and offline hybrid courses based on the network platform. The
improvement of quality plays an important role [1, 2].

Teachers play a leading role in teaching knowledge in traditional classroom teaching
and online teaching, and guide students to learn through a variety of teaching methods.
Teachers in the classroom will be restricted by factors such as class hours. Online class-
rooms have achieved effective extension and supplementation of teachers’ classrooms,
and have the advantage of rich teaching resources and not limited by time and space. Stu-
dents can realize the autonomous learning process through online classroom. Blended
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learning integrates a variety of different teaching methods. In addition to the integration
of face-to-face teaching and online teaching, it also includes the integration of multiple
learning methods and the integration of multiple modern education technologies [3, 4],
giving full play to the leading role of teachers at the same time Ensure the main status
of students. Through multi-angle integration, relying on the network-assisted teaching
system, the initiative and enthusiasm of students can be effectively improved, and a
teaching system that integrates theory and practice can be formed.

In the system designed this time, the system users are divided into different user
roles according to the different needs of the users, and on this basis, the user permissions
are limited [5]. System administrators are responsible for designing the basic infor-
mation of the system; teachers can manage materials, homework, question bank, work
sharing, forums, etc., set test parameters and realize online examinations; students can
use the system for online learning, Submit homework, share works, exams and mutual
assistance exchanges, etc. The system flexibly links the main functional modules of
online teaching, test question training and academic feedback through the knowledge
map built in the background, providing teachers withmore intelligent guidance Features.
The test question training environment not only provides students with functions such
as automatic test paper exercises and special exercises, but also provides teachers with
convenient question bank management tools, which reduces the teacher’s question bank
management burden [6]. The economics course teaching system based on the online
and offline mixed mode provides a new direction for the classroom teaching process of
economics.

2 Hardware Design of Economics Course Teaching System

Aiming at the problem of excessive shortage of teaching resources in the original eco-
nomics course teaching system, in this study, the online and offline hybrid mode will be
used to increase the knowledge reserve in the system. In order to improve the adaptability
of the hardware, the hardware framework is optimized, as shown in Fig. 1.

According to the optimization results, complete the hardware design process of the
design system. At present, multiple languages and technologies can be used to complete
the development of the website. The design mode needs to be based on rationality as the
basic principle to complete the compilation, classification and summary of the system.
The system needs to include code, design modules, upgrade system functions, etc. [7],
code compilation It should meet the system functions, complete the establishment of the
effective structure of the software project, and solve the problem of being vulnerable to
attacks when revising or upgrading the system.

2.1 Memory Chip Design

In order to better solve the problem of processing a large number of teaching resources in
the economics course teaching system, CAM memory is added as its dedicated storage
device in the system hardware design. CAM memory chip [8, 9] can search a large
amount of data in parallel, and compare the data in the CAM chip with the search
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Fig. 2. Internal structure of dedicated memory chip for CAM module

keywords, and grab the physical address of the search matching item in the system. The
internal structure of the chip is shown in Fig. 2.

The data read by the CAM chip is compared with all items in the table, and a decision
is made quickly in the logical database where one or more classified data packets and
their corresponding IP addresses are located. No matter whether the data item is found
or not, when the comparison is over, the obtained data pin is a valid conclusion. If the
searched data item is found, the pin is valid, and the data related to the match can be
output at the same time; if it is not found, the bus continues to maintain a high impedance
state, further expanding the storage depth for the CAM chip. The design of adding a
CAM chip to the teaching system improves the speed of data writing while reducing the
time spent on teaching resource integration and retrieval operations.
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2.2 FPGA Chip Design

On the basis of adding a CAM chip to the system design above to improve the retrieval
speed of a large amount of data in the economics course teaching system, further adding
an FPGA chip to the system hardware design. The FPGA chip can be reconfigured
according to different resource integration scenarios to provide the systemwith sufficient
data integration flexibility and accuracy. The internal structure of the FPGA chip can be
seen in Fig. 3. Due to the continuous improvement of the integration of FPGA chips, the
operation speed of the chips also increases, and the communication between the FPGA
chip and the system processor becomes simpler and more accurate.
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Fig. 3. FPGA chip internal structure

The FPGA chip is connected to external circuits through the I/O module, and uses
its internal CLB module to support the programming of the system software part to
realize combinational logic and sequential logic. The BRAM embedded in the FPGA
chip further expands the application range of the chip, and improves the flexibility of chip
use and the accuracy of data resource capture [10]. The FPGA chip is embedded with
multiple soft core and hard core modules, which can improve the software and hardware
coordination capabilities of the resource intelligent integration system to a certain extent,
and provide technical support for the design and operation of system software. Because
FPGA is a kind of semi-custom resistor circuit in the field of ASIC, it not only solves
the local phenomenon of system hardware customized circuit grabbing fixed mode, but
also overcomes the limitation of the limited number of resistor circuits of the original
system programmable device; and FPGA chips are abundant The digital logic resources
are further combined with the CAM memory chip to replace the discrete digital chip
in the original system, reduce the BOM cost, solve the limitation of the hardware in
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the original system that cannot be parallelized, increase the operating rate of network
bandwidth, and meet the requirements of system real-time resource integration.

3 Software Design of Economics Course Teaching System

3.1 Module Design of Economic Curriculum Resource Integration

Aiming at the problem of poor integration of curriculum resources in the original system
during use, this part of the performance will be optimized in this research. Based on the
complexity and diversity of teaching resources, similarity processing is mainly used in
this research to complete the integration process of teaching resources.The set teaching
resource data can be expressed as a, b, where p represents the number of variables when
the data a and b are both 1, q represents the number of variables when the data a is 1, b
is 0, and t is the data The number of variables when the values of a and b are both 0, s
represents the number of variables when the value of a is 0, and the value of b is 1, and
the degree of dissimilarity between data a and b can be expressed as a simple matching
coefficient:

d(a, b) = q + t

p + q + t + s
(1)

When calculating the dissimilarity of two binary variables, the value of p coefficient
can be ignored, and the Jaccard coefficient [10, 11] is used to complete the dissimilarity
calculation process between the data, then the Jaccard coefficient between the curriculum
resource data a and b can be expressed as:

d(a, b) = q + s

q + t + s
(2)

In the same way, the degree of dissimilarity between resource data a and b of general
categories can be obtained by simple matching calculation. Set e to represent the number
of a and b with the same attribute value, f is the number of all attribute values, then the
degree of dissimilarity between teaching resource data a and b can be expressed as:

d(a, b) = f − e

f
(3)

In addition, the integration of this method can analyze and process teaching resource
data of different structures. The difference between data g and h of different dimensions
can be expressed as:

d(g, h) =
i=n∑

i=1

β(g1, h1) (4)

In formula (4), if g1 �= h1, then β(g1, h1) = 1; otherwise, β(g1, h1) = 0. Using
formula (4), the teaching resources are integrated, and the integrated teaching resources
are classified and stored.



Design of Economics Course Teaching System 159

3.2 Setting of Teaching Modules of Economics Course

After the user logs on to the platform, teachers can manage the courseware of this course
online, assign and modify homework, upload courseware-related materials, and pub-
lish relevant information. Students can browse corresponding course content, complete
homework online, ask questions to teachers, etc.

The biggest feature of this function is to provide a suitable learning mechanism.
Designing a course is like making a flowchart [12]. The learner starts to answer the
question after reading the course content. When the answer is correct or another answer
is selected, the systemwill enter the content of a different page to give more information.
Further or more shallowly display the content, adjust the progress so that the learner can
complete the learning goal, the main things that need to be set are:

(1) Course name;
(2) Range of points;
(3) The number of questions presented on each page;
(4) Course opening hours;
(5) Course content (edited with embedded HTML editor);
(6) Question description and the linked page after answering each question;

In addition to the above content, two parts of network teaching material design and
course announcement are added to thismodule. Online teachingmaterials publish course
content, edit and delete course content according to chapter needs. Teaching can add
chapters, edit and delete chapters; you can add courses [13–15]. Course announcement:
instant message about a course. Teachers can post, modify, and delete course announce-
ments. After entering the online learning environment for the first time, students first
check the label, that is, master the basic methods and skills of online course learning,
and make their learning steps clearer.

3.3 Design of Query Module for Economic Teaching Resources

When using the economics course teaching system, students need tomake corresponding
course queries, but the performance of this part of the original system is poor, and the
problem of abnormal query results often occurs. In response to this situation, a targeted
design was launched in this research.

In this design, the data in the course resources is set to the form of data packets, and
the waiting time of the queried data packets can be calculated in the form of formulas.
The specific calculation process is shown in formula (5):

twait = |d − v| ∗ ti (5)

In formula (5), d represents the sending interval between two query data packets, v
represents the corresponding communication distance, and ti represents the time gran-
ularity. According to literature research, the maximum value of twait can be understood
as ti ∗ v, and the minimum value can be zero. Formula (5) can complete the time con-
trol management in the process of teaching resources query. At the same time, set the
corresponding program in this module.
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Through the above content, complete the inquiry process in the use of the system,
and provide convenience for students’ use. Incorporate the optimization results of the
software modules set above into the original module construction and combine them
with the system hardware. So far, the design of the economics course teaching system
based on the online and offline hybrid mode is completed.

4 System Test Analysis

4.1 System Test Environment Design

In this study, in order to verify the effect of the design system in the article. In this link,
two common systems on the market are selected for comparison with the design system
in the article. When the three systems are undergoing comparison tests at the same time,
a reasonable test environment needs to be set to ensure the stability of the test process.
Therefore, the system test environment adopts a distributed architecture, which includes
one server as the master node and three data processing servers as nodes to realize the
efficiency and stability of data calculation (Table 1).

Table 1. System test platform architecture

Name Hardware configuration Operating system

Main controller 8-core CPU 6G memory CentOS 7.0

10G hard drive

2M bandwidth

Node 1 8-core CPU 6G memory CentOS 7.0

10G hard drive

2M bandwidth

Node 2 8-core CPU 6G memory CentOS 7.0

10G hard drive

2M bandwidth

Node 3 8-core CPU 6G memory CentOS 7.0

10G hard drive

2M bandwidth

In this system test, the test platform will be used to complete the test process and
obtain the use effect of the design system in the article. In order to ensure the use of the
teaching system test platform, the experimental network is set as shown in Fig. 4.

Install the test platform in the above-mentioned test network, and use it to complete
the system test process, and obtain the corresponding test results for comprehensive
analysis.
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Fig. 4. System test network

4.2 System Test Plan

Two classes of the same course are opened in one semester, after completing the unit
study. First of all, let all students accept the pre-test before online learning. For the
convenience of operation, it was carried out in the form of roll-out. After the test results
were summarized, the students with middle grades were regarded as the subjects of this
experiment. They are divided into two classes. In order to ensure the objectivity of the
experiment, the students are first merged together and redistributed into three groups on
an average basis of the S type, which are respectively used as the experimental group
and the control group.

In the process of this system test, the design system in the text and the three teaching
systems currently in use are used to analyze the learning situation of students. In this
system test, the results of student performance improvement, teaching resource query
accuracy, and teaching resource processing time were used as comparative indicators
in the test. In this system test, multiple tests will be used to improve the accuracy of
comparison. Use the system test plan set above to complete the system test and obtain
effective system test analysis results.

5 System Test Analysis

The accuracy and processing time of the three systems were tested, and the results are
shown in Fig. 5 and Fig. 6.
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According to the system test results, it can be seen that the teaching resource query
accuracy of the design system in the article is high. Because of the high resource integra-
tion capability of this system, the high accuracy of the test results is guaranteed. It can be
seen from the two systems currently in use that due to insufficient resource integration
capabilities, the accuracy of querying teaching resources has been seriously affected,
the query accuracy is low, and the system processing results are not highly reliable.
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The test results show that the teaching resource query processing time of the design
system in the article is shorter than that of the current system. Through the comprehensive
research and analysis of the teaching system, it can be seen that the module with the
longest running time of this system is the link of teaching resource integration. Because
the design system in the article has a strong ability to integrate teaching resources, it
can be seen from this round of testing that the system handles the design system in the
article. The time is shorter and the teaching resource query efficiency is higher.

Based on the results of the double number three-part test, it can be seen that the
use effect of the design system in the article is better than the current economics course
teaching system in use.

6 Conclusion

The application of the teaching model designed in this research provides advanced
methods for the teaching of economics courses, and the quality of economics teach-
ing is guaranteed and improved. In order to achieve the purpose of adaptive teaching,
courseware producers need to design diversified teaching content and design diversified
teaching strategies to suit the different learning characteristics of each learner. Use vari-
ous methods to express and present courseware content to meet the needs of each learner.
Therefore, it is necessary to apply the educational theories such as “mastery teaching”
and “constructivism” to the spirit of teaching strategies, reform teaching methods, and
design diversified teaching strategies to achieve the purpose of adaptive teaching.

Fund Projects. Supported by Science Foundation of the Educational Department of Liaoning
Province (No. 20191362112).
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One Belt, One Road Background, International
Logistics Professional Online Training

and Education System Design

Ming Qin(B) and Jun Fu

School of Economics and Management, Jiangxi Tourism and Commerce Vocational College,
Nanchang 330114, China

Abstract. In the traditional teaching system,when the number of concurrent users
is high, the system takes up more CPU resources in the process of running, which
leads to the performance degradation of the system in the process of working.
Therefore, an online training and education system for international logistics spe-
cialty is designed. In the system, the user layer, interactive display layer, business
processing layer, application support layer and data layer are designed. In the
hardware aspect, the overall design diagram of the hardware structure is designed,
and the crystal oscillator circuit is studied in detail. In the software aspect, UML
is used for visual modeling, and UML is introduced Net framework as the core
component of system development; in the database design, the database structure
table is established, and the database query optimization is carried out. The system
test results show that the designed system has smaller CPU occupancy and more
stable memory usage.

Keywords: One belt · One road · International logistics · Online training ·
Education system

1 Introduction

In recent years, due to the acceleration of the globalization process, the trade links
between countries are getting closer and closer, and the demand for international logis-
tics is growing rapidly. International logistics needs to follow the theory of international
division of labor and cooperation, adapt to the international requirements, with the help
of international logistics network, logistics technology and logistics facilities, to com-
plete the exchange and circulation of goods in different countries and regions. With the
deepening of China’s reform and opening up, China’s demand for modern logistics tech-
nology and equipment is also increasing. Therefore, in-depth understanding and research
on international logistics are essential skills for students majoring in e-commerce [1, 2].
“One Belt And One Road” international channel, with the core city as the support, with
the key economic and trade industrial park as the cooperation platform, to jointly create a
newchannel of international economic cooperation includingChina, Russia, China, Cen-
tral Asia, West Asia and China, Indo-China Peninsula and other international economic
cooperation corridors. Bangladesh-China-India-Myanmar Economic Corridor.
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“One belt, one road” links up the three major regions of East, central andWest, form-
ing a two-way international radiation space layout with the core of our territory as the
core, enhancing the depth of economic development and industrial layout, and fostering
the growth pole of economic development in less developed areas. As one belt, one road
and other national strategies promote the rapid development of foreign trade and eco-
nomic cooperation, the overall efficiency of domestic logistics nodeswill be significantly
improved, and a three-dimensional international logistics infrastructure system will be
formed, taking ports and air ports as the center, and railway, highway and waterway
as the network. Foreign research on international logistics simulation teaching system
started earlier, and the simulation teaching system of international logistics course has
been established for many years and reached a stable stage [3, 4]. International logis-
tics involves buyers, sellers, banks, production enterprises, storage enterprises, freight
forwarders, shipping agents, transport teams, port yards, customs, tally companies and
inspection and Quarantine Bureau. In the process of international logistics management,
how to set the operation authority of each role and divide the functions of the system
is the most complex part of the international logistics business simulation teaching sys-
tem. In the original teaching system, when there are more concurrent users, the system
takes up more CPU resources in the process of running, which leads to the performance
degradation of the system. Therefore, this paper designs an online training and education
system for international logistics specialty. The specific research ideas are as follows:

Firstly, the user layer, interactive display layer, business processing layer, application
support layer and data layer are designed.
Secondly, the overall design block diagram of hardware structure is designed, and the
crystal oscillator circuit is studied in detail.
Then, in the aspect of software, UML is used for visualmodeling, andUML is introduced
as the core component network framework of system development;
After that, in the design of database, the database structure table is established and the
database query optimization is carried out.
Finally, summarize the full text.

2 One Belt, One Road Background, International Logistics
Professional Online Training and Education System Design

The overall architecture of international logistics business simulation teaching system is
divided into five levels: user layer, interactive display layer, business processing layer,
application support layer and data layer. The user layer mainly includes three roles:
teacher, student and system administrator [5, 6]. The system administrator carries out
the relevant operation in the system management module, the teacher carries out the
relevant operation in the experimental task management module, and the students carry
out the relevant operation in the international logistics business management module.
The overall architecture design of the international logistics business simulation teaching
system is as follows (Fig. 1):

As shown in the figure above, the international logistics business simulation teaching
system mainly includes five layers: user layer, interactive presentation layer, business
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Fig. 1. Overall architecture design diagram

processing layer, application support layer and data layer. Among them, the user roles
involved in the user layer include teachers, students and system administrators; the
interactive presentation layer mainly consists of system management, experimental task
management and international logistics business management; the business processing
layer mainly includes logic processing, instruction parsing and organizational structure
management; the application support layer mainly consists of application development
framework and program programming The database of international logistics business
simulation teaching system is SQL Server 2018.

2.1 Hardware Design

The system is developed with .Net technology, the web server is Windows 2003 server
operating system, IIS6 is installed to publish web pages, and the database server is
Windows 2003 server operating system. The client only needs the ordinary computer
with IE6.0 browser. The overall design diagram of the hardware structure of the system
is as follows (Fig. 2):

In the hardware design, crystal oscillator circuit is the key circuit in the hardware cir-
cuit of the system. The memory in the systemwill double the frequency through external
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Fig. 2. Overall design of hardware structure

crystal oscillator. According to the requirements of memory, two crystal oscillators with
different frequencies are designed to adapt to the working mode and sleep mode, and
the frequencies are 17.354 MHz and 36.574 MHz respectively. The principle of crystal
oscillator circuit is shown in the figure (Fig. 3):

Fig. 3. Crystal oscillator circuit diagram

For most of the crystal oscillator, the corresponding controller is integrated in the
system, so the crystal oscillator circuit structure is relatively simple. However, after
welding the circuit board, there may be false soldering or short circuit, so it is necessary
to debug the circuit. Before the system is powered on as a whole, the jumper [7, 8] near
the power supply circuit should be cut off, that is, the main board should be powered
off. Use a voltmeter to measure whether the output voltage of the conversion circuit is
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3.3V. When the measured voltage is normal, plug in the jumper to continue debugging.
After the circuit is powered on, the oscillograph is used to capture the waveforms of
the two crystal oscillators to verify whether the parameters are correct and whether the
captured waveforms are in the normal range. So far, the hardware design of the system
is completed.

2.2 Visual Modeling

Unified Modeling Language (UML), also known as unified modeling language or stan-
dard modeling language, is an OMG standard that started in 1997. It is a graphical lan-
guage that supports modeling and software system development. It provides modeling
and visualization support for all stages of software development, from requirement anal-
ysis to specification, to construction and configuration. This system uses UMLmodeling
technology to design. The important content of UML can be defined by the following
five kinds of diagrams: (1) use case diagram, which describes the system function and
points out the operator. (2) Static diagram, including class diagram, object diagram and
package diagram. (3) Behavior diagram, describing the dynamicmodel of the system and
the interaction between the constituent objects. (4) Interaction diagram, describing the
interaction between objects. (5) The component diagram describes the physical structure
of the code component and the dependency relationship between the components. UML
modeling process can be divided into four stages: initial stage, refinement stage, con-
struction stage and handover stage. This paper adopts .Net development platform .NET
development platform is a programming model with tools and an environment for devel-
oping, deploying and running .NET applications. It mainly includes three aspects: ASP
.NET, CLR and .NET framework class. .NET framework class (system class) provides
a variety of core functions suitable for different language environments, and provides
a large number of core functions that can be used when constructing asp NET applica-
tions (and non asp NET applications). Like all other .NET classes, system classes exist
as assemblies. An assembly in .NET is similar to a com DLL or an EXE file -- it is an
executable file that holds class code. For example, themath class, including its properties
and method definitions, is located in the mscorlib. DLL assembly. As the core compo-
nent of the .NET development platform, the .NET framework provides an environment
for building, transplanting and running web services and other applications. .NET com-
ponent is a precompiled class module with DLL extension. At run time, the program is
activated by the user and loaded into the memory. .NET components are used to create
network and windows applications, which enable the functions required by an applica-
tion to be displayed externally [9, 10]. NET platform also includes web form, which is
a standard interface that can be downloaded from the Internet. A web form contains text
boxes for users to enter data. The user can then submit the form to the receiver. A crucial
part of .NET platform is network server. A collection of web server query protocols
and standards. The application program can use the network server to exchange data
through the computer network. ASP .NET is the main development language to realize
web application under .NET framework. It is a program framework based on general
language and can be used in a web server to build powerful web application. The basic
architecture of ASP .NET is as follows (Fig. 4):



170 M. Qin and J. Fu

ASP page

ASP

ASP.NET page

ASP.NET
State manager

cache

Common
language
runtime

CLR

Library
classes

ISAM filter

.NET
Framewor
k Kernel

*.asp *.asp
*.asmx

IIS(INTERNET IAFORAAION SERVER)
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In the process of visual modeling, using ASP .Net can have high scalability, ASP
.NET has many improvements in providing greater scalability. Server to server commu-
nication has been greatly enhanced, which makes it possible to allocate an application
proportionally on several servers [11]. An example of this is the ability to run XML
parsers, XSL transformations, and even resource consuming session objects on differ-
ent servers. In addition, in the process of compiling code, the first request to the ASP
.NET page on the server is to compile its ASP .NET code and save a cache backup in
memory. The result, of course, is a huge performance improvement. In addition, it is
easy to configure in the process of modeling, and the configuration of ASP .NET can be
completed through the pure text file. Configuration files can be uploaded and modified
while the application is running. There is no need to restart the server. There are no
metabase and registration challenges. It also has some advantages in the development
process, and does not need to restart the server to configure and replace the compiled
code. ASP .NET simply redirects all new requests to new code.

2.3 Design Database

In the process of establishing the database, MySQL language is used to develop and
complete the establishment of each function data table. In the process of designing the
database table, we need to analyze the needs of the database. The database is the basis
of the whole teaching multiple information display system. Therefore, according to the
overall architecture of the system and the design of the functional modules in the system,
the database table needs to include the basic information table of students and teachers,
the information table of professional classes in Colleges and departments, the resource
table of grades and courses, and so on, The database structure table designed in this
paper is obtained (Table 1):

The design of the database table needs to be reasonable according to the index and
other related situations, and it is described in detail from the field and field type of the
database table. Data access is to obtain data from the database through specific tools, and
users can add, modify and delete the required data. Generally speaking, data access is
to CRUD the data in the database: Create, Retrieve, Update and Delete. The standard of
comprehensive database query optimization is to provide a shorter response time when
multiple users query concurrently. Therefore, the system must realize load balancing
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Table 1. Database structure table

Name Data type Default value

User name Varchar Null

Password Varchar Null

Gender Varchar Null

ID number Varchar Null

Date of enrollment Datetime Null

Contact information Int Null

Professional class of the Department Int Null

Photo Varchar Null

Course number Int Null

Course name Varchar Null

Class information Varchar Null

Course credit Int Null

Record number Int Null

Score Float Null

Student evaluation Varchar Null

Resource name Nvarchar (max) Null

Collection number Int Null

to maximize the efficiency of the system. When the access to the application system
reaches the peak, the response speed of the system does not fluctuate significantly. So
far, the design of the system is completed.

3 System test

3.1 Build System Test Platform

In order to verify the validity of the system designed in this paper in terms of business
logic and function, in the system performance test, the response time of transactions, the
number of concurrent users and system resources are tested, and the system performance
is analyzed. Because the system designed in this paper uses B/S (Browser/Server) mode
design, the Web Server uses IIS6.0, the development technology uses IIS6.0ASP.NET
architecture combinedwithSQLServer2018database. In the test process, the commercial
stress test tool LoadRunner 8.0 was used to simulate the concurrent operation of users
and test whether the CPU and memory performance of the system was stable under
multiple concurrent operations when a large number of users logged in at the same time.
Parameter configuration of the test environment is shown in the following Table 2:

In the process of system testing, the selected testing tool is the English version of HP
LoadRunner 8.1, and its working mode order is: first record the script, then set the scene,
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Table 2. Test environment requirements

Environment Parameter Describe

Virtual Server Environment Purpose of the host Online examination System application
server

OS Win 2003 Server

quantity 1

CPU 1

memory 1G

Corresponding IP 192.168.1.104

Client environment Purpose of the host Pressure load generator

models PC

The operating system Window Xp

CPU P4

memory 512M

Browser version IE7.0

Corresponding IP 172.16.68.2

run the test in the obtained scene, and finally summarize and analyze the test results.
In the process of system performance testing, in order to verify that the performance of
the designed system has been improved compared with the original system, we need to
use the system in this paper and the original system for experiments. When simulating
a large number of user loads, it can be achieved by changing the relevant parameters. In
order to make the test process more real and reliable, we set a data concurrent collection
point in advance and enable IP shielding to simulate the real concurrent state of a large
number of users in the running process of the system. In order to make the experimental
results more reliable, we can continue to pressurize the system during the experiment,
and set the scene according to the actual needs. The test tool LoadRunner used in this
paper can provide powerful report analysis function, which can analyze the parameters
of the system and the server in detail, and generate reports. The process of virtual user
login scenario in system test is as follows:

(1) Log in the international logistics professional online training and education sys-
tem; (2) input the virtual user name and password to complete the login; (3) input the
relevant menu navigation from the online training and education system, enter the online
education and training through the online course connection, and exit the system after
completing the course learning. In this process, in the process of testing the number
of concurrent users, the initial number of concurrent users is designed to be 20. In the
follow-up process, the number of concurrent users is gradually increased. First, start 2,
and increase 2 every 5 s. After reaching the specified number of users, it will continue
to run for about 5 min.
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3.2 Test Results and Analysis

Under the above experimental conditions, the CPU usage of the two systems in the test
process is obtained, as shown in the figure below (Fig. 5):

Original system

system of this paper

Fig. 5. CPU usage of the two systems

As can be seen from the above figure, in thewhole process of scene testing, the system
in this paper has a high peak value of about 80.1% in about 5 min and 13 s during the
execution of the simulated scene%In the whole test process, the average CPU utilization
rate of the system server in this paper is 31.3%, and the average CPU utilization rate
of the original system is 58.2%. Generally speaking, the CPU performance of the two
systems in the test process is balanced, but the CPU utilization rate of the system in this
paper is smaller.

During the test, the memory usage of the two systems is shown in the following
figure (Fig. 6):

As can be seen from the above figure, the number of logged in users increases with
the passage of time in the test process. In the data analysis of the original system, we can
see that the remaining physical memory of the original system decreases continuously.
From the beginning of the test to the end of the test, the maximum value of the remaining
memory is 232m, and theminimum value of the remainingmemory is 212m. According
to these two data, we can deduce that the length of the test is longer In the test time of
5 min, the remaining available amount of the original system memory is reduced, the
average available physical memory is about 222 m, and the utilization rate of memory
is about 57%. In the system designed in this paper, the maximum and minimum values
available in the test process are 228m and 223m respectively, and thememory utilization
rate is about 56%. There is no obvious performance bottleneck in the test process of the
two systems. Generally speaking, the memory of the two systems is enough, but the
overall trend of the memory usage of the original system is declining. In the follow-up
process, if more concurrent numbers are used, the problem of insufficient memory may
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Original system

system of this paper

Fig. 6. Memory usage

appear. To sum up, in the process of testing, the performance of the system designed in
this paper is improved to a certain extent compared with the original system.

4 Conclusion

The main task of the online training and education system of international logistics
specialty is to realize the online education based on Internet and oriented to logistics
specialty. When the students log in to the system, they can carry out distance learning
at any time, and the system administrator can maintain all kinds of relevant course
information, so that the users and operators of logistics talent training distance education
system can obtain certain social and economic benefits.
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Abstract. The key to promoting rural development lies in the introduction of
outstanding talents. Higher vocational colleges are mostly local schools and are
closely related to local rural development. To this end, a research on the design
of an online education system for innovation and innovation courses based on big
data under the perspective of rural revitalization is carried out. The system design
includes four parts: related technical analysis, frame design, functional module
design and system testing. After testing, it is concluded that the system functions
and performance meet the requirements, which provides important help for the
“village revitalization” to cultivate high-quality rural talents.

Keywords: Rural revitalization · Big data · Double innovation course · Online
education system

1 Introduction

China is a big agricultural country, and the issues of agriculture, rural areas, and farmers
have always been the top priority of the national strategy. In early October 2018, the
Central Committee of the Communist Party of China and the State Council issued the
“Strategic Plan for Rural Revitalization (2018–2022)” (hereinafter referred to as the
“Plan”). The “Plan” made a phased plan for rural revitalization strategies from the
national strategic level. And carried out a systematic deployment, including the following
specific deployments for strengthening the talent support for rural revitalization: first,
to vigorously cultivate new professional farmers; second, to strengthen the construction
of rural professional talents; third, to give play to the supporting role of scientific and
technological talents; fourth, to encourage all sectors of society to devote themselves to
rural construction; fifth, to innovate the introduction and use mechanism of rural talent
cultivation [1]. As an important highland for talent training, colleges and universities
have accumulated experience, resources, and connotations in fulfilling the functions of
talent training and serving the society.

In order to better promote talent training in colleges and universities, this paper takes
the opportunity of innovation and entrepreneurship, namely “mass entrepreneurship
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and innovation”, and proposes an online education system for mass entrepreneurship
courses based on big data from the perspective of rural revitalization. By analyzing the
requirements of rural revitalization development on human resources and the advantages
of higher vocational colleges in serving the society, this paper designs an online education
system of mass entrepreneurship and innovation courses based on big data, in order to
provide a steady stream of new forces for its “rural revitalization”.

2 Related Technologies

2.1 Streaming Media Technology

Streaming media refers to the transmission of compressed video or audio content over
the network and play it immediately, rather than saving it on the hard disk. Through the
use of streaming media technology, users can play without waiting for the entire file to
be downloaded. Because streaming media sends data in the form of a continuous data
stream, it can be played in real time when the data arrives, so that it can be downloaded
and playedwhile the user can pause, fast forward or rewind. Streamingmedia technology
allows the server to monitor what users are watching and how long they are watching,
while at the same time making effective use of network bandwidth. When the user’s
computer plays a media file, it will continue to download and buffer other content from
the streaming media server. Play and download happen at the same time. Except for a
short initial buffering, the process is almost invisible to the viewer. When the network
download speed is lower than the playback speed, the player will use a small section of
data in the buffer, which can avoid the interruption of playback and ensure the playback
quality [2].

The mainstream streaming media protocols are RTMP and HLS. RTMP is an open
protocol developed by Adobe Systems for audio, video and data transmission between
Flash players and servers [3]. RTMP has good real-time performance, but it is limited
to Flash players.HLS is an HTTP-based streaming media transmission protocol imple-
mented by Apple. Since the data is transmitted through the HTTP protocol, there is no
need to consider firewall or proxy issues. However, the disadvantage of HLS is that its
delay is generally higher than that of ordinary live streaming protocols.

Adaptive HTTP code rate is abbreviated as HAS (HTTPAdaptive Streaming), which
is a transmission protocol based onHTTP protocol that can perform code rate adaptation.
RTSP/RTP streaming media technology and HTTP progressive download technology
have their own advantages, but also have their own shortcomings. The HAS technology
is proposed to merge the advantages of the two. The HAS technology actually divides
the media data into blocks and provides slices of multiple bit rates on the server side. The
progressive download technology of HTTP is used for transmission. In the broadcast
control, the slice files of the corresponding bit rate are selected according to the network
conditions.

DASH (Dynamic Adaptive Streaming over HTTP), also known as MPEG-DASH, is
the first international standard streaming solution based on HTTP protocol with adaptive
bit rate, organized by MPEG (Moving Picture Experts Group) in 2010 Started devel-
opment and became a draft international standard in January 2011. The MPEG-DASH
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international standard ISO/IEC23009-1:20120 was released in April 2012. The sec-
ond edition of MPEG-DASH in July 2013 has been approved for inclusion in the First
Amendment, including supporting event messages and multimedia descriptions.

MPEG-DASH is a kind of HAS technology. It proposes a hierarchical file structure
organization to store video slice files on the server. In order to describe these structures,
MPEG-DASH specifically defines the media presentation description file MPD (media
presentation description), This file is based on XML format. The purpose of the MPEG-
DASH standard is to unify the current HAS technology, and it summarizes the current
HAS technology.

2.2 HTMLS Technology

HTML5 is an HTML standard formulated by the World Wide Web Consortium (W3C),
and the latest HTML5.1 standard will be officially released soon. HTML5 adds new
technical standards, so that the browser can achieve more diversified and more pow-
erful website applications. At the same time, HTML5 adds many new tag elements to
the mobile terminal, making it possible to achieve cross-platform through the browser.
HTML5 is not only used to display the content of page elements, it also provides browsers
with new native implementation standards such asmultimedia and animation.Many new
features have been added to HTML5, such as canvas elements for painting, video and
audio elements for multimedia, and Websocket technology for communication between
browsers and servers. The following is a brief introduction to theHTML5 video playback
technology, Canvas canvas technology and Websocket technology used in this article.

HTMLS video playback technology has the following advantages: support ABR
(Adaptive Bitrate), ABR can effectively reduce buffering time, can use media source
expansion to make videos and live broadcasts play smoothly in many browsers; support
VP9 codec, VP9 Codec can effectively save bandwidth, loading time and file size;
Encrypted Media Extensions, through the combination of this extension and normal
encryption measures, the video can be easily configured to protect multiple content on
different platforms. The support simplifies the inconvenience caused by the encryption
protection and the high integration of content in the video transmission, and can reduce
the lag in the video playback. According to the above content, the use of HTML5 to play
videos or live video broadcasts does not require flash plug-in support, and there is no
security problem, which can improve video continuity and cross-platform to a certain
extent.

A very useful feature of HTML5 is the Canvas element for painting, which can
realize the electronic whiteboard function of the online education system. Canvas has
many drawing functions and image processing methods, such as brushes, rectangles,
circles, and characters, which provide newprocessingmethods forweb page drawing and
image processing. Traditional Web drawing development is implemented through flash,
VML, and other technologies. VML technology uses an XML document to describe the
drawing. The declarative drawing method of the XML-based drawing language cannot
meet the performance requirements of complex drawing operations, such as Pixel-level
drawing capabilities required in Web games. The HTML5 canvas element makes up
for this shortcoming. The canvas has a JavaScript-based drawing API. Developers can
use the JavaScript scripting language to perform a series of command-based graphics
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drawingoperations in the canvas. TheHTML5canvas element can directly use JavaScript
scripts to draw on the Web page without any third-party plug-ins.

Before the advent of HTML5, instant messaging based on the B/S architecture was
realized through long rotation training. The shortcomings of this method are obvious.
Most of the requests sent are useless, waste a lot of traffic and bandwidth, and con-
sume server resources, which puts a lot of pressure on the server. With the introduction
of the HTML5 standard, websocket provides a new web communication technology.
websocket can provide low-latency, high-performance two-way data communication
between client and server. It subverts the request processing response mode of previous
web development, and provides a real sense of the client request, server push data mode,
especially suitable for real-time data interactive application development. Therefore,
the web client of the interactive chat platform of this system is implemented by using
HTML5 websocket technology.

3 System Structure

In the current development process of network distributed application systems, two
different but parallel system structures are continuously developing. One technical route
is the traditional application system, namely Client/Server (C/S) structure, and the other
It is a Browser/Server (B/S) structure based on the Internet.

The C/S structure, that is, the client/server structure (see Fig. 1), is a well-known
software system architecture. By reasonably assigning tasks to the Client and Server, the
communication overhead of the system is reduced, and both ends can be fully utilized.
Advantages of the hardware environment. Early software systems mostly used this as
the preferred design standard [4].

The B/S structure, that is, the browser/server structure, is a change or improvement
of the C/S structure with the rise of Internet technology (see Fig. 1). Under this struc-
ture, the user interface is completely realized through the WWW browser, and part of
the transaction logic is realized on the front end, but the main transaction logic is real-
ized on the server side, forming the so-called 3-tier structure and B/S structure, which
mainly uses the mature WWW browser technology, combined with the browser’s mul-
tiple Script languages (VBScript, JavaScript) and ActiveX technology, uses a universal
browser to achieve powerful functions that originally required complex special software
to achieve, and save development costs. It is a brand new Software system construc-
tion technology. With Windows98/Windows2000 implanting browser technology into
the operating system, this structure has become the preferred architecture of today’s
application software.

In the C/S mode. Client (client) is responsible for providing expression logic, dis-
playing user interface information, accessing database servers, etc., and Server (server)
is used to provide background data management services. In the B/S mode, there are
client and server, and the client is mainly used for browsing information.

The biggest advantage of the B/S mode is that it can handle real-time events more
flexibly without being restricted by time and region. For the online education system, the
fundamental purpose of its design is to realize remote paperless real-time education. The
system requirements are not restricted by region, and there are more flexible real-time
requirements, so this system adopts B/S structure to design [5].
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Fig. 1. B/S structure

In comparison between the two, the B/S structure completely adopts the Web envi-
ronment, and the technology is popular and advanced. The client only needs a standard
Web browser, and other applications are stored on theWeb server and downloaded when
needed. This is the real meaning In the B/S structure, the server is responsible for provid-
ing information and requested data to the user, the client uses the IE browser to display
the information from the server, and the server controls the content and layout of the
information. The development of this online education system adopts a Web-based B/S
structure and makes full use of the advantages of this structure to realize the construction
of an online teaching platform.

4 System Function Design

4.1 User Management Module

(1) Teacher module
After the teacher logs in, he can make an announcement (only the class where
the teacher is the teacher can see the announcement, and he has the permission to
edit and delete personal announcements), upload files (the system will record the
teacher number, so that students can find this teacher to download, Has the ability
to upload and delete personal resources to upload and delete the classes taught and
the courses taught by yourself, with search limits), review student work (select your
own search, score statistical analysis, delete-one system will set the logo “Teacher
delete”, But the teacher himself will not be able to view it in the future), answer
student questions (choose the class you teach and the course you teach to answer,
have question query search, delete permissions, delete is a system will set the logo
“Teacher delete”, The teacher himself will not be able to view it in the future).

(2) Administrator module
The administrator has the authority to change users, to add, delete, andmodify users,
and to manage assignments and problems (there is a query search function, mainly
delete functions, but the assignment or problem identification must be “Teacher
delete “ Or “student delete”), have the authority to organize resource courseware
(have query search function and delete function, and have the authority to mod-
ify the description of the resources uploaded by themselves) and upload authority
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(the resource system uploaded by the administrator will Set as a public resource,
convenient for users to choose to download), announcement publishing and man-
agement permissions (mainly the permissions for publishing announcements and
editing announcements).

(3) Stuoddent mule
After logging in, students can check the announcements, submit assignments (check
the assignments posted by the teacher, and complete them in a timely manner), ask
questions (select teachers and courses to ask questions, targeted questions, and get
more credible answers), upload resources (You must designate a teacher to upload,
and the designated teacher will have all the permissions to upload resources, mainly
for teachers to view), download resources (you can choose public resources and
select teacher resources for download) [6].

4.2 Online Interactive Module

This module is further divided into modules such as teacher online Q&A, students
staying in high school, and student homework submission. Teachers’ online Q&A is a
way for teachers to communicate with students through the Internet, discuss learning,
and communicate with students in a remote place to solve student problems in a timely
manner; student staying in high school is to ensure that students can stay high and let
teachers online You can see it first, and return the same opinions to the students as
soon as possible. This module is a form of leaving a high profile; student submission
of homework, in order to understand the student’s learning situation, can be viewed by
doing homework, the submission of homework is done through the FTP server [7]. After
the student enters with the student ID and password, there is a space on the server to
save the student’s homework. Students can upload their own work to the teacher for
correction. The online interaction module is shown in Fig. 2:

Interface
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generator

Virtual 
machine

Core 
module

Compiler
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Operating 
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Fig. 2. Structure of online interaction module

4.3 Course Content Management Module

Online learning courses are different from traditional offline teaching models. The tra-
ditional offline teaching model can give students textbooks and face-to-face teaching
in the classroom at the beginning of the course, while the online course teachers and
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students may not be the same in time and space. It is possible that the 100 students of
elective courses are in To view this course at different times or with different learning
progress, teachers need to enter the relevant content and materials of the courses they
have opened into the system so that these students can view them according to their
learning progress.

The course content management module contains 3 sub-functions: chapter setting,
chapter content setting, and chapter homework setting.

Chapter Setting: Teachers who start the class can set up the corresponding chapter
structure according to their own course outline. The system provides “New Chapter”,
“New Section”, “Chapter Modification”, “Section Modification”, and “Delete”. For
example, the teacher who starts a class now needs to add “Chapter One Java Program-
ming Guide” under In the section “1.1 History of Java”, click the “Chapter One Java
Programming Guide” menu bar, click “New Section” in the upper right corner of the
chapter menu bar, enter “1.1” in the section number, and enter the section name “Java
History”, click “Enter and Submit”, and the system will generate the corresponding
section [8].

After the initiating teacher has set the overall course outline, if you want to adjust a
certain chapter, such as changing the order of Chapter 3 and Chapter 4, find “Chapter 3”
in the chapter list and click “Edit”, In the pop-up page, enter “4” in the chapter number
and save; find “Chapter 4” in the chapter list, click “Edit”, enter “3” in the chapter
number in the pop-up page and save. The system will automatically change the order of
chapters, and the course catalogs that students see will also be changed.

After the initiating teacher sets the overall course outline, if a chapter is found to be
redundant, the chapter should be deleted as a whole. Find the chapter in the chapter list,
click “Delete”, the system will pop up “Do you want to delete Chapter 5?” Click “OK
to delete”, the system will delete all the content of Chapter 5, including the nodes under
Chapter 5 The content of the courseware and the exercises will be deleted and cannot be
restored. This chapter will also be deleted from the course catalogues that students study
and see. Since the delete operation cannot be recovered, it should be done carefully.

Chapter content setting: After setting the corresponding chapter of the course, the
teacher can enter and edit the content of the corresponding chapter.According to the tradi-
tional teaching mode, the system provides several courseware content formats. Teachers
can import courseware in the following formats, PPT, Word, pdf, video, and pictures.
You can also use URL links to import course materials from other websites, or you can
use them The online text editor provided by the system can edit the course content text.

One chapter can import multiple courseware. Teachers who start the class can click
“Add Content”, then enter the content name +.lava historical introduction video, select
the content type “Video”, click “Upload” to select the corresponding video in their
computer system The file is uploaded successfully. Teachers can also add other types of
files again in the same chapter, such as entering the content name “Java related history”
and selecting the content type “Text”, the system will pop up an online text editor
corresponding to the start of the class. Enter the corresponding text content and click
“OK to add new content” after completion, the save is successful. At the same time,
when students study this chapter, they can see the two courseware content set by the
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teacher, and click the corresponding courseware name. You can enter the courseware of
this chapter [9].

Chapter Assignment Setting: After the initiating teacher has set the content corre-
sponding to the course chapter, he can arrange the assignment of the corresponding
chapter. According to the form of traditional teaching mode, teachers will usually assign
homework to test students’ learning effect after class is over. The system also provides
the function of assigning homework online, and the initiating teacher can assign the
exercises corresponding to the chapters according to the needs of the course.

The homework question types supported by the system are mainly standardized test
questions, including single-choice questions, multiple-choice questions, and true or false
questions. Teachers can click “Add Question” to enter the corresponding question name,
question content, question options, correct answers, and scores. Generate corresponding
exercises. Since the system is an online intelligent correction of homework, which is
different from offline teachers’ manual correction of homework, the exercises do not
support the intelligent judgment of essay questions for the time being.

In order to facilitate teachers to set up homework exercises, the system provides the
function of batch importing homework exercises. Teachers can edit the corresponding
word file and save it offline according to the exercise mode provided by the system. After
editing, click “Import word exercises in batches”, select the word file in the system, and
click “Upload”. The system will automatically parse the word and insert it into the
background database in batches. For batch-imported homework exercises, if the teacher
needs tomodify or delete some content, you canfind that title and click “Edit” or “Delete”
to enter the editing mode of a single exercise.

4.4 Online Teaching Module

(1) Video live teaching
Video live teaching is the main teaching method. The live teaching mainly includes
three functionalmodules: live video, voice interactive platformandelectronicwhite-
board. Among them, teachers use live video to explain the content of the course, and
can perform some auxiliary operations similar to “blackboard” through the elec-
tronic whiteboard; the voice interactive platform can enable teachers and students
to conduct real-time and efficient interactive communication.
There are two main ways for teachers to share video resources during live video
broadcasting. One is to call the device’s camera to collect video resources, and the
other is to share the teacher’s computer screen. The system also provides a video
recording function, which is convenient for teachers to upload course teaching
videos for on-demand use.
The voice interactive platform is divided into a free discussion area and a question
and answer area, and the form of communication can be text or voice. The free
discussion area ismainly for students to discuss freely. In order tomaintain the order
of the classroom, it is necessary to limit the frequency of students sending messages
here. During the live video broadcast, teachers and students can interact in the Q&A
area. Teachers can ask questions in the Q&A area and invite students to answer;
students can also make requests during the live broadcast, and ask questions after
obtaining the teacher’s permission [10]. In the Q&A area, teachers and students can
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communicate in the form of voice messages to facilitate the description of problems
and improve communication efficiency [11]. The permission of the question-and-
answer area is controlled by the teacher. Students can only send messages in the
question-and-answer area with the teacher’s permission [12].
The electronic whiteboard is an auxiliary tool for teachers to teach. It provides
teachers with some tools such as diagrams, drawings, brushes, and provides some
advanced animation display functions for some subjects [13]. During the live broad-
cast, teachers can perform operations such as writing on the blackboard in the elec-
tronic whiteboard to achieve the effect of the blackboard in the offline classroom,
which helps to improve teaching efficiency and enables students to better understand
the teaching content [14].

(2) Video on demand teaching
On-demand classroom is when teachers upload teaching videos to the system for
students towatch on their own.Comparedwith live teaching, the formof on-demand
teaching ismore flexible. Students canwatch it repeatedly and can interrupt learning
at any time [15]. After students join a course, they can watch the teaching videos in
the course. At the same time, the system adds a non-real-time interactive discussion
area to the on-demand classroom [16]. Students and teachers can leave messages
under the video to discuss problems encountered during the video watching.

4.5 Exam System Module

The module is divided into exercise questions, simulated test papers, final examination
papers, test paper answers and othermodules [17]. Practice questions, thismodule is used
for students to practice when learning, students can practice according to the chapters
or types of questions, and can also be done during review; simulation test paper is used
by students in the final review, when students finish the course, they can automatically
generate test papers and carry out simple tests according to the situation [18]; The final
examination paper is only opened by the teacher at the end of the term. According to the
situation of each course, the question bank is updated, and the students have the right to
open the paper for examination within the specified time, and return to the answers of
the paper.

5 System Implementation and Testing

The last chapter discussed in detail the design and realization of the main functional
modules of the online education system. On the basis of system implementation, this
chapter tests the various functional modules of the online education system and the
overall performance and operating status of the system (Table 1).
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5.1 Test Environment

Table 1. System test environment

Category Project Name Configuration

Hardware environment Service-Terminal Processor Intel Pentium IV 1.6GHz or
higher

RAM 256 MB

Hard disk space 80 GB

Graphics card SVGA display adapter

Client Processor Intel Pentium 166MX or
higher

RAM 32 MB

Graphics card 1 GB

Graphics card SVGA display adapter

Software Environment Service-Terminal Operating system Windows NT Server 4.0 or
Windows 2000/Windows 98

Network protocol TCP/IP

Web server Internet Information Server
5.0

database Microsoft

Browser Internet Explore

Client Operating system Windows 98/ME/2000/XP

Network protocol TCP/IP

Database Microsoft SQL Server 2000

Browser Internet Explore 5.0

5.2 System Function Test

The functional modules of the online education system are mainly divided into online
teaching module, user management module and course management module. Among
them, the online teaching module mainly tests the video live broadcast function, the
video on demand function, the voice interactive platform and the electronic whiteboard;
the user management module mainly tests the user registration and login functions, the
personal information maintenance function and the teacher qualification function; the
course management module mainly tests the addition of teachers Courses, add course
plans, upload course resources and other functions. Different roles are used to test the
corresponding functions during the test (Tables 2, 3 and 4).
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Table 2. Test cases of online teaching modules

Enter Desired result Result

The teacher creates a live video
room

Created successfully, start
live broadcast

In line with expectations

Teacher chooses camera live
broadcast

Live video source becomes
camera

In line with expectations

Teacher chooses to share screen
live

The live video screen is the
teacher’s computer screen

In line with expectations

Student requests to speak Teacher receives student’s
request to speak

In line with expectations

Teacher allowed to speak Students can send messages In line with expectations

The teacher refused to speak Students cannot send
messages

In line with expectations

Students are sending messages in
free discussion

Other students receive news In line with expectations

Teachers use electronic whiteboard Draw selected graphics on
the page

In line with expectations

Student on-demand video Students on-demand video
can be watched

In line with expectations

Students leave comments in the
comment area

Page content display
comment content

In line with expectations

(1) Test cases for online teaching modules
(2) User management module test case
(3) Test cases of course management module

Through the above test cases, it is concluded that each functional module of the
online education system has passed the test.

5.3 System Performance Test and Analysis

The performance test of the online education system mainly includes two aspects: 1
the performance of the browser client HTMLS video player; 2 the performance of the
system under high concurrency.

(1) HTMLS video player performance test
The browser video player in this article is implemented based on HTML5, and
is used to play MPEG-DASH protocol streaming media. First of all, from the
perspective of intuitive user experience, due to the use of native HTML, no Flash
plug-ins, etc., the loading speed of the video player is relatively fast, and there
is no waiting for the player to load; in terms of cross-platform, PC browsers and
mobile You can watch the video normally in any browser. Then, regarding the
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Table 3. Test cases of user management module

Enter Desired result result

User registration User registration is successful In line with expectations

Student user login Successful login, showing
student user interface

In line with expectations

Teacher user login Successful login, showing the
teacher user interface

In line with expectations

Administrator user login Successful login, showing the
administrator user interface

In line with expectations

Modify Personal Information Personal information updated
successfully

In line with expectations

User applies for teacher
qualification

Add an application to the
administrator task list

In line with expectations

The administrator agrees to the
teacher qualification application

User role changed to teacher In line with expectations

Enter the wrong username and
password

Login failed, return failure
message

In line with expectations

Table 4. Test cases of course management module

Enter Desired result result

Teacher creates courses Course created successfully In line with expectations

Teacher adds lesson plan Lesson plan added successfully In line with expectations

Teacher uploads course
resources

Successfully uploaded course
resources

In line with expectations

Teachers modify course
information

Course information updated
successfully

In line with expectations

Teacher revises lesson plan Course plan information updated
successfully

In line with expectations

Teacher release course System course page displays the
course

In line with expectations

Teacher delete class The system pops up twice to
confirm the deletion

In line with expectations

Students join the course Successfully joined the course,
with the course permissions

In line with expectations

Student withdraws from the
course

Successfully exit the course,
cancel the permission of the
course

In line with expectations
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resource consumption of personal devices, since this article does not implement
streaming media services based on other protocols, it cannot be compared with
the case of using the Flash plug-in to play streaming media. This article chooses
another method for comparison and places it on the server. Two 10-min video files,
an MP4 file with a size of 63.6MB and a SWF file with a size of 46.2 MB, and
then use HTML5 video tags and Flash to play in the web page respectively to test
the system memory occupied by the browser, as shown in Fig. 3. Among them, 0
means the memory occupied when opening the browser with only one blank page
tab.
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Fig. 3. Client memory usage

It can be seen from the data that the browser occupies less memory when playing
videos with HTML5 video, so it can be predicted that in the actual streaming media
system, using HTML5 video players will consume less system resources and have
better performance.

(2) System performance under high concurrency
The performance of the system in the case of high concurrency mainly refers to
the number of simultaneous online users that the system can withstand, the num-
ber of simultaneous live video courses and the number of simultaneous live video
watching. This article mainly measures the performance of the system under con-
current conditions from the two aspects of server load and request response time
under concurrent conditions. The load of the system under concurrent conditions
is tested here. Since the server cluster system can improve the performance of the
system through expansion, only a single server is tested here. After testing, when
the number of concurrent requests is set to 50, the CPU usage instantly rises to
about 25% for concurrent requests, increases the number of concurrent requests to
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100, and the peak CPU usage reaches about 60%. When the number of concurrent
requests increases to 200, the CPU usage The rate reached 100%. Therefore, it is
estimated that a single server can support a maximum of about 200 concurrency.
In actual use, expand the server to increase the system capacity and improve the
concurrency of the system.

6 Conclusion

In order to realize the revitalization of the countryside, it is very important to cultivate
local talents with intelligence, technology and management, especially the new type
of professional farmers who love agriculture, know technology and are good at man-
agement. To this end, in order to cultivate the talents needed for rural revitalization,
an online education system for innovation and innovation courses based on big data is
designed. The system has been tested that each functional module works normally and
the performance is also good, but the system still has some shortcomings. First of all,
most of the front-end functions of the system are implemented based on the HT’MLS
standard, and a newer version of the browser is required. Although most browsers cur-
rently support HTMLS better and better, there is still a certain market share. Browsers
cannot support HTMLS well, such as IE5 and IE9, so in an actual system, in order to
ensure the compatibility of the browser, it is necessary to provide a compatible solution
for each function of the system.

FundProjects. Keyprojects ofHumanities and Social Sciences inChongqingChemical Industry
Vocational College, Exploration on the integration of “innovation and entrepreneurship” education
and professional education in higher vocational business major from the perspective of Rural
Revitalization, Project number: HZY2020-SKZD02.
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Writing Teaching Resources in the Media Age
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Abstract. The traditional online resource sharing system does not describe the
information data association semantics enough, which leads to a long resource
search time. To solve this problem, this paper proposes an online sharing system
of college writing teaching resources in the era of media. In terms of hardware
design, C/S architecture and HDFS distributed architecture are adopted to design
the overall structure of the system and optimize the data processing chip and data
integrator; In the aspect of software design, it configures lightweight database,
stores writing teaching resource data orderly, describes teaching resource by asso-
ciation, selects the optimal integration path, aggregates the shared associated data,
calculates the optimal sharing path, and transmits teaching resource to the visiting
users. The experimental results show that the degree of revealing the relevance
of data nodes in the design system is higher than that of the two traditional sys-
tems, which improves the integration efficiency of writing teaching resources and
shortens the search time of the same type of resources.

Keywords: Teaching resources · Online sharing · Hardware design · Software
design

1 Introduction

At present, writing teaching resources have become the focus of school construction,
which has a great impact on educational informatization. Teachers and students have
increased their dependence on online teaching resources. However, due to the rapid
increase in the number of teaching resources, the efficiency of searching teaching
resources is poor. Aiming at this problem, an online sharing system of writing teaching
resources is designed.

In foreign countries, the research on the sharing of teaching resources is earlier.
Through the system mode, service mode and economic mode, using the relationship
characteristics from description to analysis, the cooperation between different school
districts is realized, and the quantitative and qualitative methods are adopted to sort out
and share information resources. Domestic research on teaching resource sharing has
also made great progress, building a technical platform for excellent teaching resources,
using literature analysis and case analysis to summarize teaching resources, providing
dynamic and easy to expand resources through private cloud mode, and information
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resources can be virtualized, which is the teaching information resources to be trans-
mitted, Provide computers and other equipment as required. Combined with the above
theory, the traditional resource sharing system is improved, the resource processing chip
and integrator are optimized, the associated semantics of database resource information
are integrated, the associated teaching resources are associated together, and the search
time of teaching resources is shortened.

2 Design Method of Online Sharing System for College Writing
Teaching Resources in the Media Age

2.1 Hardware Design of Online Sharing System for Writing Teaching Resources

Design the Overall System Architecture
UsingC/S architecture andHDFSdistributed, the overall architecture of resource sharing
system is designed. The HDFS API interface is called to store and read the teaching
resources of writing. The basic information of users is stored in the database, and the
resource data is uploaded, downloaded and shared through the web service interface.
The mode of four-tier architecture is as follows: interface presentation layer, which
is mainly used for system interface design, including control layout, content display,
interaction design, etc.; business logic layer, which is mainly used to realize business
logic of each function point, plays a bridge role between interface presentation layer and
data access layer, encapsulates business logic code in the system into logical functions
In the teaching resource sharing system, for the sake of data security, the data access
layer does not participate in the direct interaction with the database server, but through
the WCF service mode, the database operation is independent, forming a separate In the
database proxy server, the system only needs to call this service in the data access layer;
in the infrastructure layer, in order to further increase the encapsulation of program code,
the data fields in the program are encapsulated into different classes of the model layer,
so as to facilitate the frequent use of data fields by other architecture layers [1, 2].

NF is adopted in infrastructure layer_ 5270m4 server, install multiple virtual hosts
on it, deploy and install Hadoop system cluster, and install elasticsearch distributed
search engine to locate resource data. On the underlying infrastructure, virtualization
technology is used to build a private cloud, and VMware vCenter service is deployed and
installed. The host resources with esxi are clustered and integrated to form a hardware
resource pool, including computing resources, storage resources, network resources, and
so on Client client is used to manage the hardware resource pool on the server side. The
hardware resources in the resource pool are virtualized into several independent virtual
machines to provide resource sharing services [3]. So far, the design of the overall system
architecture is completed.

Design Neuron Chip
Neuron chip is an important hardware device in the online sharing system of writ-
ing teaching resources. It controls user access and realizes the upload, transmission,
search and download services of teaching resources. Neuron chip includes mci43120
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and mc143150 series. Mc143150 series supports external memory and is suitable for
complex application in control system. Mci43120 has ROM, does not support external
memory, only stores writing teaching resources. There are three 8-bit CPUs in the chip,
namely MAC CPU, network CPU and application CPU. The specific structure is shown
in Fig. 1
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Fig. 1. Neuron chip structure

I/o0 -- I/O10 represents 11 programmable input and output pins, and service pin is
used to identify users. According to different access devices, neuron chip has 34working
modes to choose, so as to flexibly configure the upload and download modes of teaching
resources. CLK1 and CLK2 are 16 bit timing counters. CLK1 inputs teaching resources
and outputs them from I/o0 channel through a multi-channel selection switch in I/O4 ~
I/O7. CLK2 can only input from fixed channel I/O4 and output from I/o0 channel. CP0 ~
CP4 represents five information data management, and its management configuration is
divided into three different interfaces: differential mode, single mode and special mode,
so that the resource online sharing system can adapt to the reading and transmission of
different file formats.

Mac CPU is neuron chip medium access control processor. It communicates with
network CPU through shared RAM network buffer, controls physical layer and data link
layer of shared system, and completes conflict through hardware driving data transmis-
sion link [4]. The network CPU is the network processor of the chip, which controls the
network layer, session layer and presentation layer of the sharing system, and completes
the functions of route addressing and networkmanagement. The network CPU andMAC
CPU share the network buffer in RAM, and the firmware performs the operation of user
code and user code call. Through sharing the application buffer and network CPU in the
memory, the network CPU searches and transmits information data, and completes the
application service of teaching resources. So far, the design of neuron chip is completed.

Design Teaching Resource Data Integrator
According to the online sharing service function of teaching resources, the data integrator
of the system is optimized. The overall construction of the integrator is divided into
five modules: core, associated interface, power supply, network function and peripheral
circuit. Svb12f762 chip is selected as the integrator, and its configuration should meet
the circuit requirements of the integrator. The level conversion is carried out through
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the svb12f762 chip, so that the integrator can maintain high level all the time when
the bus is idle and reduce the reflected signal. An isolation link is added to the data
integrator interface to transmit the correlation integration signal of digital resources
from the signal line, and isolate the interference signal, so as to ensure the stability of
the communication signal in the process of Digital Resource Association integration [5].
The overall framework of the data integrator is shown in Fig. 2
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Fig. 2. Framework of data integrator

As shown in the figure above, the core module uses the mh9q core data board
produced by Freescale company to build 4 GB EMMC flash and 2 GB memory to
collect the information data of writing teaching resources, and collect them to cortex-a9
four core processor, and drive the resource data through Ethernet and can bus interfaces,
so as to support the operation of data association and integration. In the optimization of
the power module, the data integrator uses 24 VDC power input to make the collector
face the industrial general interface. The power module is connected with the neuron
chip to convert the transistor transistor logic level signal. The level is directly connected
with the input and output interfaces of the coremodule, and the can transceiver of writing
teaching resources is added to stabilize the output of 5 V power supply, so as to realize
the overall optimization of the data integrator [6]. So far, the hardware design of the
system is completed.

2.2 Software Design of Online Sharing System for Writing Teaching Resources

Design Teaching Resource Database
According to the functional requirements of the hardware of the resource system, a
lightweight database is configured to store the information data of teaching resources in
an orderly manner, and record the operation status of the system’s associated integrated
digital resources. DAQ is embedded in the hardware of data integrator_ status_ TB table
and data_ store_ TB table, where DAQ_ status_ TB is used to store the running state,
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Table 1. DAQ_ status_ TB configuration

Field name Field meaning Field type

start_time Serial number of data association integration interface Blob

sensor_num System operation status Interger

ID Ms level, time stamp Interger

daq_serial Auto increment primary key Interger

status Serial number of various sensors Text

Table 2. Data_ store_ TB configuration

Field name Field meaning Field type

Raw_data Serial number of Digital Resource Association integration Text

sensor_number Raw data Interger

store_date Association type Blob

daq_type Consolidated data Text

Process_data Auto increment primary key Interger

data_ store_ TB is used to store all kinds of writing resources. The details are shown in
Table 1 (Table 2).

Using MySQL database and concurrent operation, we can directly access the data
files of writing teaching resources. To simplify the access process, users send access
requests through text/htm1; charset = UTF-8//in the PHP processing module of the
database, then process the PHP script, parse the data of the book digital resources,
read and write the data configuration file through login BTN > submit-text2//, receive
the return information of PHP script, and finally generate var export (LIST1, 10) -
catch//displays data to the entire web page to monitor the data in the database. So far,
the design of library digital resource database is completed.

Describe the Relevance Semantics of Teaching Resources
Using ontology semantics, the teaching resources stored in the database are processed by
data, and the terms, descriptors and titles related to the teaching resources are described
by association semantics to obtain descriptive metadata. Firstly, according to the naming
standard of cool URIs formulated by the semantic web, the writing teaching resources
are named by URIs. With the help of various description methods provided by FRBR, a
vocabulary set of associated data is created to describe the semantic ontology of teaching
resources [7]. The specific types are shown in Table 3.
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Table 3. Classification criteria of digital resources association semantics

Semantic name Subnet type involved segmentation criteria

Hirarchy P-P; K-K; M-M Genus

Citation relation P-P; M-M entity

Correlation P-P; K-K; M-M Integral part

Equivalence relation P-P; K-K; M-M synonymous

Attribute relation P-P; P-K; K-K; M-M Synonymous

Discuss the relationship K-K; K-M; M-M synonym

See relation P-K; K-K; K-M; M-M Antonymy

According to the contents of the above table, the progressive transformation mecha-
nism of teaching resources association semantics is constructed, and the corresponding
sub network types are selected. Then it describes the associated semantics of teaching
resources. With the help of entity extraction mechanism and d2rq transformation tool,
the writing teaching resources are transformed into RDF metadata. On this basis, new
semantic descriptive metadata is created. Finally, combined with the characteristics of
online resource sharing, the publishing mode of associated data is selected to expand
the teaching resources of writing, and a network environment with stronger Resource
Association and scheduling is constructed. Combined with service and associated data,
the integration system can link internal and external resource data. So far, the description
of digital resource association semantics is completed.

Integration Path of Computing Teaching Resources
According to the user access and retrieval information, optimize the associated data
network, select the optimal resource integration path, take the path as the link path of
the associated data, add and modify the writing teaching resource data. First of all, the
association semantics is standardized, and the frequency of different semantic query
words is counted. Then the core query words are determined, and the four attributes
of the core query words are determined. Then, the similarity between different writing
teaching resources and the word is calculated.If the similarity distance formula is used,
the similarity calculation formula Q is as follows:

Q =
(

4∑
i=1

(
ak − aj

)k) 1
k

(1)
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In the formula, i are the four attributes of the core query words and a is the associated
data of thewriting teaching resources. k, j are the visualized spatial dimension of the data
and the quantified value of similarity distance, where j = 2 or 3 are taken. When k = 1,
it represents the real distance between the core query word and the spatial dimension.
When k �= 1, it is the bounded distance, representing the total absolute wheelbase on the
spatial dimension [8]. By transforming formula (1), it is found that the optimal path to
transform the infimum distance S is as follows:

S = 1

cQ
(2)

By calculating the sharing path of information resources, the integrated writing
teaching resources are transmitted to the visiting users. In the formula, c refers to the
frequency of the associated data of teaching resources and the core query words. When
0 < c < 1, the optimal path value S is between (0, 1). The smaller the value, the closer
to 0; when c < 1, the smaller the value, the closer to 1 [9]. According to the occurrence
frequency of different resource associated data, the value k, j of two link parameters is
determined to make the value reach the limit value S, and the final path of the conversion
data’s definite bound distance is obtained. The path is used to transform the associated
data of teaching resources, and the optimal mode of resource integration is obtained.
Finally, the query words that are not closely related to the associated semantics are
eliminated, the service function of the associated data is improved, and the link path
between the associated data and the resource ontology is mapped to form the integrated
data of writing teaching resources, so as to complete the calculation of the integration
path of teaching resources.

Choose the Best Sharing Path of Teaching Resources
Judge the sharing path of information resources, and transfer the integrated writing
teaching resources to the visiting users. Firstly, the integrated writing teaching resources
are virtualized. Through virtualization technology, multiple computers are logically vir-
tualized into one computer, so that the shared services can run independently on the
logical computer, and each logical computer can perform different operations, so that
the storage resources and the host can be integrated to realize the digitization of writing
teaching resources [10].Suppose that the service of the i shared path Qi can satisfy the
user’s sharing request, the buffer idle value of the path receiving information resource is
Ai, the transmission rate is λi, and the average transmission delay is μi, then the proba-
bility of k data blocks to be sent in the shared path at any time isQik, and the relationship
can be obtained as follows:

Qik =
{(

λi
μi

)n
Ai n = 0, 1, . . . ,Ai

0 n ≥ Ai

(3)

When the scope of this judgment λi
μi

is less than 1, λi
μi

< 1, the sharing path of writing
teaching resources is as follows:

Qi =
(
1 − λi

μi

)/[
1 −

(
λi

μi

)Ai+1
]

(4)
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When λi
μi

> 1, if the average residence time of output data block is Wi, the average
number of data blocks entering the shared path is Ti, and the average number of data
blocks transmitted is Li, then the shared path is:

Qi = Li
Tiλi × (1 − Wi)

(5)

After determining the sharing path of information data transmission, the information
resources are scheduled, and the shared resources are provided to users through the path.
In the process of scheduling, it is necessary to deploy various applications of sharing
services, improve the sharing program of digital sports information resources, so that
users can access the writing teaching resources of colleges and universities through the
cloud, so as to complete the selection of the optimal sharing path of teaching resources
and realize the system software design. Combined with hardware design and software
design, the online sharing system design of college writing teaching resources in the era
of media integration has been completed.

3 Experiment and Analysis

The design system is recorded as experimental group A, and two groups of traditional
online sharing system of teaching resources are respectively experimental group B and
experimental group C. The integration effect and retrieval efficiency of the three groups
of systems on teaching resources are compared.

3.1 Experimental Preparation

This paper selects a university electronic library, extracts writing teaching resources as
experimental elements, uses Stanford topic recognition model toolbox to annotate data
resources semantically, and takes semantic annotated digital resources as experimental
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Fig. 3. Storage device of resource virtualization
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objects. Three groups of experiments share their resources respectively. The storage
device of group a resource virtualization is shown in Fig. 3

Thewindowshost is configuredwith 2GBmemory, 2.50 ghz, 100M/GigabitCampus
network card, 320 G SATA hard disk, and the operating system is windows7; the host
server is configured with 2.13 GHZ, 4 G memory, Gigabit Campus network card, 1t
SATA hard disk, Xeon four cores, the kernel version number is linnux 2.4.20–8, and
the operating system is Linux RedHat 9.0. The related semantics of writing teaching
resources are described in Table 4.

Table 4. Experimental data elements and their relationship

Entity Element code Associated element
code

Practice on your own P1 P2, P3, M2

Online course P2 P1, K2, M1

Keyword analysis P3 M2

Model text K1 K3, P1, K2

Extracurricular reading K2 M3, P1, M2

Summary of key points K3 M2, K1, P2, M3

teacher commenting M1 P2, M2,

Writing template M2 P1, K2

Expert lecture M3 K1, P2

The visualization of the relevance semantics of the writing teaching resources
selected in the experiment is shown in Fig. 4
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Fig. 4. Visualization results of resource association semantics

The semantic relations of nine node elements are obtained,which are correlation rela-
tionship, argumentation relationship and reference relationship. Selecting P-P, K-K and
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M-M subnets to construct deep aggregation hypernetwork, the association relationship
of different nodes can be obtained, as shown in Fig. 5.

Fig. 5. Aggregated hypernetwork visualization results

The thickness of lines in the graph represents the strength of the relationship between
different node elements. Three groups of experiments were conducted to obtain the
visualization nodes in the deep aggregation hypernetwork, and the resource set of the
integrated nodes was constructed by UCINET software.

3.2 Experimental Results

Results of the First Group of Experiments
The results of the three groups of experiments for 9 node elements are shown in Fig. 6

As can be seen from Fig. 6, the node set of the resource set integrated by group B
and group C is relatively loose. Group B constructs the association semantics of P2, M2
and K2, m3, while group C only constructs the association semantics of K2 andM3, and
nodes P3 and M2 do not have a clear relationship with other nodes. However, there are
more association relationships between nodes in group A than in group B and group C,
and three associations of p1p2m2, k2m3 and m1p3 are constructed Semantics.

Results of the Second Group of Experiments
On the basis of the first group of experiments, we searched the related writing teaching
resources, and the search time comparison results are shown in Table 5.

According to the data in Table 5, the average search time of group A is 4.1 s, and that
of group B and group C is 11.5 s and 14.6 s respectively. Compared with group B and
group C, the search time of group A is reduced by 7.4 s and 10.5 s respectively. To sum
up, the degree of revealing the relevance of data nodes in this design system is higher
than that of the two traditional systems, which improves the integration effect of writing
teaching resources and shortens the search time of the same type of teaching resources.
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Fig. 6. Comparison results of resource integration



204 L. Yun and M. Li

Table 5. Resource search time comparison results (s)

Association Code Group a search time Group B search time Group C search time

P1 4.3 11.2 13.8

P2 4.2 10.3 14.2

P3 3.9 11.5 14.9

K1 4.4 12.3 15.1

K2 3.8 10.2 13.8

K3 3.7 11.2 14.0

M1 4.2 12.9 14.2

M2 3.5 11.8 15.8

M3 4.9 11.7 15.3

4 Conclusion

The design system through the associated data and virtualization, deep aggregation of
writing teaching resources, shorten the resource search time, improve the efficiency of
resource sharing. However, there are still some deficiencies in this study. In the future,
private cloud will be used to determine the optimal scale of resource sharing, so as to
make resource sharing more stable and effective.
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Design of Online Education Resource Sharing
Model Based on Blockchain Technology
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Abstract. The traditional online education resource sharingmodel has the defects
of low control load and slow response time. Therefore, this study designs an online
education resource sharing model based on blockchain technology. According to
the principles of model construction, the framework of online education resource
sharingmodel is built, andon this basis, the standards andgranularity of online edu-
cation resources are set. This paper selects the mode of “centralized management,
distributed storage” to manage online education resources, analyzes the structure
of blockchain, and realizes the transmission and access of resources based on the
blockchain technology - equality network, so as to realize the sharing of online
education resources. Take the “Computer Network” course as an example to build
an experimental environment, make registered resources, and conduct educational
resource sharing experiments. The experimental results show that compared with
the traditional model, the proposed model has larger control load and shorter
response time, which fully indicates that the proposed model has better resource
sharing performance and is suitable for promotion and application.

Keywords: Blockchain technology · Online education resources · Resource
sharing · Peer to peer network

1 Introduction

With the development of modern society, people increasingly hope that they can acquire
knowledge in multiple fields and multiple disciplines without being restricted by space
in their daily lives, which makes distance education emerge as the times require and con-
tinue to grow. As an important branch of distance education, online online education has
entered thousands of households with the rapid popularization of the Internet. Obtaining
knowledge through the Internet has also become one of the important means for coun-
tries to improve the education level of the people [1]. Statistics show that as of 2019, a
total of 68 ordinary universities and colleges inmy country have launchedmodern online
education, opened 299 majors, built more than 20,000 online education resources and a
batch of online education teaching and management system platforms, and established
9,000 There are a number of off-campus learning centers and teaching sites, of which a
quarter are set up in the western region, extending high-quality education and teaching
resources and support services to the western region, rural towns, urban communities,
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various industries, enterprises, and military camps. Online education has promoted the
popularization and informatization of higher education, and has become an important
form of diversified, lifelong, networked and open continuing education in China [2].

However, while creating great value, online education network also exposes some
problems. Although the websites providing online education services have their own
high-quality education resources, they are still restricted by the region and service ability.
In the whole Internet ocean, they are like isolated islands of information. Although each
has its own advantages, they can not communicate with each other and it is difficult to
realize the sharing of educational resources. It is an urgent problem for the people to
integrate and share these resources [3]. In order to solve the above problems, we can
introduce the resource sharing mechanism into the field of online education, manage the
self-contained network education resources distributed in various regions, and provide
a simple discovery and effective use mechanism to realize the sharing of educational
resources.

According to the existing research results, the existing online education resource
sharing models, such as the ontology-based distance education resource sharing model
and the model, etc., have complex computing processes and are difficult to carry out
distributed management of resources, thus having the defects of low control load and
slow response time. In order to solve the shortcomings of the above traditional model,
this study designed an online education resource sharing model based on blockchain
technology. Among them, the blockchain technology is encryption technology, hash
algorithm, hash function pointer, digital signature technology, binomial tree structure and
P2P network propagation, etc., using a consensus mechanism to achieve decentralized
authentication and supervision of business activities and distributed Bookkeeping, to
realize the non-repudiation proof of the main behavior and content of business activities,
and the use of time stamp technology in the block to ensure the traceability of the block
content in time.

2 Design of Online Educational Resource Sharing Model

2.1 Construction of Online Education Resource Sharing Model Framework

Before building an online educational resource sharing model framework, it is first
necessary to clarify the design principles of the model, then conduct a specific analysis
of the various problems faced by the model, and finally make a reasonable design for
each problem.

In order to enable the design model to provide various services stably and reliably,
certain constraints are required to balance the creative efforts of application develop-
ment and the standardization requirements of software design during model design and
development. Therefore, the following principles should be followed when designing
the model:

Principle 1: follow a unified open technology architecture. Open technical architecture
has become the mainstream of information technology development. Facing the con-
tinuous expansion of model scale, the difficulty of model development organization is
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becoming higher and higher, and the construction and management of super large appli-
cationmodel are full of challenges. Therefore, it is necessary to follow the open technical
architecture system in model design [4];
Principle 2: maintain a unified common basic resource model. The object managed by
the model is the key component of the whole model. With the realization of multi-
dimensional management view, the access to all management objects will inevitably be
involved. Therefore, in the model design, we should establish a unified object model
and dictionary, standardize the management and maintenance of public infrastructure
resources, and create conditions for resource sharing.

Through the above description, the online education resource sharing model
framework is built, as shown in Fig. 1.
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Fig. 1. Framework of online education resource sharing model

2.2 Resource Standard and Resource Granularity Setting

Based on the online education resource sharing model framework built above, set
resource standards and resource granularity to prepare for the realization of subsequent
resource management and sharing.

The development of online educational resources with reference to relevant stan-
dards is a way to solve the problem of co-construction and sharing of online educational
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resources [5, 6].At themeeting to promote the implementation of educational technology
standards, when analyzing the difference between the SCORM standard and the CELTS
standard, Professor Zhu Zhiting pointed out that “the two are actually compatible. If
the SCORM standard is truly complied with, the CELTS standard is actually complied
with. Zheng Li from the Computer and Information Management Center of Tsinghua
University said: “The product will be compatible with many popular international stan-
dards, and the fundamental point is to follow the basic national standards.” Therefore,
domestic products should first consider following our national standards. Therefore, the
research adopts the national standard CELTS standard system for standardization. The
standardized processing flow of educational resources includes steps such as description,
organization, and packaging.

CELTS Learning Object Metadata Specification (LOM) is used to describe online
education resources. The data elements of the learning object are organized in a tree
structure, which is divided into three parts: “root node”, “middle node” and “leaf node”.
Of these, only the “leaf node” has a specific value.

Learning objects can be described according to the learning objectmetadata provided
by the LOM specification, but the specification does not specify how the metadata
can be represented in a way that is computer readable. XML documents are easy to
be transmitted and exchanged on the Internet. Therefore, CELTS, the XML Binding
Specification for Learning Object Metadata, was selected as the standard for describing
the basic information of learning objects that can be transmitted on the Internet.

For the content packaging of online educational resources, the CELTS content pack-
aging specification is adopted. The content packaging information specification regulates
the naming of the content manifest file: the learning content published in accordance
with the content packaging information specification standard must include a content
manifest file, and this file is named celtsmanifest.*, if there is no such file, the resource
package will not be deal with. The content manifest file and its supporting files should
be placed in the root directory of the package exchange file or package image. The con-
tent packaging information specification also specifies the elements of the content list
in detail, such as name, corresponding English name, description, binding, multiplicity,
type and remarks [7].

Based on the description ofmetadata information, the content packaging information
specification defines a reasonable and effective way to organize and package learning
content, which is easier to effectively manage, share, exchange and retrieve resources.
Therefore, this study takes it as the final standardization specification of resources. The
XMLdescription standard corresponding to content packaging information specification
isCELTS,which is theXMLbinding specification of content packaging [8, 9]. This study
will be designed in strict accordance with this specification in the process of resource
production and resource standardization verification.

Learning objects refer to various entities for learning. A course, a picture, a set of
question banks, a video, etc. can all be considered as learning objects. Learning objects
can be divided according to the size of the granularity. Low-granularity resources refer
to individual entities. Such entities have no internal organizational structure, such as
text, pictures, and videos. High-granularity resources are composed of low-granularity
resources with internal Learning objects with complex organizational structures, such as
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courses or question banks; medium-grained resources are somewhere in between, and
have internal organizational structures, but they tend to be relatively simple.

The definition of resource granularity is shown in Fig. 2.

Small particle 
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Medium size

Large particle 
size Course or above

Unit, page, etc

Pictures, text, etc

Fig. 2. Definition of resource granularity

The LOM specification and content packaging specification do not care about the
issue of resource granularity. The LOM specification and CP specification can be used
to describe and package any granular resources. However, for standardized resource
sharing, only packaged resources can be published and used on the model. The model
designed in this research supports resources of various granularities, such as: videos,
courseware, texts, online courses, etc. At the same time, considering the issue of mutual
recognition of credits, only resourceswith a granularity above the curriculumcan achieve
the goal of mutual recognition of credits. Therefore, this study stipulates that if the
resource type uploaded and registered is “online course” or above, in the metadata
information of the course element, the cost value of the sub-element of the rights element
is set to “course specific credits”, and this value for other low-granularity resources Set
to “resource value points or other virtual currency number”, the use of virtual currency
means no actual charge, which shows the principle of resource openness.

2.3 Online Education Resource Management

Centralized and distributed storage, as two storage methods often used in resource stor-
age, have their own advantages and disadvantages. This study combines centralized
and distributed storage to form a “centralized management, distributed storage” storage
mode, so as to improve the efficiency of resource retrieval and management under the
premise of decentralized resource center access pressure [10]. Specifically speaking,
this storage method is to store the low granularity physical file resources in the user
upload package transmission files in various management models, and for non-standard
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resources, each resource file is directly stored in each existing learning model, and the
resource description information and resource package related information are stored in
a centralized way. The unified management mode is shown in Fig. 3.
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Fig. 3. “Centralized management, distributed storage” mode

The “standard resource package” is stored in the standard resource library. The
standard resource package depends on the “physical resources” in the physical resource
library, that is, low-granularity resources, and the “registration information” comes from
the description information in the “standard resource package” [11].

The management model of learning resources is divided into three levels:

Level 1, the resource production layer. Users conduct standardized resource develop-
ment according to standardized specifications or resource production software, complete
resource production, and register through the resource registration interface;
Level 2, the resource storage layer. Provide resource registration interface, conduct con-
tent standardization and legitimacy audit on uploaded resources, store resources and
store resource metadata information after passing the audit;
Level 3 is the resource publishing layer. The registered resources can be published on
the Web platform for users to search and access.

Combined with the “centralized management, distributed storage” mode and the
hierarchical management model of learning resources, the model resource management
process, that is, the resource flow process, is obtained. The resourcemanagement process
is divided into the following six steps:

Step 1: the resource producer packages the physical resources distributed in different
places according to the standard specifications, forms the resource bundle, and collects
the access address of each low-granularity resource in its own learning model;
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Step 2: the resource package is uploaded to the model through the registration interface
provided by the resource sharing model. According to the interface provided by the
model, non-standard resources form resource description files and register resources in
the model;
Step 3: the resource sharing model carries out standardized detection of resources.
Through the detection, metadata information is extracted, and the metadata information
is stored in the registration information database. At the same time, the low granularity
resources are stored in the distributed physical resource repository;
Step 4: the resource sharingmodel stores the resource package into the standard resource
package library;
Step 5: if the resource passes the approval of the resource sharing model, the model
obtains the resource metadata information from the registration information base and
publishes it to the model for users to use;
Step 6: the resource details obtained by the user are obtained from the resource package
by the model.

2.4 Online Education Resource Sharing Based on Blockchain Technology

Based on the resource standards, resource granularity and management mode set above,
blockchain technology is introduced to realize the sharing of online education resources.
The specific implementation process is as follows:

The structure of the blockchain is divided into a block header and a block body. The
data in the block is the transaction record stored in the merkle tree. The construction
of a Merkle tree is a process of calling recursively to calculate the hash value. The
calculation rule is usually SHA256 or MD5. Due to the binary tree characteristics of
the merkle tree, the merkle tree has good scalability and can record a large amount of
information in several layers.

The block header includes the root value of the merkle tree, the hash value of the
previous block, timestamp, random number, and version number.

Hash value is a very important attribute in the block header. The hash value of the
previous block obtained by hash calculation ensures that the block is stored in chain. At
the same time, this value also ensures that the block information cannot be tamperedwith.
Because the calculation process needs to combine the characteristics of the current block,
if you want to modify the information in a block, you need to modify the information
of all blocks after the block, and this needs to cost a lot. Therefore, the hash algorithm
ensures the security of the model.

Timestamp is another important component of the block structure. Since there is no
central server in the network, there may be a delay in the time between each node. In
order to avoid the occurrence of information asymmetry, it is necessary to detect the
nodes in the model. The time includes long and transaction storage. The entire node
block is designated as the priority block, and other nodes discard their own blocks and
use the priority block instead. The timestamp stores the blockchain in time sequence to
facilitate block sorting and block query. Combined with the hash value, the separation
of the generation block order and the model time can be realized, and the purpose of
distributed storage can be achieved.
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Blockchain has the following characteristics:

Characteristic 1: Security. The distributed storage of blockchain ensures the decentral-
ization of data interaction and avoids human intervention. If you want to tamper with
the data in the blockchain, you need to control 51% of the nodes in the whole network.
On the data transmission level, if the attacker outside the node wants to hijack the data
through P2P network to tamper and then send, it is very difficult to crack the private key
in encrypted transmission. At the information integrity level, if you want to modify the
information of a node, you need to modify all the information in the remaining chain.
These are obtained by strict encryption according to the hash algorithm, and the security
is guaranteed because the hash algorithm is irreversible.
Characteristic 2: Transparency. Blockchain has the characteristics of searchability, trace-
ability, and block chain timing. The completed behavior information is fully recorded
and can be checked. Any node can query any block information in the blockchain, which
greatly improves the transparency of interaction [12].
Characteristic 3: Participation. The generation and storage of blockchain depend on user
nodes. If the nodes are insufficient or the participation is not high, the integrity of the
blockchain cannot be guaranteed: when querying or calling the blockchain, if the amount
of data stored by the selected node fails to meet the expectation, there will be missing
blocks in the collected whole chain. In addition, in the process of blockchain storage,
new blocks are constantly generated, and new data need to be stored constantly, which
will have a certain pressure for each node participating in the behavior. Although the
participation ensures the independence in the interactive communication, it also brings
potential overhead and security risks to the model itself.

Blockchain technology mainly includes peer-to-peer networks, encryption algo-
rithms, and hash algorithms. Based on online education resource sharing needs, peer-
to-peer network blockchain technology is selected as the supporting technology for this
research.

The role of P2P network in blockchain is to connect all nodes, so as to ensure that
any two nodes can establish interconnection communication without relying on a third
party, and transmit data information in the form of broadcast, so that the model can run
normally. There are two key concepts in P2P networks:

One is broadcasting mechanism. In P2P network, there is no centralized special
node and hierarchical structure in theory. Each node will undertake the work of network
routing, verifying information, disseminating information, discovering new nodes and
so on. The way of blockchain publishing information is broadcast, and the information
generated in the network will be broadcast to all nodes. In the process of broadcasting,
the node will verify whether the message is legal, and then judge whether to broadcast
to the adjacent nodes. As long as the information is received by more than 51% of the
nodes, the information is considered to be passed and can be recorded in the new block. If
the node judges that the information is wrong, it discards the information and terminates
the broadcast operation. In addition to the verification of transaction information, P2P
broadcastmechanism is also used to confirm the permissions of nodes. By calculating the
dynamic random number and having the most complete record, the nodes broadcast the
new block data to the whole network. Other nodes discard their own blocks, receive the
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block data obtained through broadcasting, and store the new block into the blockchain
after verifying the authority. The broadcast mechanism implemented in this research
will be realized through the network process broadcast mechanism, that is, using socket
management framework, the block information and legal education resource information
will be transmitted to the nodes except themselves.

Second, the consensus mechanism. There is no centralized centralized management
model in the blockchain network. It is all the participating nodes that play a key role.
The problem to be solved by blockchain technology is to let the nodes interact to form
a storage system that is simple, easy to use, low cost and can be grouped and managed.

Whether the two points of data consistency and data availability can be guaranteed
in the resource sharing network model are two factors to be selected in the model design.
In online education resource sharing, the POW consensus mechanism is used to ensure
the consistency of the data, that is, the method of “mining” calculation is adopted: the
nodes participating in the calculation use the traversal calculation method to withdraw a
random number according to a certain hash rule. It is satisfied that the hash calculation
result of the current block header is less than a certain number. The node that obtains the
random number obtains the authority, and the calculation process ensures the security
of the consensus and the consistency of the data. The blockchain technology of this
research will adopt a more reasonable Pos mechanism, that is, the integrity of the block
information recorded by the node will determine the degree of difficulty in the consensus
process. As long as the node has relatively complete blockchain data, the consensus
process will be calculated. The power consumption will be greatly reduced, so as to
prevent the learner from interfering with the calculation of the learning part when using
it.

Through the above blockchain technology, the application of equation network, the
sharing of online education resources is realized, which provides a reliable support for
the development of China’s education field.

3 Experiment and Result Analysis

In order to verify the performance difference between the online education resource
sharing model based on blockchain technology and the traditional model, the MATLAB
software platform is used to design the experiment. The specific experiment process is
as follows.

3.1 Construction of Experimental Environment

The experimental environment is shown in Fig. 4. Using a PC as the web server, using
a PC as the database server, using PC as the physical resource storage server, and using
PC as the client.

In the experimental part, Tomcat is selected as the Web container and Oracle 10g
is selected as the database server. At the same time, the project was built according
to the model architecture, and MyEclipse was selected as the auxiliary tool for project
development in this study.
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Fig. 4. Experimental environment

3.2 Resource Production Registration

The experiment took the “computer network” course as an example, and made the
“computer network” course according to the steps of standardized resource production.

First, analyze the structure of the “computer network” course, which is mainly
divided into two units, each unit is divided into four modules, and each module contains
varying amounts of content, as shown in Fig. 5.

After analyzing the structure, prepare the low granularity resources. After the prepa-
ration of resources, we describe the resources.We use the standardized resource descrip-
tion tools provided by the model, which can greatly reduce the cost of learning XML.
In addition, “animation demonstration”, “video lecture” and “learning test” are remote
resources stored on Web server, while “knowledge map” and “electronic courseware”
belong to physical resources and need to be packaged and uploaded. When the resources
are packaged, the correctness of their respective positions should be ensured.

For resource packs that do not conform to the specification, the model will prompt
accordingly, such as lack of celtsmanifest.xml file, or celtsmanifest.xml file syntax error.
Using the model’s resource standardization tool to automatically generate celtsmani-
fest.xml can reduce the possibility of grammatical errors, but the relative scalability is
not strong. Manually writing xml by yourself has strong scalability, which also increases
the probability of corresponding errors. If there is no error in the resource detection, the
model will prompt that the resource upload is successful.
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Fig. 5. “Computer network” course structure

3.3 Analysis of Results

According to the experimental environment and registered resources, the experimen-
tal data are input into SPSS software for centralized processing. Finally, the model
performance evaluation data is obtained, as shown in Table 1.

As shown in Table 1, compared with the traditional model, the control load of this
model is larger and the response time is shorter, which fully shows that the resource
sharing performance of this model is better.
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Table 1. Model performance evaluation data table

(1) Control load data

Number of experiments/time Control load (MB)

Paper model Traditional model

1 425.46 301.25

2 462.13 302.54

3 495.58 325.48

4 480.25 315.42

5 501.49 395.48

6 528.45 345.20

7 546.21 385.74

8 498.57 401.20

9 462.01 401.28

10 429.78 400.17

(2) Response time data

Number of experiments/time Response time (s)

Paper model Traditional model

1 10.25 15.49

2 10.32 11.25

3 10.00 15.49

4 9.56 16.00

5 9.81 15.40

6 10.25 15.27

7 11.54 15.09

8 11.59 14.53

9 11.90 16.28

10 10.57 16.84

4 Conclusion

Aiming at the problems of low control load and slow response time existing in the
traditional online education resource sharing model, a new online education resource
sharing model is constructed by applying block chain technology. This model greatly
improves the model control load and reduces the model response time, which proves
that it has strong load capacity and fast response speed, which can provide users with
better online education resource sharing experience, and also lays a foundation for the
development of education resource sharing in China.
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Abstract. In order to improve the resolution of resource sharing conflicts, a
blockchain-based heterogeneous education resource sharing conflict coordination
method is proposed. Build a distributed mobile agent dynamic collaboration net-
work based on blockchain to provide a new distributed computing model. Design
the process of the distributed mobile dynamic collaboration network, including
the system process of “create” behavior, the system process of “invite” and “ac-
cept/reject” behavior, the system process of “update” and “complete” behavior,
the system process of “query” and the “response” behavior system process. Based
on the distributed mobile dynamic collaboration network, the conflict coordina-
tion model of heterogeneous education resource sharing is designed to realize
the conflict coordination in heterogeneous education resource sharing. Through
comparative experiments, it is verified that the conflict resolution degree of this
method is higher than that of traditional methods, and the conflict coordination
performance is improved.

Keywords: Blockchain · Heterogeneous educational resource sharing · Conflict
coordination ·Mobile agent

1 Introduction

To realize the sharing of high-quality education resources among colleges and universi-
ties can alleviate the shortage of high-quality education resources, improve the overall
quality and level of education in Colleges and universities, and also enable colleges and
universities in the new situation to continuously explore new development and seek new
breakthroughs in the sharing of high-quality education resources [1, 2]. Research on
the methods of sharing conflicts of heterogeneous educational resources can promote
the improvement of high-quality educational resource sharing measures in colleges and
universities, and further promote the development of higher education. However, there
are often conflicts in the sharing of heterogeneous educational resources, so the coor-
dination has become a key research issue in the sharing of heterogeneous educational
resources [3].

At present, the coordination and resolution of resource sharing conflicts mainly
include the governance method of regional water resources sharing conflicts from the
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perspective of policy network theory. Based on the theoretical perspective of policy net-
works, the discussion of regional water resources sharing conflicts is carried out. By
clarifying the main body of the governance network of regional water resources shar-
ing conflicts, analyze the interaction and behavior of intergovernmental networks and
issue networks involved in the policy process. Apply the policy network theory to the
process of regional water resources sharing conflict management, and explore how the
network subjects play a role in the process of policy formulation and implementation
through network analysis. Research on context aware based association analysis and
recommendation model of learning resources, combined with context aware technology
and multi-level, multi relationship association algorithm to realize personalized rec-
ommendation of learning resources, explored the process of behavior feature analysis
and extraction based on context aware, and elaborated the mechanism based on context
description and association recommendation, In order to improve the quality and effect
of resource sharing service. Although the above methods can achieve resource sharing
coordination, there is a problem of low conflict resolution.

In order to solve the problems existing in traditional methods, the blockchain is
applied to the research of conflict coordination of heterogeneous educational resources
sharing, and a new method based on block chain is proposed. The innovation points of
this method are as follows:

(1) In order to provide a new distributed computing model, the dynamic cooperation
network of distributedmobile agents is constructed based on blockchain technology.

(2) The process of distributed mobile dynamic collaboration network is designed, and
the conflict coordination model of heterogeneous educational resource sharing is
designed to realize the conflict coordination in heterogeneous educational resource
sharing.

(3) Through comparative experiments, it is verified that the conflict resolution degree
of this method is higher than that of traditional methods, and the performance of
conflict coordination is improved.

2 Blockchain-Based Heterogeneous Education Resource Sharing
Conflict Coordination Method

2.1 Construction of Distributed Mobile Dynamic Cooperation Network

The distributed mobile agent dynamic collaboration network is constructed based on the
blockchain to provide a new distributed computing model. In this model, each mobile
agent represents a mobile user. The mobile agent is in the wireless communication
network and the intelligent mobile terminal. With the support, it will have the ability to
perceive changes in the environment, service resources and their changes, and to make
independent decisions and communicate with each other [4].

In the dynamic cooperative network model of distributed mobile agent, the agents
involved in computing can be divided into two types: Mobile (user) agent and service
(provider) agent. Among them, the service agent is static, it only publishes the service
plan, accepts the service reservation and the scheduled change; the mobile agent is
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different from the service agent, it first formulates the itinerary plan based on the personal
goal and the related service agent’s service reservation, on this basis, it cooperates with
other mobile agents, dynamically optimizes its own travel plan, and according to the
travel plan, it changes the service plan from one to the other. When a location moves
to another location, the mobile agent has the ability of cooperative optimization and
mobility.

The dynamic cooperation and optimization capability between mobile agents is the
main feature of the distributedmobile agent cooperation networkmodel, which increases
the flexibility and complexity of computing [5]. In order to distinguish each other, all
mobile agents have a globally unique identifier, and it will not change during its life
cycle.

Life Cycle Design of Mobile Agent
Whether it is a service agent or a mobile agent, they enter its cycle cycle from the
beginning to the end when they are created. The life cycle of an agent defines its different
life states and the transition states between states [6]. The difference is that mobile agents
can take the initiative to enter the migration state. In the distributed mobile environment,
in order to facilitate one mobile agent to confirm whether it can invite another related
mobile agent to join the dynamic cooperative network, the life cycle of mobile agent is
divided into the following five states:

(1) Initial state: When the mobile agent enters the wireless network environment and
is created, it enters the initial state. The mobile agent in the initial state can either
choose to develop a personal action plan or leave the mobile environment. If a
mobile agent has formulated a personal action plan, its state will automatically
migrate to the cooperative state; if it chooses to leave the mobile environment, its
state will automatically migrate to the offline state.

(2) Cooperative state: Amobile user in a cooperative state indicates that this user hopes
to establish a dynamic collaboration network with other mobile users to improve
their personal action plan according to a collaboration strategy. When a mobile
user initiates a creation or has joined a dynamic collaboration network, its state will
automatically migrate to the locked state; if it does not want to cooperate with other
mobile users, it can change its own state to a satisfied state or an offline state [7].

(3) Locked state: If a mobile user is in a locked state, it indicates that it is cooperating
with othermobile users in a dynamic collaborative network. Until it exits the current
collaboration network, it cannot join other dynamic collaboration networks. When
it exits the current collaboration network, its status will automatically shift to a
cooperative state.

(4) Complacency: complacency indicates that current mobile users do not expect to
cooperate with other users at the moment. Mobile users in the satisfied state will
refuse to join all dynamic collaboration networks unless they re migrate their
personal status to cooperative state.

(5) Offline state: indicates that the user has left the mobile environment and the life
cycle has ended.
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The five state transition diagram reflects the changes and relations among the five
states in the mobile agent life cycle. The five state transition diagram is shown in Fig. 1
below.

Initial state

Cooperative
state

Complacency

Planning

Not cooperating or 
having achieved 

satisfaction

Offline state Locked state

No planning

Sign out

Sign out

Create a collaboration 
network or accept an 
invitation to join it

Exit collaboration 
network

Fig. 1. Five state transition diagram

Design of Interaction Mode Between Mobile Agents
In its life cycle, mobile agent needs to interact with the external environment, which
includes not only the interaction betweenmobile agents, but also the interaction between
mobile agents and service agents. In order to express its interactive semantics, the
following communication modes and message modes are formulated.

Create: Mobile users create a dynamic collaboration network.
Invitation: Invite relevant mobile users to join a dynamic collaboration network

created by sharing a variable.
Accept/Reject: Mobile users accept/reject invitations from other mobile users to join

a dynamic collaboration network.
Update: In the dynamic collaboration network, notify its sub-node users to modify

their personal action plan.
Completion: In the dynamic collaboration network, notify the parent node user that

he has completed the modification of his personal action plan.
Exit: Indicates that the mobile user is ready to exit the current dynamic collaboration

network.
Inquiry: Indicates that the current mobile user wants to learn about the reservation

of the service plan from a certain service provider, and can also inquire about the actual
mobile users that affect the current mobile user plan.
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Response: Indicates that the service provider is responding to a mobile user’s inquiry
request for service plan reservations or other related information [8].

Message Pattern Design
The message mode between mobile agents is designed, that is, the message transmission
format is: nameID: State:Action.

The message passing format between service provider and mobile agent is: nameID:
action.

Among them, nameID represents the ID of the mobile agent participating in the
cooperation or the ID of the service provider, state represents a certain state of themobile
agent in five states, and action represents the actions that the agent in a certain state can
perform and the action that the service provider can perform. For example, at this time, a
message passing format is agent 1: Cooperative State: accept/reject, which indicates that
mobile agent 1 is in cooperative state at this time. It can accept or reject the invitation
sent by other mobile users to join a dynamic collaboration network. The cooperative
mobile agent can perform the create and accept/reject operations respectively, and the
locked mobile agent can perform the invitation and exit operations.

2.2 Network System Process Design

Design the process of the distributed mobile dynamic collaboration network, includ-
ing the system process of “create” behavior, the system process of “invite” and “ac-
cept/reject” behavior, the system process of “update” and “complete” behavior, the
system process of “query” and The “response” behavior system process.

Combined with the mobile user life cycle state, the system flow chart under different
interaction behavior states can be obtained. The “create” behavior is sent bymobile users.
Because they share a certain variable, the mobile users in the cooperative state send a
message of “create” dynamic collaboration network to the service provider, requesting
to create the network for cooperation [9]. The system flowchart of the create behavior
is shown in Fig. 2.

Agent1:
Cooperative state

Agent1:
cooperation:

creation(dynamic
collaboration

network)

Agent SP

Fig. 2. System flow chart of “create” behavior

When amobile user is in a “cooperative state”, because a certain variable is shared, the
relevant mobile user of this variable can be invited (at this time, the relevant mobile user



Conflict Coordination Method 223

must be in the cooperative state to send the invitation) to join the created collaboration
network. After weighing, the relevant mobile user can choose to “accept” or “reject”
the invitation. If the invitation is accepted, the relevant mobile user can use the The user
status is set to “locked”, otherwise it is still cooperative. The behavior system flow chart
of “invite” and “accept/reject” is shown in Fig. 3.
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Cooperative State
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acceptance
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Agent1:
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Agent1:
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Agent1:
cooperat
ive state

Agent1:
cooperative

state

Fig. 3. “Invite” and “Accept/Reject” behavior system flowchart

Themobile user in the locked state sends the “update”message of the shared variable
to the relevant mobile users participating in the cooperation in the collaborative network
platform that affect the shared variable. After the relevantmobile user accepts the update,
the service provider modifies the relevant information and will “complete” The infor-
mation is sent to the mobile user, and after the mobile user information is updated,
the respective status is set to the cooperative state. The system flowcharts of “update”
behavior and “complete” behavior are shown in Fig. 4 and Fig. 5 below, respectively.
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Fig. 4. Flow chart of “update” behavior system
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When mobile users are in a cooperative state, they can query the service provider
for information about mobile users that affect a certain shared variable and other service
reservations, and the service provider will also send a response message to the mobile
users regarding relevant information. The flow chart of the “query” and “response”
behavior system is shown in Fig. 6 below.
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Fig. 6. Flow chart of “query” and “response” behavior system

2.3 Conflict Coordination

Based on the distributedmobile dynamic collaboration network, the conflict coordination
model of heterogeneous education resource sharing is designed to realize the conflict
coordination in heterogeneous education resource sharing. The conflict coordination
model of heterogeneous educational resources sharing is composed of resource working
state monitoring module, resource life cycle management module, resource conflict
coordination management module and event processing module.

Resource Working Status Monitoring Module
The resource working state monitoring module is connected to the equipment resources
in the system. No matter what kind of equipment resource, it will have its working state,
and can use the finite state machine to describe the working state model. The resource
working state monitoring module is based on the finite state machine, According to the
resource’s working state transition diagram, to monitor the working state of the allocated
resources, because the state of the resource is dynamic and may change at any time, so
it can be monitored and updated in real time to facilitate the life of the resource The
cycle management module and conflict management module are used as reference [10].
The application developer models the resource state machine, which is related to the
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application. After the modeling, the custom state machine code is generated. On the one
hand, it reduces the workload of the application developer and reduces the difficulty.
On the other hand, it standardizes development standards and facilitates RSM. Unified
management.

Resource Lifecycle Management Module
The resource life cycle management module is mainly responsible for the allocation,
searching, adding anddeleting resources of sharingheterogeneous educational resources,
as well as reminding of resource conflicts. The most important part is the acquisition,
allocation and release of resources. The resource life cycle management module also
records the operation of the currently allocated and shared heterogeneous educational
resources, monitors which applications occupy the allocated resources and the time
allocated to the applications, and contacts the resource working status detection mod-
ule to detect whether the resource has completed the task, and can send a message to
inform the lifecycle manager to release the resources. The application sends out the use
resource message and applies for resources to the lifecycle manager module. The lifecy-
cle manager finds the resources that can realize its functions, including idle and allocated
resources. If there are idle resources directly allocated and no idle resources are avail-
able, the resource lifecycle management module allocates the allocated resources to the
application for reuse according to the resource status monitoring and conflict detection.

In view of the limited resources of the physical world, applications connect multiple
underlying resources, and resource connections that are no longer needed or completed
tasks should be released to ensure the stability of the model and ensure that other appli-
cations can complete tasks. Therefore, resources must be Manage complex life cycle
scenarios. The solution used is to separate resource use from resource management and
add an independent life cycle manager, which is only responsible for managing and
maintaining resources.

Resource Conflict Coordination Management Module
The resource conflict coordination management module is responsible for the inspection
and resolution of conflicts in the sharing of heterogeneous educational resources. For
time-triggered control, the order of tasks in the queue can be preset according to the order
of time, and control messages can be sent to control resources when the specified time is
reached. This is a progressive control method. By allocating resources according to the
overlap in time, avoid conflicts. Moreover, due to the complexity of the physical world,
time-triggered control is not enough to change and control the physical world truly and
effectively, and the time description is too absolute. If you simply consider the absolute
time, the expected effect may not be achieved, and the application is easy Resources are
released. At the same time, in event-driven control, the order of scheduling resources is
often unknown and unreliable.

In the event triggered control, the action command after the event is triggered is put
in the queue, and whether the action command can be executed is determined according
to the running state and usage of the current resource. If the model is judged as a conflict
event in the detection process, the analysis record is saved, and the mixed preemption
strategy of resource resolution is called to schedule the tasks. The tasks that fail to
preempt the resources and the tasks that are preempted are saved to the queue. After
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the resources are released, the tasks with high priority in the queue are scheduled. If
the new task successfully preempts the resources, it will execute the previously saved
action commands to deal with random events in real time, which ensures the ability to
dynamically coordinate resources.

Event Processing Module
The event processing engine mainly consists of three parts: event collector, event sender,
and event handler. The event handler processes the subscription to the event from the
application, the event collector responds to the triggered event, and the event sender
sends notifications to the application that has subscribed to the corresponding message.
At the same time, after the conflict is resolved, the model uses the event processing
engine to send notification messages to the applications that are preempted resources.

3 Conflict Coordination Experiment

3.1 Experimental Design

In the experiment, five universitieswere selected as samples to obtain their heterogeneous
educational resource sharing and conflicts. The five selected colleges are D colleges, H
colleges, J colleges, K colleges, and G colleges. These colleges are all in a densely
populated area with certain shared practices, and the colleges are of different types.

In the experiment, the cooperation depth of dynamic collaboration network is set to
3, and the maximum number of sub nodes allowed under each node is 3.

In the experiment, several universities use the same network to share heterogeneous
educational resources. The network topology of each university is shown in Fig. 7.

Fig. 7. Network topology deployed by each university

Use the blockchain-based method of heterogeneous educational resource sharing
conflict coordination to coordinate conflicts in the sharing of heterogeneous educational
resources in several universities, and obtain the conflict resolution data as experimental
data. In order tomake the experimental results comparable, themethod of heterogeneous
educational resource sharing conflict coordination based on situational awareness is used
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as the comparative method in the experiment to conduct comparative experiments. Also
obtain the conflict resolution data of the heterogeneous educational resource sharing con-
flict coordination method based on context awareness as the comparative experimental
data.

3.2 Experimental Result

The experimental data of the conflict resolution comparison between the blockchain-
based heterogeneous educational resource sharing conflict coordination method and the
context-aware heterogeneous educational resource sharing conflict coordination method
are shown in Table 1.

Table 1. Comparative experimental data of conflict resolution

Proportion of conflict resources (%) Conflict resolution rate (%)

Method based on blockchain Context-based approach

2 98.36 92.01

4 98.29 91.98

6 98.25 91.98

8 98.22 91.97

10 98.21 91.97

12 98.19 91.95

14 98.18 91.90

16 98.18 91.89

18 98.16 91.89

20 98.15 91.88

22 98.12 91.86

24 98.10 91.84

26 98.07 91.84

28 98.02 91.83

According to the data in Table 1, with the gradual increase in the proportion of
conflict resources, the conflict resolution of the method in this paper and the traditional
method has shown a gradual decrease, but the conflict resolution of the method in this
paper is significantly higher than that of the traditional method. The maximum value
of resolution is 98.36% and the minimum is 98.02. The maximum value of conflict
resolution of traditional methods is 99.01%, and the minimum is 91.83. Through the
comparison, it can see that the method in this paper has a stronger ability to coordinate
the sharing conflicts of heterogeneous educational resources.



Conflict Coordination Method 229

4 Conclusion

Research on the methods of sharing conflicts between heterogeneous educational
resources can promote the improvement of high-quality educational resource sharing
measures in my country’s universities and further promote the development of higher
education. In this context, a blockchain-based method for coordinating heterogeneous
educational resource sharing conflicts is proposed. The experimental results show that
this method has improved the degree of conflict resolution, which is of great help to the
improvement of the degree of heterogeneous educational resource sharing.
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Abstract. The traditional teaching resource sharing system saves a high repetition
rate of teaching resources, and there is a problem of limited shared data capacity,
resulting in low response efficiency of the sharing system and unable to meet user
needs.With regard to the above issues, a datamining-based real estatemanagement
course teaching resource sharing system is designed. On the basis of the optimal
design of the collector and memory of the system hardware, the system software
part is designed. Use data mining technology to mine course-related teaching
resources, and use Hadoop to realize resource storage and retrieval, and complete
system design. The comparative experiment proved that the system can effectively
shorten the response data by about 43%, and the stability of the system is better. It
plays a certain role in promoting the better development of real estate management
courses.

Keywords: Data mining · Real estate management · Course teaching resources ·
Resource sharing · System design

1 Introduction

In the current situation of rapid development of information technology, the amount of
data is growing rapidly every day, and the amount of data generated by the education
industry is also growing every day. If colleges and universities still adopt a single server
to build an ordinary website to share teaching resources, it obviously can not meet the
users’ needs for information andpersonalized teaching resources [1].Because this kindof
single server based on ordinary website sharing related professional teaching resources,
there are problems such as sharing data capacity limit and computing processing capacity
limit [2].With the increase of the number of users and the amount of course resource data
uploaded, the storage space of the system is becomingmore andmore difficult to expand;
When the user visits increase too much, a single server is easy to overload, resulting in
slow upload, download and search of teaching resources; the data processing capacity
of a single server is limited, and it can not process tasks Distributed processing can not
recommend some high-quality course teaching resources to users, and it is difficult for
users to retrieve course resources. In addition, the repetition rate of resources stored in
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the traditional course teaching resource sharing system is very high, a large number of
resources are wasted, and the system managers rarely introduce new resources, and the
original resources are difficult to be fully utilized, resulting in the increasing operation
cost of the system [3]. Another part of the university curriculum resource sharing system
links teaching resources directly to the web page without any management. At the same
time, this kind of system does not have the function of adding, deleting and modifying.
When the resources need to be changed, it can only be done by modifying the web page
link.

Faced with such a huge curriculum teaching data resource, due to the lack of means
to mine the hidden knowledge behind the data, it is impossible to discover the relation-
ships and rules existing in the data. As a result, teachers cannot know the effects of the
students’ learning courses, nor can they tell the students. To guide and adjust the teach-
ing structure of the course, teachers can not improve the content of the course in time
and improve the teaching effect. Data mining technology provides a good solution for
this. Data mining extracts from a large amount of incomplete, noisy, fuzzy, and random
practical application data that is hidden in it and people do not know in advance. But it
is also a process of potentially useful information and knowledge [4]. The application
of data mining in the learning and sharing of college professional curriculum resources
is undoubtedly of practical significance. Therefore, taking the real estate management
course as an example, in order to meet the teachers’ demand for related resources when
teaching real estate management courses, this article will design a real estate manage-
ment course teaching resource sharing system based on data mining. The hardware of
the system is designed through the collector and memory. On this basis, the data mining
technology is used to mine the teaching resources related to the real estate management
course. According to the HDFS provided by Hadoop, the big data processing frame-
work, the resources are stored, and the stored resources are retrieved to complete the
software design, Through hardware design and software design, the teaching resource
sharing system of real estate management course based on data mining is designed. The
effectiveness of the system is verified by simulation experiments.

2 Hardware Design of Real Estate Management Teaching Resource
Sharing System Based on Data Mining

The establishment of course teaching resource sharing system is the basis to ensure
that the real estate management course resources can be shared. It can truly allocate
resources according to the needs of users, and it is the best means for users to obtain
the most abundant resources when they are allowed. Aiming at the problems existing in
the traditional sharing system, the hardware part of the sharing system is optimized and
improved [5].

The hardware structure of teaching resource sharing system for real estate manage-
ment course in Colleges and universities is shown in Fig. 1.

The system hardware in Fig. 1 applies data management technology to share educa-
tional resources. A large number of embedded products are added to the system hardware
to improve the teaching quality and ensure the learning efficiency of students.
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Fig. 1. Schematic diagram of system hardware structure

2.1 Collector Design

The teaching resource collector of real estate management course designed in this paper
can achieve high-quality positioning acquisition, and compress the collected audio and
video to achieve the low-power requirements of the system. The internal chip of the col-
lector is cawdsz6852 chip, which has the characteristics of multi-functional multimedia
applications. The collector has 8 parallel processors, 5 video multiplexing interfaces and
3 audio interfaces, which is convenient for acquisition, compression and transmission
[6]. The collector is automatically connected with the wireless network, and the signal
is transmitted to the wireless network data terminal after coding and synthesis, stored
in the terminal and uniformly recorded in the hard disk. The structure of the collector is
shown in Fig. 2.

When the collector in Fig. 2 collects video signals, SCLK is selected as the clock to
record all signals. The VPO configuration mode in the collector is RAWD mode, and
the input video is one channel video. When collecting GPS signal, TX data is used to
send signal, RX data is used to receive signal, asynchronous signal interface is TDADA
interface, the highest baud rate is 2.56 Mbyte/s, when collecting work is in progress,
EM and FA are connected to receive signal, the sensitivity is 600 dBm, the positioning
accuracy of GPS signal is very strong, the error rate is less than 4 m, it can locate high-
speedmobile signal. The signal collector is connectedwith PCI andHPI, the bus interface
is Ethernet interface, and the data path is connected with B3 and B19 through PCI bus
to send and receive 10~100 m physical layer data. In order to realize the simultaneous
transmission of three kinds of data networks, AP685 is added into the system, which
supports the uplink rate of 3.5 Mbit/s and the downlink rate of 6.7 Mbit/s.
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Fig. 2. Collector structure

2.2 Memory Design

In order to improve the storage efficiency of the memory, a flash memory with large
storage range and low manufacturing cost is selected in this paper. A single chip micro-
computer is added into the memory, which greatly increases the storage capacity and
reduces the floor area. The memory structure is shown in the Fig. 3 below [7].

Fig. 3. Memory structure

There are 6 buses outside the memory, and each bus is connected to an FPGA
interface, and different interfaces are connected to different signals. Among them, bus
1 connects signals in I/O mode, and the link bit width is 52. It is input and output in
a two-way manner to achieve two-way data exchange. The remark method is I/O. Bus
2 connects the signal in OUT mode, the link bit width is 84, the signal is output in a
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one-way manner, and the control signal enters. Bus 3 connects the signal in BSC mode,
the link bit width is 16, and the chip select signal is output in a unidirectional manner.
Bus 4 connects the signal in CLASmode, the link bit width is 6, and the signal is input in
a one-way way to realize the board selection of the signal. Different types of signal input
methods are different. Bus 5 connects the signal in busy mode, with the link bit width of
81 and the input mode as the busy signal input. Bus 6 connects signals in ADD mode,
the link bit width is 27, and the address signal is output in a unidirectional manner.

On the basis of the hardware part of the course teaching resource sharing system
designed above, the software part of the sharing system is designed using data min-
ing technology to realize the sharing of teaching resources for real estate management
courses.

3 Software Design of Real Estate Management Teaching Resource
Sharing System Based on Data Mining

3.1 Course Teaching Resources Mining

A large number of teaching resources are stored in the Internet and university curriculum
management database. These resources are accumulating and the number of resources is
increasing. In order to improve the operation efficiency of the teaching resource sharing
system of the real estate management course, this paper selects data mining technology
to mine the teaching resources related to the real estate management course.

Decision tree is a commonly used and very important data mining method. The
implementation of this algorithm is to use a top-down greedy algorithm to summarize a
given data sample, extract classification rules from unordered data tuples, the root node
of the highest level begins to recursively generate a tree structure, each branch node
of the tree structure represents a test or selection result, through the reasonable classi-
fication of each selection result, continue this process until all attributes are traversed
Finally, a decision tree is generated. The decision tree algorithm mainly includes two
processes: constructing the tree and pruning the decision tree. The former refers to the
input training data as the function value of the established algorithm, the output of dif-
ferent attribute values are generated into various branches, and each branch continues to
perform recursive operations to the lower level, and finally forms a decision tree; for the
newly established decision tree, there are quite a few The branch nodes are all generated
because the input training sample data contains abnormal content composition, which
is the reason why the decision tree must be pruned [8].

ID3 algorithm is selected tomine the teaching resources related to real estatemanage-
ment course. In many decision tree algorithms, ID3 is a basic algorithm formed earlier,
it is a greedy algorithm, using the top-down recursive classification structure to generate
decision tree. The model generation method of the algorithm is relatively simple, better
robustness and higher classification accuracy. It has good classification and statistical
ability for the non incremental data sample set in the process of network learning, and
is more suitable for the data mining field of real estate management courses.

Let’s start a brief discussion on the ID3 algorithm. ID3 uses information gain as
the unit of measurement when selecting branch node attributes. Assuming that ni is
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the number of resources belonging to category yi in teaching resource data set S, and
the total number of resources in S is count, the prior probability of each category is
P (yi) = ni

count , i = 1, 2, . . . ,m. For the teaching resource data set S, the expected
information of the resource data is [9]:

I(n1, n2, . . . , nm) =
m∑

i=1

P(yi) log2 P(yi) (1)

In the calculation formula of informationgain, it is necessary to carry out theweighted
average of the data amount of the system teaching resources, and the parameter obtained
is the information entropy. Suppose that attributes Df and Df have q different values,
and S is divided into subset {S1, S2, · · · , Ss, Sq} of q; suppose that ns represents the
number of teaching resource data in Ssi, and nis represents the number of resource data
belonging to category yi in Ss. The entropy of teaching resource data set S divided by
description attribute Df is as follows:

E
(
Df

) =
q∑

s=1

n1s + · · · + nms
count

I(n1s, n2, . . . , nms) (2)

Among them,

I(n1s, n2, . . . , nms) = −
m∑

i=1

pis log2(pis) (3)

In the above formula, pis represents the proportion of teaching resource data yi in
subset Ss, pis = nis

ns
; ns = n1s + n2 + . . . + nms. For the entropy in formula (2), the

smaller the entropy, the more accurate the separation of the data set.
Through the above formula, the information gain of Df when dividing the teaching

resource data set can be obtained:

Gain
(
Df

) = I(n1, n2, . . . , nm) − E
(
Df

)
(4)

By calculating the information gain of all the attributes, ID3 algorithm forms the test
attribute of the teaching resource dataset from the attribute with the largest gain, and
then generates the branch node. The branch node is marked as the index attribute and
classified into the established teaching resource set of real estate management course to
complete the data mining processing of the teaching resource of real estate management
course.

3.2 Use Hadoop to Realize Resource Storage and Retrieval

In the real estate management course teaching resource sharing system, this article
focuses on realizing themanagement ofmassive resource data. Therefore, this article uses
the HDFS provided by the big data processing framework Hadoop to store resources. In
the entireHDFS, cluster nodes aremainly composed of namenodes (Namenode) anddata
nodes (Datanode). Namenode has metadata management, file block management, fault
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management, interactive management and other functions, while Datanode mainly has
data access and regular reporting., Data interaction and other functions. In the resource
sharing system, the source of data has two parts, one is uploaded by the outside world
through certain standards and formats, and the other is the result of computing and
processing the data stored in HDFS [10–12].

In this system, the definition of teaching resources consists of two parts, the resource
itself and the resource description information. When the user uploads the resource
and fills in the resource description information according to the system requirements,
when the user clicks the “Upload” button, the teaching resource itself and the resource
description data are packaged by the system and uploaded to HDFS together. On the one
hand, resource description information enables users to understand the basic situation of
resources, but more importantly, these description information can be inverted through
the system index, so that the resources can be quickly retrieved in massive data. The
specific process is shown in the Fig. 4 below.

Teaching
resources

Resource
description

Sharding, sorting and optimization

Teaching
resources

Resource
description

Inverted index 
after

optimization
Inverted index

HDFS

Fig. 4. Upload resources to HDFS

As can be seen from the above figure, in the specific processing process, resources
will be segmented, sorted and optimized. After the operation of this part, resources will
be segmented into blocks, and these data blocks and copies will be saved in the Datanode
on HDFS. In HDFS, the size of the default data block is 64MB. The purpose of building
a replica of the data block is to establish redundancy and ensure the security of the
data stored in HDFS. In Hadoop cluster environment, the output of data is to copy the
data stored in HDFS to the client in some way. Specifically, there are two ways. One
is to use the command. For example, after receiving the “download” command at the
Namenode, the nodewill write the data to the local client in the form of stream. The other
is to perform parallel retrieval and output the required data after merging. Either way,
MapReduce calculation provided by Hadoop can be used to speed up data processing.

In Hadoop, MapReduce framework itself provides parallel execution mode. Once
there is a retrieval requirement, jobtracker will start multiple tasktrackers, and then
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perform parallel retrieval on multiple datanodes to obtain the required data resources.
The parallel retrieval process in Hadoop is shown in the Fig. 5 below.

Fig. 5. Parallel retrieval

In the above figure, both generating inverted index and parallelized retrieval require
the MapReduce framework, because these two tasks are run on multiple nodes, and
the amount of calculation involved is very large. After the inverted index is generated
through the resource description, once there is a search requirement, the Namenode will
forward the request to the JobTracker, and the JobTracker will start the MapReduce
calculation task, and then run on each Datanode to perform a specific search. After the
result is returned, the Reduce function will The results are merged and returned to the
user, thereby realizing parallelized retrieval tasks.

It should be noted that an inverted index can be regarded as a linked list array, which
is the most commonly used data structure in a document retrieval system and consists
of a series of (key/value) pairs. The specific index generation process is: read in the
data stream, split the data through the Map operation, divide it into each Map, process
the data into <keyword# resource name, initial word frequency (1)> and then merge
the local results through the Combine operation. The key-value pair is converted into
<keyword#total word frequency, resource name>, global merge is realized through
Reduce operation, and the result is output <keyword*total word frequency, #resource
name>. Through the above content, the design of the teaching resource sharing system
for real estate management courses based on data mining has been completed.

4 System Performance Test Experiment

In order to ensure the security and stability of the system, the system must be strictly
tested, and can only be used online after passing the test. In the test, we should try to
find the system errors, so as to reduce the logic and functional defects or errors of each
module in the system, so as to ensure that the system can correctly achieve the expected
function.
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Design comparative experiment, put the teaching resource sharing system of real
estate management course based on data mining and the traditional teaching resource
sharing system in the same operating environment, and test the performance.

4.1 Experiment Content

The real estate management course teaching resource sharing system based on data min-
ing is set as the experimental group, and the traditional course teaching resource sharing
system is set as the control group. The performance test experiment of resource shar-
ing system compares the response time, data throughput and teaching resource sharing
efficiency of the two systems, and makes a comprehensive analysis of the experimental
indicators to draw the final conclusion.

The number of concurrent visits to the systemgenerally does not exceed 1000 people,
so the system simulates 100, 300, 400, 500, 800, 1000, 1200, 1500 virtual users to access
the system front-end function page, and records the experimental group and the control
respectively. The response time and throughput of the two groups of systems.

Use the processed teaching resources of real estatemanagement courses as the objects
for resource sharing between the two systems. Two sets of resource sharing systems are
used to share resources respectively, and the efficiency of sharing of course teaching
resources by different systems is counted.

4.2 Experimental Result

The response time and resource data throughput of the experimental group and the
control group are shown in the following Table 1.

Table 1. Comparison of system response time and data throughput

Concurrent
visits

The paper system Traditional system

Minimum
response
time/S

Maximum
response
time/S

Data
throughput/bit
· s-1

Minimum
response
time/S

Maximum
response
time/S

Data
throughput/bit
· s-1

100 1.12 1.26 97.3 3.47 4.88 71.8

300 1.18 1.37 102.1 3.45 4.86 67.5

400 1.15 1.31 96.3 3.51 4.8 61.7

500 1.22 1.32 98.5 3.5 4.99 67.4

800 1.23 1.33 95.1 3.45 4.74 31.6

100 1.24 1.29 97.6 3.44 5.05 28.7

1200 1.26 1.36 95.1 3.48 5.14 27.5

1500 1.27 1.35 95.9 3.49 5.02 29.1

From the test results, it can be seen that the shortest response time and the longest
response time of this system are far less than the traditional system. For further data
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processing, the average response time of this system is 1.27 s, and the average response
time of traditional system is 4.21 s, which is about 43% shorter than that of traditional
system. With the increase of users’ concurrent access, the data throughput of traditional
system is declining, and it drops sharply when the concurrent access reaches 800. How-
ever, the data throughput of this system is always stable. It shows that the stability of the
system is better.

The comparison of the sharing efficiency of the two sharing systems for the same
curriculum resources is shown in the Fig. 6 below.
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1.0
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R
esource sharing efficiency /%
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Fig. 6. System resource sharing efficiency

Analysis of the above figure shows that with the increase of shared resources, the
sharing efficiency of the traditional system is declining, while the sharing efficiency of
the system in this paper fluctuates, but the overall remains relatively unchanged. To sum
up, the resource sharing system designed in this paper has faster response speed and
excellent stability.

5 Concluding Remarks

With the deepening of education informatization, various network teaching resources of
various schools are more and more abundant. On the one hand, these resources provide
students with diversified learning methods and ways, and promote the teaching reform
in the modern education environment. On the other hand, with the increasing amount
of resources, it brings great challenges to the traditional resource management. In order
to expand the scope of resource sharing, improve the efficiency of resource utilization,
solve the problems of uneven distribution of teaching resources and themanagement and
retrieval of massive data resources, a real estate management course teaching resource
sharing system based on data mining is designed and implemented. System performance
test experiments verify that the teaching resource sharing system designed in this paper
has better performance.
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Design of Intelligent Cloud Teaching Resource
Sharing Platform for Chinese and Korean

Modern Ceramic Art
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Abstract. With the rapid development of information technology, ceramic art
education information process continues to accelerate the development of the
resulting problem is the explosive growth of data. At present, in the teaching
process of Chinese and Korean modern ceramic art, the teaching resources are
constantly developed, and the sharing platform of teaching resources is needed
to complete the data transmission and sharing process. Therefore, it is necessary
to design a new type of Chinese and Korean modern ceramic teaching resources
sharing platform. Through designing the framework of Intelligent Cloud Teaching
Resource Sharing Platform, setting the transmission method of Cloud Teaching
Resource and setting the application network of Cloud Teaching Platform, etc.
Through the comparison, it can be seen that the platform can effectively improve
the insufficiency of the original platform and provide guarantee for the education
process of Chinese and Korean modern ceramics.

Keywords: Resource sharing · Teaching platform · Network architecture · Data
transmission

1 Introduction

As one of the most innovative, universal and penetrating hi-tech in the world, informa-
tion technology is not only changing people’s way of living, but also changing our way
of learning. In order to speed up the construction of education informationization and
cultivate innovative talents, schools have begun to vigorously carry out the construc-
tion of network resources platform, open network resources, and establish network and
information resources sharing mechanism, so as to achieve the great teaching goal of
education informationization driving education modernization. As a kind of marginal art
form, ceramic art has its unique charm. This special art form developed from traditional
art to modern art through the baptism and creation of the times, and developed from an
art piece fully appreciated before to a new art language with modern flavor.
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2 Existing Problems

However, there are still some problems in the construction of educational information-
ization of Chinese and Korean modern ceramic art. Some websites are only used as the
platform of the school government affairs information release. Therefore, some educa-
tors began to learn from foreign experience, advanced technology to try to change this
situation.

In the process of accelerating the development of ceramic art education information,
the primary problem is the explosive growth of educational data. A large number of
educational resources are being developed, posing new challenges to key technologies
such as data storage, data analysis anddata retrieval [1, 2].How to ensure the expansibility
of storage capacity and the performance of resource service is of great value to the
teaching platform based on Web service and management.

Through literature research, we know that the digitization of teaching resources can
make a great contribution to the sharing of resources among the public, and is conducive
to the sharing of better resources by modern ceramic learners between China and Korea,
so as to benefit thosewho love ceramic creation [3, 4]. Through the platform, learners can
get teaching materials, teaching experience and educational ideas from other excellent
universities, and students can cooperate in learning and share their learning results and
experience, thus promoting the spread of the ideas of excellent teaching and learning
among users. At the same time, it is also beneficial to innovate the network teachingmode
of Chinese and Korean modern ceramic art, and provide a good resource foundation for
developing high quality and high level distance education. Therefore, in this study, the
design of China and South Korea modern ceramic teaching resources sharing platform,
in order to promote the exchange and development of modern ceramic.Therefore, in this
study, a sharing platform of teaching resources of modern ceramics between China and
South Korea is designed to promote the exchange and development of modern ceramics.
J2EE is used as the overall framework of the modern ceramic Intelligent Cloud teaching
resource sharing platform in China and South Korea. The data transmission process
is controlled by using the congestion control algorithm of datacast. Web2.0 is used as
the main operation network of the design platform, and the sharing of modern ceramic
teaching resources between China and South Korea is realized.

3 Design of Intelligent Cloud Teaching Resource Sharing Platform
for Chinese and Korean Modern Ceramic Art

In this design, the basic structure of the intelligent cloud teaching resources sharing
platform is set as follows (Fig. 1):
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Fig. 1. Framework of intelligent cloud teaching resource sharing platform

According to the above structure, the network framework and data transmission
control module of the intelligent cloud teaching resource sharing platform are designed
to improve the use effect of the platform.

3.1 Design of Intelligent Cloud Teaching Resources Sharing Platform

In this design, J2EE [5] will be used as the sharing platform design framework. J2EE
is a set of relatively new technical framework, including a lot of system development
and deployment that can simplify and standardize the application, and further improve
the security and portability of teaching resources sharing platform. At its core are a set
of service architectures, various components, and technology-level specifications and
guidelines for technologies that typically have common rules for good communication.
At the same time, the resource sharing platform has good compatibility after using this
technology, it is difficult to avoid the communication inside or outside the user network,
and the performance of the back-end information is poor.

Through the literature research, we know that the current intelligent cloud teaching
resources sharing platform needs to adapt to various new teaching business needs, and
the information system of modern ceramic teaching resources in China and Korea has
been built and put into use. Thus, the platform on the server side needs to be built
incrementally. By using the J2EE architecture, the user’s original teaching resources
can be fully utilized, so IBM CICS, BEA TUXEDO Inprise VisiBroker and Netscape
Application Server are added to the design platform. Because J2EE can get a wide
range of technical support in the field of computing, and thus access to a large number
of important teaching resources. On the premise that each user does not give up the
existing resources, the user can fully own the portable J2EE, allowing it to enter the
domain while the upgrade path. At the same time, the platform has good expansibility,
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adapts to all operating systems and hardware environment, and can fully meet the user’s
requirements.

3.2 Cloud Teaching Resources Transmission Method Setting

In the process of building the platform, choose Datacast congestion control algorithm [6,
7] to control the data transmission process. In order to use Datacast congestion control
algorithm to mathematically model the data of the platform, assume that the switches in
the platform are “shared” by some other receiving nodes, and under what circumstances
the data source will receive a duplicate request packet. Through research, we know that
the slowest switch holds the updated data, while the slowest switch holds the old data. If
the cache of the last “shared” switch does not hold the requested data for the requested
packet, it is not possible for other switches to hold the data. Therefore, the last “shared”
network caching device is critical to cache loss. Define it as a critical cache point. When
the last “shared” network cache device cannot answer the corresponding packet directly,
the request packet is sent to the data source. A critical cache node is usually fixed in a
given Steiner tree [8] because it is determined by the structure of the Steinex tree itself
and the rate of receivers. Critical cache nodes do not change over time when the receiver
rate is constant. From the above analysis results, the transmission process of ceramic
teaching resources is embodied by mathematical model, as follows.

alli (t) = (1 − r(t))
α

T
− r(t)

ali (t)

2

alj (t − d1 − d4)

MTU
(1)

alj =
{
Q
max

{
Q, ali (t − d2 − d3)

} (2)

r(t) = ◦{ai(t − d1 − d2) − aj(t − d1 + d3) > E + α ∗ MTU − (d3 + d4)Q
}

(3)

In the above formula, t represents the current time, ai represents the current data
location of the resource data source, ali (t) represents the derivative of the current data
location of the resource data source, namely, the sending rate of the resource data source,
alli (t) represents the second derivative of the current data location of the resource data
source, namely, the rate of change of the sending rate of the resource data source, aj(t)
represents the current data location of the slowest recipient, Q represents the ideal rate
of the slowest recipient, E represents the size of the cached data in the network device,
MTU represents the size of a teaching resource packet, d1 represents the delay from the
critical cache node to the resource data source, d2 represents the delay from the resource
data source to the critical cache node, d3 represents the delay from the critical cache
node to the slowest recipient, and d4 represents the delay from the slowest recipient to
the critical cache node. According to this formula, the transmission time of ceramic art
teaching resources can be obtained and controlled.

3.3 Platform Application Network Configuration

According to the above design results, WEB2.0 [9, 10] is used as the main running
network of the design platform. WEB 2.0 is a new category of Internet applications
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relative to WEB 1.0. The main feature of WEB 1.0 is that users get information through
browsers. WEB2.0 pays more attention to the interaction of users, users are not only
the browsers of teaching resources sharing platform, but also the makers of teaching
resources. [11–13] The fundamental difference between the network architecture of the
design platform and the original one is that from the user’s point of view, the experience
brought to users is different. The following is a comparison of the two in terms of modes,
basic components, tools, operating mechanisms, creators, applications, and forms. The
main differences are shown in the following table (Table 1):

Table 1. Selection of network architecture and use of original platform network architecture

Type Selection of network architecture Original Platform
Network

Mode Simple spelling Read and write

Components Website Publication of records
information

Tools Internet browser Browsers, RSS readers

User population Relevant Professionals Ordinary users

Applications Primary software applications Full application

Morphology Static Dynamic

Operational mechanisms Client server Web server

In short, the transition from portal to personal, from content to application, from
network information to personal, and from one-to-one to socialization is the transition
of the original network architecture. In short, the original platform network architecture
is no longer one by one hyperlinks, but the interaction between users platform.

Using the network architecture selected in this paper, the original platform network
architecture can be expanded, from the point of view of information source, the informa-
tion source of this design platform is more personalized and diversified. The information
source of the original platform is mainly from the website builder, and the design plat-
form of the text is not only from the content created by the user, but also from the sharing
or grading of the content by the user to build a more perfect sharing system of teaching
resources. The above network construction and design part of the effective combination,
so far, China and South Korea modern ceramic teaching resources to share the intelligent
cloud design platform.

4 Experimental Demonstration and Analysis

4.1 Experiment Setup

On this basis, the design process of the intelligent cloud of China and South Korea
modern ceramic teaching resource sharing platform is completed. In order to verify the
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feasibility of Chinese and Korean modern ceramic teaching resource sharing platform
in practical application, the test link of Chinese and Korean modern ceramic teaching
resource sharing platform was established, and the effect of the platform was analyzed.
In this experiment, we use the traditional teaching resource sharing platform to compare
the functions of the platform. In order to ensure the consistency of the experimental
process, the experimental environment is set as follows (Table 2).

Table 2. Parameters of experimental environment

Type Category Setting parameters Quantity

Software Collaborative control ELKOE 1

Experimental Control
Software

Development of experimental
links

JAVA 1

Database MY SQL 2016 1

Database upgrade package SQL 2KSP4 1

Network server Apache-tomcat 1

Experimental environment
hardware

CPU Pentium3 1

Hard disk 1TB above space 2

Memory 4 GB or higher 1

In order to improve the depth of the study, the experimental environment is set to
4 G network model and 5g network model. 10 groups of experiments are carried out
for each operation mode, each group repeated 10 times. In this experiment, the network
structure is set as follows (Fig. 2).

Teaching 
resource 
sharing 
platform

database

control module

Cloud 
platform

client1
client2

client3

client4

client5

client6

client7

Fig. 2. Experimental network architecture.



Design of Intelligent Cloud Teaching Resource 247

The experimental network structure is set to the above form, and the experimental
environment is combined with it. The corresponding experimental results are obtained
according to the pre-set experimental comparison index.

4.2 Experimental Index Design

In the process of the experiment, the data transmission time, the accuracy and the recovery
rate of Chinese and Korean modern ceramic teaching resources sharing platform are
compared. Because some experimental indexes need to be obtained by calculation, the
calculation process is set as follows.

Time for data transmission of teaching resources: t1 means the processing time of
the sending end, t1 means the processing time of the sharing end, and T means the time
for data transmission:

T = t2 + t1 (4)

Using this formula, the transmission time of teaching resources can be obtained, and
the data transmission ability of the designed platform and the traditional platform can
be embodied.

Precision rate of teaching resources: J represents the precision rate during the use of
the teaching resources sharing platform,G1 represents the effective information obtained
by the users after data sharing, andGALL represents the total number of teaching resources
in the platform when the users use the resources sharing platform.

J = (Gi/GALL) ∗ 100% (5)

This formula can be used to analyze the foundation effect of the platform, and the
corresponding results are obtained.

Recall: Set U to represent recall, Ki to represent the number of effective teaching
resources available to users, andKALL to represent the total number of teaching resources
that can be shared.

U = (Ki/KALL) ∗ 100% (6)

The recalling rate of the platform can be obtained by this formula, and the application
effect of the designed platform and the original platform is analyzed. Using the above
set of 3 sets of experimental indicators, this paper systematically analyzes the use of the
design of Sino Korean modern ceramic teaching resource sharing platform, and verifies
the scientificity of the design of Sino Korean modern ceramic teaching resource sharing
platform.

4.3 Analysis of Experimental Results of Time-Consuming Transmission
of Teaching Resources

From the above experimental results, it can be seen that the data transmission time of the
designed platform is lower than that of the traditional platform in both network modes.
In the process of experiment network change and data increase, the effect of the design
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Fig. 3. Experimental results of time-consuming transmission of teaching resources

platform is more stable, and there is no fluctuation and abnormal, data transmission
capacity is stable. The traditional platform has low adaptability in the transformation
of network, but it appears to be stable in the process of data increase. Therefore, this
platform has higher requirements for network conditions, and some abnormal problems
will occur in the daily use (Figs. 3, 4).

4.4 Analysis of Experimental Results of Accuracy Rate of Teaching Resources

According to the above experimental results, the accuracy of teaching resources of the
designed platform and the original platform can be obtained. By comparing the data,
we can see that the design platform is better than the traditional platform, in different
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Fig. 4. Experimental results of accuracy of teaching resources

network environments, the design system of teaching resources accuracy and stability,
will not affect the use of users. Compared with the design platform in this paper, the
application effect of the traditional system is obviously lower, and it has a big fluctuation
problem, which will affect the daily application. Therefore, the design platform in this
paper has more advantages in the use process (Fig. 5).

4.5 Analysis of Experimental Results of Recall Rate of Teaching Resources

Through the literature research, we can see that the recall rate and precision rate of
data are both negative growth, and can not achieve synchronous growth. Combining
this principle with the experimental results of this part, we can see that the experimental
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Fig. 5. Experimental results of recall of teaching resources

results of the Sino Koreanmodern ceramic teaching resource sharing platform are better,
and its recall and precision rate meet the requirements of Sino Korean modern ceramic
teaching resource sharing. The recall experimental results of the traditional platform
are better than the accuracy experimental results, but the comprehensive experimental
results are lower than the design of Sino Korean modern ceramic teaching resource
sharing platform. Therefore, the Sino Korean modern ceramic teaching resource sharing
platform designed in this paper is better than the traditional platform. At the same time,
through the comprehensive analysis of the three groups of experimental results, we can
see that the design of Sino Korean modern ceramic teaching resource sharing platform
can be used as a tool for Sino Korean modern ceramic teaching.
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5 Closing Remarks

This paper studies some problems of the intelligent cloud teaching resources sharing
platform of Chinese and Korean modern ceramic art. Based on the construction and
operation of the teaching platform at home and abroad, this paper deeply analyzes the
development mode, management mode and resource sharing of the existing resources,
and designs a solution to the problem of cloud teaching resource platform of pottery art.

In order to keep pace with the development of Internet technology and discuss the
solution to the problem of the construction of teaching resource platform, this paper
designs and realizes the Ceramic Art Intelligent Cloud Teaching Resource Platform
based on cloud computing.
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Abstract. There are many kinds of teaching resources involved in online teach-
ing courses for art majors. In order to further realize the sharing of all kinds of
teaching resources, this paper proposes the design of resource security sharing
system. However, due to the poor performance of the algorithms used in the tra-
ditional system, the concurrency performance and classification performance of
the system can not meet the expectations. Therefore, a new online teaching course
resource sharing system for art majors is designed. In hardware design, tracking
hardware and RS323 bus circuit are designed. In the software design, TF-IDF
weight clustering course resources are set, the load is distributed in a balanced
manner, and the teaching database access tasks are allocated, and the P2P net-
work is used to share system information. Experimental results: The concurrent
performance of the system designed this time meets the expected set standards.
Compared with the traditional design of teaching course resource security shar-
ing system, the classification performance of the design system is better, which
meets the requirements of online teaching course resource security sharing for art
majors.

Keywords: Online teaching of art major · Course resources · Security sharing
system

1 Introduction

Internet information technology drives the development of education, and a large number
of teaching information course resources appear in the form of digitization. In order to
facilitate the search, analysis and use of various teaching resources, the sharing concept
is introduced into the teaching system, and a new teaching management mode is opened
by establishing a sharing system [1]. The concept of sharing was first proposed by for-
eign professors Marcos Felson and Joan Spence, who advocated the use of a third-party
platform to realize the sharing and exchange of regional information. Domestic schol-
ars have also conducted in-depth analysis of regional economic sharing from different
perspectives, and proposed different information sharing systems based on Internet of
things technology. The literature in [2] proposes to utilize the technical advantages of
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SOA, combined with the technical characteristics of Web Services, in J2EE and. NET
environment to design and implement the interschool teaching resources sharing plat-
form. However, the use effect of the sharing system designed in the literature is not
ideal, and the convenience of the use of the existing sharing system is difficult to be
guaranteed.

Therefore, according to the new classification algorithm and block chain technology,
a safe sharing system of online teaching course resources for fine arts major is designed.
The tracking hardware and RS323 bus circuit are designed, the course resources of TF-
IDF weight recluster are set, the load distribution is balanced, the teaching database
access task is assigned, and the system information sharing is realized by using P2P
network. The experimental results show that the designed system has better performance
and ideal application effect.

2 Hardware Design of Security Sharing System for Online
Teaching Course Resources of Fine Arts Specialty

2.1 Design Tracking Hardware

In order to enhance the security of system data storage and data sharing, a hardware
framework with traceable function is constructed, as shown in Fig. 1.
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Fig. 1. Hardware framework with tracking function
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The hardware added in the figure is the main carrier of the system tracking and
positioning equipment. A series of operations, such as data storage, program running,
information interface display and so on, should be carried out through the device. At
the same time, other components of hardware cooperate with the hardware to complete
the work. Connect wireless adapter A and GPS receiver to form a “wireless Intranet”
to receive and update local data; The network connection between the local device
and the remote device is established to form a “wireless external network” to realize the
economic information sharing ofmultiple devices in the sharing system [3]. The selected
GPS receiver should have the characteristics of fast positioning, high sensitivity and
low power consumption. Therefore, the GPS model MTKMT3329 is selected to search
multiple sharing terminals at the same time to obtain stable sharing demand signals and
update the regional economic information to the sharing users in real time. Install the
two hardware according to the designed framework, and test whether the equipment runs
smoothly. So far, we have completed the design of the tracking hardware of the resource
security sharing system for the online teaching course of art major.

2.2 Design of RS323 Bus Circuit

When the course resource security sharing system receives the course information access
task, there are synchronous data transmission and asynchronous data transmission.
Therefore, it is necessary to design RS323 bus circuit to ensure that the system can
receive and transmit all kinds of information. On the basis of expanding the commu-
nication distance, the hardware can suppress noise and other interference information.
Considering that the system is connected with the computer, MAX3232 chip is used as
the transceiver chip in the RS323 bus circuit [4]. Figure 2 below is a structure diagram
of the designed RS323 transceiver circuit.

TheMAX3232 chip selected inFig. 2 has dual channels, and its exclusive lowdropout
transmitter output stage, through two channels of receivers and two channels of drivers,
realizes the data receiving and sending work with the data rate of 240kps, and ensures
the working efficiency of the integrated system in processing massive intelligence data.
So far, the hardware design of online teaching course resource security sharing system
for art major has been completed.

3 Software Design of Online Teaching Course Resource Security
Sharing System for Art Major

3.1 Setting TF-IDF Weights to Cluster Course Resources

It is known that the intelligent clustering management of digital resources of each course
needs weight calculation. Therefore, by setting more independent TF-IDF weights, the
intelligent clustering of the system is realized. TF-IDF weights are set to evaluate the
influence of similar feature preference data on digital resources. When a search keyword
appears frequently in onemodule of the system, but rarely in other modules, it shows that
the keyword is more suitable for describing the first module, so we should give higher
weight to such words [5]. Therefore, TF-IDF weights with weighted properties are used
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to measure or evaluate the correlation between teaching tasks and teaching resource
features, and independent numerical values are used to reflect the object content, which
is different from other object features. According to the above idea, we can get the
following equation:

β = k1qs · lg
(
K

k2
+ 0.001

)
(1)

In the formula: k1 represents the number of occurrences of search terms in teaching
content when the characteristic value is qs; k2 represents the number of occurrences
of eigenvalue qs in all training sets; K represents all training sets. After the weights
are obtained, the vector is standardized to make the sum of TF-IDF weights 1, and the
formula is:

βik = β√
n∑

k=1

[
k1qs · lg

(
K
k2

+ 0.001
)]2 (2)
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According to the independentweightβik , K-means algorithm is used to set the system
intelligent clustering mode [6]. The following results are used to describe the calculation
formula of the middle position when determining the cluster center:

cos α =

n∑
k=1

βik(si) × βik(Si)

√(
n∑

i=1
β2
ik(si)

)(
n∑

i=1
β2
ik(Si)

) (3)

In the formula, si represents the similarity of i teaching tasks; Si represents the
collection of digital resources. Part of the system clustering code is as follows:

Procedure 6: Reduce
//key: Central point //values: Collection of teaching resources
Vector sum;
for each Vector document in values
Vector new_center = sum/count;
Emit new_center

According to the above code, the system intelligently clusters digital resources to
achieve the division of teaching contents of different art courses and provide a more
perfect classification means for subsequent data sharing.

3.2 Balancing Load Allocation and Allocating Teaching Database Access Tasks

Based on the actual location of the access node of the database cluster, a threshold p is
introduced. All the data to be processed in the database are divided into light load node
and heavy load node according to the processing node.When the load value isμ > p, the
node is a heavy load node; When μ < p, the node is a light load node. When the access
task is executed, all nodes begin to execute the access task. Assuming that the light and
heavy nodes are evenly distributed in the data space, the load value of the heavy load
node is μ1, the load value of the light load node is μ2, and the total number of nodes in
the related domain is m, the function expression of the average load is as follows:

μ =
pm + cos α

n∑
i=1

wi

m + 1
(4)

In the formula: pm is the load valuewhen the total number of nodes ism;wi represents
the data load corresponding to the i-th node [7]. In order to ensure that the selected nodes
and the data transmitted to the visiting users are reliable, a control coefficient ϕm that
can avoid load migration is introduced, and the load is calculated according to this
coefficient. The calculation expression is:

h = ϕm(pm − μ)
n∑

i=1
ϕi

(5)
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In the formula: h represents the calculation result after load change; ϕi is the control
coefficient for i related nodes. Under the control of the load, the system adjusts the oper-
ating parameters of the server through regular or irregular time conditions. According to
the teacher’s teaching content selection, the corresponding access request is sent to the
control unit of the database, so as to achieve the goal of balanced allocation of access
tasks. At this time, the allocation form of the allocated database centralized control unit
for user access is shown in Fig. 3.
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Fig. 3. Schematic diagram of distribution form

According to the figure above, on the basis of ensuring the load balance distribution,
the client access is reasonably allocated, and the distributed access task allocation is
realized [8].

3.3 P2P Network Sharing System Information

TheunderlyingP2Pnetworkof the sharing systemconstructedbyblockchain technology,
its nodes are composed of national regions, and the users in each region are equal nodes
with the same rights. It is known that when a new node is accessed in the network,
other nodes in the network need to be identified in order to synchronize the blockchain.
Therefore, the IP addresses of multiple nodes that can provide DNS services are written,
and the DNS nodes are used to scan the active nodes in the network and record the IP
addresses. When there are new nodes trying to join the blockchain network, random
requests are sent to DNS nodes to obtain other active nodes in the network. But the
node activity is strong, some nodes may not be online, so until the new node request is
responded, the system can return the IP address list of active nodes. When a node joins
the blockchain network for the first time, there is only one block on the local storage
chain, and the node needs to download all the block data on the longest blockchain in the
network. After the node is partitioned, the node randomly selects a node in the network
for block synchronization, and the new node sends the request header information to the
synchronization node, as shown in Fig. 4 [9, 10].
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(all 0 means "all after request")
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Fig. 4. Request header information

In the header hash value field of the request header information, the new node fills
in its own block header hash, and fills in 0 in the cutoff hash value field to request the
maximum number of block headers. After receiving the information shown in Fig. 4, the
synchronization node replies to the header information, and the reply content is shown
in Fig. 5 [11, 12].
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information content

Number of block heads
1000

Block header information
234wefdw4634ywf4...4363efw435345

564fdfrt435t3gd4...33rf46y4r4565

Fig. 5. Reply message

After receiving the reply from the synchronization node, the new node judges the
correctness of the header hash according to the consensus mechanism and the target
number. Repeat the above steps until the number of hash values returned by the syn-
chronization node is less than the set header information. When the obtained header
information belongs to the optimal blockchain in the network, the new node sends the
request data to obtain the complete block information [13], as shown in Fig. 6.

The new node judges the accuracy of blocks according to the order on the blockchain.
When the next block to be verified has not been obtained, the system needs to wait. If
the block information has not been received, the new node will disconnect and send a
request to other nodes until the complete information is obtained.According to the above-
mentioned information sharing mechanism, the online teaching course resources of art
specialty stored in double chain are shared. So far, based on the blockchain technology,
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the design of online teaching course resource security sharing system for art major is
realized.

4 Experimental Study

4.1 Experimental Preparation

Select the experimental equipment in line with the research, build a simulation test envi-
ronment, test the integration system of the research by simulating the teaching request
content initiated by the client, and test the pressure resistance ability of the system in
the face of massive art curriculum resources. Using the Apache server software, the
application test of the integrated system is carried out, and the request is sent by using
the HTTPS protocol. The test is divided into five phases, and the fields used in each
phase are shown in Table 1.

Table 1. Description of used fields

Serial number Field Remarks

1 Label The element attribute name of the test tool

2 Samples Number of requests

3 Average Average response time

4 Median Response time of 50% users

5 Min User response time

6 Max Maximum response time

7 Error/% Error request rate

8 Throughput Requests completed per second

9 Received KB/Sec The amount of data received per second
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The objectives of this experiment are as follows: In the case of stand-alone deploy-
ment, the maximum TPS value that can be obtained and whether TPS can reach the
expected value are TPS: 500. After the completion of the above preparatory work, the
systemwill run for 30min to test whether the hardware of the system can work normally.
If there is no problem, start the experiment.

4.2 Concurrent Performance Test

Start one process, and start 50, 100, 500, and 1000 threads for a single process
respectively. Four groups of concurrent performance test results are shown in Fig. 7.

Count and export the data results of the four tests in Fig. 7, as shown in Table 2.
In this experiment, the pressure of the integrated system was tested, using 50VU,

100VU, 500VU and 1000VU as the load test conditions. Combining the test results in
Fig. 7 and Table 2, it can be seen that under the four test conditions, Vusers are loaded at
a speed of 500 seats/s and all are successful. Under the test time of 5 min, the user drops
at 500 seats/s. In different scenarios, the response time of the first three groups was lower
than the standard value of 3s. Under the test condition of 500VU, the response time is
higher than 2.5s. According to the data display, the root cause of this problem is that
after the number of concurrent users increases, the client appears link timeout, so the
error rate of processing things increases. According to the above test results, when the
number of concurrent clients is less than 500, the error rate of the integrated system is
within a reasonable range, and the system response time is lower than the test standard,
which meets the system design requirements.

4.3 Classification Performance Test

After verifying that the designed systemmeets the basic requirements, the system is taken
as the experimental group, and the integrated system under the traditional design is taken
as the control group.Compare the integration quality of art teaching curriculum resources
in different systems. The traditional system selected for this experiment is the system
proposed in the literature [2]. In this literature, the security sharing system of teaching
course resources based on SOA technology is designed, and the experimental results of
the designed system are compared with the traditional system to verify the application
effectiveness of the designed system. The integrated quality evaluation index is used as
the basis for analyzing the system performance. The quality of integrating information
resources in different systems is analyzed. Therefore, the accuracymeasurement method
is used to directly reflect the average absolute error of the error between the predicted
value and the real score of a user, and calculate the rootmean square error of the precision
of the prediction result. The calculation results of the two parameters can be obtained
directly by the following formula:

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

MAE(f ) = 1

|N |
∑
ui∈U

∣∣ui − u′
i

∣∣

RMSE(f ) =
√√√√ 1

N

∑
ui∈U

(
ui − u′

i

)2 (6)
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Fig. 7. Concurrency performance test results of different concurrent numbers
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Table 2. Result analysis table

Test content 50 concurrent 100 concurrent 500 concurrent 1000 concurrent

Total number of
transactions

225009 216112 198184 98582

Jmeter Number of
errors

379 1953 11048 32653

Response time of 90%
users /ms

398 941 2792 10191

Throughput/sec 705 611 548 303

Average response time
/ms

261 685 1514 3016

In the formula: MAE(f ) is the average absolute error of the error; RMSE(f ) is the
root mean square error of precision of prediction results; N is the number of scoring
items; ui represents the user’s true rating of the system; u′

i is the user’s prediction score
of the system; U represents the score set. When the calculated MAE(f ) and RMSE(f )
values are smaller, the more it shows that the curriculum resources of the shared system
are more compatible with the integrated classification. Based on the above calculation,
any five groups of data in movielens 100k data set were selected and trained and tested
according to the ratio of 8:2.According to the above calculation formula, the integrated
performance evaluation results of different resource sharing systems are obtained, as
shown in Table 3.

Table 3. Performance comparison of different systems

Test group The system designed in this paper Traditional integration system

MAE RMSE MAE RMSE

Data1 0.6302 0.9123 0.8997 1.5678

Data2 0.5999 0.8747 0.9152 1.7661

Data3 0.5994 0.8766 0.9008 1.7212

Data4 0.6033 0.8759 0.9009 1.7296

Data5 0.6152 0.8905 0.8997 1.5779

According to the above calculation results, the MAE value and RMSE value of the
designed system are lower after the above formula calculation, which indicates that the
system integrated art teaching curriculum resources in this study are closer to the set
classification results.
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5 Conclusion

The design of the security sharing system, based on the traditional sharing system,
improves the system software and enhances the scalability of the original system. It is a
new typeof intelligent information sharing systemwhich adapts to the development of the
times. However, due to the loss of throughput, it is necessary to establish communication
between nodeswhen studying the system throughput and node relationship, so as to show
the linear relationship of test parameters to the greatest extent and reduce the operation
error of the system.

Fund Projects. Undergraduate teaching reform and research projects of Shenyang University of
Aeronautics and Astronautics “Teaching reform of «Design engineering 3» based on design patent
output from the perspective of OBE” and “Teaching reform exploration of «Design engineering
3» based on innovation and practice of the product organization design”.
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Abstract. In order to improve the statistical ability of online education alloca-
tion resources, a statistical model of online education allocation resources for the
coordinated development of regional economy is proposed. Based on the princi-
ple of comparability and practicability in the selection of statistical indicators of
online education allocation resources, this paper constructs a statistical indicator
system of online education allocation resources, assigns the weight of statistical
indicator system of online education allocation resources by using the specific
steps of analytic hierarchy process, and calculates the allocation level of educa-
tional resources of each school in six administrative regions by using the weighted
index and model, According to the results of the cluster analysis of the types of
school resource allocation, by introducing the difference coefficient, the balance
of the allocation of various types of school education resources in the region is
determined. Through the establishment of the statistical model of online educa-
tion resource allocation, the statistics of online education resource allocation is
realized. The experimental results show that the statistical model of online edu-
cation resource allocation for the coordinated development of regional economy
has relatively high statistical ability in terms of statistical efficiency and student
satisfaction.

Keywords: Coordinated development of regional economy · Online education ·
Resource allocation · Statistical model

1 Introduction

The allocation of online resources refers to the optimal allocation of online resources,
that is, to achieve the relative balance of market supply and demand by reasonable
allocation of limited online resources, thus achieving sustainable economic development.
The theory of optimal allocation of online resources holds that if the contradiction
between the limited resources we have and can use and the unlimited demand for them
can not be solved reasonably, human resources can not be used sustainably. Therefore,
limited resources should be allocated to all levels of society in a reasonable proportion,
and this kind of allocation can achieve the maximum use of resources. The theory of
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optimal allocation of resources plays an important role in the process of social and
economic development, so its essence has been constantly used for reference by other
disciplines.

Statistics of online educational resources allocation is an important part of educa-
tional resources management in colleges and universities. It plays an important role in
organization adjustment, education integration, curriculum design, subject construction
and faculty construction. At present, online educational resources allocation statistics in
colleges and universities is mainly based on the collection of basic information of var-
ious disciplines, and the establishment of online educational resources allocation files
to meet the needs of filling in various statistical forms. The main body of the statistics
of online education allocation resources in colleges and universities includes full-time
teachers, scientific researchers, managers, teaching assistants and logistics staff.

The statistical difference of online educational resources allocation refers to the dif-
ferent treatment due to the individual situation of the educatees. The main idea is that
the distribution and statistics of educational resources are not determined entirely by
the average value. When designing the statistical model of online educational allocation
resources, the statistics of resources is only considered in the quantity of educational
allocation resources, but not in the interest of the educatees. In fact, the difference of
online education allocation resources in the process of statistics and the different needs
of individuals have become an important aspect of online education allocation resources
statistics. It is necessary to recognize the difference of individual needs in different
education when we study the basic theory and design the statistical model of online
education allocation resources. Based on this, the society must be able to provide a
variety of types and channels of educational resources to facilitate the individual edu-
cation to choose, but also must respect the individual education. Although the diversity
of educational resources in a certain level of performance differences, but each individ-
ual’s personality and endowment of education has been free and adequate development,
which also reflects the fairness from another level. Educational equity envisages the dif-
ferences between the educated individuals, and abandons the mechanistic requirement
for educational equality. On the one hand, it requires that both the educated individual
and the educated individual receive the education that best suits them, which reflects
both equality and difference. Since there are differences among the educated individ-
uals, the allocation of educational resources should also reflect the differences, such
as differences in school types, curriculum, or even teaching methods. Homogeneous
education neglects the particularity of the educated individual and hinders the all-round
development of the individual. Therefore, the concept of diversity and diversity must be
upheld in the sustainable development of education [1–6].

Since the beginning of this century, the fair development of education in our country
has made a big breakthrough. However, there is still a big gap between online and
offline education quality and allocation of educational resources due to scientific and
technological development. Under this background, many scholars have carried out the
research on the unbalanced allocation of online education resources. According to the
different types of online education resources, the statistics of online education resources
is made, which greatly improves the satisfaction of students in the process of online
education resources.
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Based on the above research background, this paper designs a statistical model of
online educational resources allocation. The innovation of the model lies in the cluster
analysis of the types of school resources allocation. By introducing the coefficient of
difference, the balance of regional educational resources allocation is judged and the
balance of allocation is improved.

2 Design of Statistical Model of Online Education Allocation
Resources

2.1 Construct the Statistical Index System of Online Education Allocation
Resources

According to the scientificity and conciseness of the selection of statistical indicators, this
paper omits or merges the indicators; according to the comparability and practicability
principles of index selection, the indicators should be converted into relative values
that can be compared, so the original statistical indicators should be transformed into
relativity [7], and the specific meaning is shown in Table 1.

Table 1. Comparable composite indexes and their meanings

Index Meaning Index Meaning

Average number of
students in a class

Total number of
students/total number
of classes

Number of teaching
computers for 100
students

Total number of
teaching
computers/total
number of students *
100

Average value of fixed
assets per student

Total fixed assets/total
number of students

Average student’s
investment in
informatization in last
academic year

Total investment in
informatization in
last academic
year/total number of
students

Average floor area per
student

Total school area/total
number of students

Average stadium area
per student

Total area of school
sports venues/total
number of students

Number of
multimedia seats for
100 people

Total number of
multimedia seats/total
number of students *
100

Average area of
teaching and auxiliary
rooms per student

Total area of teaching
and auxiliary
rooms/total number
of students

Average book
collection per student

Total collection of
general books/total
number of students

E-book collection per
student

Total collection of
e-books/total number
of students

(continued)
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Table 1. (continued)

Index Meaning Index Meaning

Teacher student ratio Total number of
full-time
teachers/students

Proportion of teachers
with intermediate and
above titles

Total number of
teachers with
intermediate title or
above/total number
of full-time teachers

Proportion of teachers
with bachelor degree
or above

Total number of
teachers with bachelor
degree or above/total
number of full-time
teachers

Proportion of
full-time teachers
receiving information
training

Number of full-time
teachers receiving
information
training/total number
of full-time teachers

Public funds per
student

Total public
expenditure/total
students

Education funds per
student

Total expenditure on
education/total
number of students

According to the availability and practicability of the index selection, through certain
analysis, the index system composed of the following three levels and 16 composite
indicators is formed to count the resource allocation level of online education.

According to the scientificity and conciseness of the statistical index selection, the
indicators are omitted ormerged, and the statistical index systemof online education allo-
cation resources is constructed by using the comparability and practicability principles
of index selection.

2.2 Assignment of Weights of Statistical Index System of Online Education
Allocation Resources

The analytic hierarchy process (AHP) is used to assign the weight of the statistical index
system of online education allocation resources. The specific steps are as follows:

Step 1: Establish system hierarchy
Before determining the weight of the evaluation factors of the comprehensive allocation
level of school basic education, it is necessary to arrange the target levels of each evalu-
ation factor, and establish a systematic hierarchy structure, which includes three levels:
target level (a), criterion level (b) and index level (c).
Step 2: Construct judgment matrix
Each element of each layer is comparedwith eachother, and themore important judgment
can be given to each factor. Then, all the judgments are represented by relevant values,
so as to form a judgment matrix and assign certain values to the importance.
Step 3: Hierarchical single sort
Hierarchical single ranking refers to the ranking of the importance of each factor in the
upper level. The square root method is used to calculate the maximum eigenvalue and
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its corresponding eigenvector [8], and the calculation process is as follows:

Mi =
n∏

j=1

αij, i = 1, 2, . . . , n (1)

Where, CV represents the difference coefficient, MN is the average value of statistical
indicators and SD is the standard deviation of statistical indicators

Wi = n
√
Mi (2)

Wi = Wi
n∑

j=1
Wj

(3)

λmax =
n∑

i=1

(Aw)i

nWi
(4)

Step 4: Consistency test of judgment matrix
The consistency of the above results was tested, and the test formula was as follows:

CI = λmax − n

n − 1
(5)

CR = CI

RI
(6)

After each step of analytic hierarchy process, the final determined weight value is shown
in Table 2.

Using the specific steps of the analytic hierarchy process, the weight of the online
education resource allocation statistical index system is assigned.

2.3 Analyze the Balance of Online Education Resources Allocation

After constructing the statistical index system of online education allocation resources, it
is necessary tomake abalanced analysis on the allocation of online education resources of
various schools under the background of coordinated development of regional economy.

The general distribution of data from the following three aspects is often studied.
The first aspect is the concentration trend of data, focusing on the size of the aggregation
of data and its central value; the second aspect is the discrete trend of data, focusing on
the size of the dispersion of data and its central value; the third aspect is the skewness
and kurtosis of data, mainly analyzing the shape of data distribution. The imbalance
mentioned in this paper refers to the size of the difference between things, that is,
whether the dispersion of data exceeds a certain degree, so the size of the dispersion
between data can be used to judge the balance or imbalance between things [9].

There are many methods to measure the dispersion degree of numerical data in
statistics. In this paper, combined with the previous research and the actual situation,
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Table 2. Weight of statistical index system of online education resources

Indicator name Weight value Indicator name Weight value

Average number of students
in a class

0.1170 Number of teaching
computers for 100 students

0.0623

Average value of fixed assets
per student

0.0934 Average student’s investment
in informatization in last
academic year

0.0614

Average floor area per
student

0.0257 Average stadium area per
student

0.0276

Number of multimedia seats
for 100 people

0.0207 Average area of teaching and
auxiliary rooms per student

0.0479

Average book collection per
student

0.0385 E-book collection per student 0.0230

Teacher student ratio 0.0859 Proportion of teachers with
intermediate and above titles

0.0584

Proportion of teachers with
bachelor degree or above

0.0778 Proportion of full-time
teachers receiving information
training

0.0243

Public funds per student 0.1387 Education funds per student 0.0974

we choose standard deviation and difference coefficient to study the balance of the
comprehensive level of primary and junior high school education resources allocation
in six districts. If the unit of measurement is the same as that of the average, the standard
deviation can be directly used for comparison. However, if the unit is different from
that of the average, the standard deviation is not suitable for the difference degree of the
comparative data, but the ratio between the standard deviation and the average should be
used for comparison, which is the coefficient of difference. When we study the degree
of difference, the standard deviation is absolute, while the coefficient of difference is
relative. Obviously, when we study the difference of things, we can’t simply rely on the
standard deviation to judge. The coefficient of difference can eliminate the influence of
different units or different averages on the comparison of differences between two or
more samples, so the relative difference can better reflect the real situation of equilibrium.
In this paper, the difference coefficient representing the relative difference is used as the
index of equilibrium analysis.

In statistics and probability, the coefficient of difference is often called “coefficient
of variation”, “coefficient of dispersion” and “coefficient of standard deviation”. It is
a normalized measure of the dispersion degree of probability of data distribution. It is
defined as the ratio of standard deviation to average value. The coefficient of difference
is valid only when the average value of data is not equal to zero, and generally the
average value applicable to data is positive However, the calculation process and results
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of the comprehensive level of educational resource allocation in this paper meet the
applicability of the difference coefficient. The difference coefficient is calculated as
follows:

CV = SD

MN
(7)

Where,MN represents the average value of statistical indicators, and SD represents
the standard deviation of statistical indicators.

SD =
√√√√

n∑

i

MNi − MN 2

n
(8)

Among them, MNi represents the comprehensive allocation level of educational
resources in each school, MN represents the average value of the comprehensive allo-
cation level of educational resources in primary or junior high schools in a district, and
represents the number of primary schools or junior high schools in a district.

The larger the difference coefficient is, the greater the difference between the research
objects is; the smaller the difference coefficient is, the smaller the difference between
the research objects is. In this paper, the larger the value of the difference coefficient, the
more unbalanced the comprehensive level of the regional primary or junior high school
education resources allocation; the smaller the value of the difference coefficient, the
more balanced the comprehensive level of the regional primary or junior high school
education resource allocation [10–12].

In order to more intuitively judge the balance of the comprehensive level of pri-
mary and junior high school education resources allocation in six districts, this paper
uses the model to calculate the equilibrium index of different periods of social develop-
ment according to the general understanding of the regional economic and educational
development status, and through expert consultation and reference to previous research
results [13–15], and taking into account the nonlinear characteristics of the gradual grad-
ual increase of the index level The following recommended criteria are obtained for the
values that should be reached, as shown in Table 3.

Table 3. Evaluation criteria of educational resources balance

Difference coefficient standard 2005–2010 2010–2015 2015–2020

Ideal standard 0.250 0.157 0.125

Good standards 0.300 0.188 0.150

Basic standards 0.350 0.219 0.175

Using the weighted index and model to calculate the allocation level of educational
resources of each school in the six administrative regions. cluster analysis is conducted
on the types of school resources allocation according to the results, and the balance of
educational resources allocation of various schools in the region is determined by the
coefficient of difference.
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2.4 Establish Statistical Model of Online Education Allocation Resources

If there are n(n � 1) schools in a certain area, the education resources owned by the first
school are xi(1, i, n), and the corresponding number of students is si(1, i, n). The value of

educational resources owned by all school students in the whole region is−
n∑

i=1
xi

n∑
j=1

sj
, and the

educational resources possessed x1 · · · xn by the corresponding students of each school
will be sorted from small to large after making a difference. The difference coefficient
of average student resources among schools is as follows:

V =

√
n∑

i=1
(xi−x)2×si

n

x
(9)

Suppose that the educational resources to be allocated to each school are as follows
R: the first school should achieve the same average student resources D1 as the second
school, x′

i and x the second school should achieve the same average student resources
D2 as the third school, then:

Di = (xi+1 − xi) × si, (n − 1) (10)

The resources allocated to the i school are:

SDi =
n−1∑

i=1

Di (11)

At that time, R = SDk , (1, k, n − 1) the online education resources allocated by the
first to the k schools were as follows:

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

R1 = (xk1 − x1) × s1
R2 = (xh1 − x2) × s2
· · ·
Rk = (xh1 − xk) × sk

(12)

Because xn > · · · > xk+1 > xk > · · · > x2 > x1, the demand of the n school for
online education resources is less than that of the first school, in this case, the amount R
can onlymeet the demand of the first to the first school. Therefore, through the regulation
of the county (District) government, the average level x of educational resources of k+1
school is unified to the n average level of the county (District), while the first school
does not allocate educational resources.

At that time, SDk < R < SDk+1 , (1, k, n − 2) the total number of students from the

first school to the k school was S′
k =

k∑
i=1

Si, and the additional average student resources
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x′
k = (R−SDh)

S ′
k

, then the resources allocated by the first to the k school were as follows:

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

R1 = (
xk+1 − x1 + x′

k

) × s1

R2 = (
xk+1 − x2 + x′

k

) × s2
· · ·
Rk = (

xk+1 − xk + x′
k

) × sk

(13)

In this case, the amount R can only meet the needs of the first to the k school, and
there is still a surplus, but the surplus can not meet the needs of the k + 1 school.
Therefore, through the regulation of the district and county government, the average
level of educational resources per student in k school is approached to the value of the
regional average level, and the remaining amount x after distribution is evenly distributed
to The number of students allocated to all schools is not allocated. k + 1 Schools to n
do not allocate resources.

At that time R � SDn−1 , the total number of students in the first to the n− 1 schools
was as follows:

Sn =
n−1∑

i=1

Si (14)

The extra resources per student were as follows:

x′
n =

(
R − SDn−1

)

S ′
n

(15)

Then 1 to n the resources allocated to the school are:
⎧
⎪⎪⎨

⎪⎪⎩

R1 = (
xn − x1 + x′

n

) × s1
R2 = (

xn − x2 + x′
n

) × s2
· · ·
Rk = x′

n × sn

(16)

The resources allocated to school i are:
The resources allocated by the i school are:

Ri = xn − xi + x′
n (17)

In this case, the amount R is greater than the actual demand, and all schools can be
evenly allocated according to the average level of school educational resources.

To sum up, under the background of coordinated development of regional economy,
the statistical index system of online education allocation resources is constructed, and
the statistical index system is assigned.Based on the analysis of the balance of online edu-
cation allocation resources, the statistical model of online education allocation resources
is established to realize the statistics of online education allocation resources.
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3 Comparative Analysis of Experiments

In order to verify the statistical performance differences between the online education
allocation resource statistical model oriented to the coordinated development of regional
economy, the statistical model of online education allocation resource in literature [3]
and the statistical model of online education allocation resource [4] in literature [4] are
designed.

Step 1: collect the data of online education allocation resources respectively in the
statistical model of online education allocation resources;
Step 2: analyze the weight of online education allocation resource data in the statistical
index system of online education allocation resources;
Step 3: a resource statistician for the coordinated development of regional economy,
using online education allocation resource statistical model to clean online education
allocation resource data;
Step 4: according to the above processing steps, extract the characteristics of online
education allocation resource data;
Step 5: test the statistical efficiency of online education resource allocation data. The
test results are shown in Fig. 1.
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Fig. 1. Comparison results of statistical efficiency of online education allocation resources

As can be seen from the experimental results in Fig. 1, with the increase of online
education allocation resources, the statistical efficiency of online education allocation
resources is also increasing. The statistical efficiency of online education allocation
resource statistical model oriented to the coordinated development of regional economy
is far higher than the other two statistical models. Compared with the online education
allocation resource statisticalmodel in literature [3], online education allocation resource
statistical efficiency in literature [4] is higher than that in literature [3] The statistical
efficiency of setting up resource statisticalmodel is relatively high. Because the statistical
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model of online education allocation resources in literature [3] pays more attention to
manual operation and lacks intelligence in the application process, literature [4] lacks
the depth of students’ demand in practical application, which leads to the reduction
of the statistical efficiency of online education allocation resources and faces regional
economic coordination The developed statistical model of online education allocation
resources can fully meet the needs of students for online education allocation resources,
thus improving the statistical efficiency.

On the basis of meeting the statistical efficiency of online education allocation
resources, we also need to verify students’ satisfaction with online education alloca-
tion resources. We conducted a satisfaction experiment on the statistical model of online
education allocation resources.We investigated 200 users each time, and adopted the sta-
tistical model of online education allocation resources oriented to the coordinated devel-
opment of regional economy and the literature [3] online education allocation resource
statistical model [4] the statistical model of online education allocation resources is used
to analyze students’ satisfaction. The comparison results of online education allocation
resource satisfaction are shown in Table 4.

Table 4. Comparison results of personalized learning satisfaction

Number of surveys Student satisfaction%

Literature [3]
personalized learning
recommendation
system based on
statistical model of
online education
allocation resources

Literature [4]
personalized learning
recommendation
system based on
statistical model of
online education
allocation resources

Literature [5]
personalized learning
recommendation
system based on
statistical model of
online education
allocation resources

1 48.32 68.74 92.84

2 53.18 64.58 94.36

3 49.65 58.79 95.18

4 50.34 69.62 96.14

5 51.62 71.07 92.42

6 50.37 65.37 98.54

7 49.68 68.35 99.83

8 49.15 64.82 94.67

9 48.36 68.79 97.21

10 50.19 64.31 86.49

It can be concluded from the experimental results in Table 4 that the same survey
was conducted on 200 students. Due to the lack of intelligent operation in literature [3],
the satisfaction of students was greatly reduced. The satisfaction of students using the
statistical model of online education allocation resources in literature [4] was basically
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lower than 70%, and only one survey result was higher than 70%, which may be the
result of this group of survey students on resources The demand of statistical model is
low, and the student satisfaction of the statistical model of online education allocation
resources oriented to the coordinated development of regional economy is generally
higher than 90%, and even close to 100%. Therefore, we can get the statistical model
of online education allocation resources for the coordinated development of regional
economy, which can achieve the effect of students’ satisfaction.

4 Conclusion

This paper puts forward a statistical model of online education allocation resources for
the coordinated development of regional economy. Under the background of coordi-
nated development of regional economy, the statistical index system of online education
allocation resources is constructed, and the statistical index system is assigned. Based
on the analysis of the equilibrium of online education allocation resources, the statistical
model of online education allocation resources is established to realize online educa-
tion allocation Statistics of resources. The experimental results show that the model has
higher statistical ability.

However, due to the limited use of literature and the huge database of online education
allocation resources, the design process of statisticalmodel of online education allocation
resources is not perfect and can not be widely applied to practice. In the future research,
we need to further expand the scope of research and apply the statistical model of online
education allocation resources to practice, Increase the feasibility of the model.

References

1. Liu, W., Maurer, H.P., Reif, J.C., et al.: Optimum design of family structure and allocation of
resources in association mapping with lines from multiple crosses. Heredity 110(1), 71–79
(2013)

2. Grüneberg, W.J., Abidin, E., Ndolo, P., et al.: Variance component estimations and allocation
of resources for breeding sweetpotato under East African conditions. Plant Breeding 123(4),
311–315 (2010)

3. Sun, L.: Driving mechanism of the coordinated development of regional economy-society-
environment system based on grey incidence analysis model—a case study ofWanjiang urban
belt. Mod. Econ. 11(7), 1226–1244 (2020)

4. Panikkai, S., Azrai, M., Fahmi, F.N.: Model production of corn development for industrial
needs and increasing economy. In: IOP Conference Series: Earth and Environmental Science,
vol. 484, no. 1, p. 012137 (10) (2020)

5. Rejeb, H.B., Zwolinski, P.: Development of educational contents on circular economy and
critical raw materials challenges. Procedia CIRP 90(12), 759–765 (2020)

6. Sopilko, N.Y., Myasnikova, O.Y., Navrotskaia, N.A., et al.: Analysis and prospects for the
development of regional energy integration of the Eurasian economic union countries. Int. J.
Energy Econ. Policy 10(5), 13–20 (2020)

7. Rubio, G., Lavado, R.S.: Acquisition and allocation of resources in two waterlogging-tolerant
grasses. New Phytol. 143(3), 539–546 (2010)

8. Fu,W., Liu, S., Srivastava,G.: Optimization of big data scheduling in social networks. Entropy
21(9), 902 (2019)



276 X. Tang and J. Qiao

9. Liu, S., Li, Z., Zhang, Y., et al.: Introduction of key problems in long-distance learning and
training. Mob. Netw. Appl. 24(1), 1–4 (2019)

10. Liu, S., Lu, M., Li, H., et al.: Prediction of gene expression patterns with generalized linear
regression model. Front. Genet. 10, 120 (2019)

11. Yan,X., Song,W., Liu,C.: Social-spatial accessibility to urban educational resources under the
school district system: a case study of public primary schools inNanjing, China. Sustainability
10, 2305 (2018)

12. Creighton, J.H., Berger, C., Johnson, J.E.: Key issues affecting oregon family forest owners:
a scoping review of the literature and survey analysis of educational service providers. Small-
Scale Forestry 1–17 (2019)

13. Wang, S.: Research on the fairness index and an empirical study of the basic education
resources allocation: the case of primary schools in Xicheng District, Beijing. Comput. Econ.
Soc. Syst. 1, 122–129 (2018)

14. Zhao, L., Wu, D., Wang, Z., et al.: Spatio-temporal pattern and influencing factors of the
allocation of rural basic education resources in China. Econ. Geogr. 38(11), 39–49 (2018)

15. Cai, W., Huang, J.: Imbalance and adaptation: spatial pattern evolution of higher education
resource allocation in China. Heilongjiang Res. High. Educ. (5), 28–34 (2018)



Design of Teaching Resource Integration System
Based on Load Balancing Algorithm
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Abstract. Aiming at the problem of scattered resources and difficult interaction
in the integration of teaching resources in colleges and universities, a teaching
resource integration system based on load balancing algorithms is designed. The
system optimizes the hardware configuration of the system through the WEB
layer, service layer, service component layer, data access layer and data layer,
and implements an integrated mode of cloud storage and cloud management of
teaching resources through the use of load balancing algorithms. The simulation
experiment results show that the teaching resource integration system based on
the load balancing algorithm has relatively higher satisfaction and application
advantages in the actual application process of teachers and students.

Keywords: Load balancing algorithm · Teaching resources · Resource
integration

1 Introduction

With the deepening of teaching reform,whether it is the network courseware and teaching
materials used in teaching activities, or the treatise, topic and expert lecture resources
used in teaching research, these application resources are various and scattered, which
brings some inconvenience to the use of users and causes the low utilization rate of
resources. How to make effective use of resources Integration and resource sharing has
become the primary problem of university information construction [1]. The education
mode of network resources has broken the restriction of space and region on education,
and developed the way of resource acquisition from classroom and library to the place
that can be covered by network, which makes the acquisition of teaching resources more
diversified. Compared with the traditional teaching mode, it has certain advantages. The
integration of network teaching resources mentioned in this paper uses the mode of
digital storage of teaching resources, which can be used for teaching The use of teaching
resources processing, its operating environment is mainly the network system, the use
of network database for educational resources storage, give full play to the educational
function, in the form of digital signal for educational resources dissemination [2].

This paper first analyzes the research and application background of the system, and
introduces the overall architecture design, data communication and storage methods,
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and the detailed configuration and deployment process of the key function modules and
cloud platform. The system realizes the integration mode of teaching resource cloud
storage and cloud management by using load balancing algorithm. The system mode
can distinguish the theme and type of resources when uploading resources, improve the
efficiency of teaching resources integration and sharing, make the resource interaction
between users intelligent and mobile, and thus optimize the integration method and
quality of teaching resources in Colleges and universities.

2 Design of Teaching Resources Integration System

2.1 Hardware Configuration of Teaching Resource Integration System

At present, the educational resources of colleges and universities are very rich. In order
to meet their own needs, each specialty has developed a system suitable for professional
learning.However, themodules of each systemcannot operatewith each other, so that the
resources can onlymeet the needs of the system, resulting in resource waste and function
redundancy to a large extent [3]. SOA Service architecture defines educational resources
through standards, and realizes data resource sharing through input and output interfaces
and information processing modules. It simply realizes the communication between
heterogeneous systems, and makes the modules with similar functions reconstruct in
the form of service modules, which improves the utilization efficiency of university
resources.

SOA architecture encapsulates the services provided to users, including the infor-
mation of service provider, the parameters of service interface call, the time of service
provision and so on. Through the interface, we can clearly see the structure of the inter-
face, with complete transparency. When calling the interface, you can directly use the
object to call the interface by creating an object [4]. The SOA architecture module is
divided into user interface module, management and report module, configuration and
rule module, service bus module, service interface and service implementation module.
The figure shows the SOA Service Architecture module diagram (Fig. 1).

User service interface

Configuration
and rules 
module

Service bus module

Service interface and service 
implementation module

Management
and reporting 

module

Fig. 1. SOA Service Architecture of the whole teaching resources system

System data warehouse includes two concepts: one is the integrated and stable col-
lection of historical data, the other is the management technology that integrates the data
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distributed in different sites and business systems, which can provide effective data anal-
ysis and data support for decision-makers. The figure below shows the system structure
of data warehouse (Fig. 2).

relational 
database

Other data

Data warehouse 
management 

tools

ETL

metadata

Modeling tools

Comprehensive 
data

historical data

Current data

C / s tools

DM tools

OLAP tools

Fig. 2. System data processor architecture

When optimizing the hardware configuration of the teaching resource integration
system, the middle layer appears in the data processor, which makes the massive data
stream have enough buffer to ensure the stable operation of the large amount of data
[5]. The architecture of teaching resource integration system is divided into presentation
layer, service management layer, service layer, service component layer, data access
layer and data layer. SOA is used to transfer data and information between each layer.
The basic architecture of SOA is composed of data objects, data graphs, metadata and
data relay services [6]. Data object is a component used to save data, which is mainly
composed of attributes of data entities; data graph is a collection of multiple data objects,
which is responsible for the change of data objects; data relay service is used for the
management and call of services in the interface [7]. For the design of SOA architecture
model of teaching resource integration system, the system architecture design should
follow the service architecture of SOA, and the architecture design is as follows (Fig. 3):

Teaching resource integration system is divided into five layers: web layer, service
layer, service component layer, data access layer and data layer.

Web layer is the interface provided by the system to interact with users, which is
composed of presentation layer and control layer. The web layer is designed based on
MVC framework and implemented by JSP/HTML {servlet [8]. Users request data to
the system through the web layer, and input the corresponding request parameters in the
web interface. The final return result is also displayed by the web interface.

The service layer is the encapsulation of the business logic of the system, mainly
including course resource service, excellent course resource service and other services
of the system. Through the encapsulation of service components, accessible service
modules are formed to facilitate the implementation of business processes.

The service components implemented in the service layer are coarse-grained service
modules. In the service component layer, each servicemodule is refined into fine-grained
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Fig. 3. System hardware configuration optimization

services to achieve a certain function [9]. In this layer, we need to call the SCA com-
ponents involved in SOA architecture, integrate the teaching resources of different sys-
tems, and realize the interface of data interaction through encapsulation. For the newly
developed teaching resource module, we use SOA to access the database.

Data access layer provides access interaction with underlying data. By encapsulat-
ing the interface that interacts with the data into the service component, the service
component layer can access the data layer by calling the component.

The data layer stores and manages data resources for the system, and provides data
interaction for the system.

2.2 Software Function Optimization of Teaching Resources Integration System

The functional structure of the system is set on the basis of user analysis and system func-
tion analysis. The teaching resource integration system is mainly divided into five mod-
ules: user management, system management, resource management, resource browsing
and resource statistics. Resource management and resource browsing are the key func-
tions of the teaching resource integration system. The specific functional structure of the
system is shown in the figure below (Fig. 4):

To further optimize the function of resource integration management, the partici-
pants of teaching resource submission mainly refer to the objects that upload and pub-
lish teaching resources through the system. These participants hope that the system can
realize the convenient upload and release processing function of teaching resources. The
requirements of resource submission participants for the system functionmainly include:
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Teaching resource management system

Personal
management

Resource
browsing

Resource
statistics

resource
management

system
management

pe
rs

on
al

 in
fo

rm
at

io
n

C
ou

rs
ew

ar
e 

br
ow

si
ng

T
yp

e 
br

ow
si

ng

Su
bj

ec
t b

ro
w

si
ng

R
es

ou
rc

e
R

ec
om

m
en

da
tio

n

R
es

ou
rc

e 
re

vi
ew

R
es

ou
rc

e 
ed

iti
ng

R
es

ou
rc

e 
au

di
t

R
es

ou
rc

e 
pu

bl
is

hi
ng

D
at

a 
ba

ck
up

R
ol

e 
m

an
ag

em
en

t

us
er

 m
an

ag
em

en
t

C
ha

ng
e 

Pa
ss

w
or

d

M
y 

re
so

ur
ce

s

R
ec

en
t b

ro
w

si
ng

Fig. 4. System function structure optimization

distributed resource collection and submission function. It is hoped that after the sys-
tem has completed the integration of the existing teaching resource management system
of each department, the resource submission participants can realize the collection and
submission of the number of teaching resources based on the system of their own depart-
ments, and the submitted teaching resources can be managed uniformly; standardized
teaching resources can be usedWe hope that the system can establish a resourcemetadata
description standard that meets the requirements of the unified management of teaching
resources, and build a resource description template based on the metadata object, which
can automatically record the type, size, upload time and other information of resources,
which can be supplemented and improved by the submitting party; provide the function
of in migration and conversion of uploaded teaching resources, and provide reference
for those who have been in our department For the teaching resources stored and pub-
lished on the platform, the system should be able to conveniently update the resource
information according to the user’s operation, and migrate to the resource integration
platform according to the requirements, which will be included in the unified manage-
ment of the platform; batch import function provides the function of batch processing
for the same type of teaching resources, so as to reduce the workload of the submis-
sion [10–12]. The function of managing and submitting teaching resources is to delete,
modify and update the submitted resources, and to obtain the information of resources’
audit status, warehousing status and used status; the function of automatically auditing
the legitimacy of resources’ information is to automatically conduct preliminary audit
on the resource description information entered by the submitted resources according to
the rules, For those who do not meet the requirements, timely send a reminder message
to ask for correction. The use case diagram of teaching resource submission participants
is as follows (Fig. 5):
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Submit resources

Automatically audit resources

Managing resources

Migration conversion resources

Describe resources

Fig. 5. Teaching resource submission participant use case

The participants of resource use mainly include teachers and students in various
departments of the school, as well as researchers in the research room. These partici-
pants mainly obtain the online teaching resources they need through the system to help
them complete related tasks. This kind of participants’ requirements for system functions
include: they hope that the system can provide personalized resource subscription and
configuration functions, users can configure their own professional, interest and other
information in the system, and they can obtain recommended teaching resources based
on the system platform. At the same time, the system should also be targeted based on
the basic information of users, as well as the historical records of query, browsing and
download We hope that the system can provide a comprehensive query function, which
can query all the resources in the platform according to the combination of multiple
conditions, and can also realize the full-text retrieval function, which can not only query
the teaching resources of the Department, but also query the education resources of
other departments in the school. We hope that the system has teaching resources Eval-
uation function, the user should be able to achieve a detailed evaluation of the teaching
resources based on the platform, can score the resources, on the one hand reflects the
value of resources, on the other hand can also provide reference for other users; hope
the system can provide feedback function, can provide the system administrator with
relevant opinions on teaching resources through the platform. The use case diagram of
resource usage participants is as follows (Fig. 6):

Resource management participants mainly refer to the personnel who organize and
publish the teaching resources submitted by each node, mainly including the manage-
ment personnel of school library and educational administration department. These par-
ticipants hope to realize simple, efficient and intelligent teaching resource management
operation through the system. The requirements of resource management participants
for system functions mainly include: having the function of teaching resource audit,
mainly including viewing and comparing the newly submitted teaching resources, auto-
matically selecting the resources that may be the same from the database according to the
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Configure subscription

Browse resources

Feedback suggestions

Evaluation resources

Query resources

Fig. 6. Resource usage actor use case

name, type and size of the resources, so as to facilitate the comparison and de duplica-
tion of management personnel; resource information update and classification function,
According to the definition of teaching resource descriptionmetadata, administrators can
modify the description information of current resources, and classify teaching resources
by multi label and multi-dimensional according to the information of resource submis-
sion unit, so as to facilitate the query and other operations of resource users; for the
function of managing teaching resource storage, teaching resource integration system
does not store all resources in the same place Database server, but based on the current
network environment and storage structure, using distributed storage function, the teach-
ing resources submitted by each department are still stored in its own database after being
processed by the administrator; it has the function of interacting with resource users, and
can answer the questions and suggestions of users based on the system, and transfer the
relevant information Feedback to the resource providers of relevant departments. The
use case diagram of resource management participants is as follows (Fig. 7):

According to the design objectives, functions and performance requirements of the
teaching resource integration system, the logical bridging architecture of the system is
designed in a hierarchical architecture. The specific design scheme is shown in the figure
(Fig. 8).

2.3 The Realization of the Integration of Teaching Resources

Further optimize the data table of teaching resources. The data table of teaching resources
is the most important data table in the most integrated system, recording the specific
information of teaching resources. The fields in the data table can be customized accord-
ing to the needs of users, providing the function of metadata scheme definition, and
standardizing the data management information of teaching resources (Table 1).

The table records the basic information of teaching resources, including the name of
resources, publishing time, affiliated institutions, etc. Because there are many attributes
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of teaching resource entities, this table mainly records static information, and saves
information such as resource download times in dynamic information table. According
to the structure of resource integration platform, it is assumed that there are N total of
information resources, and the subcarrier bandwidth of each resource integration is A.
In the resource integration period, the channel gain is P(B, β, χ), and n0 is the noise
power density. The efficiency of information resource integration is as follows:

η1 = A0 log

(
1+ q(n)|P(B, β, χ)|2

en0A0

)
(1)
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Table 1. Teaching resource data management information

Serial number Field name Field type Field length Remarks

1 ID Int 4 Resource number, primary key

2 ResTypeID Int 4 Resource category, foreign key

3 ResName Nchar 12 Resource name

4 UpDate Datetime 8 Release time

5 OwnerID Int 8 Resource organization ID

6 ResContent text 8 Resource profile

Where q(n) is the subcarrier power of information resource integration. Suppose
d(B, β, χ) represents the subcarrier allocation of resource integration configuration.
After subcarrier allocation, the information resource integration efficiency is as follows:

η2 =
N∑

β=1

2∑
χ=1

d(B, β, χ)P(B, β, χ) (2)

Furthermore, the course resource browsing service module is optimized to provide
the function of browsing course teaching resource information according to the user’s
needs. The specific implementation method is: sending requests to remote servlets and
using service data objects to return XML text data. The details are shown in the figure
below (Fig. 9):

Course resource 
service

Course resource 
components

Course resource service

Course information 
service

Resource content 
service

Preference
Service

Course information 
service

Course information 
component

Educational 
administration system

Fig. 9. Course resource browsing service module

As can be seen from the figure, the course resource browsing servicemodule includes
two aspects: course information browsing service component and course resource brows-
ing service component. The course resource browsing service component realizes the
business logic function through three service components: music, information content
and hobby service. Among them, the course information service refers to the service
provided by the course information service component, the preference service is based
on the resources that users often browse, the collected services, and the better evaluated
services; the course information browsing service component is the service to obtain
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the course information, which mainly provides data services for the course information
service module in the course resource browsing service.

In the established resource table, the attributes of teaching resources are used as
the names of the fields in the table. The attribute identification of teaching resources is
divided into required data elementP, optional data elementQ and classified data element
E. The required data element is the core element in the load balancing algorithm stan-
dard. The optional data element is the available field selected according to the teaching
resources table. The classified data element is determined by certain data information.
The expression of attribute identification of teaching resource is:

η2 =
2∑

β=1

η2(P,Q,E) (3)

According to the classification data elements of the load balancing algorithm stan-
dard, combined with required fields and general optional data fields, a teaching resource
data table is constructed. Here, taking the graph/imagematerial data table as an example,
the data table is constructed. Firstly, the fields that must be included in the data table
are extracted according to the load balancing algorithm standard, and then the fields that
can exist in the optional data set are selected. Finally, according to the data elements
contained in the graph/image material in the classified data displayed in the table. The
data object of teaching resource management in the system comes from the node of
each department of our university, and the relevant personnel submit and describe the
teaching resources. The design of this function mainly includes two aspects: one is to
describe all kinds of teaching resources according to the requirements of resource meta-
data definition; the other is to submit teaching resources based on dSPACE framework.
The flow chart of the collection and submission function of teaching resources is as
follows (Fig. 10):

As shown in the figure above, after logging into the system, the user enters the
workspace module to collect and submit teaching resources. First upload the teaching
resources, and then input the metadata of the resources. The system will automatically
audit the metadata. If it does not meet the requirements, it will return to the work area
and ask the user to re-enter it. If it passes the initial step, it will enter the metadata editing
process of the second step. After the editing, it will audit again. If it fails to pass the audit,
it will go back to the work area and ask the user to re-enter it, Then it is submitted to the
management personnel for manual review. After confirmation, it is added to the teaching
resources document, and uploaded and saved, so as to realize the effective integration
of massive teaching resources.

3 Analysis of Experimental Results

The effectiveness of the optimization method is verified through experiments. Select the
types of information resources that the university can use andmake statistics. The results
are shown in the Table 2.
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Fig. 10. System operation process optimization

Table 2. Information resources integration in Colleges and Universities

Average value Standard deviation Variance

Unified distribution of periodicals in Colleges
and Universities

4.20 0.845 0.812

Self access journals 3.25 1.004 1.020

Paper newspapers and periodicals 2.50 0.888 0.885

Supporting CD 1.80 1.005 1.221

Self access to CD 1.56 1.045 1.123

Electronic manuscript 1.58 0.845 0.765
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It can be seen from the table that in the process of independent integration of infor-
mation, the information resources obtained are relatively high. In order to verify the opti-
mization performance of information resource integration based on optimized platform
structure, the two methods are compared, as shown in the Table 3.

Table 3. Comparison of the two modes

Traditional system The system of this paper

Function Resources construction,
organization classification,
sequence integration, using links
to provide access, rapid
positioning of resources

Provide references, information
abstracts, automatic retrieval

Retrieval Integrated into the search
entrance, establish a one-stop
resource navigation library

One stop to complete information
query and get results

Basic feature The system is easy to use and
effective; the retrieval interface is
friendly and the link is
reasonable

The retrieval function is powerful,
the knowledge system is complete,
and it is convenient to obtain and
transfer documents

Resource organization Through the organization
system, the information
resources are integrated and the
resources are revealed in depth

The distributed information
resources are seamlessly
connected in a conventional way
to facilitate access

Integration technology Using navigation to process the
retrieval results, select
reasonable results and pass them
to users

Cross database integration,
merging multi language search
results

Based on the analysis of the test results, compared with the traditional teaching
resource integration method, the design of teaching resource integration system based
on load balancing algorithm proposed in this paper is relatively higher in the practical
application process, and can achieve the research requirements of rapid and effective
integration of massive teaching resources more quickly.

In order to verify the effectiveness of this system, a comparative analysis of the
integration accuracy of teaching resources between this system and the traditional system
is carried out. The comparison result is shown in Fig. 11.

According to Fig. 11, the integration accuracy of teaching resources in this system
can reach up to 100%,which is higher than the integration accuracy of teaching resources
in traditional systems.
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Fig. 11. Comparison of positioning accuracy of intrusion data in ship sensor network

4 Concluding Remarks

Through the design of the integration system of network resources, the sharing of teach-
ing resources is realized. The integration of teaching resources is a relatively com-
plex process, involving a wide range of content. Through the integration of network
resources, teachers and students have a platform for mutual interaction, which effec-
tively improves the utilization of resources, stimulates students’ innovation ability, effec-
tively links knowledge together, and improves teaching efficiency The successful design
of learning resource integration system reduces the number of users switching in the
Internet and meets the personalized needs of users. Give full play to the advantages
of strong multimedia and network interaction and rich resources, create a relaxed and
harmonious learning atmosphere, and consciously carry out horizontal comprehensive
teaching related to information technology and disciplines. This has laid the foundation
for the development of distance education.
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A Data Mining Based Method for Identifying
the Mismatch of Educational Resources
in Regional Colleges and Universities
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Abstract. When identifying the mismatch of educational resources in regional
colleges and universities, there is a certain mismatch between the elements of
resource mismatch and the measurement, which leads to the problem that the
actual recognition speed is too low. This paper constructs a data mining based
method to identify the mismatch of educational resources in regional colleges
and Universities. After determining the subject of collection, mining the data of
educational resources in Colleges and universities, using all elements of resources
to proxy variables, controlling the matching parameters between elements and
measures, measuring the mismatch of educational resources, integrating similar
teaching resources, establishing mismatch recognition rules, and finally complet-
ing the identification of educational resources mismatch. This paper simulates the
regional university resource environment, selects the information science, infor-
mation work, discipline field and related literature of CNKI as the mismatched
educational resources. Experiments are used to verify the effectiveness of this
method. The results show that the mismatch identification method designed in
this paper can identify the mismatched resources quickly maximum.

Keywords: Data mining · Regional universities · Educational resources ·
Mismatch

1 Introduction

For a long time, University Library, as an academic, scientific research and service
institution, has played an important role and accumulated a lot of information. With
the development of science and technology, University Library urgently needs to use
advanced technology and means to process all kinds of data information in order to
improve service quality and resource allocation efficiency, and to promote university
library to continuously improve its own business work and management level. Although
the application of data mining technology in domestic library is still in the initial stage,
with the development of information technology and the change of user demand, data
mining technology will combine with the work of Library and play a great guiding
role. The service object of university library is relatively fixed, mainly for the different
needs of university teachers and students in learning, scientific research and work. From
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the form of service, passive service is more than active service [1]. From the level of
service, although the scope is relatively fixed, there are many levels, such as the level
of undergraduate and graduate students, as well as the scope of research, the scope
of interest and other aspects [2]. Therefore, the service of university library should be
targeted and professional.

With the development of data mining technology, foreign countries began to study
its application in the field of library, and applied the actual results to practice, and
its application mode has become increasingly mature. By the end of 1990s, with the
rapid development of the Internet, the construction of digital library, the construction
of knowledge and information resources under the network environment, intelligent
retrieval, interlibrary loan and other new topics have been emerging, and the development
and research based on the application technology of digital library has become more
detailed [3]. Foreign scholars have made some progress in the application of data mining
technology.With the rapid application of the Internet, library digitization, knowledge and
information resources construction, intelligent retrieval, interlibrary loan and so on have
become research hotspots and made great achievements [4]. Digital library application
technology has also made rapid development and wide application.

The innovation of this article is based on data mining technology. The elements in
the resource are used to represent variables. Data mining technology is used to collect
educational resources in colleges and universities. Resources are used for proxy vari-
ables. The adaptation parameters between the element and the measure are controlled.
Similar teaching resources are integrated. The identification rules are established.

2 Identification Method of Regional University Education
Resources Mismatch Based on Data Mining

2.1 Mining University Education Resource Data

Before collecting the data of university education resources, first determine the subject of
collection, select the university resources of the same specialty as the collection object of
behavior data, and collect the educational resources of colleges anduniversities according
to the following processing process. The collection process is shown in Fig. 1 below:

Fig. 1. Acquisition process

As shown in Fig. 1 above, firstly, according to the teaching management system of
colleges and universities, collect and record the field of educational resources in Colleges
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and universities, formulate a data screening standard, sort out the data sets to be analyzed,
and then select the data sets related to data mining to narrow the collected data range
and enhance the mining quality of behavioral data [5]. Then this part of the data is
preprocessed to remove the noise in the original collected data, filter the redundant and
invalid data, and use the criterion function of K-average algorithm to fill in the missing
data

E =
∑k

i=1

∑
q∈Di

|q − ni|2 (1)

In the above formula, E is the sum of the mean square deviation of all behavior data
in the data set and the corresponding cluster center, q is the given data object, ni is the
mean value of clustering, q, n is multidimensional. The data filled with formula (1) is
combined with the previous semi-structured data to be processed into structured data [6],
and the naive Bayes classification method is used for classification. The classification
process is as follows:

Fig. 2. Classification process

As shown in the above Fig. 2, first assume that each feature Y of the sample is
uncorrelated and in an independent state C. Set it as the set of behavior data training
tuples and corresponding class labels. Each tuple is represented by a dimensional vector
B1,B2, . . .Bn, in which the attributes of teaching resources measure the tuple Ci. Under
one condition, the predicted tuple belongs to a class, so that the Ci has the highest
posterior probability [7], and there is the following relationship:

P(Ci|Y ) > P(Cj|Y ) 1 ≤ j ≤ m, j �= i (2)
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From the above formula, P(Ci|Y ), the results can be obtained:

P(Ci|Y ) = P(Ci)P(Y |Ci)

P(Y )
(3)

In the above formula, P(Y ) is the fixed value in the known data, the above collected
and classified data are retained, and then the feature extraction processing of the col-
lected and classified college education resources [8] is used to measure the mismatch of
educational resources.

2.2 Measuring the Mismatch of Educational Resources

To measure the mismatch of educational resources, the total elements of resources [9]
are used as surrogate variables to calculate the stock of educational resources in regional
colleges and universities.

Kit = Kit−1 + Iit
Dit

(4)

Among them, Kit represents the resource stock of regional colleges and universities
in the region, Iit represents the introduction of educational resources by colleges and uni-
versities in the region, and Dit represents the configuration parameters. In order to elim-
inate the inconsistency of resource estimation among different university individuals, a
resource update function is constructed

Yit = AitKα
it

Lβ
it

(5)

Among them, Yit refers to the number of resources replaced in Colleges and uni-
versities, Ait refers to the updating parameters of educational resources, Lβ

it represents
the number of types of educational resources, β and α respects represents the renewal
elasticity of educational resources. In order to further estimate the elements of educa-
tional resources, the above calculation formulas (4) and (5) are combined to calculate
the logarithm, which can be expressed as follows:

ln Yit = ait + α lnKit

β ln Lit
(6)

Among them, the logarithm ait of represents, and the meaning of other parameters
Ait remains unchanged. The regional distribution of colleges and universities and the
distribution of their educational resources have the characteristics of non degradation,
and the relationship between the two in different regions or countries is not completely
the same. A significant positive relationship between the mismatch rate and the size
of regional colleges and universities was found, which shows that the universities in
large regions tend to have higher mismatch rate of resources. OP covariance [10] can
be a good measure of resource mismatch. Therefore, the size of the university area is
used as a surrogate variable for the size, and use OP decomposition method to calculate
the covariance difference between university education resources and mismatch. The
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op covariance is used as a measure of resource mismatch. To a large extent, it makes
up for the possible defects in the mismatch method in the literature. The static OP
decomposition method is adopted, which does not consider the dynamic changes of
university education resources, that is, it does not take the new form of educational
resources into consideration. This paper mainly decomposes the mismatch rate of each
university in the same period

�t = ϕt +
∑

i

(Sit − S) (7)

Among them, ϕt represents the renewal rate of educational resources, Sit repre-
sents the share of educational resources in Colleges and universities, and S represents
the average value of educational resources in Colleges and universities. Taking time
as an independent variable, the change of university education resources mismatch is
calculated, as shown in Fig. 3.

Fig. 3. The mismatch of educational resources in Colleges and Universities

As shown in Fig. 3, with the increase of OP covariance difference [11–13], the
mismatch value of educational resources is also increasing, and the mismatch value
almost reaches the value of 4 at the end of the statistical cycle. According to the numer-
ical changes caused by the above mismatching process, the complexity of university
education resources is defined.

2.3 Establish Mismatch Recognition Rules

Before establishing the recognition rules, the similarity teaching resources are integrated
[14], and the similarity matrix is constructed by similarity evaluation method

SD(di,dj) =
{
v ∗ SSD(di, dj), ifdidj ∈ DT
GSD(di, dj), otherwise

(8)
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Among them, DT represents the set of mismatched information data and v is the
weight parameter. Suppose the mismatched resource is gi. The weights gj between the
two mismatched resources are calculated

LLSN (gi,gj) = LLS(gi,gj) − LLSmin

LLSmax − LLSmin
(9)

Where, LLS(gi, gj) denotes the weight between mismatched resources, and repre-
sents the minimum LLSmin and LLSmax maximum log likelihood scores of mismatched
resources, respectively. Then the functional similarity [15] between the two genes can
be expressed as follows:

FSG(gi, gj) =
⎧
⎨

⎩

1, gi = gj
0, e(gi, gj) /∈ HumanNet
LLSN (gi, gj) ∈ HumanNet

(10)

Among them, e(gi, gj) represents the boundary value between the regional university
education resources gj and. using the similarity calculation results, the final mismatch
identification results are for gi mulated, and the module information recognition rules
are finally calculated, as shown in Table 1.

Table 1. Identification rules established

Rule name Resource name Number

Recognition rule 1 Learning video 127

Recognition rule 2 Open class 48

Recognition rule 3 TV open class 145

Recognition rule 4 Video open class 40

Recognition rule 5 Excellent course 32

Recognition rule 6 Video conference system 11

Recognition rule 7 Electronic library resources 127

Recognition rule 8 Online teaching course 62

Recognition rule 9 Documentary of teaching resources 139

Recognition rule 10 Teaching materials 4

After establishing the recognition rules in the Table 1, the rules in Table 1 are used to
realize the recognition of the mismatch of educational resources of regional universities
[16, 17], and finally complete the research on the mismatch recognition.

3 Simulation Experiment

3.1 Experimental Preparation

The spiderweb system is prepared as the experimental environment ofmismatch identifi-
cation method. In the actual deployment, the system is refined into front-end processing,
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distributed storage and recognition display. In order to deal with the massive network
traffic in large-scale network environment, the front-endprocessing part is further divided
into: front-end packet capture machine and front-end processor. The front-end packet
capturing machine is mainly responsible for capturing data packets in the network, and
sending multiple packets with the same quintuple to the same front-end processor; The
front-end processor is responsible for the processing of data packets, including flow table
management, IP fragmentation reorganization, TCP reorganization, etc. at the same time,
according to the traffic characteristics of complex applications, the statistical character-
istics are extracted based on influenza knowledge model, and the complex application
traffic is identified by saimmf method, and the logs are sent to the distributed storage
subsystem.

Distributed storage uses multiple servers to build a distributed storage cluster based
on Hadoop framework to ensure the storage reliability of data; at the same time, spark
and shark are used to achieve efficient distributed computing. Analysis and display is
divided into data analysis machine and data display machine. Among them, the data
analysis machine is responsible for mining massive log data, modeling from multiple
dimensions using network flow field method, and constructing private network. Data
display machine is responsible for displaying the results after mining, and its display
content mainly includes statistical information and real-time animation. The deployed
verification experiment environment is shown in Fig. 4.

Fig. 4. Test environment of experimental deployment

In the test environment as shown in Fig. 4, the degree of association between knowl-
edge nodes is the representation of resource aggregation, and the aggregation group is
the collection of nodes with strong connection. The higher the unit requirements of the
aggregation group, the higher the aggregation depth, and the more likely the knowledge
nodes within the aggregation group will converge. The research sample of this paper is
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from CNKI database. The subject field of “information science and information work”
subordinate to “library, information and digital library” in the database is selected, and
the publication time of the sample is 2017–2019 (Due to the time lag of articles included
in CNKI, the data was obtained in 2017. To ensure the accuracy of the data, the 2017
data was not selected as the research sample.). Based on the above conditions, a total of
12815 papers were retrieved, and 11288 papers were obtained after the critical reports
and index articles were screened out. After the above resources are used as the educa-
tional resources of regional colleges and universities, the mismatch recognition methods
in literature [4], the mismatch identification methods in literature [6] and the mismatch
recognition methods designed in the paper are used to compare the performance of the
three methods.

3.2 Results and Analysis

Based on the above experimental preparation, the size of educational resource packet is
set to 64 bytes. Since it is impossible to manually label the complex application network
traffic captured in the real network, it is difficult to accurately evaluate the identification
performance of spider web system for specific complex applications. In order to solve
this problem,manual access is used to generate network traffic for specific applications in
the laboratory environment, and tcpdump tool is used to capture the corresponding appli-
cation data packets. After that, the network traffic is injected into the spider web system
by playback to identify and record the identification results. In the above experimental
environment, control the wire speed of 100Mbps, 200Mbps, 500mbps and 800Mbps
to send university education resources to the mismatch module. Finally, the number of
data packets identified by the three mismatch identification methods is calculated and
the recognition rate is calculated. The results are shown in Fig. 5.
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Fig. 5. Recognition rate results of three recognition methods
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It can be seen from the experimental results shown in the above figure that under the
same experimental environment, different recognition methods are controlled to identify
educational resources with different linear speeds. According to the experimental results
shown in the above figure, the average recognition rate of the recognition method in
reference [4] is 60% on the left and right under four thread conditions, and the final
average recognition rate of the identification method in reference [6] is about 70%,
while the recognition rate designed in this paper is The average recognition rate of each
method is about 97%. Compared with the mismatch recognition methods in the two
literatures, the final recognition rate of the proposed method is the highest.

Keep the above experimental environment unchanged, set the data set of educational
resources mismatch, take the number of TCP flows and UDP flows in the resources as
the setting objects, and set the resource test data set as shown in Table 2.

Table 2. Set of test data sets

Data set Number of TCP streams Number of UDP streams

Resource dataset 1 176381 675531

Resource dataset 2 3194 547444

Resource dataset 3 83474 264107

Resource dataset 4 219474 1405242

Resource dataset 5 14425 1876533

Resource dataset 6 172291 451302

The test data set shown in the table above is taken as the processing object. Defining
three mismatch methods to meet the storage requirements of resource log is a pre-
cise identification process. The number of accurate identification resources is obtained
by counting the three identification methods, and the final accuracy rate of the three
mismatch identification methods is calculated. The accuracy results are shown in Fig. 6.

From the accuracy results shown in the figure above, the three identification methods
show different accuracy results after changing the resource allocation process with dif-
ferent line speeds. According to the precise value shown in the figure above, the average
accuracy value obtained by the identification method in reference [4] is about 75%, and
the accuracy value is the smallest. The average accuracy rate of the identification method
in reference [6] is about 85%. The average accuracy of the proposed method is about
97%. Compared with the two methods in literature, the recognition method designed in
this paper has the highest recognition accuracy, which meets the accuracy requirements
of Library mismatch recognition.

Keep the above experimental environment unchanged, take the number of resources
identified by the three mismatch identification methods in unit time as the comparison
index, and the data in the test data set prepared in the above table as known. Count
the final processing time of the three mismatch identification methods, and calculate
the number of resources identified by different recognition methods in unit time. The
experimental results are shown in Table 3.
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Table 3. Identification speed results of three resource mismatch methods

Data set
Resource dataset 1

Recognition speed/(bar/sec)

Identification methods
in reference [4]

Identification methods
in reference [5]

Identification methods
in reference [6]

Resource dataset 2 47.4 87.4 125.2

Resource dataset 3 49.5 86.5 158.7

Resource dataset 4 51.4 89.2 125.9

Resource dataset 5 51.1 93.9 134.6

Resource dataset 6 42.8 93.7 158.1

Data set 49.8 99.6 158.6

According to the results of recognition speed shown inTable 3,with the same resource
test data set as the experimental object, under the control of the three identification
methods, the recognition speed of the identification method in reference [4] is about 48
bars/second, and the speed of resource identification is relatively small. The recognition
speed of the identification method in reference [6] is about 91 pieces/second, and the
actual recognition speed is larger. The recognition speed is about 143. Comparedwith the
two methods in literature, the recognition method designed in this paper has the fastest
recognition speed. According to the above experimental results, the recognition method
designed in this paper has the maximum recognition rate, the maximum accuracy rate
of the recognition process, and the actual recognition speed, which is suitable for the
application in the process of university education resources mismatch recognition.



A Data Mining Based Method for Identifying the Mismatch 301

4 Conclusion

With the advent of the era of big data, the amount of information is increasing rapidly.
For the resource construction of digital library, resource aggregation has become an
urgent problem. As an effective means of content aggregation, aggregation technology
plays an important role in organizing massive resources and effectively establishing
the connection between resources. With the support of data mining technology, the
construction of a regional university education resourcesmismatch identificationmethod
can improve the lack of slow identification of resources in the literature, and provide
certain theoretical basis for future research work.
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Optimization and Integration of Network
Teaching Resources of Ideological and Political

Course Based on Big Data

Ming-sheng Li(B) and Li-jun Yun

Baotou Teachers College, Baotou 014030, Inner Mongolia, China

Abstract. In the current optimization and integration method of teaching
resources, in the design of teaching resources integration method, the compatibil-
ity of the method framework is poor. When the constraint conditions are changed,
the integration efficiency will be greatly affected. Therefore, this paper proposes
the optimization and integration method design of network teaching resources of
Ideological and Political Courses Based on big data. Firstly, according to the data
mode of big data, the resource integration model is established. On this basis, CFI
generalization framework is used as the resource integration framework, and the
calculation method of data classification is added in the framework. Finally, com-
puter technologies such as DOI and crossref are added to the framework to realize
the integration of network teaching resources. In order to verify the feasibility of
the integrated method. Taking the network teaching resource data of Ideological
and political course of a university as the carrier, Experiments are used to verify the
data optimization and integration effect of the designed integration method. The
experimental results show that the design method is less affected by constraints,
and the integration efficiency is high, which meets the design requirements.

Keywords: Teaching resources · CFI generalization framework · Big data ·
Resource integration

1 Introduction

The traditional information carrier system is dominated by paper-based carrier, and a
stable system structure is formed by themutual compatibility of paper-based carrier with
microfilm carrier, magnetic carrier and laser carrier [1–3]. With the popularization of
network digital technology application, all kinds of information begin to transform in
digital form, and digital information will continue to grow, and the speed will be accel-
erated [4, 5]. Digital information has become the mainstream information resources, the
Internet has become an important channel for people to obtain information knowledge,
and people’s behavior of obtaining information has also changed. For colleges and uni-
versities, digital resources can be convenient for the allocation of teaching resources.
However, the growing number of complex digital resources, such as overlapping con-
tent, redundant information and low knowledge relevance, have formed “digital resource
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island” and “digital resource overload”. Digital resource island is the diversity and het-
erogeneity of storage digital resource system, which leads to digital resource It is an
information environment state that is difficult to obtain and share. Digital resource over-
load is due to the large number of digital resources, which makes it difficult for people
to accurately obtain information resources. These two dilemmas have brought a serious
burden on people’s utilization and access [6, 7]. Researchers at home and abroad have
established a variety of resource integration systems, such as encompass with linkfinder
plus and Millennium access plus map. However, in the actual use of the system, it is
found that the system lacks the consideration of different constraints in the application.
When different constraints are added to the resource integration, the integration running
time will be significantly increased, and one-step optimization is needed in actual use.

2 Optimization and Integration of Network Teaching Resources
of Ideological and Political Courses in Colleges and Universities
Based on Big Data

2.1 Teaching Resource Database Model Based on Big Data

Big data is bound to play an extremely important role in resource bank projectmonitoring
and education informatization work [8, 9]. In this paper, the establishment of teaching
resource database, according to the ecological method, let the resource library achieve
the growth of resource content, the increase of resource volume, the improvement of
resource quality, and the realization of resource update in the continuous revision. Only
by realizing ecological development can a virtuous circle be realized. The powerful
functions of the resource bank in learning and teaching have been brought into full play.
In this paper, the BDD model [10] is mainly used to reveal the problems existing in
various aspects of the current resource library through the analysis of big data, and then
formulate and implement the rectification plan for each sub project, and then accept
the results. If it fails, it will be circulated once, and it will be iterated until the expert
comments and passes. In order to better express this process,It is transformed into a
mathematical model of sustainable development.

D = F(B,P1,P2,A,E,R) (1)

Among them,D represents the effect of sustainable development of teaching resource
library, F is a process function, B represents the output of big data, P1 represents the
formulation and P2 represents plan of professional database. A refers to the rectification
plan of the designated sub project, E indicates the assistant’s assistance in the rectifica-
tion, R represents the expert’s evaluation and indicates the rectification result. And P2,
A, E is a small iterative process. B, P1, P2, A, E, R is a large iterative process. In the
model D, from small iteration to large iteration, the ecological development effect of
the model is ensured, and the resource pool enters into a virtuous cycle and ecological
development. The workflow of BDD ecological development model, first of all, through
the resource system background, the professional teaching resource database and deter-
mine the active analysis b1, login ranking b2, behavior analysis b3, itinerary analysis b4,
course analysis b5, classroom teaching b6, performance analysis b7 to generate reports.
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To analyze the use of the whole resource database, and to generate a detailed table of
the use of the resource database by the Ministry of education.

2.2 Framework of Teaching Resources Integration

This paper uses CFI generalization framework [11] as the resource integration frame-
work. From CFI generalization to more extensive scenarios, it can be found that in the
context of service ecosystem, the fundamental task of service resource integration is to
select parts optimally according to the personalized needs of users or applications, and
individuals form virtual resources. The framework includes three parts: input, output and
resource integration. The input includes service resource pool, application requirement
description and service resource quality. Service resource pool is the collection of service
resources. The same large class of resources can be in different sub categories in different
classification standards, and has different evaluation criteria; application requirements
description is to describe and express the personalized needs of users in a standardized
form. To be able to describe and understand user requirements is the premise of person-
alized service resource integration; the quality of service resources includes the quality
attributes of all aspects of each resource, which can be examined from two aspects:
the quality records of historical use of resources and the quality declared by service
resource providers. The output is the result of the integration of service resources, that
is, a set of resources obtained by matching and selecting resources. At the same time,
these resources may be in different positions in the organizational structure of the col-
lection. These common points and internal relations make these resources together form
a resource set which can better meet the user’s personalized application needs. When
generating multiple result sets, they can be divided into different priorities according to
the different evaluation results. The resource integration engine implements the service
resource integration method. According to the personalized constraints of user require-
ments, the category and quality characteristics of resources, a set of resources is selected
from the resource pool to form a virtual service resource that canmeet the needs of users.
The description of resource integration needs to conform to the description of service
resources. In reality, the resources in a certain field are often classified according to dif-
ferent standards, which are reflected in the multi-dimensional classification of service
resources. In addition, domain resources also have a certain number of general attributes
and domain attributes, which are reflected in the multi-attribute of service resources, as
shown in Fig. 1.

In CFI, developers and testers will be classified by age, technology, experience and
available time per week, and havemany attributes such as gender, occupation, education,
interest, etc.

Multi dimensional and multi-attribute service resources can be represented as four
tuples R = (RB,RU ,RA,RC), where RB is the basic information of service resources.
RU informate related to the function or use of a service resource. RA represents a
collection of service resource attributes. RC represents a collection of classification tags
for service resources |RC| = |F |. The forest is composed of domain related service
resource F classification tree. The number of classifications per service resource can
be expressed as F = {T1,T2, . . . ,Tm}, where T = (TN , ST ) represents the name
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Fig. 1. Framework resource description

of the classification tree node. TN represents the set of sub classification trees of the
classification tree, ST representing the classification leaf node, |ST | = ∅.

2.3 Classification of Teaching Resources

Most of the original features have little effect on the classification results [12]. The
purposeof feature selection is to select the featurewith the strongest distinguishing ability
from these massive original feature items, so as to achieve the purpose of dimensionality
reduction of high-dimensional feature vector space, reduce the amount of calculation
in the subsequent classification process, and avoid “dimension disaster”. Firstly, the
document frequency in teaching resources is determined. The document frequency refers
to the proportion of the documents with a certain feature item in the total number of
documents in the corpus. The calculation formula is as follows:

DF(Ti) = Number of documents with feature items

Total number of documents
(2)

Firstly, a threshold value is set M and the document frequency value DF of all
feature items is calculated. If the feature Ti of the item is removed DF(Ti) > M ,
the feature of the item Ti is retained. At the same time, DF(Ti) < M , to determine
the statistical characteristics, this paper uses the method of mutual information [13] to
extract statistical features, and calculates the statistical correlation between feature items
and text categories to measure the degree of correlation. The calculation formula is as
follows:

MI
(
Ti,Cj

) = P
(
Cj

)∑n

i=1
log

P
(
Ti

∣
∣Cj

)

P(Ti)
(3)

In (3),MI
(
Ti,Cj

)
represents themutual information between the feature and the text,

n represents the probability of the category for the text with one category in the corpus,
P
(
Cj

)
represents the frequency of the document with the feature item in the category, and

P
(
Ti

∣
∣Cj

)
represents the frequency of the document containing the feature item Ti. The

larger the valueMI , the greater the correlation between the feature and the category, the
stronger the distinguishing ability of the feature item. At the same time, the feature gain



Optimization and Integration of Network Teaching Resources 307

of machine learning is determined, and the text importance of features can be determined
by calculating the information content of feature items. The feature item contains more
information, and the more important the feature item is [14]; the less information it
contains, the less important the feature item is. The amount of information contained in
a feature is calculated by subtracting the information difference of the corpus without the
feature from the information contained in the whole corpus. The amount of information
here is expressed in terms of entropy, and its calculation formula is as follows:
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In formula (4), P
(
Cj

)
represents the probability of similar texts in teaching resources

in corpus. P(Ti) represents the text probability of the feature item, P
(
Cj|Ti

)
represents

the text probability with the feature item in the class, and P
(
T i

)
represents the text

probability without the feature item. Then P
(
Cj

∣
∣T i

)
represents the text probability that

does not contain feature items and does not belong to. Using the above operations,
the characteristics of teaching resources are confirmed and classified according to the
characteristics.

2.4 Resource Matching and Integration Technology

The integration of digital resources is not only to gather digital resources together, but
also to describe, organize, process, sort, search, service and other aspects of information,
which need to be supported by certain technologies [15]. At present, there are several
digital resource integration technologies that attract people’s attention. Using DOI tech-
nology, the unique identification code is established in the data. Its function is to assign
permanent displacement identification code to digital objects. DOI provides users with
permanent access to digital resources by parsing DOI. When users click DOI to ask
for information, their requests are sent to the central server. The server parses DOI into
URL and returns it to the end user, which enables users to access the resources. Cross
ref is used to develop the reference link, and through this link, users can retrieve the
metadata database and address database of crossref in different teaching resources, so as
to obtain the corresponding DOI, URL and metadata. At the same time, SFX technology
is added to it, which is actually a context sensitive reference link based on the open
unified resource locator standard. This technology is actually a third-party service com-
ponent between the link service provider and the information resources providing the
link source. After receiving an OpenURL, the component obtains the metadata through
parsing, and obtains the metadata through the identifier provided by the OpenURL to
the relevant server, and then through the metadata, SFX can transfer the metadata to the
relevant server Thus, there is no barrier between heterogeneous information sources and
heterogeneous communication protocols. The overall integration process is as follows
(Fig. 2):

Add the resource integration mode in the framework above, add the method of
resource classification into the retrieval portal, and establish the database metadata. And
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Fig. 2. Digital resource integration process

add Web services technology as a whole, and combine the advantages of distributed
object technology and web technology, adopt service-oriented architecture. At the same
time, through the HTTP protocol and XML data format to communicate, overcome the
resources and services disordered, heterogeneous and encapsulation problems. At the
same time, the XML data format is used to describe digital resources between different
languages in this method. The soap protocol is used to make Wed Service eliminate the
association with other heterogeneous platforms. The WSDL protocol is used to provide
a unified access interface. Finally, UDDI is used for unified description, discovery and
integration, so as to realize the release and sharing of digital resources, and realize the
integration of resources and services. It has good applicability and flexibility. At the same
time, in order to expand the data of distributed computing technology, and as a node to
connect with the teaching resources users’ equipment, and form a logical peer node, so
that the network node has a high stability and reliability, and has the functions of client
and server to complete the task cooperatively. Through direct interconnection, digital
information resources can be fully shared and people can interact directly through the
Internet, which makes network communication easier and resource sharing more direct.
After calculation, and through various kinds of computer technology, to achieve the
optimization and integration of teaching resources.

3 Experimental Demonstration and Analysis

In order to verify the effectiveness of the proposed method. In this experiment, the
teaching resources of Ideological and political course in a university are used as the
resource information of the experiment integration.
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3.1 Experimental Environment

The experimental test environment includes one primary server and ten secondary
servers, and two load generators are connected to generate the request load. The network
connection structure of the server is as follows (Fig. 3):

Load generator 1 master server Load generator 2

S1 S2 S3 S10

...

Fig. 3. Experimental server configuration

The configuration of the server is as follows (Table 1):

Table 1. Experimental server configuration

The server Hardware configuration Operating system Software configuration

Load generator 1 Intel quad core 2.83 GHz,
4 GB memory, 1 GB/S

WinXP SP3 LoadRumner

Load generator 2 Intel quad core 2.83 GHz,
4 GB memory, 1 GB/S

WinXP SP3 LoadRummer

Master server Intel quad core 2.83 GHz,
4 GB memory, 1 GB/S

Win2003 Server Jvm1.6Master

Secondary server Intel quad core 2.83 GHz,
4 GB memory, 1 GB/S

CentOS 5.3 JVM1.6NodeAgent

3.2 Experimental Methods

In this paper, the following experiments are carried out to verify the idle server merging
and the bottleneck server splitting. Firstly, five application clusters are deployed in the
system. They all have one load distributor and one web application server instance. The
five application server instances are evenly distributed among the five servers. There
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are 1 master server and 10 slave servers, of which 5 application server instances are
deployed on 5 different slave servers. In this paper, the experimental application is CPU
intensive, each visit will do 100000 floating-point operations, the weight of CPU and
memory is 9:1. Due to the limited network transmission data and diskless read/write
operations, the resource consumption of network read/write and disk read/write is not
considered. Then turn on the global adjustment operation switch to allow the platform to
integrate resources. At this time, since the application has not been loaded, the resource
utilization of each application is negligible. In this paper, the methods in literature [1],
literature [2] and literature [4] are used and compared with the design method in this
paper.

3.3 Experimental Results

Through the five application server instances, the platformwill merge them into one sec-
ondary server. After the generationmerging, each application will add the corresponding
load, as shown in Fig. 4.
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Fig. 4. Load curve of experimental application

With the gradient increase of each application load, the server load increases, and the
resource usage of each application server instance increases, resulting in the bottleneck
state of the only host server at present. At this time, the server splitting operation will be
triggered, which will cause the platform to gradually split some cluster nodes into other
servers, increasing the number of working servers. In this paper, under the condition of
big data, the similar optimization effect is calculated. Four methods are used to integrate
the experimental teaching resource data of Ideological and political courses in Colleges
and universities. The operation efficiency in the integration process is shown in Fig. 5.

In Fig. 4, method 1 is the teaching resource integration method designed in this
paper, method 2 is the teaching resource integration method in literature [1], method 3 is
the teaching resource integration method in literature [2], and method 4 is the teaching
resource integration method in literature [4]. In Fig. 4, it can be found that in the 200MB
teaching resources integration, the running time is relatively small, but with the increase
of the scale of resources, the running time has a big difference, while the first method
has a shorter running time compared with other methods.In this paper, the operational
constraints in actual use are simulated. And different numbers of constraints were added
to the operation, and the result shown in Fig. 6 was obtained.
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Fig. 5. Resource integration operation efficiency

Fig. 6. Operation time under different requirements and constraints

In Fig. 6, it is found that the optimization and integration method of teaching
resources designed in this paper is less affected under different constraints, while other
methods are obviously affected, and the operation time changes under different con-
straints. Under the same number of constraints, the transportation speed of the teaching
resources operation method designed in this paper is faster, which proves the feasibility
of the teaching resources operation method.

4 Conclusion

In this paper, the big data model is used to establish the optimization model of teaching
resources. At the same time, through the optimization of the framework, the operation
efficiency of the integration method is higher. However, in this paper, due to the use of
big data model to build the integration model, so the integration needs to be connected
to the network, and through multiple servers, so there are still limitations.
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Abstract. Aiming at the poor recommendation effect of the traditional hybrid
recommendation algorithm for educational courseware resources, a hybrid rec-
ommendation algorithm based on heterogeneous information fusion is proposed.
Through the description of the characteristics of educational courseware resources,
the attributes are mapped into the rating matrix, and the average values of the
attributes of all the evaluated educational courseware resources are calculated.
After the similar items are merged, the double attribute rating matrix is obtained.
The modular matrix is used to process the sub factor sequence, and the mean
value of the correlation coefficient corresponding to each sub factor sequence
is calculated. This paper studies the coupling relationship between educational
courseware resources, completes the modular processing of educational course-
ware resources, and realizes the recommendation of network hybrid information
combined with the design of network hybrid information recommendation algo-
rithm. The experimental results show that the hybrid recommendation algorithm
based on heterogeneous information fusion can better solve the problem of low
recommendation efficiency caused by sparse score matrix and “cold start”. The
recommendation effect is better than the traditional collaborative recommendation
algorithm, and the quality is higher.

Keywords: Heterogeneous information fusion · Educational courseware
resources · Hybrid recommendation · Recommendation algorithm

1 Introduction

With the continuous development of the Internet and information technology, the popu-
larity of intelligent terminals, and the large-scale coverage of 4G network and wireless
network, people’s life and work have undergone great changes. People take the network
as the medium, and the learning mode of distance learning course resources is also
developing continuously. Learners can learn through network courseware or other learn-
ing resources, and are no longer limited by time and space [1]. However, if the online
education platform simply presents the offline course content and teaching resources,
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it will lead to the poor interaction between teachers and students and the learning effi-
ciency of students due to the time and space barrier of distance education; at the same
time, there is no difference in one-way teaching for all students, which leads to poor
personalization. The explosive growth in the number and scale of educational resources
makes it difficult for ordinary learners to choose learning resources [2]. The resources
obtained through traditional search engines are usually complex and inaccurate, which
can not satisfy them. At the same time, although the current organizational structure of
learning resources can meet the requirements of online learning, due to the proposal of
personalized learning, learning resources also need to meet the needs of learners for the
structural, dynamic and retrievable resources [3].

The study of learning resources in online education has a long history abroad. As
early as 1998, the United States Department of education and the National Library of
Education launched the gem project, which proposed to usemetadata coding to describe,
organize and manage network resources, so as to facilitate people to retrieve and obtain
learning resources. Luo J et al. [4] because the traditional keyword search method is
difficult for learners to find and obtain the most appropriate resources from the vast
amount of educational resources, context aware resource recommendation service has
become an important part of pervasive learning environment. To solve this problem, a
context aware resource recommendation model and related recommendation algorithm
are proposed in this paper The first part combines the content-based and collaboration
based recommendationmechanism, and introduces the individual preference tree to con-
sider the multi-dimensional attributes of resources, the rating matrix of learners and the
energy of access preferences In the second part, in order to enhance the effectiveness of
the recommendation, the connection type correlation and time satisfaction are calculated
according to other relevant contexts. Then, the candidate resources can be filtered and
sorted by combining the two parts to generate the recommendation results. The sim-
ulation results show that the proposed method is effective It is better than other most
advanced algorithms in traditional and newly proposed metrics, and may be more suit-
able for pervasive learning environment H et al. [5] in view of the fact that the existing
course video recommendation system is generally limited to one course and ignores the
knowledge correlation between courses, in this work, a two-stage cross course video rec-
ommendation algorithm is proposed. The algorithm considers both the implicit feedback
of learners and the knowledge association between course videos. Firstly, collaborative
filtering is used to generate video seed set, which seeds Secondly, a cross course video
association knowledge map is constructed, and the random walk algorithm is used to
measure the relevance of the course video. The relevance is based on each video seed
as the starting node, and is extended to the video subgraph. Then, several cross course
video oriented subgraphs are recommended to the learners. The experimental results
show that the cross course video association knowledge map can be used to measure
the relevance of the course video. The recommendation algorithm is superior to the tra-
ditional recommendation algorithm based on collaborative filtering in accuracy, recall
rate and knowledge relevance.

Scholars in the field of educational technology in China have also carried out a lot
of research on learning resources in online education. Ren Lei [6] aimed at the problem
of excessive granularity of user interest descriptions in traditional collaborative filtering
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algorithms, and the problemof inaccurate calculation of similarity caused by sparse score
matrix., A hybrid recommendation algorithm based on incremental learning WHHR is
proposed. This algorithm constructs a content-based user model through Widrow-Hoff
incremental learning, and combines the collaborative filtering recommendation mecha-
nism to achieve score prediction. The experiment verifies that theWHHR algorithm is in
convergence speed and Compared with similar recommendation algorithms, the accu-
racy of recommendation has been greatly improved; Yangfengrui et al. [7] has relatively
low accuracy and reliability for the traditional recommendation algorithm. In view of the
problem of cold start of users and projects, this paper proposes a hybrid recommendation
algorithm based on probability matrix decomposition. Firstly, the trust relationship of
users is mined from the perspective of user rating, and then the relevance between items
is measured by label context according to user characteristics, and then integrated into
probability matrix model for recommendation. The experiment shows that, the proposed
algorithm has achieved good results in the accuracy of recommendation compared with
the conventional method.

2 The Design of Algorithms for Mixed Recommendation
of Educational Courseware Resources

2.1 Build a Dual Attribute Score Matrix

All features of educational courseware resources are represented by a set, such as a. c =
{c1, c2, c3, . . . , cn} vector composed of features of educational courseware resources is
used to represent an educational courseware resource

p = [
p1, p2, p3, p4, . . . , pn

]
(1)

Among them, pj describes a certain attribute characteristic of the educational
courseware resource. When the educational courseware resource has this attribute
characteristic, its value is 1; when it does not have this characteristic, its value is 0.

First, map the attributes of the educational courseware resources in the scoringmatrix
through the characteristic description of the educational courseware resources.Assuming
that aij represents user u’s rating of the j-th educational courseware resource attribute
of the educational courseware resource i, then user u’s rating of the j-th educational
courseware resource attribute the score R(u, j) is expressed as the average value of the j
th educational courseware resource attribute of all the evaluated educational courseware
resources by user u:

R(u, j) =

N∑

i=1
aij

N
=

N∑

i=1
pj × R(u, i)

N
(2)

Among them, R(u, i) is the score of user u on educational courseware resources i,
and N is the total number of educational courseware resources evaluated by N .

Similarly, all features of a user can be represented by a set, such as b =
{b1, b2, b3, . . . , bn}. A user can be represented by a vector composed of user features

q = [
q1, q2, q3, q4, . . . , qn

]
(3)
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Among them, qk is used to describe a certain user attribute characteristic of the user.
When the user has this attribute characteristic, its value is 1; when it does not have this
characteristic, its value is 0.

Map the user’s attribute characteristics to the newly established user-education
courseware resource attribute scoring matrix. The score of user attribute k on the j-
th education courseware resource attribute of R(k, j) is expressed as the mean value of
user u’s evaluation of the j-th education courseware resource attribute:

R(k, j) = qk
H

× R(u, j) =

N∑

i=1
qk × pj × R(u, i)

N × H
(4)

Where H is the number of user attributes owned by user u.
After the same category items are merged, the double attribute score matrix is

obtained as follows:

Two attribute scoring matrix =

⎛

⎜
⎜⎜⎜⎜
⎝

R(1, 1),R(1, 2),R(1, 3), . . . ,R(1, j)
R(2, 1),R(2, 2),R(2, 3), . . . ,R(2, j)
R(3, 1),R(3, 2),R(3, 3), . . . ,R(3, j)
. . . . . .

R(k, 1),R(k, 2),R(k, 3), . . . ,R(k, j)

⎞

⎟
⎟⎟⎟⎟
⎠

(5)

In the above description, the attributes of the educational courseware resources are
mapped in the scoring matrix, and the average value of the attributes of all the evaluated
educational courseware resources by the user is calculated. After the similar items are
combined, a dual-attribute scoring matrix is obtained.

2.2 Modular Processing of Educational Courseware Resources

If the recommendation of educational courseware resources is taken as a system,modular
processing refers to distinguishing the key factors of the recommendation of educational
courseware resources, and rationally analyzing the sub-factors in themodule [8]. Suppose
uij represents the j-th factor in Educational Courseware Resource Module i, and its
influence is recorded as xij.

When using the sequence of n sub-factors to deal with the influencing factors of edu-
cational courseware resource recommendation, a modular matrix based on personalized
adaptive learning will be formed, namely:

(
X ′
1,X

′
2 · · · ,X ′

n

) =

⎛

⎜⎜⎜
⎝

x′
1(1) x′

2(1) · · · x′
nt(1)

x′
1(2) x′

2(2) · · · x′
n−1(2)

...
...

...
...

x′
1(m) x′

2(m) · · · x′
n(m)

⎞

⎟⎟⎟
⎠

(6)



Research on Hybrid Recommendation Algorithm 317

Using personalized adaptive learning to modularize the sequence of sub-factors, you
can get:

(X0,X1, · · · ,Xn) =

⎛

⎜⎜
⎜
⎝

x0(1) x1(1) · · · xn(1)
x0(2) x1(2) · · · xn(2)

...
...

...
...

x0(m) x1(m) · · · xn(m)

⎞

⎟⎟
⎟
⎠

(7)

The mean value of the correlation coefficient corresponding to each sub-factor
sequence is calculated separately to reflect the correlation between the educational
courseware resources and the sub-factor sequence [9], which is called the correlation
sequence, which is recorded as:

ri0 = 1

m

m∑

k=1

ζi(k) (8)

Then the educational resources of uij can be recommended as follows:

⌈
uij

⌉ =
{

(arcmax ζi(j)−ri0)
ζi(j)

, uij The recommendation effect was negative
(ri0−arcmax ζi(j))

ζi(j)
, uij The recommended effect is positive

(9)

The coupling degree function is used to study the coupling relationship between
educational courseware resources. The coupling degree between different educational
courseware resources can be expressed as:

Tm =
{

(u1 × u2 × . . . um)
[∏ (

ui + uj
)]

} 1
m

, i �= j (10)

Among them, the value of Tm is between 0 and 1, and ui represents the total
recommendation effect of educational courseware resources. The calculation formula
is:

ui =
m∑

λijuij (11)

Although formula (11) can be used to calculate the coupling degree between educa-
tional courseware resources, it can not reflect the status of personalized adaptive level
to recommend educational courseware resources. Therefore, a coupling coordination
function is constructed to calculate the coupling degree between educational courseware
resources

{
F = αu1 + . . . + βum

A = √
Tm · F (12)

Among them, A represents the coupling coordination degree function, Tm represents
the coupling degree of the education courseware resources, F represents the coordina-
tion index, and α and β represent the overall recommendation weight of the education
courseware resources.
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Modularization of the sub-factor sequence is carried out using the modular matrix,
and the mean value of the correlation coefficient corresponding to each sub-factor
sequence is calculated. The coupling relationship between the educational courseware
resources is studied using the coupling degree function, and the modular processing
of the educational courseware resources is completed. Next, by calculating the simi-
larity of educational courseware resources, to simplify the recommendation process of
educational courseware resources.

2.3 Design a Hybrid Recommendation Algorithm for Educational Courseware
Resources

Every piece of information released by users will involve a topic or multiple topics,
and the characteristics of user information release match the topic model of educational
courseware resources [10–12]. Therefore, the topic model is used to determine the topic
distribution of the information posted by the user, so as to initially determine the user’s
interest orientation. The flow of the hybrid recommendation algorithm for educational
courseware resources is shown in Fig. 1.

Start

Data preprocessing

Generate/Fill in User-Educational 
Courseware Resource Scoring 

Matrix

The scoring 
matrix is too 

sparse

Recommendation Based on 
Modified Similarity Measure
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Generate user-educational 
courseware resource scoring 

matrix

Generate user attribute-educational 
courseware resource attribute scoring 

matrix

Heterogeneous information 
fusion

Constructing user attribute 
preference model

Predicting the Scoring of Ungraded 
Educational Courseware Resources

yes
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Fig. 1. Flow chart of hybrid recommendation algorithm for educational courseware resources
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For the topic distribution of educational courseware resources, definition C =
{C1,C2, · · · ,CT } represents the theme set of educational courseware resources. For
a piece of educational courseware resource t, the posterior probability is p(Ci | t). There-
fore, the main part vector of the education courseware resource composed of posterior
probability is (p(C1 | t), p(C2 | t), . . . , p(CT | t)), T Represents the number of subject
collections of educational courseware resources. For the user’s interest orientation, sup-
pose {t1, t2, · · · , td } represents the set of educational courseware resources released by
the user, then the T dimensional vector (v1, v2, · · · , vT ) represents the user’s interest
orientation in the educational courseware resources, and the calculation formula is:

vi = 1

d

d∑

j=1

p(Ci | tj) (13)

According to the user’s interest weight, vi is improved by using personalized adaptive
learning

vi = 1

d

d∑

j=1

αjp(Ci | tj) (14)

Among them,
d∑

j=1
αj = 1 and αj represent the user’s interest weight value for educa-

tional courseware resources, which can reflect the user’s preference set for educational
courseware resources. The larger the value of αj, the higher the user’s preference for
educational courseware resources.

Assuming that the education courseware resource t is composed of nwords, the n-th
word is recorded as wn, and the topic of wn is defined as zwn , then the probability of zwn

is calculated as:

P
(
zui = j |Zt,¬i, t, ϕ, α

) ∝ P
(
zwi = j,Zt,¬i, t | ϕ, α

)

P
(
Zt,¬i, t | ϕ, α

) (15)

On the basis of formula (15), if the topic distribution of word wn is Vwn =
(v1, v2, · · · , vT ), then the standardization probability of vi is:

vj = P
(
zxi = j |Zt,¬i, t, ϕ, α

)

T∑

j=1
P
(
zui = j |Zt,¬i, t, ϕ, α

)
(16)

The probability that educational courseware resource t belongs to topic j is as follows:

θt,j = n(j, t) + α

n(t) + Tα
(17)

According to θt,j, the average preference similarity of users in M cycles can be
defined:

simM =

M∑

1
2

sim(uk−1, uk)

M − 1
(18)
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In order to facilitate the comparison, the average preference similarity of users can
be processed by personalized adaptive learning, and the user preference similarity can
be calculated

sim(Uk−1,Uk) = cos θ =
−−−−−→
uk−1 · −→uk

|μk−1‖·|μk ‖ (19)

In conclusion, heterogeneous information fusion is used to improve the recommen-
dationmethod of educational courseware resources. Throughmodular processing of edu-
cational courseware resources, a network hybrid information recommendation algorithm
is designed to realize the recommendation of network hybrid information.

3 Experimental Comparative Analysis

By comparing the difference in recommendation accuracy and the number of recom-
mended educational courseware resources between the education courseware resource
hybrid recommendation algorithm based on heterogeneous information fusion and the
traditional user-based collaborative recommendation algorithm, it is verified that the
recommendation algorithm in this paper can solve the sparse score matrix and cold start.
And other issues.

3.1 Experimental Environment and Experimental Data Set

The experimental environment is inter (R) core (TM) i7–4790 CPU @ 3.60 GHz, the
memory is 8.0GB, and the operating system isWindows 7. Pychar 2017.1 andMATLAB
are used to implement the data preprocessing and recommendation algorithm_R2017b.

The experimental data set is movielens data set, which is collected and founded by
the group lens educational courseware resource group of Minnesota University in the
United States. It can receive users’ ratings on movies and provide personalized movie
recommendation to them.

Among them, each evaluation score ranges from 1 to 5. Each user provides his /
her age, gender, occupation and other attribute information when registering, and each
movie provides feature information such as film title, release date, theme type, etc.

In this paper, the movielens LM data set is selected and divided into five subsets,
which are disjoint. Each subset contains 80000 scoring base data sets and 20000 scoring
test data sets. The base data set and the test data set are complementary.

The sparsity of base data set is 95%, which is a typical sparse matrix, which can
help to verify the improvement of the algorithm in solving the problem of sparse score
matrix.

3.2 Experimental Methods and Evaluation Indicators

Use offline experiments to verify the correctness of the improved algorithm. Each exper-
iment selects a subset, uses the improved algorithm to predict the user ratings on the
base data set, and then uses the true score of the test to calculate the error of the predicted
score to verify The effectiveness of the algorithm.
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Use evaluation indicators based on prediction accuracy to calculate the accuracy of
the recommendation algorithm, and use MAE to measure its error:

MAE =
∑

s∈S

∣∣
∣RS − R̂s

∣∣
∣

|S| (20)

Among them, S represents the collection of all products, RS represents the real
score of products, and R̂s represents the predicted score of product s by the current user
calculated by the recommendation system.

Mae calculates the average error between the predicted score and the real score. The
smaller the value, the higher the quality of the recommendation algorithm.

3.3 Experimental Results and Analysis

3.3.1 Experimental Results Recommended by the Algorithm

Select the number of neighbor user sets to be 10, 20, 30, 40, 50, and use the user-based
collaborative recommendation algorithm (User-based C) and the hybrid recommenda-
tion algorithm of educational courseware resources based on heterogeneous information
fusion to conduct comparative experiments, and predict the scoring result is compared
with the average absolute error of the test data set, and the result is shown in Fig. 2.
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Fig. 2. Comparison of average absolute error of recommended algorithms

As shown in the figure above, the hybrid recommendation algorithm based on het-
erogeneous information fusion has smaller average absolute error and better recom-
mendation effect than collaborative recommendation algorithm. Based on the double
attribute rating matrix, the improved algorithm uses heterogeneous information fusion
to simulate the user’s attribute preference model, and makes reasonable rating prediction
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for the non rated items, which alleviates the inaccurate recommendation problem caused
by the sparse rating data of traditional algorithms.

3.3.2 Algorithm Cold Start Recommended Experimental Results

(1) Make recommendations for new users
Twenty users were randomly selected and their rating data was set to zero to sim-
ulate the situation of new users entering the recommendation system. The num-
ber of neighbor user sets are 20, 40, 60, 80, 100, 120, 140, and the user-based
collaborative recommendation algorithm (User-based CF) and the hybrid recom-
mendation algorithm of educational courseware resources based on heterogeneous
information fusion Users make recommendations and compare the number of items
recommendedby the two for newusers. The experimental results are shown inFig. 3.
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Fig. 3. Comparison of recommendation algorithms for solving user’s “cold start” problem

As shown in Fig. 3, when new users enter, the hybrid recommendation algorithm
based on heterogeneous information fusion can recommend more items for new
users than the collaborative recommendation algorithm. With the increase of the
number of neighbor users, the recommended items also increase, which effectively
alleviates the impact of user cold start on the recommendation quality.

(2) Recommend new projects
Ten items were randomly selected and their score data were set to zero to simu-
late the situation of new items entering the recommendation system. The number
of neighbor users is 20, 40, 60, 80, 100, 120, 140, respectively. The user based
CF algorithm and the hybrid recommendation algorithm based on heterogeneous
information fusion are used to recommend new projects. The number of potential
users is compared. The experimental results are shown in Fig. 4.
As shown in the figure above, when a new project enters the system, the hybrid
recommendation algorithm of educational courseware resources based on het-
erogeneous information fusion can recommend this new project to more users
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Fig. 4. Comparison of recommended algorithms for solving the “cold start” problem of items

than the collaborative recommendation algorithm, and as the number of neighbor
projects increases, Recommending new items to more potential preference users
has alleviated the impact of the cold start of items on the recommendation quality.

4 Conclusion

This paper proposes a hybrid recommendation algorithm for educational courseware
resources based onheterogeneous information fusion.Heterogeneous information fusion
is used to improve the recommendation method of educational courseware resources.
Through modular processing of educational courseware resources, a network hybrid
information recommendation algorithm is designed to realize the recommendation of
networkmixed information. The results show that the algorithm has better recommenda-
tion effect. Online education platform can not only help students learn knowledge more
effectively, but also can obtain feedback information from users and collect diverse
learning behavior data. The mining and analysis of learning behavior data is beneficial
to the development of educational resources, and can help educators improve curriculum
design and teaching methods, make effective evaluation on learners and promote them
to improve their learning methods and improve learning efficiency. This paper mining
the association between knowledge points in a course according to the user learning
behavior data, and then provide the user with knowledge point recommendation service
according to the association between knowledge points, which helps to consolidate the
students’ knowledge mastery and improve the learning efficiency.

Fund Projects. This paper is a scientific research fund project of Hunan Provincial Department
of Education (project number: 20c0218).
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Research on Resource Integration Method
of Civil Engineering Construction Course Based

on Big Data Mining

Hong-wei Tian(B)

School of Road Bridge and Architecture, Chongqing Vocational College of Transportation,
Chongqing 400021, China

Abstract. Due to the characteristics of large amount of data, scattered storage, and
complex data media in civil engineering construction course resources, the appli-
cation of traditional resource integration methods has problems of poor integra-
tion effect and application performance. Therefore, civil engineering construction
based on big data mining is proposed. Curriculum resource integration method.
Set up association rules, and use big data mining technology to get the initial data
results of civil engineering construction course resources.Respectively through the
standardization, word segmentation and other steps to achieve the pre-processing
of the civil engineering construction course resources. Extract the characteristics
of civil engineering construction curriculum resource data, calculate the feature
weights and get the comprehensive feature fusion result. According to the feature
extraction results, the resource types are divided, and the curriculum resources of
the same type are integrated to obtain the final integration result. Through com-
parison with traditional resource integration methods, it is found that the designed
curriculum resource integration optimization method can reduce the packet loss
rate of the integration result. The application of the resource integration method
effectively improves the retrieval speed of construction curriculum resources, so
it has application and promotion value.

Keywords: Civil engineering · Curriculum integration · Construction
resources · Big data mining technology · Feature weight

1 Introduction

Civil engineering is the general term of science and technology for the construction
of various engineering facilities. It refers to the applied materials, equipment, survey,
design, construction, maintenance, repair and other technical activities, and also refers to
the object of engineering construction. In order to provide sufficient application-oriented
talents for civil engineering construction industry, major universities have established
civil engineering specialty [1]. The major of civil engineering cultivates senior engineer-
ing and technical personnel who master the basic theory and knowledge of various civil
engineering disciplines, and can engage in planning, design, construction, management
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and research in the fields of housing construction, underground building, road, tunnel,
bridge construction, hydropower station, port and offshore structure and facilities, water
supply and drainage and foundation treatment.

Civil engineering teaching is a synthesis of traditional and modern technical knowl-
edge. The content of traditional construction technology is still being followed, but mod-
ern new technologies, new materials, new techniques, and new methods have greatly
changed the construction technology, making it a collection of modern high-tech A
compulsory course for applied undergraduate students closely integrated with traditional
technology, construction technology and construction management, theory and practice.
The characteristics of the civil engineering construction course are strong practicality,
strong comprehensiveness, wide range of knowledge involved, rapid development, etc.,
in the application-oriented undergraduate professional courses, the status of this course is
second only to reinforced concrete courses. The reason for this is that the applied under-
graduate program focuses on application. The future goal of cultivated college students
is to become engineers. The biggest feature of engineers is to make engineering. The
goal of professional course teaching is to train students in practical engineering. There-
fore, civil engineering construction occupies a relatively important position in similar
courses. In the teaching process of civil engineering, architectural teaching needs to be
combined with engineering examples to cultivate students’ practical ability.

In order to maximize the application of civil engineering construction curriculum
resources, the integration and sharing of construction curriculum resources are realized
under the network environment. At present, the commonly used integration methods
include metadata based integration method, cloud computing based integration method
and structured P2P network based resource integration method. However, the traditional
integration methods have the problems of low application performance and high packet
loss rate. Therefore, data mining technology is used to optimize the design of traditional
integrationmethods. Datamining generally refers to the process of automatically search-
ing hidden information with special relationship from a large number of data. Firstly, the
real-time data of the actual civil engineering construction site are collected and stored
in the data warehouse. Then, using data mining technology, combined with the curricu-
lum needs to develop association rules, we get the mining results of civil engineering
construction curriculum resources, and preprocess the mining data of civil engineering
construction curriculum resources. According to the preprocessing results, we extract the
data characteristics of civil engineering construction curriculum resources, and calcu-
late the feature weight of civil engineering construction curriculum resources. This paper
divides the types of civil engineering construction curriculum resources and realizes the
integration of civil engineering construction curriculum resources. The application of
this technology provides basic data guarantee for the integration of resources, so as to
improve the integration effect of curriculum resources.

2 Design of Resource Integration Method for Civil Engineering
Construction Course

The integration of civil engineering construction curriculum resources is a systematic
work, which needs to be orderly characterized by the characteristics and content charac-
teristics of civil engineering construction curriculum resources in accordance with fixed
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steps and procedures under certain principles, so as to achieve the purpose of resource
orderly processing, so as to realize the co construction and sharing of civil engineering
construction curriculum resources. The integration of civil engineering construction cur-
riculum resources can be divided into four steps: unified planning of resources, collection
of resources, processing and management of resources, and integration and release of
resources.

2.1 Mining Resource Data of Civil Engineering Construction Courses

Themining of civil engineering construction course resources is mainly divided into two
steps. The first step is to collect real-time data in the actual civil engineering construction
site and store it in the data warehouse [2]. Then, using the data mining technology,
combined with the needs of the course, the association rules are established, and the
mining results of civil engineering construction course resources are obtained.

The timeliness, reliability and completeness of data collection at the construction
site are necessary for the dynamic management of the project. The specific construction
process is shown in Fig. 1.

Civil
construction

activities

Planning and 
design

projects

Completed
works

Monitoring
construction

activities

Construction
process

Project
planning

Compare actual 
and planned 
indicators

Automatic data 
collection

Fig. 1. Civil engineering construction flow chart

The data collected in the construction stage provides a good information platform for
the safety monitoring and operation maintenance of the project. According to different
uses, the automatic data acquisition technology of construction site can be divided into
the following categories: automatic identification technology, positioning and track-
ing technology, image acquisition technology and sensor and intelligent monitoring
technology.

On this basis, data mining technology is used to mine and collect the initial data of
civil engineering construction course resources. The corresponding data mining model
is shown in Fig. 2.

In the actual data mining process of civil engineering construction course resources,
the mining model shown in Fig. 2 is used, and the association rules between the course
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Fig. 2. Data mining model structure diagram

resources are used for specific data mining processing. Association rules are also called
association patterns, which are logically implied expressions of the form X → Y, where
X and Y are judgments about the value of attributes in the database [3]. Let I be a
collection of m different projects, D is a civil engineering construction database, and
each transactionT is a collectionof a groupof projects in I. Each transactionor transaction
T is associated with a unique identifier TID. For item set X, if X belongs to transaction
T, then transaction or transaction T supports X. If there are k items in X, then X is also
called k-items set, or the length of X is k. Association rules refer to an implicit data
relationship in the following form. The specific relationship expressions and constraints
are as follows:

⎧
⎨

⎩

X → Y
X ⊆ I ,Y ⊆ I
X ∩ Y �= ϕ

(1)

In order to mine meaningful association rules, two thresholds should be given: mini-
mumsupport andminimumconfidence. The former represents theminimumrequirement
of a group of data sets in statistical sense, while the latter reflects the lowest confidence
of users on association rules. In a given item set, the user support level is greater than or
equal to the minimum support level of the item set. The task of association rule mining
is to find all frequent association rules in D in a given transaction or transaction database
D. Frequent association rules refer to those rules whose support is greater than or equal
to the minimum support threshold given by users, and the confidence level is also greater
than or equal to the minimum confidence threshold given by users.

Follow the set association rules to realize themining of civil engineering construction
course resource data. A complete data mining process includes the establishment of
mining object data mart, the statistical work of small data samples, online analysis, the
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establishment of data mining model and model optimization [4]. Each step is completed
in a certain order, of course, there will be feedback between steps throughout the process.
The process of data mining is not automatic, and many tasks need to be done manually.
The business object studied in data mining is the foundation of the entire process, it
drives the entire data mining process, and is also the basis for testing the final results
and guiding analysts to complete data mining. The output result of the final data mining
model is the final mining result of the civil engineering construction course resource
data.

2.2 Data Preprocessing of Civil Engineering Construction Course Resources

The pre-processing of civil engineering construction curriculum resources mainly aims
at the processing of resources with different formats, including data resources, text
resources, image resources and image resources. The preprocessing operation can not
only remove a large number of noise data in the text, but also provide the required corpus
for the subsequent classificationprocess [5]. Taking the text resources of civil engineering
construction course resources as an example, because the text is edited and sorted by
different users, in order to avoid garbled code in the process of word segmentation, it is
necessary to standardize the coding method before word segmentation. The conversion
principle of unstructured data is shown in Fig. 3.

Original construction 
teaching resources

New construction teaching 
resources

XML encoding binding 1 XML encoding binding 2It has the same 
meaning

CELTS-31

Fig. 3. Schematic diagram of unstructured data conversion

On this basis, Chinese word segmentation is carried out. The operation is to segment
the whole text according to certain special rules, and form feature items with words,
words or phrases as the basic unit. In the process of processing, the string is matched
with the entries in a large enough machine dictionary according to certain rules. If the
match is successful, the string is saved as a word segmentation result. In addition, stop
words refer to meaningless features generated after word segmentation. The purpose of
removing stop words is to reduce the spatial dimension of feature items to be processed
in the process of text classification and improve the classification efficiency [6]. After
word segmentation of the text, the obtained characters and words form a feature set,
and then each feature item in the feature set is matched with the stop word in the stop
word list. If the matching is successful, the feature is removed from the feature set; if
the matching fails, the feature is retained.
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Finally, the processed civil engineering construction course resource data is standard-
ized, so that the processed data becomes data conforming to the standard normal distri-
bution, that is, the average value is 0 and the standard deviation is 1. The standardization
process is shown in formula 2.

x = X − μ

σ
(2)

Where X is the original course resource data sample, μ and σ represent the mean
value and standard deviation of all sample data respectively. After using the standardized
method to process the data, the new training set data due to the square difference is
standardized, each dimension of the feature vector value is equivalent processing, each
dimension features are subject to the mean value of 0, variance 1 normal distribution,
avoid the weight imbalance caused by the difference of each feature vector value.

2.3 Extracting Data Characteristics of Civil Engineering Construction Course
Resources

Among the massive original feature items, most of them have little effect on the classifi-
cation results. The purpose of feature selection is to filter out the most powerful feature
items from these massive original feature items for retention, so as to achieve the pur-
pose of reducing the dimension of the high-dimensional feature vector space, reduce the
amount of calculation in the subsequent classification process, and avoid occurrences.
“Dimensional disaster”. The relevant knowledge of statistics and machine learning pro-
vides a good theoretical basis for the construction of feature selection methods [7]. The
specific features that need to be extracted include document frequency, mutual informa-
tion, and information contribution rate of the resource. The document frequency refers to
the proportion of documents with a certain feature item in the total number of documents
in the corpus. The calculation formula is as follows:

DF(Ti) = NTi

Ntotal
(3)

Where NTi and Ntotal represent the number of documents with feature Ti and the
total number of documents respectively. Set a threshold M in advance, and calculate the
document frequency value DF of all feature items. The relationship between the feature
Ti and the document frequency threshold is judged. If it is greater than the threshold
value, the feature term will be retained, otherwise the feature item will be eliminated.
Mutual information is an index to measure the degree of correlation between resource
data:

MI(Ti,Ci) = P(Ci)

n∑

i=1

lg
P(Ti|Ci )

P(Ti)
(4)

Among them, MI(Ti,Ci) represents the mutual information between the feature
item Ti and the text, n represents the text of n categories in the corpus, P(Ci) represents
the probability of belonging to category j, P(Ti|Ci ) represents the frequency of the
document that the feature item appears in the category, and P(Ti) represents the feature
The document frequency of the item.
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2.4 Calculating the Characteristic Weight of Civil Engineering Construction
Course Resources

The feature extraction of civil engineering construction curriculum resources is related to
its feature weight, so it is necessary to calculate its weight value. The weight calculation
function based on feature contribution considers that the clustering of resources ismainly
based on the similarity between resources, and the similarity calculation of resources
mainly depends on the characteristics of resources. Therefore, the importance of the
feature can be characterized by examining the contribution of features to document
similarity calculation [8]. Generally, the point product of resource feature matrix is used
to calculate the similarity of resources, as shown in formula 5.

sim
(
di, dj

) =
∑

t

f (t, di) × f
(
t, dj

)
(5)

In the formula, f (t, di) is the weight value of feature item t in document di. Then
the contribution of a certain feature item to the document collection is calculated by the
following formula:

TC =
∑

i,j∩i �=j

f (t, di) × f
(
t, dj

)
(6)

All the features in the text set are arranged in descending order according to their con-
tribution degree, and their contribution degree is used to represent the feature weight, and
the comprehensive feature extraction results of civil engineering construction curriculum
resources are obtained.

2.5 Classification of Civil Engineering Construction Course Resources

According to the CELTS-31 standard, the material types of this course are classified, as
shown in Table 1.

In addition to the resource format of the civil engineering construction course, it can
also be classified according to the content of the resource. The selected classification
algorithm is the naive Bayes classification algorithm, which is a statistical classification
algorithm based on Bayes’ theorem [9]. The core idea is to calculate the posterior prob-
ability of each category of the text to be classified according to the known conditional
probability and prior probability, and divide it into the category with the largest poste-
rior probability. At the same time, we assume that the occurrence probability of all texts
and the occurrence probability of each feature item are independent of each other. The
calculation formula is as follows.

P
(
D

∣
∣Cj

) =
∏

11

P
(
Wk

∣
∣Cj

)
(7)

Suppose that there are N category of texts in the corpus as Cn, and assume that
D is arbitrary text, which is expressed as vector Wk and recorded as comprehensive
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Table 1. Types of course resources and materials

Primary classification Secondary classification Classification description

Media resources Text resources Used to store basic information, including
text, numbers and symbols

Image resources The image is stored in the form of vector
graphics file; the image is stored in bitmap
format after being digitized by scanning,
digital camera, camera and other input
devices

Video resources Store in video format

Animation resources Make animation of civil engineering
construction and store it in the form of
animation or video

Network courseware Network version of teaching software, which
is a detailed explanation of one or more
knowledge points in the course, can run in
the network operating platform through the
browser, and can realize resource sharing in
the network environment. The courseware
can also be a stand-alone version, which can
be downloaded and used through the network

Test paper materials It includes the collection of test questions,
analysis and analysis

Question bank The teaching measurement of mathematical
model is established to realize the collection
of test questions in each learning stage of the
course in the teaching resource platform

Case The representative content of one or more
civil engineering projects

feature vector. According to Bayes theorem, the posterior probability of class Ci can be
expressed as follows:

P
(
Cj|D

) = P
(
Cj

)
P
(
D

∣
∣Cj

)

P(D)
(8)

According to the calculated posterior probability result, the category of text D can
be judged, and the text D can be classified into the category with the highest posterior
probability.

2.6 Realize the Integration of Civil Engineering Construction Course Resources

Curriculum integration does not have a fixed mode, it is a diversified curriculum design
mode, which emphasizes the teaching process. We believe that the integration of engi-
neering basic courses shouldmainlymeet the following integration principles: the overall
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principle of achieving the curriculum goal, the principle of multi-dimensional curricu-
lum content optimization and integration, the principle of basing on the characteristics of
the profession and the principle of effective integration of resources [10–12]. The classi-
fication results and feature extraction results of comprehensive curriculum resources are
integrated, and all the civil engineering construction curriculum resources excavated are
integrated, and the text curriculum resources and video curriculum resources integration
results are obtained respectively.

The storage methods of civil engineering construction course resources can be
divided into directory storage mode and database storage mode. The file directory stor-
age mode mainly stores the resources in different directories of the server according to
the classification results of civil engineering construction course resources, and oper-
ates and manages the resources through the operating system of computer and network
platform.

3 Comparative Experiment Analysis

In order to test the integration effect and application performance of the civil engi-
neering construction curriculum resource integration method based on big data mining,
a comparative experiment was designed and the quantitative comparison results were
obtained.

3.1 Experimental Environment Construction

This experiment takes the civil engineering construction teaching platform as the
experimental environment, and configures the experimental environment. The specific
configuration is shown in Table 2.

In this experimental environment, the integration method of civil engineering con-
struction course resources based on big data mining is transformed into program code
that can be read directly by computer and put into the experimental environment. When
the plug-in installation and operation successful interface pops up in the civil engineer-
ing construction teaching platform, it proves that the integrated design method runs
successfully in the experimental environment.

3.2 Experimental Data Set

Collect civil engineering construction data and build a corpus as an experimental data
set. The specific resource data are shown in Table 3.

3.3 Experimental Process

In order to form an experimental comparison, the traditional resource integrationmethod
and the cloud computing-based integration method were set as the two comparison
methods of the experiment, and they were imported into the experimental environment
in the same way. Because the designed integration method uses data mining technology,
it is necessary to set up data mining association rules in the experimental environment.
Through the integration of three kinds of civil engineering construction course resources,
the final integration result is obtained.
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Table 2. Platform configuration environment table

Hardware
environment

Application server Database server Client

Hardware
configuration

CPU: Intel (R)
Celeron (R)
CPU 2.40 GHZ
stepping01
Memory 1048256k
ID: ST380817AS 80G
SATA

CPU: Intel (R)
Celeron (R)
CPU 2.40 GHZ
stepping01
Memory 1048256k
ID: ST380817AS 80G
SATA

CPU: Intel (R)
Celeron (R)
CPU 2.40 GHZ
stepping01
Memory 1048256k
ID: ST380817AS 80G
SATA

Software
configuration

OS: Microsoft
Windows
Server 2003. Standard
JDK 1.5.0_06
Tomcat

OS: Microsoft
Windows
Server 2003. Standard
JDK 1.5.0_06
Oracle10g

Window 2000
Professional (SP2)
IE6. 0.2900 2180.
xpsp_sp2

Web environment 10MLAN
Huawei routers and
switches

10MLAN
Huawei routers and
switches

10MLAN
Huawei routers and
switches

Table 3. Experimental data set

Numbering Name Source Platform language database

1 Education resource
library in e-era

APBABI UNIX/JSP/ORACLE

2 Educational Digital
Library

development by
mandate

WIN2000/ASP/MSSQL

3 Teaching
synchronization
resource package

Self development WIN2000/ASP/MSSQL

4 City civil engineering
construction data
management system

CNKI WIN2000/ASP.net/MSSQL

5 Educational electronic
journals

K12 WIN2000/ASP.net/

6 Intelligent question
bank system

Tongfang WIN2000/JSP/MYSQL

7 District a education
resource library

Entrusted
development, central
audio visual
education center

WIN2000/ASP/MSSQL

(continued)
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Table 3. (continued)

Numbering Name Source Platform language database

8 District B education
resource library

Self development WIN2000/ASP.net/MSSQL

9 District C education
resource library

Self development WIN2000/ASP.net/MSSQL

10 District D education
resource library

Self development LINUX/JSP/ORACLE

11 E District Education
Resource Library

Self development LINUX/JSP/ORACLE

3.4 Analysis of Experimental Results

The experimental test indicators are set to integrate packet loss rate and retrieval speed.
The integrated packet loss rate is mainly used to test the integration effect of the design
method, and the retrieval speed is used to reflect the application performance of the
integration method in the civil engineering construction teaching platform.

Comparison Results of Integrated Packet Loss Rate
Through the statistics of the integration result data of the three resources, the test results
about the integrated packet loss rate are obtained, as shown in Table 4.

Table 4. Comparative data of integration effect of construction curriculum resources

Input course resource
data/GB

Data loss of
traditional teaching
resources integration
method/GB

Data loss of
integration method
based on cloud
computing/GB

Data loss of civil
engineering
construction course
resource integration
method based on big
data mining/GB

10 1.14 0.85 0.21

20 2.02 1.23 0.34

30 3.11 1.66 0.64

60 5.62 2.04 0.89

80 10.51 4.28 1.34

It can be seen from Table 4 that the packet loss rates of the three integration methods
are 11.9%, 5.79%, and 1.82%, respectively. It can be seen that the designed integration
method has a lower packet loss rate, that is, the integration effect is better.
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Retrieval Speed Comparison Results
The retrieval speed is mainly obtained by obtaining the background operation data of the
civil engineering construction teaching platform. Collecting the background data before
and after the application of the integration method can obtain the resource retrieval
time. The statistical results of retrieval time-consuming are obtained through multiple
experiments, as shown in Table 5.

Table 5. Statistical comparison results of retrieval time

Experiment number Search content input
time

Output time of
retrieval results
without application of
integration method

Output time of search
results using
integration method

1 08:00:00 08:00:39 08:00:06

2 08:05:00 08:05:44 08:05:05

3 08:10:00 08:10:23 08:10:07

4 08:15:00 08:15:38 08:15:04

5 08:20:00 08:20:36 08:20:06

Through the calculation of the data in Table 5, it can be found that the average
retrieval time of civil engineering construction curriculum resources before application
is longer than that after application, which shows that the retrieval speed of curriculum
resources has been improved after the application of integration method.

4 Concluding Remarks

The network teaching platform of civil engineering course design is the result of teaching
reform in major colleges and universities combining the needs of engineering education
development and learning from advanced educational concepts. Through the application
of big data mining technology, a resource integration method for civil engineering con-
struction courses is designed and implemented, which provides effective auxiliary tools
for the teaching of civil engineering. However, in the process of research, the data of
civil engineering construction curriculum resources are not compressed, so the integra-
tion time of civil engineering construction curriculum resources is still long. In order to
improve the integration efficiency, the following researchwill further preprocess the data
of civil engineering construction curriculum resources, so as to shorten the integration
time of civil engineering construction curriculum resources.
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Abstract. In view of the current teaching quality evaluation method of human
resource management major, in the process of index weight calculation, the index
hierarchy is less divided into grades, which leads to the low reliability of the
selected indicators. This paper proposes a teaching quality evaluation method of
human resource management specialty based on big data. Using big data tech-
nology, the information data of teaching quality evaluation is collected, and the
evaluation indicators are obtained after screening. The evaluation index system of
human resource management professional course teaching quality is constructed,
and the index weight value is calculated to obtain the comprehensive evaluation
set and corresponding evaluation value, determine the teaching quality grade, and
realize the teaching quality evaluation of human resource management specialty.
The experimental results show that the design method improves the reliability and
extraction ability of index data, the index reliability is higher, and the evaluation
results are more accurate.

Keywords: Big data · Teaching quality · Evaluation index · Human resources

1 Introduction

At present, domestic higher education is developing from popularization to popular-
ization, and colleges and universities are also transforming from scale expansion to
connotative development, and the further improvement of teaching quality in Colleges
and universities has attracted more and more attention from all walks of life [1]. These
changes have injected new impetus into the human resource management specialty,
and increased the employment, innovation and entrepreneurship opportunities of human
resource management graduates. Therefore, it is necessary to cultivate management
talents with rich knowledge, good quality and skilled skills in human resource manage-
ment major of colleges and universities, so as to lay a good foundation for students’
employment and entrepreneurship [2]. Therefore, it is of great significance to evalu-
ate the teaching quality of human resource management courses, find out the problems
existing in the evaluation and analyze their causes, so as to improve the teaching quality
of human resource management courses. Foreign curriculum teaching quality evaluation
has a long history. The education departments of the United States, Britain, Germany,
France and Japan evaluate the teaching quality on the basis of not violating the princi-
ples. The quality of the evaluation results is directly related to the amount of government
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funding [3]. The domestic curriculum teaching quality evaluation has also made great
progress. By using the methods of interview, investigation and quantitative analysis,
this paper constructs the evaluation index system of teaching quality of human resource
management major. The index system is established according to the common and basic
quality standards of colleges and universities, and the weight is determined according to
the hierarchical and classified standards, which reflects the unity of the teaching quality
evaluation index system of various colleges and universities and differences, to achieve
the classification of teaching quality evaluation. On the basis of the above theories, this
paper puts forward the teaching quality evaluation method of human resource manage-
ment specialty based on big data. By using big data technology, the information data
of teaching quality evaluation is collected, and the evaluation index is obtained. The
teaching quality evaluation index system of human resource management specialty is
constructed, which improves the reliability and extraction ability of index data. Calcu-
late the index weight value, get the comprehensive evaluation set and the corresponding
evaluation value, determine the teaching quality level, realize the teaching quality evalu-
ation of human resource management professional courses, make the evaluation results
more accurate.

2 Design of Teaching Quality Evaluation Method for Human
Resource Management Major Based on Big Data

2.1 Obtaining Teaching Quality Evaluation Indicators for Human Resource
Management Professional Courses Based on Big Data

Obtaining Evaluation Indicators
When evaluating the teaching quality of human resourcemanagement courses,we should
first construct the evaluation index system, and its construction principles are as follows:
first, the goal. The designed teaching quality evaluation index systemmust strive to reflect
the national education policy, as well as the requirements for the teaching work and
personnel training of human resource management specialty, follow the education law,
comprehensively and fully reflect the teaching objectives of colleges and universities, and
the quality standard should conform to the school running orientation [4]. At the same
time, it should also reflect themodern education conceptwhich adapts to the requirements
of education facing the world, informatization, socialization and lifelong learning and
development. The second is orientation. The standard of teaching quality should be
suitable for the situation of the school, and highlight the guidance. The so-called guidance
is to make the teachers’ teaching ideas, teaching methods and teaching effects close to
the evaluation standards through evaluation. Therefore, we should pay special attention
to the determination of the index weight. The third is scientific. The design of the index
system should be scientific, the evaluation standard should be reasonable and conform
to the teaching rules. Each index should have a clear connotation and pertinence, and
the indicators should form an organic whole which is not only related, but also not
inclusive or contradictory [5]. The fourth is feasibility. It is expected that there will
be enough information in the process of implementation of the evaluation, and the
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specified contents can be concluded through actual observation and measurement, so
as to collect information objectively, analyze and statistic data objectively. The fifth
is effectiveness. An important change in methodology of curriculum teaching quality
evaluation is to pursue the effectiveness of evaluation. The sixth is the combination of
quantitative and qualitative evaluation to improve the fairness, rationality and objectivity
of the evaluation.

On the basis of the above principles, the teaching quality evaluation indicators are
obtained through big data technology. Firstly, on Ckni and Internet, search keywords
of teaching quality evaluation of human resource management specialty are set up to
obtain the relevant literature of teaching quality evaluation, construct the web database
of curriculum teaching quality evaluation, and classify and store the relevant literature.
Then, by using big data technology and web application, the hidden semantic informa-
tion of evaluation factors in the database is searched, and the relevant factors affecting the
teaching quality of human resource management course are mined. Finally, through data
mining technology and data-based literature information, we can collect hidden infor-
mation that can assist course teaching quality evaluation, merge and classify similar
literature, and collect and sort out the feature description of curriculum teaching quality
evaluation in all mining literature [6]. Remove the similar or repetitive features of con-
cepts, and take the remaining relevant elements as the index community of capability
evaluation. The process of obtaining index community is as Fig. 1.

Big data mining

Literature on teaching 
quality of human resource 

management

To define the teaching qual ity evaluation 
attribute of human resource management 

major

Clustering analysis related literature

Generate decision tree

Mining hidden information data to assist 
teaching quality evaluation of human 

resource management major

Summarize the relevant elements of teaching 
quality evaluation

Output the index community of 
teaching quality evaluation

Fig. 1. Acquisition process of teaching quality evaluation indicators based on big data

Considering the development process of human resource management course teach-
ing, the guiding ideology, teaching conditions, teachers, talent trainingmode and training



344 L. Li and C. Zhang

plan, teaching reform, management system and teaching effect are taken as the evalua-
tion criteria of factor indicators. The remaining teaching quality evaluation elements of
human resource management specialty are counted frequently, and the index community
is screened for the first time, set the mining frequency of the screening index to 4, and
take the index greater than the mining frequency as the alternative index [7]. So far,
the acquisition of teaching quality evaluation indicators of human resource management
major has been completed.

Construction of Evaluation System
Then, the expert scoring method was used to screen the candidate indexes twice. First
of all, according to the index system, the department carries out self-evaluation item by
item and writes the self-evaluation report. Then, an expert group composed of senior
professors in teaching was set up. On the basis of carefully reading the self-evaluation
reports submitted by various departments, understanding and analyzing the basic situ-
ation of teaching work in each department, the expert group went to each department
to listen to the work reports made by the main leaders. It includes the basic informa-
tion of the Department, the characteristics and achievements in the teaching work of
human resources major courses, as well as the existing problems and solutions. The
expert group goes deep into the Department to investigate the laboratory, teaching and
research section, carefully consult the relevant Annex materials, check the graduation
thesis, examination papers and other teaching materials, and communicate and discuss
with the relevant responsible person [8]. Finally, according to the actual teaching sit-
uation of human resource management courses, the expert group scored item by item
with a serious and responsible attitude, discussed the diagnosis results and evaluation
opinions, formed the summary materials of the expert group on the teaching work eval-
uation of the Department, and fed back the diagnosis results and evaluation opinions to
the departments and colleges of human resource management specialty.

According to the “quantitative evaluation index system of teaching quality in Col-
leges and departments”, the evaluation indicators are scored, and the specific scores are
as follows: high quality courses refer to excellent courses of the University and above,
and excellent courses above the provincial level, one course is calculated as two courses.
When the core courses of human resource management major fail to meet the excel-
lent course index of the University, this item is calculated as zero. The total number of
courses refers to the sum of compulsory courses and limited optional courses offered by
human resource management major. One national educational reform project is equal to
five, one provincial project is equal to three, and one school key project is equal to two.
One excellent textbook is equal to three, and one textbook published by national and
ministerial publishing houses is equal to two. The score of teaching achievement award
of human resource management specialty is calculated. The national first prize is 30
points, the national second prize and provincial first prize are 20 points, the provincial
andministerial level second prize and school level first prize are 10 points, the provincial
andministerial level third prize, school level second prize and school level third prize are
8 points and 6 points respectively. Repeated awards are calculated as the highest award.
1 provincial excellent graduation thesis, calculated as 2 excellent graduation theses at
school level. Students’ scientific and technological achievements and competitions are
awarded 25 points at the international level, 15 and 10 points are added to the first, second
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and third prizes of the national level, 12, 10 and 8 points of the first, second and third
prizes of the provincial level, 10, 8 and 6 points of the first, second and third prize of
the municipal level, 6, 4 and 2 points of the first, second and third prize of the university
level, 10 points of the national patent and 10 points of the publication of a thesis. The
first three places in each level of competition will get the same second and third prize,
and the next place will be reduced by 1 point, and repeated awards will be calculated as
the highest prize. The final evaluation index is as Table 1.

Table 1. Teaching quality evaluation index of human resource management major

Primary indicators Secondary indicators Level three indicators

Teaching staff Overall structure of the team Teachers’ age, educational
background and degree

Lecturer Teacher’s title, curriculum reform
willingness, teaching quality

Young teachers Training system, teachers’ level
and teaching effect

Curriculum reform Discipline construction Construction planning and practice
conditions

Cultivation calculation Characteristics of professional
courses and cultivation of practical
ability

Curriculum system Modern curriculum, basic teaching
materials and teaching materials

Teaching effectiveness Practical teaching Core curriculum, laboratory,
scientific research training

Course features Teaching reform projects, teaching
resources and school running
characteristics

Course management Management team structure,
management system and teaching
quality monitoring

Taking the content shown in Table 1 as the final evaluation index, the construction
of the teaching quality evaluation index system of human resource management major
has been completed.

2.2 Calculate the Weight of Teaching Quality Evaluation Index of Human
Resource Management Major

Judge the importance of different evaluation indicators, and calculate the weight of
teaching quality evaluation index of human resource management major. First of all,
according to the hierarchy of evaluation indicators, the hierarchy of evaluation indicators
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is established. The first level indicators are used as the target level, the second level
indicators are used as the criteria layer, and the third level indicators are used as the
decision-making level. The 1–9 scalemethod is used to compare the evaluation indicators
in the three levels to judge the importance of one index relative to another index [9].
Suppose any two indicators in a certain level are i, j, then the scale judgment standard
of i indicator relative to j indicator is as Table 2.

Table 2. Criteria of index scale

Scale requirement Scale requirement

1 i and j have the same importance 3 i is slightly more important than j

5 i is more important than j 7 i is obviously more important than j

9 i is more important than j Reciprocal Contrary to the above

When the importance of two indicators is between adjacent levels, 2, 4, 6, 8 are
selected as the scale of the i indicator. Suppose the scale of i index relative to j index is
aij, then the scale aij of j index relative to i index is:

aji = 1

aij
(1)

Construct the weight judgment matrix of the i index, use the geometric average
method to calculate the geometric average value wi of all elements in each row of the
matrix, and set the total number of level evaluation indicators as n, then the formula is:

wi = n

√
√
√
√

n
∏

i=1

aiji = (1, 2, ..., n) (2)

The judgment matrix is normalized to obtain the eigenvector corresponding to the
maximum eigenvalue, which is used as the weight vector of the hierarchy evaluation
index to obtain the weight value of each index [10]. Using fuzzy comparison method,
using closeness to measure the similarity of any two indicators, set the geometric mean
of j indicator as wj, then the feature vector w of the level indicator is:

w = wi
n∑

j=1
wj

(3)

Select the eigenvalues other than the maximum eigenvalue of the judgment matrix,
process the eigenvector unit, calculate the negative average value of the eigenvalue, and
realize the consistency test of thematrix [11]. Suppose themaximum characteristic value
of the judgment matrix is δ, then the consistency index C is:

C = δ − n

n− 1
(4)



Teaching Quality Evaluation Method 347

Table 3. Average random consistency index values

Average matrix order S value Average matrix order S value

1 0.00 5 1.24

2 0.58 6 1.32

3 0.90 7 1.41

4 1.12 8 1.45

Combined with the average random consistency index S, the value range of S is
judged according to the order of the judgment matrix. The details are as Table 3.

The ratio of consistency index to S is calculated to get the random consistency
ratio. When the ratio is less than 0.1, it can ensure that the judgment matrix meets the
consistency index, and recognizes the eigenvector w. when the ratio is greater than 0.1
or equal to 0.1, the judgment matrix is adjusted and the weight set is recalculated. So far,
we have completed the calculation of the weight of teaching quality evaluation index of
human resource management major.

2.3 Evaluate the Teaching Quality of Human Resource Management

Establish the evaluation factor set D = (M, N, P) of the teaching quality of human
resource management professional courses, where M, N,, and P are respectively the
faculty, curriculum reform, and teaching effect [12]. Construct an evaluation set, divide
the teaching quality evaluation grades of human resource management professional
courses, classify them into very good, good, average, poor, and very poor, and use the
evaluation set to fuzzy evaluation factors. Suppose the fuzzy evaluation matrix of the
three-level index to the second-level index is respectively RM , RN , RP, and the weight
of the third-level index is respectively LM , LN , LP, calculate the index evaluation vector
of the decision-making layer to the criterion layer, and then obtain the evaluation matrix
K of the second-level index to the first-level index as:

K =
⎛

⎜
⎝

LM · RM

LN · RN

LP · RP

⎞

⎟
⎠ (5)

Supposing the evaluation weights of the first-level indicators are respectively OM ,
ON , OP, then the comprehensive evaluation set H of the teaching quality of human
resource management professional courses is:

H = (OM , ON , OP) · K (6)
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To obtain the evaluation vectorHM ,HN ,HP, ofM,N,P in the evaluation set, the final
evaluation value of the teaching quality of human resource management professional
courses is:

⎧

⎪
⎨

⎪
⎩

M =HM · VT

N =HN · VT

P=HP · VT

(7)

In the formula, V is the set evaluation set, and the value is {96, 86, 76, 66, 56}, which
are expressed as very good, good, fair, poor, and very bad respectively, and T is matrix
transpose [13]. Calculate the average of the evaluation values of the three indicators
to obtain the comprehensive evaluation value D. The evaluation level of the teaching
quality of human resource management professional courses is divided into 5 sections,
A, B, C, D, and E as Table 4.

Table 4. Evaluation grade of teaching quality of human resource management major

Evaluation level D value interval Meaning

A (0,55] Difference

B (55,65] Commonly

C (65,75] Preferably

D (75,85] Good

E (85,100] Excellent

According to the comprehensive evaluation value, determine the teaching quality of
human resource management courses in Colleges and universities. So far, we have com-
pleted the design of teaching quality evaluation method of human resource management
major based on big data.

3 Experimental Analysis

In order to verify the effectiveness of the big data based teaching quality evaluation
method for human resource management major, the design method is recorded as exper-
imental group A, and two traditional teaching quality evaluation methods of human
resource management major are respectively recorded as experimental group B and
experimental group C. the reliability of the evaluation indexes of the three groups of
methods is compared.

3.1 Experimental Process

Taking the human resource management major of a university as an example, three
methods are used to evaluate the teaching quality of the major. Experimental group A
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establishes different levels of evaluation index sets: the target level isU = {U1,U2,U3};
the criterion level is U1 = {U11, U12, U13}, U2 = {U21, U22, U23}, U3 = {U31, U32,
U33}; the decision level is U11 = {U111, U112, U113}, U12 = {U121, U122, U123}, U13
= {U131,U132,U133},U21 = {U211,U212},U22 = {U221,U222}„U23 = {U231,U232,
U233, U234}, U31 = {U311, U312, U313}, U32 = {U321, U322, U323}, U33 = {U331,
U332, U333} and the specific meanings are as Table 1.

The importance of the course teaching quality factors of this major is judged, and
the three-level index weight vector is calculated: the index weight of the teacher team is
{U111,U112,U113}= [0.319, 0.407, 0.274], {U121,U122,U123}= [0.324, 0.287, 0.389],
{U131, U132, U133} = [0.417, 0.307, 0.276], and the index weight of the curriculum
reform is {U211, U212} = [0.623, 0.377], {U221, U222} = [0.461, 0.539], {U231, U232,
U233, U234} = [0.219, 0.278, 0.207, 0.296], the index of teaching effect the weight
values are {U311, U312, U313} = [0.209, 0.342, 0.449], {U321, U322, U323} = [0.317,
0.483, 0.200], {U331, U332, U333} = [0.417, 0.231, 0.352]. According to the weight
value of the three-level matrix, the judgment matrix of the criterion layer index can be
obtained as Table 5.

Table 5. Secondary index judgment matrix

U11 U12 U13 U21 U22 U23 U21 U22 U23

U11 1 3/4 6/5 1 5/6 4/3 3/4 1 4/3

U12 4/3 1/2 5/6 6/7 3/4 1 4/3 4/3 1/2

U13 1 5/6 3/4 1 1 4/3 4/3 3/4 6/5

U21 5/6 3/4 1 1 4/3 4/3 3/4 6/5 1

U22 3/4 1 1 4/3 4/3 3/4 1 1 3/2

U23 1 3/2 3/4 1 1 4/3 4/3 1/2 5/6

U21 1 4/3 4/3 1/2 5/6 6/7 3/4 1 4/3

U22 4/7 1 4/3 4/3 3/4 3/2 1 4/3 4/3

U23 1 4/3 4/3 3/4 6/5 1/2 4/3 1 4/3

From Table 5, we can get the weight vector of the secondary index of curriculum
teaching quality for this human resource management major: the index weight of the
faculty is {U11, U12, U13} = [0.328, 0.207, 0.302], the index weight of curriculum
reform is {U31, U32, U33} = [0.198, 0.389, 0.413], and the index weight of teaching
effect is {U21,U22, U23} = [0.411, 0.402, 0.187]. According to the index weight of
the criterion layer, the judgment matrix of the first level index of the index set can be
obtained as Table 6.

The fuzzy comprehensive evaluation of the teaching quality of human resource man-
agement professional courses is performed, and the comprehensive evaluation results of
the teaching quality can be obtained as Table 7.
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Table 6. First level index judgment matrix

U1 U2 U3 Weight

U1 1 3/4 2/3 0.327

U2 4/3 1 5/2 0.470

U3 2/3 2/5 1 0.203

Table 7. Comprehensive evaluation results of teaching quality

Teachers Curriculum reform Teaching effectiveness Comprehensive

V1 well 0.072 0.075 0.077 0.075

V2 preferably 0.089 0.313 0.314 0.239

V3 commonly 0.307 0.289 0.229 0.275

V4 Poor 0.281 0.233 0.083 0.597

V5 Very bad 0.250 0.089 0.314 0.218

Evaluation value 80.2 87.6 79.4 82.4

Grade Good Excellent Good Good

3.2 Experimental Results

Results of the First Group of Experiments
In order to improve the persuasion of the experimental results, 10 experiments were
carried out respectively, and the average value of 10 experiments was taken to ensure
that the environment of the control group and the experimental group was consistent.
The statistical software spss23.0 was used to analyze the test indicators of the three
groups of systems to test the reliability coefficient of the indicator set. Reliability is
reliability, which refers to the consistency of the results obtained when the same object
is measured repeatedly by the samemethod. The reliability index is usually expressed by
correlation coefficient, that is, the correlation coefficient of two groups of data obtained
from the same sample is used as the index of measurement consistency, which is called
reliability coefficient. The reliability coefficient refers to the proportion of the real score
which can be attributed to the change of the real score of the tested person, and can
also be defined as the correlation between two parallel tests. The higher the reliability
coefficient, the higher the data reliability of the indicator. The calculation formula of the
reliability coefficient α is:

α= k

k−1

⎛

⎜
⎜
⎜
⎝
1−

k∑

i−1
σ 2
i

σ 2

⎞

⎟
⎟
⎟
⎠

(8)
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In the formula, k is the total number of indicators, σ i is the value variance of the
σ 2 indicator data, and k is the value variance of all indicator data. The coefficient α is
between 0.80 and 0.90, the effect is the best, between 0.70 and 0.80, the effect is quite
good, between 0.65 and 0.70, the effect is only acceptable, between 0.60 and 0.65, the
effect is the worst. Record and sort out the index data of the three groups of experiments,
change the total amount of the evaluation index data, that is, change the number of
students to get the reliability coefficient of the index data. The comparison results are as
Fig. 2.
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Fig. 2. Comparison results of reliability coefficient

According to 2, the reliability coefficient of the index coefficient of groupA is always
higher than that of group B and group C. The average reliability coefficient of group A
is 0.857, which is the best. The average reliability coefficient of group B is 0.786, and
the effect is quite good. Compared with group B and group C, the reliability coefficient
of group A is 0.071 and 0.103 respectively.

Results of the Second Group of Experiments
Then use the statistical software spss23.0 to test the validity of the three sets of system
test index data. Validity is validity, which refers to the degree to which measurement
tools or means can accurately measure the things that need to be measured. Validity
refers to the extent to which the measured results reflect the content to be investigated.
The higher the validity value, the higher the information extraction level of the test index.
The validity value calculation formula β is:

β = υ2

τ 2+ρ2+γ 2 (9)

In the formula, υ is the variance of the index data value with errors, and τ , ρ, and γ

are the value variances of the index data of the first, second and third levels respectively.
The result value is greater than 0.8, the index data validity is high, ranging from 0.7 to
0.8, the validity is good, the validity is between 0.6 and 0.7, the validity is acceptable,
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less than 0.6, the validity is poor. The comparison results of validity values of the three
groups of experimental index data are as Fig. 3.
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Fig. 3. Comparison results of validity values

According to Fig. 3, when the amount of index data increases, the validity value of the
three groups of experimental index data decreases, but the validity value of experimental
group A is also higher than that of group B and group C. The average validity value
of group A is 0.853, and the index data validity is high. The average validity value of
group B and group C is 0.784 and 0.749, respectively. The validity of index data is good,
and the validity value of group A is increased by 0.069 and 0.104 respectively. To sum
up, this design method improves the reliability and extraction ability of index data, and
the reliability of evaluation index is better than the traditional method, which improves
the teaching quality and accuracy of evaluation grade of human resource management
major.

4 Conclusion

The design method gives full play to the advantages of big data technology, the compre-
hensive evaluation results of teaching quality are better, the reliability coefficient and
validity value are higher, the reliability of evaluation index is improved, and the evalu-
ation results are more accurate. However, there are still some deficiencies in this study.
In the future research, new network technology and modern information technology are
used to further improve the efficiency and quality of evaluation.
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Abstract. In the conventional continuous speech evaluation system, the accu-
racy of the analysis is low when the speech information is evaluated. Therefore,
a continuous pronunciation teaching quality evaluation system based on cloud
computing platform is proposed. After analyzing the whole design of the eval-
uation model of English continuous pronunciation teaching quality, cloud com-
puting technology is introduced to set up the evaluation framework of English
continuous pronunciation teaching quality; Relying on the determination of the
evaluation algorithm of English continuous pronunciation teaching quality, the
maximum likelihood parameter is calculated and the evaluation model of English
continuous pronunciation teaching quality is embedded to realize the construc-
tion of English continuous pronunciation teaching quality evaluation model. The
experimental study shows that evaluation model of english continuous pronuncia-
tion teaching quality based on cloud computing designed in cloud computing can
improve the teaching quality and students’ performance.

Keywords: Cloud computing analysis · Continuous pronunciation teaching ·
Pronunciation quality assessment ·Modeling ·Maximum likelihood parameter

1 Introduction

Language is the most convenient way for people to communicate. With the deepening
of economic globalization, people are communicating more and more closely, but it is
difficult for people from different countries and regions to communicate with each other.
Therefore, how to enable people to carry out efficient language learning is an important
part of modern education. We know that the complete language learning includes four
aspects: listening, speaking, reading and writing, among which the teaching of “speak-
ing” is the teaching of spoken language one by one, which has been the weakness of
teaching all over the world [1]. In addition, for oral tests, whether traditional interviews
or the recent rise of the machine test, there are heavy scoring tasks, boring, subjective
differences between the evaluators [2]. Therefore, it is urgent to improve the evaluation
of pronunciation quality. In this paper, an evaluationmodel of English continuous speech
teaching based on cloud computing platform is proposed. This paper introduces cloud
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computing technology, constructs cloud computing system, sets up cloud computing
evaluation framework of English continuous pronunciation teaching quality, and real-
izes the evaluation model of English continuous pronunciation teaching quality under
cloud computing.

2 Related Work

Relevant scholars have done a lot of research. In reference [3], a holographic mobile
phone based application for Spanish speaking children’s basic English vocabulary pro-
nunciation practice is proposed, and a holographic mobile application is introduced,
which aims to help Spanish speaking children practice basic English vocabulary pro-
nunciation. In order to stimulate students’ learningmotivation and improve their practical
experience,multi-channel stimulation (sound, image and interaction) is used in the appli-
cation of mobile hologram. One experimental group used mobile applications without
holographic games, and the other used applications with holographic games. Perfor-
mance evaluation, satisfaction survey and emotion analysis were conducted before and
after the test. The results show that the use of holographic mobile applications has a
significant impact on children’s motivation. It also improves their performance com-
pared to the traditional methods used in the classroom. In reference [4] proposed that
the differences of vowel duration should be considered from the perspective of phonetic
evaluation and stress. According to the evaluation of stress and pronunciation, the gen-
eration of vocabulary and phrase stress and the differences of vowel length of Korean
primary school students were investigated. This paper analyzes the stress of words and
phrases from the perspective of vowel length. Compared with the low level group, the
pronunciation of stressed syllables in the high level group was significantly longer than
that in the non stressed group. According to the comparison of stress position, it is found
that the stress vowel in the second syllable takes much longer to pronounce in all pro-
nunciation evaluation groups. In the evaluation, the duration of the people who produce
the stressed syllables is much longer than that of the non stressed syllables. The results
show that in the process of teaching, segmented teaching and extraordinary teaching
should be carried out at the same time.

3 Overall Design and Research of Teaching Quality Evaluation
Model for Continuous Pronunciation

TheEnglish continuous pronunciation teaching quality evaluation systemmainly divides
into the automatic speech recognition part and the pronunciation quality evaluation part.

3.1 Design of Automatic Continuous Speech Recognition Technology

Automatic recognition of continuous speech is a process in which the computer converts
speech into transcribed text, and it is an important means for the computer to “under-
stand” speech. Although the continuous speech recognition with large vocabulary has
not reached the practical level yet, it is relatively easy for the computer to read the text
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aloud in the task of speech quality evaluation. The main task of speech recognition is to
align students’ pronunciation with the target text. At the same time, some CALL sys-
tems use speech recognition to judge abnormal reading such as addition, omission and
readback. As shown in Fig. 1, the system first generates recognition information based
on a given text, then decodes it through Viterbi based on a pre-trained acoustic model,
and finally outputs the recognition results.

Text recognition
Acoustic 
feature 

extraction
Decode Recognition 

results

Fig. 1. Automatic speech recognition model

The main characteristics of speech signal are short-time average energy. Short time
average energy E: refers to the sum of squares of all sample values in a frame speech
signal.

E =
N∑

n=1

x(n)2 (1)

E(εi) = 0 (2)

x(n): A sample point of the signal.
N : Total number of samples in voice.

3.2 Design of English Continuous Pronunciation Teaching Quality Evaluation

After getting the result of speech recognition, we can extract the corresponding scoring
features that can describe the quality of students’ pronunciation, and then compute the
machine scores, as shown in Fig. 2. The scoringmodel is trained on a dataset withmanual
scores.

Recogniti
on resul ts

Acoustic 
text

Score feature 
extraction

Comprehensive 
evaluation of 
pronunciation 

quality

Score

Scoring model

Fig. 2. Pronunciation quality evaluation model
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Teachers’ evaluation of pronunciation quality includes the examination of pronunci-
ation standard degree, fluency degree and completeness. Therefore, the computer shall,
like the teacher, calculate the measures of the standard degree of description pronun-
ciation, fluency degree and completeness (i.e. the scoring characteristics) respectively
according to the input speech and text, and then give the machine scores after a com-
prehensive examination based on the prior knowledge (scoring model). In the current
research on evaluation, the posterior probability of integer logarithms of frames is com-
monly used to describe the students’ pronunciation standard measure, while the speed
of speech and the score of time length are commonly used to describe the students’ pro-
nunciation fluency measure. If the recognition results obtained by using the recognition
network or language model need to be compared with the reference text, and the scoring
characteristics describing the students’ pronunciation fluency or completeness such as
addition, omission and readback are extracted [5].

3.3 Construction of English Continuous Speech Teaching Quality Evaluation
Model Under Cloud Computing

In order to construct the evaluation model of English continuous pronunciation teach-
ing under cloud computing, cloud computing technology is introduced to change the
traditional statistical method and set up the evaluation framework.

3.3.1 Introduction of Cloud Computing

The English continuous pronunciation teaching quality evaluation model based on cloud
computing is a computing system to evaluate theEnglish continuouspronunciation teach-
ing quality. In order to improve the accuracy of the computational data, cloud computing
technology is introduced, through obtaining the initial parameters of continuous speech
evaluation, a set of interrelated data is constructed, and cloud computing technology is
used to performdata processing tasks and output computational conclusions according to
the quality evaluation algorithm of continuous speech teaching under cloud computing.

The evaluation model of English continuous pronunciation teaching is mainly based
on cloud computing technology platform. Cloud computing is a product of traditional
computer and network technologies such as utility computing, parallel computing, dis-
tributed computing, virtualization, network storage, load balancing, etc. [6]. The goal
of cloud computing is to use “computing power” as a common infrastructure, just like
power, water, and financial systems. Cloud computing is divided into three main cat-
egories: infrastructure services (JaaS), platform services (PaaS) and software services
(SaaS). Infrastructure services mainly refer to that users acquire computer infrastruc-
ture through network, and deploy and run various software, such as operating system,
application program and so on. Platform services consider the platform to include the
operating system, programming language environment, database and web server [7].
Users deploy their applications on the platform, which provides hosting services for
them. Users cannot manage the platform’s infrastructure, but can set the amount of
some of the underlying resources being used. A software service is a model for pro-
viding software over a network. Users do not need to develop their own, but instead
apply to the service provider to rent Web-based software. Cloud providers install and
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run applications on the cloud, and users use the software through cloud clients (often
browsers). Users cannotmanage the underlying infrastructure, but can set up applications
in a limited way [8, 9]. Its cloud computing architecture is shown in Fig. 3.

User 
interface

Model
inputfile

Data base

Text editor Result 
analysis

Calculation

Report 
output

Fig. 3. Cloud computing architecture

3.3.2 Framework of the Evaluation Model

Figure 4 illustrates the basic structure of English continuous speech teaching quality
evaluation system: the original speech is converted into digital signal through the micro-
phone, and then sent to the recognition module through the speech processing module
to get the recognized text output.

In its natural state, speech recognition is made difficult by the consideration that
speakers may not rigorously adhere to grammatical structures, and that word reversals
and redundancies may occur [10, 11]. Therefore, it is necessary to establish a blank
model of some non-phonetic units in continuous speech, and discard them in recognition
to improve the accuracy.

Phonetic information

Feature extraction

Evaluation results

Preprocessing

Algorithm embedding

Fig. 4. Assessment Model Framework Diagram
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3.3.3 Determination of Evaluation Algorithm

English continuous pronunciation teaching quality evaluation algorithm is the core pro-
gramof English continuous pronunciation teaching quality evaluation and analysis under
cloud computing background. The evaluation algorithm of English continuous pronun-
ciation teaching quality is established, and the evaluation model of English continuous
pronunciation teaching quality is embedded.

Firstly, the acoustic features are extracted from the speech of the students, then the
basic model of standard speech is assembled into a forced linear matching network
according to the speech script that the students need to learn, and the feature sequence is
input into the network for forced alignment. The output is the time segmentation infor-
mation of the real speech and the logarithmic likelihood probability of each phoneme.
The segmentation result X is matched with the standard pronunciation model and the
model in this paper. The log likelihood ratio score based on cloud computing for defining
the feature sequence X is as follows:

V (X ) = log p
(
X

/
λm

) − log
(
X

/
λn

)
(4)

In this formula, λm is the standard pronunciation model of the speech to be graded
and λn is the model of this paper. The larger the log likelihood ratio V (X ) is, the closer
the X is to the λm.

The introduction of cloud computing model into speech scoring calculation can
reduce the influence of various factors, which is of great importance to speech quality
evaluation. Cloud computing models can be targeted to represent incorrect recognition
results that can be easily confusedwith the standard pronunciationmodel [12, 13]. This is
because the English continuous pronunciation teaching quality evaluation model under
cloud computing represents a large spatial distribution. When the model evaluates a
feature vector, only a small number of mixed members contribute to the final likelihood
value [14, 15]. These few members are the mixture components that are easily confused
with the standard pronunciation model.

3.3.4 Determination of Maximum Likelihood Parameter

The purpose of maximum likelihood estimation is to find the appropriate model param-
eter P to maximize the likelihood function of the model given the training vector set
[16, 17]. Assuming that the available training vector set is Y = {Y1,Y2,Y3, · · · ,Yn},
the likelihood function is as follows:

P
(
Y

/
λ
) =

n∑

y=1

p
(
y1

/
λ
)

(4)

An important feature of MLE is that only when there are enough training eigenvec-
tors can the model estimate converge to the real model parameters [18]. However, the
expression of the model does not have a closed form solution, so an iterative method
is needed to solve the parameters of the model, which is the expectation maximization
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algorithm [19]. The W is solved by introducing the maximum likelihood function.

W =
Y∑

y=1

p
(
Y

/
λ
)
log p

(
y
/
λ
)

(5)

Finally, the maximum likelihood parameter Pn is solved:

Pn =
Y∑

y=1

W (XnYn) (6)

Using the above method to get the parameter model of each phoneme can not only
reduce the number of training corpus, but also reduce the amount of computation when
calculating the log likelihood ratio. Therefore, in practical calculation, this method is
often used to obtain the maximum likelihood parameters.

3.3.5 Evaluation Model Embedding

Obviously, it is impossible to evaluate a student’s pronunciation quality comprehensively
and objectively by using ameasurementmethod. The results obtained through the scoring
mechanism are more abstract to the student and inconsistent with human perception,

Phonetic information

Preprocessing

Algorithm calculation

Maximum likelihood parameter

N

Evaluation result 
output

Y

Grade

Start

End

Fig. 5. Evaluation model embedding process
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and therefore this machine scoring is mapped to a more vague classification based on
pronunciation expertise [20]. In this system, the score is set to different levels, which is
more in line with human perceptual habits, but also has a certain stability.

The model of English continuous speech teaching quality evaluation based on cloud
computing is based on the evaluation algorithm, which generates files from the results
of the calculation. The embedding process is shown in Fig. 5.

Based on the introduction of cloud computing platform, the model of English contin-
uous pronunciation teaching quality evaluation system under cloud computing is estab-
lished by the determination of English continuous pronunciation teaching quality evalu-
ation algorithm and the embedding of English continuous pronunciation teaching quality
evaluation model.

4 Analysis of Experimental Results

In order to verify the validity and feasibility of the evaluation model of English contin-
uous pronunciation teaching under cloud computing, English courses are selected for
experimental analysis.

4.1 Experiment Object

The subjects were randomly selected from five classes of English Majors in a university,
120 students in each class, a total of 600 students. Taking the English course of each class
as a reference, the teaching quality of English Continuous pronunciation was evaluated.

Through the evaluation model of English continuous pronunciation teaching quality,
the network course of college English is established, and the evaluation of pronunciation
teaching quality is carried out.

The selected 600 students were randomly divided into three groups, and three stu-
dents a, B and C were selected as the leaders of the three groups. Each group leader
is mainly responsible for supervising the students’ overall learning situation. When
teachers answer questions, they will judge the students’ learning situation in real time
according to the learning situation of each group. Because the students in different teach-
ing stages have different teaching tasks, the students will encounter various difficulties
in learning, and each student’s learning ability and learning basis are different, so the
students’ ability to solve problems in learning is not the same.

4.2 Case Results and Analysis

In order to verify the effectiveness of the evaluation model of English continuous pro-
nunciation teaching under cloud computing, a comprehensive survey of English majors
was conducted. According to the survey results, the group led by A is set as Group A, the
group led by B is set as Group B, and the group led by C is set as Group C. The results of
the survey include monthly examination, mid-term examination and final examination.
Different groups of students have different perceptions of the four independent fac-
tors: ideological orientation, interactive education, public opinion rendering, and effect
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Fig. 6. Comparison of improvement rate of continuous pronunciation teaching in three groups

monitoring. The comparison of the improvement rates of the continuous pronunciation
teaching in the three groups is shown in Fig. 6:

As can be seen from Fig. 6, the survey covers freshmen in Class 1 of English majors.
The results of the survey show that students’ scores in continuous pronunciation teaching
have improved. Among the different exams, group A students led by group A showed
the most significant improvement in English scores.

On the basis of cloud computing, the survey data show that the undergraduates of
the school have a high level of awareness of the four factors of self-media platform.
Through training English majors in continuous phonetic pronunciation, the operation of
the four factors of self-media platform on English education is studied. The result of the
improvement of the teaching quality of continuous phonetic pronunciation by the talent
training path platform is shown in Fig. 7:

As can be seen from Fig. 7, with the change of the running time of English major
talent training path, the overall performance improvement shows an upward trend. With
the increase of the running time of the we media platform, the change of the indepen-
dent variables of the platform can significantly improve the running efficiency of English
majors, and the independent variables are positively correlated with the operating effi-
ciency. It is proved that the teaching quality of English Continuous pronunciation can
improve the efficiency of performance improvement through the English professional
knowledge orientation of college students. On the whole, it has a positive correlation
with the dependent variables, but the influence degree is weaker than the independent
variables.
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Fig. 7. The effect of teaching quality of English Continuous pronunciation on the efficiency of
performance improvement

5 Conclusion

In this paper, a cloud -based assessment model of English continuous speech teach-
ing is proposed. English continuous speech teaching quality evaluation system is mainly
divided into automatic speech recognition part and pronunciation quality evaluation part.
Based on the analysis and discussion of the two parts, this paper constructs the frame-
work of English continuous pronunciation teaching quality evaluationmodel, determines
the evaluation algorithm and maximum likelihood parameter, and realizes the establish-
ment of English continuous pronunciation teaching quality evaluation model based on
cloud computing through the embedding of evaluation algorithm, the teaching quality of
English Continuous pronunciation can be improved. It is hoped that this study can pro-
vide a theoretical basis for the systematic analysis of English continuous pronunciation
teaching quality assessment.
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2. Wielgat, R., Jędryka, R., Lorenc, A., et al.: POLEMAD - a database for the multimodal
analysis of Polish pronunciation – science direct. Speech Commun. 11(12), 12–20 (2020)

3. Cerezo, R., Calderón, V., Romero, C.: A holographic mobile-based application for prac-
ticing pronunciation of basic English vocabulary for Spanish speaking children. Int. J.
Hum.-Comput. Stud. 124(4), 13–25 (2019)

4. Park, K., Lee, S.C.: A study of the difference vowel duration according to pronunciation
assessment and the stress. J. Acoustical Soc. Am. 144(3), 1869 (2018)

5. Fu,W., Liu, S., Srivastava,G.: Optimization of big data scheduling in social networks. Entropy
21(9), 902 (2019)

6. Nijveld, A., Bosch, L.T., Ernestus, M.: Non-native but not native listeners rely on exemplars
for comprehending reduced pronunciation variants. J. Acoustical Soc. America 144(3), 1723–
1728 (2018)

7. Liu, S., Bai, W., Zeng, N., et al.: A fast fractal based compression for MRI images. IEEE
Access 7, 62412–62420 (2019)

8. Arora, V., Lahiri, A., et al.: Phonological feature-based speech recognition system for pronun-
ciation training in non-native language learning. J. Acoustical Soc. America 15(12), 59–62
(2018)

9. Liu, S., Li, Z., Zhang, Y., et al.: Introduction of key problems in long-distance learning and
training. Mobile Networks Appl. 24(1), 1–4 (2019)

10. Fen,Y., Biying,W.: The establishment of the teaching quality evaluation system for diversified
courses in higher vocational colleges. Equipment Manuf. Educ. 15(12), 32–38 (2019)

11. Yuelu, M., Ping, W., Si, X., et al.: Construction of teaching quality evaluation system for
mobile information-based flipped classroom. Sci. Educ. Article Collects 59(1), 1–8 (2019)

12. Al Ansari, A., Rushdi Arekat, M., Salem, A.H.: Validating the modified system for evaluation
of teaching qualities: a teaching quality assessment instrument. Adv. Med. Educ. Pract. 9,
881–886 (2018)

13. Sozer, E.M., Zeybekoglu, Z., Kaya, M.: Using mid-semester course evaluation as a feedback
tool for improving learning and teaching in higher education. Assess. Eval. High. Educ. 12(6),
1–84 (2019)

14. Peng, X., Dai, J.: Research on the assessment of classroom teaching quality with q-rung
orthopair fuzzy information based on multiparametric similarity measure and combinative
distance-based assessment. Int. J. Intell. Syst. 34(7), 1–43 (2019)

15. Alexander, O., Grasso, T.F., Florian, T., et al.: Secure cloud computing: reference architecture
for measuring instrument under legal control. Security Privacy 18(5), 14–17 (2018)

16. Nazia, A., Huifang, D.: Elastic scheduling of scientific workflows under deadline constraints
in cloud computing environments. Future Internet 10(1), 5–10 (2018)

17. Meshram, C., Lee, C.-C., Ranadive, A.S., et al.: A subtree-based transformation model for
cryptosystem using chaotic maps under cloud computing environment for fuzzy user data
sharing. Int. J. Commun. Syst. 33(7), 95–99 (2020)

18. Xia, Z., Chen, W., Li, Q., Yuan, F., Tian, C., Tang, L.: Prediction of mobile image saliency
and quality under cloud computing environment. Digit. Signal Process. 91, 66–76 (2019)

19. Zhai, L., Shen, S., Cheng, S.: Balanced distribution and optimization of electronic information
resources under cloud computing platform. Comput. Simulation, 036(007), 397–400, 440
(2019)

20. Teruel, K.P.: A framework for selecting cloud computing services based on consensus under
single valued neutrosophic numbers. Neutrosophic Sets Syst. 22(1), 4–10 (2018)



Design of Intelligent Evaluation System
for Application Effect of Internet Financial

Sharing Course

Hui-ying Yan(B) and Ling Cheng

NanChang JiaoTong Institute Business School, Nanchang 330000, China

Abstract. The traditional Internet course application effect evaluation system
has the problem of slow convergence speed when scheduling network resources,
resulting in small load energy on each node. In response to this problem, this
research designed a new intelligent evaluation system for the application effect of
Internet financial sharing courses. Focus on the design of the collector,memory and
transmitter of the hardware part of the system, and ensure the efficient operation
of the system through VPG configuration and 6 bus connections; then design
the system software flow, which is divided into unified standards, information
transmission, information storage, path selection, and documentation Six steps of
conversion, resource sharing, and information evaluation. The experimental results
show that the intelligent evaluation system designed in this study can effectively
improve the convergence speed and increase the load energy on each node, making
the resource nodes more balanced, and fundamentally improving the evaluation
performance.

Keywords: Financial sharing course · Application effect evaluation · Resource
node · Information evaluation

1 Introduction

With the rapid development of Internet technology, the proportion of paper resources in
people’s lives has become smaller and smaller, while the proportion of Internet resources
has become larger and larger. Universities all over the country are reducing subscriptions
to paper resources. Internet courses Resources are more supported and loved by people
[1].

While sharing courses bring great convenience to learners, it also brings some prob-
lems. The first is the security issue. Resource sharing allows a large amount of data to
be stored in the cloud, and users can access it without administrative rights, making
it easier for hackers to attack. The second is the issue of resource usage. Many saved
resources have a high repetition rate. Resources are wasted, and resource managers
rarely buy and introduce new resources. The original resources are difficult to be fully
utilized, and operating costs continue to increase. Finally, there is the issue of charging.
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Resource management requires a lot of operating costs. How to charge it has always
been a problem [2, 3].

At the same time, in order to improve the application effect of Internet sharing
courses, the construction of an effective intelligent evaluation system for the application
effect of Internet sharing courses and improving the efficiency of information transmis-
sion is a hot topic in related fields. For the Internet Financial Sharing course, the current
course application effect intelligent evaluation system is still in the past management
mode, lack of pertinence, and management technology has not made great progress.
The development trend of big data era makes information communication more and
more digital. Therefore, this paper designs a new intelligent evaluation system for the
application effect of Internet Financial Sharing course. Design ideas of the system are
as follows: first of all, through the design of the collector, storage and transmission to
build the system hardware environment, and through the VPG configuration and 6 bus
connection to ensure the system run efficiently, and then in accordance with the uni-
fied standards, information transmission, information storage, path selection, document
conversion, resource sharing, information evaluation six steps, and complete the system
design of the software process.

2 System Hardware Design

Establish an intelligent evaluation system for the application effect of Internet financial
sharing courses, guide the allocation and application of course resources according to
the evaluation results, and realize the allocation of resources according to user needs,
so that users can obtain the best means of obtaining the most abundant resources when
allowed. The currently designed evaluation system has poor unification capabilities, and
it is difficult to achieve resource sharing in a true sense, and the level still remains at
paid sharing. Therefore, this article optimizes the hardware part of the shared system in
view of the above problems.

The hardware structure of the intelligent evaluation system for the application effect
of Internet financial sharing courses is shown in Fig. 1.

The system hardware shown in Fig. 1 applies cloud resource technology to enable
shared course resources to be shared. A large number of embedded products are added to
the system hardware to support various cloud classroom systems, improve the quality of
financial courses, and ensure learning efficiency. At the same time, the use of embedded
design in the evaluation process can improve the integration of information and make
the evaluation process easier to operate.

On this basis, design collectors, memories and transmitters, and realize the stor-
age, analysis and transmission of information on the basis of collecting information
on the application effects of Internet financial sharing courses, thereby improving the
effectiveness of the evaluation results.
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Fig. 1. System hardware structure diagram

2.1 Collector Design

The digital literature resource collector designed in this paper can achieve high-quality
positioning acquisition, and compress the collected audio and video to achieve the low-
power requirements of the system. The internal chip of the collector is Cawdsz6852,
which is introduced by TI company and has the characteristics of multi-functional mul-
timedia application [4, 5]. The collector is automatically connected with the wireless
network, and the signal code is synthesized and transmitted to the wireless network data
terminal, which is stored in the terminal and uniformly recorded in the hard disk. The
collector structure is shown in Fig. 2.

When collecting video signals, the collector in Fig. 2 selects SCLK as the clock to
record all signals. The VPO configuration mode of the collector is rawd mode, and the
input video is one channel video. The collected nbsl signal is converted into PAL Color
difference signal and output in the form of uraw-312.52.

When collecting audio signals, use BCLK as the clock to support synchronous input
and synchronous output of each frame rate. The encoding device supports microphone
and stereo input and output. The collected signal is an 8K signal with 19-bit quantization.
The data exchange mode is DSP mode [6, 7]. The result frame of the signal acquisition
process of the collector is shown in Fig. 3.

The signal collector in Fig. 3 is connected with PCI and HPI, the bus interface is
Ethernet interface, and the data path is connected with B3 and B19 through PCI bus.
The transceiver can receive and receive 10 m~100 m physical layer data. In order to
realize simultaneous transmission of three kinds of data networks, ap685 is connected
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inside the system. The upstream rate and downlink rate of the collector are 3.5 mbit/s
and 6.7 mbit/s respectively.

2.2 Memory Design

In order to improve the storage efficiency of the memory and increase the amount of
information that can be analyzed by the evaluation system, this article selects a flash
memory with a large storage range and low manufacturing cost, which is widely used
in the transmission and communication of library digital literature resources, Adding
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a single-chip microcomputer in the memory greatly increases the storage capacity and
continuously reduces the area occupied. The memory structure is shown in Fig. 4.
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Fig. 4. Memory structure

There are six buses outside the memory, each bus is connected with an FPGA inter-
face, and different interfaces are connected with different signals [8, 9]. The main design
is as follows:

(a) Bus 1 connects signals in I/O mode with 52 bit width. It can input and output in
two-way mode to realize bidirectional exchange of data. The mode of remark is
I/O.

(b) Bus 2 connects the signal in out mode with 84 bit width, and outputs the signal in
one way to control the signal entering.

(c) Bus 3 connects signals in BSC mode with 16 bit width and outputs chip selection
signal in one way.

(d) Bus 4 connects signals in clas mode with link bit width of 6. It can input signals
in one-way way to realize the board selection of signals. Different types of signal
input modes are different.

(e) Bus 5 connects signals in bus mode with 81 bit width and busy signal input mode.
(f) Bus 6 connects signals in add mode, with link bit width of 27, and outputs address

signal in one-way mode [10, 11].

The working intensity of the memory is very high, up to 10 h a day. Each memory
must correspond to amicroprocessor, connect FPGAand abus at the same time, complete
the data exchange at the upper computer, so that the human-computer interaction can be
completed smoothly. The memory circuit diagram is shown in Fig. 5.

The memory circuit diagram in Fig. 5 controls the work of different resistors through
flash chip and SRAM chip. The CPU dominates the whole system and tests the read-
write of the memory chip. When communicating with the upper computer and the lower
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computer, the system software should be automatically debugged to read the program
loaded by flash, so as to provide a better running environment for the CPU [12].

2.3 Transmitter Design

The transmitter is responsible for transmitting the information from the collector and
memory to the central evaluation program. The transport chip used in this paper is
maux8996 chip, which can correspond with external bus interface and other module
interfaces and connect with specific timing logic.

There are 160 pins in the transmitter, each pin is connected with different expansion
interface and interface bus. The structure of the transmitter is shown in Fig. 6.

In Fig. 6, the memory can transmit audio data and video data of Internet Financial
Sharing course to more than 300 m. It can support the transmission of VGA, SVGA,
XGA, SXGA, WXGA and other signals. The maximum resolution can reach 1823 ×
1532p/80/120 Hz, with ultra high definition resolution. It does not need to install drivers
or reset the networkwhen installing. It is very simple and convenient. Themost important
point is that the designed transmitter can support synchronous transmission and analysis
of video and audio, effectively avoiding the phenomenon of delay and asynchronous.
The transmitter circuit diagram is shown in Fig. 7.

CAT5e / 6 network cable is selected by the transmitter, andVGA signal can be used in
the transmission process. Different processing methods are adopted for the transmission
signal of different paths. The over-voltage circuit protection is selected at the power
supply, and the flow protection mode of the transmission port is level 3 protection mode,
which provides a good guarantee for the safe operation of the system. Compared with
the traditional transmitter, the transmitter designed in this paper not only has a strong
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driving ability, but also has excellent lightning protection characteristics, which makes
the system more stable and cost-effective.
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3 System Software Flow Design

Based on the design of the collector, memory and transmitter and the construction of the
system hardware environment, the software flow of the intelligent evaluation system for
the application effect of Internet Financial Sharing course is designed. Figure 8 is the
flow chart of system software.
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Fig. 8. System software flow diagram

The main working steps of the software flow chart shown in Fig. 8 are 6 steps.
Since resource sharing can only be realized in a unified platform, it is necessary to make
clear the transmission of information. There are four forms of transmission information.
Online cataloging has its own coding rules. Each user can encode the new books and
upload the encoded data to ensure that the information resources used aremore standard-
ized. The consulting services provided by virtual reference services are not subject to
any time and space To solve the problem for users through page push, web browsing and
other ways; then transfer the obtained information through the transmitter, and transmit
the above Internet Financial Sharing course application information to the central eval-
uation module; the central evaluation module stores and processes the uploaded signals,
and selects different paths to send them to the users; and then converts the documents
again to make the data correct Finally, the evaluation of course application information
is completed.
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The software network model designed in this paper is divided into input layer, hid-
den layer and output layer. When evaluating, we should focus on how to reduce the
complexity of data. The theoretical basis of the model design is: find the sample prob-
ability of the random variable distribution in the space, use experimental simulation to
calculate the probability of an event in the sample, find the attribute average, analyze
the probability of change, and determine the cost of the evaluation process. So as to find
out the best evaluation plan. The software model of the intelligent evaluation system for
the application effect of Internet financial sharing courses is shown in Fig. 9.

Perception: deep 
learning

Decision: Reinforcement 
Learning

Getting
information

Fetch
schedule

Complete
scheduling

Fig. 9. Softwaremodel of intelligent evaluation system for application effect of Internet Financial
Sharing course

The intelligent evaluation system for the application effect of Internet financial shar-
ing courses assigns multiple weights to the samples, uses non-uniform discrete methods
to resample the samples, and re-schedule them uniformly. This can be regarded as a
discrete uniform distribution, and the weight samples can also be reduced. The sampling
process is shown in formula (1):

Epv(f (x)) =
∫ b

a
f (x)p(x)dx (1)
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In formula (1), Epv(f (x)) is the density value obtained by random sampling verifi-
cation, x is the sample value, a is the weight of the total data, and b is the weight of the
sample. After sampling, weighting is performed to estimate the state value. Sampling
results are displayed as values and processed recursively. Recursive processing such as
formula (2):

Vk = f (x1)+ f (x2)+ . . . . . .+f (xn)

n
(2)

In formula (2), Vk is the recursive value of the sample, f (x1), f (x2) and f (xn) are
the weighted values corresponding to the network shared resources, and n is the num-
ber of network shared resources. The sample equations are recorded as P(vk |vk−1) and
P(v0|vk), and the probability density is verified by Monte Carlo method. In the verifi-
cation, it is assumed that the state of the system is always distributed, and the predicted
values are independent of each other without interference. The expression of probability
density function of system samples is as follows:

P(vk |vk−1) = KI

∫ t

0
e(t)dt (3)

In formula (3), KI represents the nonlinear system parameter, e(t) is the importance
function, and t is the recording time. The above formula is ideal for non-linear systems,
but it is very difficult to estimate for linear systems. The system state is not stable
enough and it is very difficult to schedule. Therefore, correction processing is required.
The network shared resource data scheduling obtained after linear system correction
The function density is:

P(V0K |Vk) = KD
de(t)

dt
(4)

In formula (4), KD is the parameter of linear system. In order to normalize the above
functions, change the weight value, and conduct random sampling, so that each value
presents a recursive state and tends to the same sample for evaluation. The assessment
process is as follows:

kxv + kyv =
√
(x, y)[Ix, Iy][u, v] (5)

In formula (5), kxv + kyv is the evaluation result, v is the evaluation speed, u is
the scheduling distance, and Ix, Iy is the increased horizontal and vertical resources.
According to the above calculation process, the intelligent evaluation of the application
effect of the Internet financial sharing course is completed.

4 Experimental Study

In order to test the application effect of the intelligent evaluation system for the appli-
cation effect of Internet financial sharing courses designed in this paper, the traditional
evaluation system is selected to carry out comparative experiments with this system, and
the evaluation speed of different systems and the energy load of each node are recorded.
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4.1 Experimental Parameter Design

Design experimental parameter nodes on the Internet platform, and the node allocation
of each network resource is shown in Table 1.

Table 1. Network shared resource node allocation list

Number Communication
capability

Sharing capabilities

1 0.25 230

2 0.26 196

3 0.25 235

4 0.32 245

5 0.28 210

4.2 Experimental Results and Analysis

(1) Comparison of convergence rates.
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Fig. 10. Experimental results of convergence rate comparison

In order to improve the verification effect, the DVFS strategy and MVDS measure-
ment are unified and simulated. Observing Fig. 10, it can be seen that compared to the
traditional system, the system of this paper has great advantages. When the convergence
time reaches 300ms, the evaluation system of this paper can find the optimal scheduling
plan, while the traditional evaluation system can only find the optimal scheduling plan
when the convergence time is 700 ms. Find the best evaluation method. It can be seen
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that the evaluation system in this paper has the advantages of fast working speed, high
accuracy and strong predictive ability.

(2) Analysis of network node load energy.
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As can be seen from Fig. 11, the computing power ranking of network nodes is node 1>
node 5 > node 3 > node 4 > node 2. When the resource scheduling is reasonable, each
node completes the scheduling according to its own computing power. The traditional
system can only allocate less data resources, which leads to the imbalance of resource
nodes. This system can allocate the network node resourceswell and improve the balance
of resource nodes.
Based on the above experimental results, the following experimental conclusions are
drawn: the traditional intelligent evaluation systemhas a non-uniform layout of hardware
facilities, lack of connections between various hardware, independent work, and poor
overall planning. When the literature is introduced, a unified investigation cannot be
made, a large amount of human and material resources are wasted, and it is difficult to
guarantee sustainable development for shared development.At the same time, the sharing
system and the retrieval system are not related, and it is difficult for the central evaluation
module to control the evaluation service process. In addition, traditional systems have
a variety of ways to evaluate resources. Metadata, carrier format, and storage formats
can record resources. It is difficult to share documents, and there are no corresponding
protection measures in the system, and the education resource evaluation process is
lacking. protection mechanism.
And this system can layout from a macro point of view, establish database collabora-
tive development, and achieve a compatible, complementary collaborative relationship.
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Through the virtual management center unified revision management literature organi-
zation, the integration of information, all the literature resources planning into a unified
format, so as to better complete the application performance evaluation.

5 Conclusion

The Internet provides a good platform for the sharing of information resources. Every
resource user can use the Internet resources on an equal and voluntary basis. At the same
time, different institutions can cooperate with each other to expand the resource reserve
through different technical means. At present, there aremanyways to share the resources
of Financial Sharing courses in Colleges and universities, including online cataloging,
document delivery, Cooperative procurement and virtual reference.Various forms of data
dissemination make the management of shared resources more complex. Therefore, this
paper designs the application effect intelligent evaluation system of Internet Financial
Sharing course, which provides strong support for the further development of Internet
Financial Sharing course in the future.

Although the system in this paper has achieved a certain degree of application
effect, it still has room for improvement due to the limitation of research time. In the
future research, the system will be further optimized from the aspects of improving the
evaluation efficiency.
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Comprehensive Evaluation Model of MOOC
Teaching Quality of Accounting Major Based

on Rete Algorithm
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School of Economics and Management, Shenyang Institute of Technology, Shenfu
Demonstration Zone, Shenyang 113112, China

Abstract. In order to provide auxiliary tools for MOOC teaching of accounting
major and improve the application effect of traditional teaching quality evaluation
model, a comprehensive evaluation model of MOOC teaching quality of account-
ing major based on Rete algorithm is designed. This paper analyzes the MOOC
teaching mode of accounting major and uses Rete algorithm to match teaching
data. On this basis, the evaluation standard of teaching quality grade is determined,
the comprehensive evaluation index of teaching quality is set and the weight of
evaluation index is calculated. Through the comprehensive solution of quantita-
tive index and weight value, the comprehensive evaluation of teaching quality of
accounting specialty is realized. Through the practical application of the model
designed in this paper, it is found that the model can restrict the MOOC teaching
quality of accounting major and indirectly improve the MOOC teaching effect of
accounting major.

Keywords: Rete algorithm · Accounting teaching ·MOOC teaching · Teaching
quality · Comprehensive evaluation model

1 Introduction

Accounting major is the knowledge of how to recognize income and assets in a certain
business cycle. In addition to preparing financial statements and recording business trans-
actions, accountants are more important to be able to participate in the merger between
enterprises, quality management, the application of information technology in finance,
tax strategy and management decision-making activities of many enterprises. Account-
ing major involves a wide range of fields, including assurance, audit, taxation, company
accounting, management accounting, financial management, bankruptcy liquidation,
forensic accounting, budgeting, business consulting, etc. In order to break the limitation
of time and space, improve the teaching level of accounting major, and provide high-
quality accounting talents for enterprises in the society, the teaching course of accounting
major is set up on the MOOC platform [1]. MOOC platform, namely large-scale open
online courses, is the product of “Internet plus education”. The teaching of accounting
major under MOOC platform focuses on the cultivation of accounting practical skills
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and literacy. MOOC teaching mode is used in accounting major of higher vocational
colleges to make students’ professional knowledge points and contents different from
the traditional teaching mode. It is not based on students’ one-time achievements, but
generated many times according to students’ learning situation. MOOC teaching mode
not only emphasizes the teaching and learning of knowledge content, but also pays atten-
tion to the cultivation of accounting practical skills and literacy, which makes students
have a more profound and direct understanding of practical skills and theoretical profes-
sional knowledge, and effectively solves the problem of accounting major’s emphasis
on theoretical knowledge teaching in Higher Vocational Colleges. Students are easy to
produce new thinking and views in network learning, which is more meaningful it is
conducive to students’ personalized learning.

Due to the special performance of MOOC teaching platform, it is necessary to
evaluate the teaching quality on the basis of MOOC. Teaching quality is the reflection
of teaching activity and teaching effect, and it is the interrelated concept of the need and
expectation of teaching activity. Teaching quality evaluation refers to the evaluation of
teachers’ academic professional level, teaching methods and teaching attitude. One of
the basic contents of educational measurement is how to evaluate the teaching quality,
but so far there is no unified standard. The teaching quality of a course is closely related
to many factors, such as the teaching quality of each course in the early stage, the
cooperation of each teaching link, the teaching effect of teachers, the quality of students
and learning attitude.

ForeignMOOC started earlier, and the research onMOOCquality evaluation ismore
mature than that in China. Combing the existing MOOC quality evaluation abroad, its
related research can be divided into macro level, meso level and micro level, that is,
the evaluation standard with the state as the main body, the evaluation standard with
institutions and universities as the main body, and the evaluation standard proposed by
experts and scholars [2]. With the development of MOOC in China, there are more and
more researches onMOOCquality evaluation, which can be divided into three categories
according to the main body of the evaluation standard: the evaluation standard of online
teaching quality issued by government agencies; the evaluation standard independently
developed by the MOOC platform construction team; and the evaluation standard of
MOOC teaching quality developed by scholars.

However, the current MOOC quality evaluation methods mostly use analytic hierar-
chy process (AHP) to build theMOOC teaching quality evaluation system of accounting
major, and design the MOOC teaching quality evaluation model based on it. Due to the
lag of AHP so far, this method has the problems of low evaluation reference value and
application performance, Therefore, Rete algorithm is applied to teaching quality eval-
uation. Rete algorithm is a fast forward rule matching algorithm, and its matching speed
has nothing to dowith the number of rules. On this basis, by analyzing the teachingmode
ofMOOC in accounting major, Rete algorithm is used to match teaching data, determine
the evaluation standard of teaching quality grade, set comprehensive evaluation index
of teaching quality and calculate the weight of evaluation index, and solve the problem
through the comprehensive solution of quantitative index and weight value, To realize
the comprehensive evaluation of accounting teaching quality. This paper aims to improve
the application value of the comprehensive evaluation model of MOOC teaching quality
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of accounting major through the application of Rete algorithm, and indirectly improve
the teaching quality of MOOC of accounting major.

2 Design of Comprehensive Evaluation Model for MOOC Teaching
Quality

Teaching quality is an important cornerstone of a university. It is related to the future and
development of the University. It is the core starting point of carrying out a series of other
work, and determines the academic ability of the University. The objective and detailed
evaluation of teachers’ teaching level can provide effective reference for improving the
teaching mode and building a more sound teaching team, so as to improve the quality
of education and teaching.

2.1 MOOC Teaching Mode of Analytical Accounting

MOOC teaching of accounting major is divided into three steps: online activity, in class
activity and after class activity. Online activity is the beginning stage of a course and the
most important stage. The smooth implementation of this stagewill lay a solid foundation
for the improvement of the final teaching results. Therefore, this link is divided into three
steps, as shown in Fig. 1.
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Fig. 1. Flow chart of online activities

In the MOOC learning stage, students can use a variety of mobile devices or PC
terminals to learn MOOC courses anytime and anywhere. According to the teaching
resources and teaching guidance provided by teachers, they can plan their own learning
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rhythm, watch MOOC videos and self-study course materials independently, and com-
plete small tests interspersed in the course. Before the face-to-face course, we should
guide the students to study independently to deepen their understanding of knowledge.
In the classroom activities, the teacher’s activities mainly include: according to the
requirements of teaching objectives, combined with the sorting results of evaluation
handouts, classroom analysis of the key points and difficulties encountered by students
inMOOC learning; teachers organize students to carry out classroom activities in groups
in an orderly manner, and organize interaction between groups at the same time. In this
process, teachers provide personalized guidance and listen and record the difficulties
of learning, observe the overall performance of students, judge whether the teaching
objectives achieve the teaching focus [3]. After the discussion, the teachers evaluate the
quality of learning task completion and interactive discussion, and complete the teaching
activities in class. After class teaching mainly uses the linkage of online consultation
system, message board, email, forum, microblog, QQ group and wechat group with
mobile phones, so that students can ask questions, answer and discuss at any time and
any place [4]. This can not only solve the problems left in the classroom, but also extend
the classroom discussion to after class. Through online conversation, students’ informa-
tion expression ability and thinking ability can be further enhanced; students can more
freely mine information, put forward more problems, and realize the consolidation and
deepening of knowledge.

2.2 Using Rete Algorithm to Match Teaching Data

Figure 2 shows the basic structure of MOOC teaching.
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Fig. 2. MOOC teaching structure of accounting major

In the teaching structure shown in Fig. 2, the real-time teaching data is collected, and
on this basis, the Rete algorithm is used for data matching. Rete algorithm needs a state
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memory and a rule memory. The elements stored in the state memory are represented
as WME, each WME represents a state of the system, and the state memory can be a
global database, which represents the whole state of the system [5]. WME can be used
as the input of one-input node or the right input of two-input node. Token refers to the
WME binding list that has been matched in the rule. The list contains one or more wmes,
which can be used for the left input of the two-input node. If the WME is passed to the
left end of the two-input node, the WME is encapsulated as a token with only one WME
as the left input of the two-input node. The process of pattern matching between WME
or token and node is shown in Fig. 3.
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Fig. 3. Rete algorithm pattern matching flow chart

WME and the successor node of root are matched by type. If the matching is suc-
cessful, the WME is transferred to the successor node to continue matching, otherwise
the matching ends. If the WME is transferred to the one-input node, the pattern corre-
sponding to the node is matched. If the matching is successful, the fact will be saved in
the alpha storage area corresponding to the one-input node, and the WME is transferred
to the successor node to continue matching, no then end the matching [6]. If WME is
passed to the right end of the two-input node, it will be added to the alpha storage area of
the node and matched with the token in the beta storage area of the node. If the match is
successful,WMEwill be added to the token, and then the token will be passed to the next
node. Otherwise, the match ends. If the token is passed to the left end of the two-input
node, it will be added to the beta storage area of the two input node and matched with the
WME in the alpha storage area. If the match is successful, the token will encapsulate the
matched WME to form a new token and pass it to the next node. Otherwise, the match
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ends [7]. If the token is passed to the end node, the rule corresponding to the root node
is activated, and the action corresponding to the rule is put into the agenda for execution
[8].

2.3 Determine the Evaluation Standard of Teaching Quality Grade

The MOOC teaching quality comprehensive evaluation grade standard of accounting
major is set as the comparison standard of comprehensive evaluation model, and the
teaching quality is divided into five grades. The corresponding standards and quantitative
evaluation scores of each grade are shown in Table 1.

Table 1. Comprehensive evaluation grade standard of teaching quality

Teaching quality grade Quantitative scoring Teaching standards

Excellent 90–100 The concept of accounting major is clear, the
teaching framework is clear, the teaching mode
is in line with the practical operation mode of
accounting major, and there is no teaching error

Good 80–89 The concept of accounting major is relatively
clear, the teaching framework is relatively
clear, and the teaching mode is relatively in line
with the practical operation mode of
accounting major

Secondary 70–79 The concept of accounting major is basically
clear, the teaching framework is basically clear,
and the teaching mode is basically in line with
the practical mode of accounting major. There
are 1–2 teaching errors

Pass 60–69 The concept of accounting major is fuzzy, the
teaching framework is fuzzy, but there is a
certain degree of organization, the teaching
mode and the practical operation mode of
accounting major are partially overlapped, and
there are 2–3 teaching errors

Fail <60 There are more than three teaching errors, such
as inaccurate explanation of accounting
professional proper nouns, unable to build a
complete and clear teaching framework
independently, teaching mode not in line with
accounting practice mode

2.4 Setting up Comprehensive Evaluation Index of Teaching Quality

The evaluation of teaching quality is a complex problem, which is not only restricted
by the evaluation object and the evaluation goal, but also influenced by the evaluation
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subject’s values. Therefore, the construction of evaluation model must be carried out
according to some principles [9]. Among them, the comprehensive principle requires
that the main factors affecting the teaching quality of accounting major should be taken
into account when constructing the evaluation index system, which can reflect the effect
of theoretical teaching and the quality of practice, and provide necessary data; the sys-
tematic principle requires that these elements of the index system should not be simply
arranged and piled up without regularity, but must be considered The inner connection
and mutual influence between them. The principle of scientificity refers to the establish-
ment of the index items, the formulation of the evaluation criteria, the establishment of
the indexweight, the implementation of the evaluation process and the evaluation results,
which should not only conform to the reality of the evaluation object, but also conform
to the objective law of teaching activities. In order to make the MOOC teaching qual-
ity evaluation of accounting major scientific, the evaluators should grasp the situation
of the evaluation object thoroughly, carefully, comprehensively and objectively, make
realistic and fair judgment, seek and explore the way of improvement for the evaluation
object from the perspective of the evaluation object, and put forward pertinent, targeted
and feasible opinions. When constructing the evaluation system, the selected indicators
should not only be collectable and quantifiable, but also be able to carry out effective
measurement or measurement, that is, when collecting data, whether qualitative or quan-
titative, they should be easy to obtain, and they can be processed by certain statistical
methods to get the required data [10].

According to the design principles of the teaching quality evaluation system and on
the basis of the existing research results in the theoretical circle, the specific indicators
are selected from the aspects of teaching objectives, teaching conditions, teaching links,
teaching management and teaching results, some of which are shown in Table 2.

In the evaluation index system of teaching quality, teaching content is the main
information intentionally transmitted in the process of interaction between teaching and
learning. In the MOOC teaching quality evaluation of accounting major, the evaluation
of “teaching content” mainly includes course overview, teaching design and teaching
resources. First of all, the course page should provide teachers and teaching team intro-
duction, course content introduction, and clearly explain the assessment method, credit
and certification requirements of the course. At the same time, considering the universal-
ity of learners and the difference of knowledge background, it should explain to learners
the basic physics knowledge and operation skills they should have when learning the
physics course. Secondly, the teaching team should pay attention to the three links of
“pre teaching test”, “curriculum framework and key and difficult points” and “class
hour design” in the teaching design. Before the formal teaching, the basic information
of learners should be collected by means of questionnaires and so on. On this basis, the
teaching steps and contents should be appropriately adjusted, and personalized guidance
should be given [11]. MOOC teaching resources of accounting major are rich, which
usually include “teaching video resources”, “video auxiliary resources” and “teaching
practice resources”. According to the needs of the course, the teaching resources should
be used reasonably to ensure the teaching quality of MOOC of accounting major. In the
process of quality evaluation, the indicators of course access are the number of times
of course platform access and the number of applicants, the course learning situation is
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Table 2. MOOC teaching quality evaluation index of accounting major

First level indicators Secondary indicators Third level indicators

Teaching conditions Teaching purpose Definition

Recognition

Completion

Teaching conditions Teaching team Title of speaker

Quality and ability of
teaching staff

Teaching environment Teaching facilities

Financial support

Teaching methods and means Teaching content integrity and richness

Teaching method Diversity of methods

Teaching devices Demonstration
experiment, multimedia
teaching, etc

Proportion of theoretical and practical hours

Teaching activities Teacher activities Knowledge explanation,
classroom organization,
question and answer
interaction, etc

Student activities Course access, course
learning, online
interaction, etc

Teaching achievements Homework evaluation Job qualification rate, job
completion rate, job
design, job feedback

Classroom assessment Course qualification rate
and course completion
rate

Proportion of students’ awards and certificates

Rate of employment

the length of course learning and video viewing. These quantitative indicators can be
directly obtained by reading the background data of MOOC platform, while the quanti-
tative processing of the proportion of theoretical and practical class hours, the qualified
rate of homework, the proportion of students’ awards and qualification certificates can
be improved expressed as:

⎧
⎪⎨

⎪⎩

ηT = TL
TS

ηh = nh
nh+nb

= nh
ntol

ηj = nm
N + nz

N

(1)
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In formula (1), TL and TS are the number of class hours of theory and practice courses
in MOOC courses of accounting major, respectively. nh, nb and ntol correspond to the
number of qualified assignments, the number of unqualified assignments and the total
number of assignments. In addition, nm and nz represent the number of students who
have obtained awards and accounting professional qualification certificates, and N is
the total number of students who have participated in teaching. Similarly, we can get
the quantitative processing results of other indicators in the constructed teaching quality
evaluation index system.

2.5 Calculate the Weight of Comprehensive Quality Evaluation Index

Different indicators have different effects on MOOC quality. According to the impor-
tance of the indicators, weight is given. The calculation formula of comprehensive index
weight is as follows:

{
M = (0.2Q1, 0.3Q2, 0.2Q3, 0.1Q4, 0.2Q5)

Qi =
(
a1i Ai1, a2i Ai2, . . . , ani Ain

) (2)

Among them, Qi is the weight set of the bottom indicators under the i first level
indicators, ani is the weight set of the n second level indicators under the i first level
indicators, and Ain is the weight set of the third level indicators under the n second level
indicators under the i first level indicators [12, 13].

2.6 To Realize the Comprehensive Evaluation of Accounting Teaching Quality

After calculating the weight value, we can get the weight matrixM of MOOC teaching
quality comprehensive evaluation model based on Rete algorithm.

P =
n∑

i=1

Di ×Mi (3)

Where: Di and Mi are the quantitative results and weight values of the indicators
respectively [14, 15].By comparing the evaluation results in formula (3)with the teaching
quality grade standards set in Table 1, the final comprehensive evaluation results of
MOOC teaching quality of accounting major can be obtained.

3 Comparative Experimental Analysis

The comprehensive evaluation model of MOOC teaching quality of accounting major
based on Rete algorithm is developed by using ASP and SQL Server technology and
B/S three-tier architecture. It aims to provide users with online teaching evaluation, real-
time view, statistics, analysis, background maintenance and other functions. The major
of accounting and finance in three schools is selected as the research object. The MOOC
of the three universities is mainly responsible for associate professor or above. The
division of curriculum team is clear. The three universities have specialized teachers
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responsible for courseware production, video photography and answering questions,
and professional personnel responsible for post production, curriculum development,
platform maintenance and data statistics.

Under theMOOC teaching platform of accountingmajor, the personnel participating
in the comparative experiment can be divided into five types: teachers, students, experts,
system administrators and teaching administrators. Among them, teachers can log in this
system to evaluate the teaching performance of colleagues, and can view the specific
situation of participating in the evaluation, and can also conduct self-evaluation and query
the evaluation results and ranking. Students log in to the system to grade the teachers
and query the evaluation details. Expert: log in the system to evaluate the accounting
professional teachers, give the corresponding score, and query the specific situation
of personal evaluation. The system administrator can set the questionnaire, indicators
and other related data through the system login, manage the evaluation objects and
the evaluated objects, query, analyze and count the final scoring results, control the
evaluation process and manage users at all levels. Teaching administrator: view the
situation of department personnel participating in the evaluation, view the final results,
and uniformly manage the evaluation data of relevant departments.

Due to the application of Rete algorithm in the evaluation model, it is necessary to
build rete network in the experimental environment, as shown in Fig. 4.

Root Root

P1 P1 P1P2 P2 P2P3 P3

beta1

beta2

beta3

beta2

beta3

rule1 rule2 rule2rule1

Alpha
networks

beta
networks

Fig. 4. Rete network structure

The purpose of this experiment is to verify the application effect of the designed
teaching quality evaluation model in MOOC teaching of accounting major. Therefore,
taking the students’ performance of the research school as the quantitative comparative
data, the change of accounting major students’ professional performance before and
after the application of the teaching quality evaluation model is obtained. Using the
comprehensive evaluation model of MOOC teaching quality of accounting major based
on Rete algorithm to evaluate the current teaching work, the results are shown in Fig. 5.

According to the evaluation results in Fig. 5, the optimization method of teaching
quality is formulated and implemented. After a period of time, the changes of accounting
students’ scores before and after the application of the evaluation model are obtained.
Several students are randomly selected, and the comparison results are shown in Table
3.
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Home(s) Comment on teaching(P) Inquire(C) Settings and statistics(T) Help(H)

First level indicator
teaching method

submit

Secondary indicators

Highlights

Rich content
Meet the outline

Teaching methods
Teaching reform

with their aptitude
Teach students in accordance 

Be a teacher

Serious counseling

Comprehensive quality

Enhance interest

Compliance with regulations

Improve ability

Teaching content

Teaching attitude

Teaching effect
Teaching and research activities

fraction Weights Score

Total score

Fig. 5. MOOC teaching quality evaluation results of accounting major

Table 3. Application test results of teaching quality evaluation model

Accounting student number Score/score of accounting
major before applying teaching
quality evaluation model

The score/score of accounting
major after applying teaching
quality evaluation model

01 82.3 91.5

02 88.6 96.7

03 79.4 90.4

04 75.5 91.2

05 80.2 93.3

06 81.4 92.8

07 66.7 89.7

08 90.3 95.6

Total score 644.4 741.2

It canbe seen from thedata inTable 3 that through the applicationof theMOOCteach-
ing quality comprehensive evaluation model of accounting major based on Rete algo-
rithm, the scores of accounting major students have been improved to varying degrees,
and the average comprehensive scores of students have been improved by about 12.1
points, which proves that the designed teaching quality comprehensive evaluation model
has a positive effect on students’ professional learning.
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4 Concluding Remarks

By using Rete algorithm to evaluate theMOOC teaching quality of accountingmajor, we
can get a better comprehensive evaluation index ofMOOC teaching quality of accounting
major, and provide a scientific basis for the comprehensive evaluation of MOOC plat-
form. Although the model can be very close to the teaching characteristics of MOOC
course and reasonably evaluate the quality of the course, the teaching quality of the
course is not only reflected in the selected evaluation index, but also affected by the
characteristics of learners and the comprehensive management of the platform. There-
fore, the evaluation of MOOC teaching quality of accounting major should consider the
overall situation, comprehensively consider various factors, and make a scientific and
correct judgment. Only good teaching quality evaluation of MOOC can make MOOC
platform develop better.
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Abstract. In order to improve the teaching quality of applied logistics manage-
ment course, a model of teaching effect evaluation based on deep learning is
designed. The evaluation system of teaching effect of applied logistics manage-
ment course is constructed, and the evaluation model of teaching effect is estab-
lished by using the method of deep learning according to the evaluation system,
and the evaluation level analysis is carried out on the evaluation value. The exper-
imental results show that the design evaluation model is more accurate and the
error value is smaller than the traditional model. Therefore, the evaluation model
of teaching effect based on deep learning is more in line with the teaching effect
requirements of applied logistics management course.

Keywords: Deep learning · Applied logistics management · Teaching effect
evaluation · Artificial neural network

1 Introduction

Course teaching effect is the basic standard of college teaching. With the arrival of
the popularization of higher education in China, how to ensure the teaching quality of
applied logistics management course while expanding the enrollment scale has become
an important task for higher education in the new era [1, 2]. In order to meet the needs of
the future development of the logistics industry, and to train senior technical personnel
with solid basic theoretical knowledge of logistics and proficient in the core compe-
tence of the major, applied undergraduate majors have emerged. How to ensure the
quality of application-oriented talent training while adapting to the needs of society is
an urgent problem that needs to be solved in this profession. High quality teaching effect
evaluation is the basis and premise of verifying teaching quality. The formulation and
implementation of professional teaching effect evaluation method can make the logis-
tics professional teaching quality management from illusory, free and changeable to the
track of standardization, systematization and institutionalization.

At this stage, the traditional teaching effect evaluation method of logistics manage-
ment course can notmeet the development needs of the professional application-oriented
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talents. There is no scientific and standardized teaching quality assurance system in the
traditional teaching effect evaluation mode, so the teaching quality standard can only
stay in words and oral, and can not be truly implemented. Therefore, this paper uses the
artificial neural network technology in deep learning to optimize the traditional teaching
effect evaluation method of logistics management course. Artificial neural network is a
complex machine learning algorithm. Aiming at the current teaching effect of applied
logistics management, this paper designs the evaluation method of teaching effect by
using artificial neural network model, further improves the evaluation method of course
teaching effect, and promotes the improvement of teaching effect of applied logistics
management course.

2 Design of Teaching Effect Evaluation Method for Applied
Logistics Management Course Based on Deep Learning

Based on the deep learning background, the teaching effectmodel of application-oriented
logistics management course is set, and through the analysis and Research on the sys-
tem process of the set teaching effect evaluation model, the teaching effect evaluation
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Fig. 1. Flow chart of the evaluation method of applied logistics management course teaching
effect
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model of application-oriented logistics management course is completed according to
the following system process.

According to the process of effect evaluation model set in Fig. 1, the teaching effect
evaluation model of application-oriented logistics management course based on deep
learning is designed. According to the model setting experiment, the feasibility of the
design effect model in this paper is tested.

2.1 Teaching Effect Evaluation System of Applied Logistics Management Course

Before establishing the teaching effect evaluationmodel of application-oriented logistics
management course based on deep learning, we should first determine the evaluation
index system. Based on the principles of scientificity, comprehensiveness, accuracy and
operability [3, 4], taking the application-oriented logistics management course teaching
effect evaluation index as the research object, the evaluation index system based on deep
learning should be designed The network structure of teaching quality evaluation model
(Fig. 2).

X1

X2

X12

Input layer

Hidden layer

Output layer

Y1

Y2

Y7

Fig. 2. Deep learning model diagram of teaching effect of applied logistics management course

The teaching effect evaluation index system is designed by using the above model
as shown in the table below (Table 1).

The course schedule of applied logistics management is divided in detail, such as
the main idea of each chapter, course schedule, teaching attitude and so on. The neural
network model is constructed by using its index system, and the evaluation method
designed in this paper is deeply studied by constructing the teaching effect evaluation
model.

2.2 Construction of Evaluation Model Based on Deep Learning

Because the evaluation of the teaching effect of applied logistics management courses
requires comprehensive and multi-level analysis and research on the problem, which
contains too many uncertain factors. In order to solve the problems of weight determina-
tion and data dispersion in the process of experiment, a teaching effect evaluation model
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Table 1. The teaching effect evaluation system of applied logistics management courses based
on deep learning

Primary indicators Serial number Secondary indicators

Teaching attitude 1 Abide by laws and regulations, no lateness, early
leave, absence from class

2 Love students and care about their growth

3 Be rigorous in academic research, prepare lessons,
correct homework seriously, answer questions and
solve puzzles seriously and responsibly

Content of courses 4 Clear teaching objectives, highlight the key points
of teaching, and be good at teaching students in
accordance with their aptitude

5 The language is concise and accurate, and the
advanced teaching methods are used to teach
courses

6 Good at combining theory and practice to develop
students’ sense of innovation

Teaching method 7 High professional theoretical level and strong
practical ability

8 Follow the outline closely and connect with reality

9 The classroom atmosphere is enthusiastic,
encouraging students to actively participate in the
teaching process

Teaching effectiveness 10 Through teaching, students master the theoretical
knowledge of the course

11 Through teaching, improve students’ self-study
ability in relevant courses

12 Through learning, help students find problems in
the course

is designed. Using the experimental target value under the condition of reducing the
speed is most suitable for the variance problem of the numerical evaluation model. The
article uses the artificial neural network [5, 6] in the deep learning mode to evaluate the
teaching effect of applied logistics management courses. Through the in-depth study of
the model, the accuracy of the data processing of the obtained indicators is ensured, and
the feasibility of the course teaching model is improved. In this paper, we introduce the
set of evaluation elements as the set of factors that affect the evaluation objectives, that is,
“A” is used to represent, and A = {A1,A2, ...,An}, where Ai(i = 1, 2, ..., n) represents
each element in the set, which constitutes the elements of the teaching effect evaluation
target set. The information contained in the set is fuzzy. According to the hierarchical
structure of the teaching effect evaluation index of the applied logistics management
course, four first-level evaluation indexes can be expressed as A = {A1,A2,A3,A4}.
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In the set of teaching effect evaluation targets, A1 is the teaching method, A2 is the
teaching effect, A3 is the teaching content, and A4 is the teaching attitude. Each first-
level indicator is divided into several second-level indicators that affect the higher-level
indicators. For example, the teaching methods in the first-level indicators are divided
into guided teaching, flexible teaching methods, teaching integration with practice, and
teaching method innovation, which can be expressed as A = {A11,A12,A13,A14}.
The same way can be used to establish the teaching effect evaluation element set. The
teaching effect evaluation index of application-oriented logistics management course
designed above is simplified. Under the determined evaluation target, it is divided into
four first level indicators and sixteen second level indicators, and α is the weight value.
The importance of different teaching effect evaluation elements is not the same, and the
evaluation results of teaching effect are also different. In order to reflect the importance
of teaching effect evaluation elements more scientifically, the weight value of objective
element αi(i = 1, 2, ..., n) is constructed for evaluation element ai(i = 1, 2, ..., n),
that is, the teaching effect evaluation weight set α = {α1, α2, ..., αn}; the weight value
αi(i = 1, 2, ..., n), with the normalization and non negative, the factor set is as follows:

n∑

i=1

bi = 1, bi ≥ 0 (i=1,2,...,n) (1)

The teaching effect evaluation element set ai(i = 1, 2, ..., n) can be regarded as the
degree of membership under the teaching effect evaluation result set, and the weight
value set is a subset of the element set. In order to avoid the artificial subjectivity in
the setting of the weight value, the fuzzy consistent judgment matrix is used to obtain
the corresponding weight value. According to the constructed secondary factor set [7]
A = {A11,A12,A13,A14}, the fuzzy description of the factor set is judged by the
quantitative scale., Construct a judgment matrix with the same ambiguity, as follows:

R =
⎛

⎝
r11 r12 r13
r21 r22 r23
r31 r32 r33

⎞

⎠ (2)

Among them: rij is a factor, ai and aj are relatively important membership relations,
and the weight meets the following conditions:

ui = 1

n
− 1

2r
+ 1

nr

n∑

j=1

rij, i = 1, 2, ..., n (3)

It can be seen from formula (3) that r can:

r ≥ n − 1

2
(4)
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In the above formula, the larger the selected value r, the smaller theweight difference;
the smaller the r, the larger the weight difference. Therefore, the larger the value of r,
the more it shows that the teaching effect model ignores the factor of the importance
of elements. In practice, r = n−1

2 is generally adopted. This is the way to ignore the
importance of elements.

Because the teaching effect evaluation set model is a set of quantitative evaluation of
the evaluation objects by the participants. If it is marked as V , then V = {v1, v2, ..., vm},
where vi(i = 1, 2, ..., n) in set V represents the total evaluation result of teaching effect.
By considering all the influencing factors in the teaching effect model, the best result is
selected.

Fuzzy comprehensive evaluation [8, 9], as an evaluationmethod in the artificial neural
network model, is to evaluate all the fuzzy vector element sets, and obtain the scientific
evaluation results that best reflect the characteristics of things through the comprehensive
evaluation of the impact evaluation target, Fuzzy comprehensive evaluation considers
the influencing factors involved in the evaluation objective more comprehensively, and
can be expressed in the results with the characteristics that are most in line with the
actual situation. In the fuzzy evaluation of the teaching effect evaluation target element,
suppose that when the i element Ai in the teaching effect evaluation target fuzzy vector
set is evaluated, the membership degree of the j element vj of the effect evaluation set is
Oij, then the i element Ai a single evaluation set Oi = (oi1, oi2, ..., oin) derived from
the evaluation result.

Since the evaluation of a single element can only reflect the influence of a single
element on the evaluation goal, the evaluation of the teaching goal can only reflect the
scientificity and correctness of the evaluation goal result only when the overall fuzzy
evaluation is carried out. If theweight setR is a fuzzymatrixwith one row and n columns,
combine the weight set with a single-element matrix to obtain a fuzzy set Ci;

Ci = Ai • Ri = (a1, a2, ..., am)

⎛

⎜⎜⎜⎝

r1 ri12 . . . ri1m
ri21 ri22 . . . ri2m
...

...
. . .

...

rim1 rin2 · · · rinm

⎞

⎟⎟⎟⎠ (5)

In the above formula, cj(j = 1, 2, ...,m) is the evaluation index. The first level
evaluation judgment matrix can be obtained from the fuzzy vector element set of the
second level evaluation.
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2.3 Grading of Evaluation Results

Through the evaluation value obtained from the deep learning-based applied logistics
management course teaching effect evaluation model set above, the evaluation level is
analyzed, and the first-level index weight and the first-level index fuzzy relationship
matrixW obtained by the design are used, thus, The intermediate variable S is obtained,
and the formula is shown below.

W = S ◦ R = S ◦
⎛

⎝
C1 ◦ R1

C2 ◦ R2

Ck ◦ Rk

⎞

⎠ = (b1, b2, ..., bp) (6)

Among them, bk(k = 1, 2, ...P) refers to the comprehensive evaluation value of
each evaluation index, that is, the final value in the teaching process of the application-
oriented logistics management course; by normalizing bk [10–12], the evaluation value
can be calculated, that is, thew value, then the evaluation level of the application-oriented
logistics management course can be obtained.

w = bk × vT (7)

As a result, the evaluation grade w of the teaching effect evaluation of the applied
logisticsmanagement course is obtained. If the value ofw is inwhich level of the teaching
effect evaluation grade, the overall comprehensive evaluation is at which evaluation
grade.

Through the evaluation of the teaching effect of application-oriented logistics man-
agement, the teaching effect evaluation model based on deep learning is set on the basis
of the traditional evaluation model. Through the deep division of the first level index
into the second level index, combined with the secondary index weight obtained, the
weight values of the first and second level indicators are obtained, and the relationship
moments are obtained by different weight values Array.

R obtains the intermediate value B, and then normalizes the obtained B to obtain
the evaluation value, that is, the shape value, which can obtain the grade level, which
is the comprehensive evaluation result of the teaching effect of the applied logistics
management course designed in the article.

3 Experimental Demonstration Analysis

3.1 Experimental Environment Setting

In order to better verify the feasibility of the optimization design of the effect evaluation
model of the application-oriented logistics management course teaching based on deep
learning, the experimental link is constructed, and the advantages of the design system
in this paper are verified by comparing the design model and the traditional model.

This experiment uses the BP neural network evaluation model to collect data for
the experiment. Because the BP algorithm is very sensitive to the network structure,
different network structures have different ability to solve problems. The more complex
the structure of the neural network, the stronger its ability to handle complex nonlinear
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problems, but the longer the training time; if the neural network structure is too simple,
the network training will be difficult to converge or even if it can converge, the time
will be too long. Studies have shown that increasing the number of hidden layers can
improve the nonlinear mapping ability of neural networks and enhance the network’s
ability to deal with complex nonlinear problems, but toomany hidden layers will prolong
the learning time of the network. Therefore, the number of neurons in the input layer is
set to n = 4, the number of neurons in the hidden layer is s = 4, the activation function
of the BP neural network neurons is a combination of the rectified linear unit and the
Maxout function, and the learning rate is set It is set at 0.05, the coefficient of inertia
is 0.9%, and the maximum number of training sessions is 15,000. Introduce the matlab
programming to the set experiment and use the LMBP algorithm to make each iteration
no longer follow a single negative gradient direction, but allow the error to search along
the direction of deterioration, and use the different accuracy error values obtained as a
comparison Parameters to verify the feasibility of the teaching effect evaluation model
of the design course in the article.

3.2 Experimental Process

The design teaching effect evaluation model in the text is compared with the traditional
model under the experimental environment set above, and the two models are subjected
to 5 repeated experiments at the same time with the same experimental process, and the
experimental results are extracted. The experimental steps are as follows:

First of all, the traditional model and the teaching effect model designed in this paper
are initialized with network and parameters, and random values between [−2/n, 2/n]
are given to each connection weight coefficient βij, βj and threshold value δj, δ, where
i = 1, 2, ..., n, j = 1, 2, ..., s.

Secondly, in each of the two models, a pair of sample training data Ep =
[e1, e2, ..., e16] is selected as the input layer and yp is the expected output. Use the data
Xp obtained in the input layer to connect the weight coefficient βij and the threshold βj
to calculate the output of each hidden layer neuron.

Finally, through the iterative calculation of the experimental process, the error values
of the twomodels are obtained, and then a second pair of samples is selected for training,
and the above algorithm is repeated until the end of the five experimental runs of the
two models.

3.3 Analysis of Experimental Results

Use the above experimental process to extract the error data obtained from the traditional
model and the teaching effect evaluation model set in the article. Under the condition of
three different precision target values, draw two model error numerical curves, as shown
in the following figure (Figs. 3, 4, 5).

From the above experimental results, we can see that when the set target value is
constantly shrinking, and the data is processed through the interaction between indepen-
dent neurons and hidden neurons, the error value of the course teaching effect evaluation
model designed in this paper is the smallest, the result is the best, and it is easier to get
the accurate value in a short time than the traditional model. Because the teaching quality
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Fig. 4. Error curve of traditional model and design model in this paper when the target is 0.001

evaluation system in Colleges and universities is a complex nonlinear system, there are
many uncertain factors between input and output. Neural network model, with its highly
nonlinear function mapping function, self-adaptive and self-learning ability, can effec-
tively overcome the defects of traditional evaluation methods and weaken the artificial
influence factors of index weight determination in traditional evaluation methods when
the structure of the network and its algorithm are determined, the output accuracy of the
network depends on the quantity and quality of the input samples. The more the number
and the better the quality of the samples, the closer the output evaluation value of teach-
ing effect is to the actual evaluation value, and the more accurate the effect of teaching
quality can be described. Therefore, the teaching effect evaluation model designed in
this paper is better than the traditional system model.
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4 Concluding Remarks

Improving applied logistics management talents has become an urgent problem in the
current logistics industry. The basis of solving this problem is to improve the evaluation
method of applied logistics management course. With the deepening of teaching reform
in Colleges and universities, how to improve the teaching quality and train more applied
talents has become the core of the teaching reform in Colleges and universities. The
establishment of a course teaching effect evaluation method that focuses on improving
teaching quality also highlights its importance. significance. Through the study of the
teaching effect evaluation method of applied logistics management courses based on
deep learning, artificial neural network technology is added to the traditional teaching
evaluation model to comprehensively collect, organize and analyze the teaching status,
and make value judgments on it to improve teaching Activities, the process of improving
teaching quality, and comparing the teaching effect evaluation of the set courses in the
article with traditional models through setting experiments, proves the use of neural
network algorithms to optimize traditional effect evaluation methods. However, it is a
very complex task to improve a teaching effect evaluation model. Due to the various and
complex factors affecting teaching, this paper can not cover a wide range of situations.
It is hoped that in the future, the evaluation model can be further optimized to make
it more in line with the needs of application-oriented Logistics management course
teaching effect evaluation method.
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Abstract. In the actual evaluation of learning process, affected by online non
process data, the evaluation index system is confused, resulting in the problem of
low confidence of the final evaluation results. This paper designs an online learning
process evaluation method under the background of educational big data. Set up
the online learning process acquisition network, collect online learning process
data, divide the collected learning process data according to the technical direction
and teaching design direction, construct the index type system, regard the same
level of indicators as a whole to distribute the weight, according to the weight
value, build the evaluation process, and complete the design of process evaluation
method.After setting the experimental parameters and delimiting the experimental
samples, the evaluationmethod in reference [3], the evaluationmethod in reference
[6] and the evaluation method designed in the paper are used to carry out the
experiment. The results show that the confidence result of the evaluation method
designed in this paper is the largest.

Keywords: Education big data · Online learning · Process · Non process data

1 Introduction

With the successful application of computer technology and network technology in the
field of education, network learning has gradually become one of the important learning
methods in modern society. It extends learning from walled campus to virtual network,
making full use of the advantages of network technology tomake up for the shortcomings
of traditional education. Network learning has changed the traditional teaching mode.
The teaching center has changed from teachers to students, and students have become
active knowledge constructors. E-learning has many advantages, such as rich learning
resources, various interaction types and autonomous learning methods, but it faces new
problems in the process of practice.

Due to the separation of teachers and students in e-learning, teachers can not super-
vise students face to face. Students mainly rely on self-awareness and self-control for
autonomous learning,whichmakes students’ online learning efficiency lowand the effect
of online learning poor. The process evaluation of web-based learning has become an
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effective method to ensure the quality of online learning. Online learning process eval-
uation can help teachers master the learning progress and learning effect of students.
However, there are some problems in the current online learning process evaluation,
such as unified evaluation scheme, unable to make teachers flexibly adjust according to
the needs of the curriculum, simple way to transform evaluation data into performance,
and less feedback information of evaluation. How to evaluate the process of e-learning
effectively is still in constant exploration.

The research on online learning process evaluation at home and abroad is mainly
reflected in three aspects: evaluation theory research, evaluation technology research
and application research. Considering the uniqueness of e-learning, foreign researchers
have established an E-learning Evaluation System from four aspects of students’ cur-
riculum resources, learning attitude, communication and cooperation, and knowledge
effect based on the analysis of students’ learning behavior. Some scholars propose to
use the hybrid algorithm of Bayesian and neural network to evaluate [3]; Some schol-
ars propose to model and analyze big data [4]; Some scholars put forward structured
analysis based on social network data for evaluation [5];Some scholars propose to use
cloud computing for data mining, association and retrieval of key features to achieve
evaluation [6].From the application of online learning process evaluation at home and
abroad, it can be found that the current online learning evaluation has gradually paid
attention to the students’ learning process and learning results, but there are still some
problems, such as the evaluation content is not comprehensive enough, the evaluation
scheme can not be flexibly adjusted according to the curriculum requirements, and the
evaluation data transformation method is simple.

2 Evaluation Method of Online Learning Process Under
the Background of Educational Big Data

2.1 Collect Online Learning Process Data

Online learning has a wide range of knowledge sources, so we should analyze its knowl-
edge sources and web access process when collecting. The knowledge involved in the
online learning process is divided into internal knowledge organization level and exter-
nal knowledge organization service level, and the online learning knowledge sources are
integrated into a large collection network, as shown in Fig. 1.

The source of online knowledge base in Fig. 1 is divided into four parts: intelligence
knowledge base, online learning data collection, comprehensive knowledge base and
knowledge consultation. According to these four parts, the correlation strength between
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the knowledge nodes of the whole network is calculated:
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(1)

Where, C stands for correlation degree, A represents intelligence knowledge base, V
represents data collection set,H represents comprehensive knowledge base,D represents
knowledge point inquiry, Z represents node number of knowledge points, k represents a
real number set, andm represents the number of knowledge nodes with intersection.Web
access process is mainly aimed at the learning interface often used by online students,
that is, the access records left on the server, including frequent access paths, frequent
access page groups and user clustering. Data purification processing access record, set
the access record data group as, data purification processing formula

I =
√

∑

n=1

(Xn − Xn−1)2 (2)
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Where, I represents the access data record data combination. Identify users, sessions
and events in the data record, and constantly supplement path data to form the final user
dialog file [1–4]. The data collection clustering algorithm is used to process the final
user dialogue file p, and the correlation coefficient is calculated:

ρ =

∑

p∈S
(I(p) − I)

√ ∑

p∈W
(I(p) − I)2

(3)

Where, I = 1
M×N

∑

p∈W
I(p), W and p represent the number of clustering processing,

I represent the user dialog file, and represent the path data of data ρ combination. At that
time, ρ > 1, the web access data is the knowledge of online learning. After collecting
online learning data, the evaluation index of learning process is set.

2.2 Setting Evaluation Index

When setting the evaluation index, take the online learning data obtained as the process-
ing object, divide the collected learning process data according to the technical direction
and teaching design direction, and the classification types are shown in Fig. 2.
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Under the index type divided in Fig. 2, when determining the evaluation index, the
appropriate value of the positive treatment index type is selected as the evaluation value
of each index. In order to prevent the dimensionless value in the evaluation index from
interfering with the evaluation result [5], the extreme value of the evaluation value is
defined as the dimensionless value, and the extreme value calculation formula is as
follows:

{
ximax = max ki−xi

max xi
ximin = xi−min ki

max xi−min xi

(4)

Where, k represents the evaluation value of the index.After removing the interference
of dimensionless values, the relevant parameters of the index are calculated by assuming
that the random variable samples (X1,Y1), (X2,Y2), . . . , (Xn,Yn) of two indexes are

r(X ,Y ) =

n∑

i=1
(Xi − X )(Yi − Y )

√
n∑

i=1
(Xi − X )2(Yi − Y )2

(5)

X =
∑n

i=1 Xi
n , Y =

∑n
i=1 Yi
n According to the above calculation formula, the lin-

ear parameters of the evaluation index are calculated, and the correlation between the
evaluation indexes is controlled [6], and the statistical quantity t of the partial linear
parameters is calculated

t = r
√
n − 2√
1 − r2

(6)

Themeaning of each parameter in the above calculation formula remains unchanged.
When the statistics of linear parameters conform to the relationship |t| > t(n−2), there is
an over significance level parameter β in the linear parameter. Referring to the statistical
relationship of linear parameters, the significance level parameter is calculated

β = |t|
t(n − 2)

(7)
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When the significance level parameter value β is greater than 1, it indicates that
the selected evaluation parameters have strong correlation; when the significance level
parameter value is greater than 0 and less than 1, it indicates that the correlation of the
determination evaluation parameters is not strong [7].When the correlation coefficient is
not strong, the nonlinear parameters between the indicators are calculated. By using the
Spearman correlation coefficient, the sample position (Ri, Li) of the evaluation index is
marked, and then the nonlinear parameters can be calculated

τ(R,L) =

n∑

i=1
(Ri − R)(Li − L)

√
n∑

i=1
(Ri − R)2(Li − L)2

(8)

Where, τ is the Spearman correlation coefficient. Similarly, the position parameters

conform to the quantitative relationship R =
∑n

i=1 Ri
n , L =

∑n
i=1 Li
n , The statistical value

of position parameter is calculated, and the significance level coefficient is obtainedwhen
the statistic formula obeys normal distribution. The index with large significance level
coefficient is selected as the processing index of evaluation method, and the evaluation
method is constructed by using this part of processing index.

2.3 Complete the Construction of Evaluation Method

Using the above-mentioned evaluation index as the processing object of the evaluation
index, the evaluation index is divided into different evaluation systems [8], and the same
grade index is regarded as a whole to allocate the weight, and the weight value can be
calculated

n∑

i=1

ai = 1 (9)

ai represents the set of grade indicators, and the weight distribution of evaluation
indicators is shown in the Fig. 3:

As shown by the numerical distribution of index weight shown in Fig. 3, the evalu-
ation results are quantified by using fuzzy mathematics algorithm with the progressive
line r of each evaluation index as the standard. It is proposed for the non-linear point of
view of the evaluation process. The evaluator obtains the evaluation data of the evalua-
tion subject from the evaluation factors affecting the evaluation subject, uses the fuzzy
operation in fuzzy mathematics and other methods to quantitatively display the complex
non quantitative data [9], and then makes different degrees of non quantitative fuzzy
evaluation to obtain a comparable quantitative evaluation result The process and the
final design of the evaluation process are shown in Fig. 4.

According to the evaluation process shown in Fig. 4, according to the evaluation
objectives, the evaluation factors of the evaluationobject are selected anddetermined, and
themeasurable evaluation system is established.Determine theweight of each evaluation
index. Based on the importance of each evaluation factor in the whole evaluation system,
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the weight of each evaluation factor is set. Set the comment set [10]. The membership
degree of each evaluation grade is determined, and the evaluation set is established,which
serves as a reference and basis for the transformation of evaluation results into qualitative
evaluation. The fuzzy operator is selected, the operation formula is determined, the
relevant evaluation data are collected and processed, and the comprehensive evaluation
results are obtained.

3 Simulation Experiment

3.1 Experimental Preparation

In the process of this experiment, the comprehensiveness of the evaluation index is
taken as the experimental contrast object. The original method and the design method
are applied to the experimental platform to analyze the experimental samples set in
advance, and the comprehensive value of the analysis index is obtained. In order to
ensure that the experimental platform has no influence on the experimental results, the
parameters of the experimental platform are set as follows (Table 1).
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Table 1. Experimental environment parameters

Parameter properties Name Parameter

Server side Processor Pentium 1GHz or higher

Memory 256MB or above

Hard disk space 40Gb or above

Operating system Windows 2000/Serve2003/XP

database MysQL 5.1

Web server Tomcat 5.5

Development Kit JDK 1.6

Operating system Windows 2000/Serve2003/XP

Client side Processor 1GHz or higher

Memory 128MB or above

Hard disk space 10GB or above

Operating system Windows 2000/Serve2003/XP

Operating system Windows 2000/Serve2003/XP

The above parameters are used to complete the establishment of the experimental
platform, and the education effect of a university is evaluated. By comparing the com-
prehensiveness of the two evaluation indexes, the evaluation indexes are set in the form
of radar chart, as shown in Fig. 5.
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Fig. 5. Experimental sample

The experimental sample indicators are divided into four directions, namely, stu-
dents’ learning effect, teachers’ education promotion status, knowledge use and teach-
ing effect. In this paper, a comprehensive evaluation of the experimental results in the
literature [3] was completed.
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3.2 Results and Analysis

Using the above settings, the experiment was completed. The experimental results of
the evaluation method in reference [3], the evaluation method in reference [6] and the
experimental comparison results of the designmethod in the paper are as follows (Fig. 6):

According to the above experimental results, compared with the design method in
this paper, the index selection range of the evaluation method in the two literatures is
smaller, and the difference between the evaluation index method and the experimental
sample is large. The index selection results of this design method have high similarity
with experimental samples, which can effectively ensure the comprehensiveness and
accuracy of the evaluation of experimental objects. The index of the evaluation method
in the literature is not comprehensive, which is easy to lead to one-sided evaluation. This
evaluation method can effectively avoid the problem of poor reliability of evaluation
results. To sum up, the process evaluation method designed in this paper is better than
the learning process evaluation method in the two literatures.

Under the above experimental environment, the multiple parameters of evaluation
index in the learning process can be calculated as follows:

c = ε
X

r
(10)

Where, represents the evaluation parameters, represents the set of evaluation fac-
tors, and represents the dimension parameters of indicators. The larger the diversity
parameters obtained by defining the evaluation method, the more comprehensive the
evaluation method is. Finally, the changes of diversification parameters of the three
process evaluation methods are shown in Fig. 7.

It can be seen from the results of the diversification parameters shown in the above
figure that with the increasing number of evaluation index sets, the three process eval-
uation methods show different sizes of diversified parameters. According to the size
of diversification parameters obtained from the above figure, the evaluation method in
reference [3] with the increasing number of sets, the value of diversification parameters
obtained by this method is about 0.4 The indexes involved in the method are poor in
comprehensiveness. The evaluationmethod in reference [6] gets about 0.7 diversification
parameters, and the corresponding evaluation methods have strong comprehensiveness.
However, the evaluation method designed in this paper finally obtains the diversified
parameters of about 1.1, and the comprehensive index obtained by the evaluationmethod
is the strongest.

In the above experimental environment, based on the multiple parameters obtained
by the evaluation method, the confidence calculation formula of the evaluation method
is set, which can be expressed as follows:

tr = c
k∑

i=1
Xi

(11)

Among them,Xi represents the set of evaluation elements, k represents the total num-
ber of evaluation indicators, and the meaning of other parameters remains unchanged.
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Fig. 6. Comprehensive comparison results of three evaluation methods

The confidence levels of the three evaluationmethods of learning process are summarized
and calculated. The final confidence results are shown in Table 2.
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Table 2. Confidence results of three evaluation methods

Number of indicator sets Confidence value

Methods in the
literature [3]

Methods in the
literature [6]

The evaluation method is
designed in this paper

1 4.02 7.14 9.06

2 4.09 7.35 9.23

3 4.17 7.43 9.44

4 4.28 7.62 9.48

5 4.44 7.72 9.72

6 4.62 7.74 9.87

From the confidence results shown in Table 2, the three evaluation methods show
different confidence values. The larger the defined confidence value, the more accurate
the evaluation results of the evaluation method. According to the values in the table, the
confidence value obtained by the evaluation method in reference [3] is the smallest, and
the credibility of this evaluation method is poor. The confidence value obtained by the
evaluation method in reference [6] is relatively poor The evaluation method designed in
this paper has the largest confidence value and the strongest credibility.

To sum up the experimental results, we can find that the designed evaluation method
has a more comprehensive learning effect, up to 100%, the diversity of evaluation
parameters up to 1.1, the highest confidence level up to 9.87, which has a better
performance.
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4 Conclusion

E-learning, born in the environment of educational informatization, has changed the
traditional learning methods and learning evaluation methods. The dual process of pro-
cess evaluation plays an important role in enhancing the monitoring and feedback of
learners’ learning process, guiding learners to maintain long-term learning motivation
and improving their autonomous learning ability. Integrating process evaluation into
e-learning environment and constructing e-learning platform for process evaluation is
of great significance to comprehensively evaluate the learning effect and improve the
quality of e-learning.However, due to the limited conditions, this paper only conducted
an experiment on one university, which is not representative. In the future research, it
will be further promoted, and experiments will be carried out in Colleges and universities
all over the country to verify the practicability of this method.
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Abstract. Network teaching is a new modern teaching mode. Network teaching
evaluation is a key link in the whole network teaching process and an effective
method to ensure the quality of network teaching. Therefore, this paper puts for-
ward the online course teaching quality evaluation method under the Internet of
things technology. By analyzing the influencing factors of online course teach-
ing quality, it constructs the online course teaching quality evaluation system,
determines the online classroom teaching evaluation index of colleges and uni-
versities, and calculates the final teaching quality evaluation result according to
the evaluation proportion by using the Internet of things technology. The simula-
tion results show that the proposed method is effective in online course teaching
quality evaluation.

Keywords: Internet of things technology · Online course · Quality evaluation

1 Introduction

With the vigorous development of computer, multimedia, network and other technolo-
gies, the network teaching mode has provided an excellent opportunity for the leap
forward development of China’s education. The so-called network teaching refers to
a kind of teaching activity that students with certain self-learning and self-discipline
ability use network technology and multimedia technology to realize in different places
through the interactionwith computer network, which ismainly based on active learning,
supplemented by teacher guidance and computer intelligent coordination [1]. As a new
type of teaching form, network teaching emphasizes students and self-learning as the
center, which is more open, flexible and diverse than traditional teaching. To ensure the
quality of network teaching, we must build a reasonable and perfect network teaching
quality evaluation and monitoring system. Teaching evaluation is a key link in the whole
teaching process, which refers to the process of making value judgment on students’
behavior changes through teaching according to teaching objectives, so as to provide
basis for improving and optimizing teaching [2]. Network teaching evaluation belongs
to the sub category of teaching evaluation, which has three meanings of teaching evalua-
tion, namely value judgment, evaluation development and reference standard. However,
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compared with traditional teaching, network teaching has its own unique characteristics,
such as the separation of teaching and learning activities in time and space, the need for
reliable and safe network transmission system for the realization of teaching, learners’
learning is mainly autonomous learning, etc., which makes network teaching evaluation
often show its unique characteristics [3]. How to establish an effective network teaching
evaluation system has become an important issue for modern educators. Because the
traditional online course teaching quality evaluation method has the problem that the
evaluation effect is not ideal, the online course teaching quality evaluationmethod is pro-
posed under the Internet of things technology. This paper discusses the network teaching
mode and characteristics, analyzes the remarkable characteristics of network teaching
evaluation, expounds the system structure of network teaching quality evaluation, and
focuses on the design and implementation of network teaching evaluation system. The
simulation results show that the online course teaching quality evaluation effect of this
method is good, which lays the foundation for online course teaching.

2 Evaluation Method of Online Course Teaching Quality

2.1 Factors Influencing the Teaching Quality of Online Courses

In China, the practice and theoretical research of teaching quality evaluation in Colleges
and universities started late, only a few decades of development. Compared with the
western developed countries withmore than 100 years of history, the theoretical research
is not deep enough, and the practice is still in the exploratory stage. However, under the
guidance of national policies and school exploration, the theory and practice of teaching
quality evaluation in Colleges and universities have also been greatly developed [4].
The teaching quality of university teachers is an important part of teaching quality. At
present, the domestic factors affecting the teaching quality of university teachers can be
summarized into the following six aspects: the quality of teachers, the way of knowledge
accumulation, classroom practice, teaching auxiliary conditions, incentive mechanism
and external environment. The specific influencing factors of online course teaching
quality evaluation are shown in the Fig. 1.

external
environment

Teaching aids

excitation
mechanism

Knowledge
accumulation

Teacher factor

Classroom
practice

Teaching quality

Fig. 1. Factors Influencing online course teaching quality evaluation

Among them, the elements included in each link can be determined according to the
actual situation.
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(1) The quality of university teachers includes educational background, knowledge
structure and personal charm;

(2) The ways of knowledge accumulation include self-study, further study, training,
academic exchange, expert guidance, etc.;

(3) Classroom practice includes classroom teaching hours, the number of different
teaching objects and other elements;

(4) Auxiliary teaching conditions include computer, teaching projector, teaching
software and other facilities;

(5) The incentive mechanism includes teaching and research awards, professional title
recognition and other elements;

(6) The external environment includes the social respect for university teachers and the
status of teachers;

The so-called influence factor refers to the most important component of the system.
Without a certain basic element, the systemcannot be formed.Teachers, teaching content,
online classroom teaching environment and students are indispensable basic elements in
the online classroom teaching process. Teachers are the main body of “teaching” in the
online classroom teaching process, and they are the designers and implementers of online
classroom teaching process [5]. The influence of teaching content on teaching quality
mainly refers to the satisfaction degree of teaching content on teaching objectives and the
influence of teaching content on online classroom teaching quality in form of expression.
Online classroom teaching environment refers to the environment in which teachers and
students carry out teaching activities, and students are the main body of “learning” in the
process of online classroom teaching [6]. In the process of online classroom teaching,
the relationship between the influencing factors is analyzed, as shown in the Fig. 2:

Teacher
(subject)

Student
(subject)

Media
(intermediary, 

object)

content
of

courses

content
of

courses

Fig. 2. Relationship between the influencing factors of teaching evaluation

At present, the classification of teaching quality evaluation content in Colleges and
universities is relatively unified, as shown in the table below:
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Table 1. Content optimization of online course teaching quality evaluation

Classification criteria Evaluation type Remarks

Evaluation criteria Relative evaluation To understand the differences between
students and reflect the position of
individuals in the group; the disadvantage is
that the benchmark of different groups is
different, and the relative evaluation should
not be used as the basis to judge the distance
between individual and mathematical target

Absolute evaluation It is difficult to distinguish the differences
between the students and the students in
learning

Evaluation function Diagnostic evaluation Through this kind of evaluation, we can
understand the students’ learning readiness,
judge whether they have the conditions
required to achieve the current teaching
objectives, and provide the basis for teaching
students in accordance with their aptitude

Formative assessment It can timely understand the results of stage
teaching and the progress of students’
learning, existing problems, and then timely
adjust and improve teaching

Summative evaluation The purpose is to test whether the students’
academic achievement has finally reached
the requirements of teaching objectives, and
to evaluate the effect of the whole teaching
activity, which attaches importance to the
results

Evaluation method Qualitative evaluation Using the logical analysis methods of
analysis, synthesis, comparison,
classification, deduction and induction, the
data and data obtained from the evaluation
are processed in thinking, and the analysis
results are mainly descriptive data

Quantitative evaluation Using mathematical statistics, multivariate
analysis and other teaching methods, regular
conclusions are extracted from the complex
evaluation data

The research on the evaluation index system of teaching quality in Colleges and
universities is the focus of this paper. Now we choose the teaching evaluation index
system of some colleges and universities in China and the United States for horizontal
comparison [7]. Through the comparative analysis of this table, we can see that the teach-
ing quality evaluation index of colleges and universities in China is relatively unified,
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and the teaching quality evaluation index of colleges and universities is relatively rich,
including the objective evaluation of teaching and curriculum, the relationship between
teachers and students, etc.

2.2 Improvement of Online Course Teaching Quality Evaluation System

From the meaning of online classroom teaching and the development mode of online
classroom teaching, there are many factors that affect the quality of online classroom
teaching in Colleges and universities, including subjective factors and objective factors,
and the relationship between these factors is very complex. Their role in online classroom
teaching in Colleges and universities is not played alone, but linked and restricted each
other. The online classroom teaching process in Colleges and universities is an integral
system composed of multiple elements [8]. The process of online classroom teaching
in Colleges and universities consists of four basic elements: teachers, teaching con-
tent, online classroom teaching environment and learners. Further construct the model
diagram of influencing factors of online classroom teaching quality in Colleges and uni-
versities, as shown in the figure, in order to get the online teaching quality evaluation
system conveniently (Fig. 3).

Modern educational concept

The quality and frontier of content

Spiritual environment

physical environment

The combination of media and 
content

teacher

learning style

Learning interaction

Utilization of learning resources

Information literacy

learning effect

Organization and implementation 
ability of informatization teaching

Ability of information teaching 
design

Information technology curriculum 
integration ability

Information literacy

Teaching
environment

content of 
courses

studentInfluencing factors of information teaching 
quality in Colleges and Universities

Fig. 3. Online teaching quality evaluation system

To determine the evaluation index of online classroom teaching in Colleges and uni-
versities, in addition to considering the factors that affect the quality of online classroom
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teaching in Colleges and universities, we must also have a certain theoretical basis and
research as the basis, with the help of certain scientific procedures and methods, so as
to ensure the scientificity, objectivity and effectiveness of the evaluation index [9]. On
the basis of extracting the influencing factors of online classroom teaching quality in
Colleges and universities, combined with the principles of online classroom teaching
quality evaluation in Colleges and universities, this paper preliminarily formulates the
online classroom teaching quality evaluation indicators, as shown in Table 1 (Table 2):

In the process of developing the evaluation index, if we classify the evaluation index
from the process of preparation, implementation and feedback of online classroom teach-
ing in Colleges and universities, there will be many factors that affect online classroom
teaching in Colleges and universities. For example, the modern education concept, infor-
mation quality and teaching environment of university teachers play a certain role in the
process of teaching design, teaching activities and teaching feedback [10–12]. This
paper classifies the evaluation indicators from the elements contained in the process of
online classroom teaching in Colleges and universities.When determining the secondary
indicators under the two primary indicators of teachers and students, it is determined
according to the time sequence of teaching activities: teaching preparation, teaching
implementation, and the main influencing factors in teaching feedback. Combined with
experts’ opinions, the index systemwasmodified and improved. In the process of accept-
ing experts’ opinions, different experts put forward the problem of “teaching effect as
the subordinate index of students’ index”, and pointed out that this is a problem that
should be paid attention to in the development of evaluation system. The student evalu-
ation model includes four major categories: teaching effect, teaching content, teaching
method and teaching attitude. Then each category is subdivided, and different evaluation
standards are set for each category. Thus, students can score various indicators based on
the comprehensive teaching situation, so as to get the quantitative results of student eval-
uation, which is a part of the evaluation results. This paper sets up the student evaluation
form from the actual situation, as shown in the table (Table 3).

Teacher evaluation also includes four major categories: teaching attitude, teaching
content, teaching effect and teaching method. Then, we divide each category into sub
categories, so that teachers can score by category, and take the quantitative results of
teacher evaluation as part of the evaluation results. According to the actual situation, the
teacher rating table is set up, as shown in the Table 4.

The evaluation index systemnot only ensures the scientificity and comprehensiveness
of the evaluation index, but also has a general understanding of the importance of the
evaluation index, which is helpful to grasp the relative weight of each index from amacro
perspective.The expression for calculating the weight is:

Wj = Ej
∑m

i=1 dj
(1)

Among them, Wj represents the attribute weight coefficient, and dj represents the
consistency parameter of the evaluation index.
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Table 2. Optimization of teaching quality evaluation index in Colleges and Universities

Primary indicators Secondary
indicators

Third level index Remarks

Teacher Teacher literacy Teaching
philosophy

The purpose, task, teachers
and students view, talent
view of modern education

Awareness
information

Information insight,
enthusiasm for information
utilization and information
security

Information
capability

Ability of information
acquisition, understanding,
processing and expression

It operation Information technology
equipment, teaching
software use, courseware
production resources
processing

Curriculum
integration

The ability of using
information technology to
support subject teaching

Instructional design Teaching
analysis

Analysis of teaching
content and teaching object

Strategy design Teaching goal design,
teaching strategy design,
media use design, teaching
practice design

Teaching
evaluation

Teaching process
evaluation and teaching
effect evaluation

Teaching
implementation

Target control Knowledge goal, ability
goal, emotion goal and
their relationship

Activity
organization

The choice of teaching
form and the distribution of
effect, content and time

Media
application

Media application
opportunity, standard
operation and proficiency,
maintenance

(continued)
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Table 2. (continued)

Primary indicators Secondary
indicators

Third level index Remarks

Learning
guidance

Learning content, method
guidance, students’
question answering, special
task

Student Student literacy Learning
philosophy

Cognition, understanding
and application of modern
learning concept

Awareness
information

Information curiosity,
awareness of active use,
information technology
knowledge

Information
capability

Ability to acquire, screen
and process

It operation The basic operation of
information technology,
follow the teacher’s
requirements

Learning process Emotional
Participation

Learning attitude,
enthusiasm and interest

Resource
utilization

The utilization of teaching
resources and the frequency
of inquiring materials

Learning style Understanding and choice
of learning style

2.3 The Realization of Online Course Teaching Quality Evaluation

Based on the determination of the evaluation scheme, the teaching quality evaluation
is started. The evaluation results come from the data of students, teachers and leaders.
On the basis of all the data, the final teaching quality evaluation results are calculated
according to the evaluation proportion, so as to sort and publicize. In teaching evaluation,
its core functions are evaluation notification function and student evaluation function.
In order to understand the implementation details, the workflow of the above functions
is explained by using sequence diagram. As part of the evaluation, the workflow is as
follows:

Using 360° evaluation method to evaluate the teaching quality of online courses,
each user needs to fill in the evaluation data, so students need to fill in according to
the student evaluation scheme, and the filling page is studentestimate.jsp. According to
the student evaluation scheme, the students are scored one by one. After scoring, the
evaluation results are submitted to the system.
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Table 3. Student evaluation index

Learning interaction Students’ cooperation and communication
with teachers

Content features Content quality Enrichment, content and teaching
objectives in accordance with the degree

Content update The cutting edge of content

Content organization Hierarchy The organization has different levels and
takes care of individual differences

Applicability The teaching content is suitable for the
form of presentation

Physical environment Hardware environment Multimedia teachers, network room, voice
room, micro classroom and other normal
use

Software environment Normal use of network teaching platform
and teaching software

Spiritual environment Organizational system Teaching management standard, teacher
standard, student discipline assessment

Interpersonal psychology Teacher student relationship, teaching
atmosphere and study style

Subject knowledge Basic knowledge Basic contents of teaching objectives

Expanding knowledge Network resources development learning

Ability and quality Quality Learning habits, interest cultivation and
learning methods

Ability Exploration and innovation, cooperation
and practice ability

Check the values, including the value type check and the value range check. If the
check fails, it will prompt the students the reason for failing. If the check passes, it is
necessary to save the values in the student evaluation results for use. Thus, the sequence
diagram of evaluation function can be obtained, as shown in the Fig. 4.

Before starting the evaluation process every semester, the academic affairs office
needs to send the evaluation deadline and other information to the email or mobile
phone of students, teachers and leaders in the form of SMS and e-mail, so that users can
complete the evaluation in time. The workflow of the evaluation notification function is
as follows:

After starting the teaching quality evaluation, the staff of the educational adminis-
tration office need to send the evaluation notice information to remind users to complete
the evaluation in time. The evaluation notice page is smsNotice.jsp Page. The staff of
the educational administration office need to submit the evaluation information and the
notice list, so as to batch notify according to the list, which can improve the efficiency.
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Table 4. Teacher evaluation table

Evaluation items (full marks) Breakdown item (full score) Evaluation criterion

Teaching effect (20) Clear learning purpose (5) Excellent (5), good (3),
qualified (2), poor (1)

Pay attention to the cultivation of
students’ independent ability and
enrich the knowledge system (5)

Excellent (5), good (3),
qualified (2), poor (1)

Pay attention to the cultivation of
students’ analytical ability (5)

Excellent (5), good (3),
qualified (2), poor (1)

Cultivate hands-on ability (5) Excellent (5), good (3),
qualified (2), poor (1)

Teaching content (30) Comprehensive teaching content
(4)

Excellent (4), good (3),
qualified (2), poor (1)

Challenging teaching content (8) Excellent (8), good (6),
qualified (4), poor (2)

Pay attention to the teaching of
basic courses (8)

Excellent (8), good (6),
qualified (4), poor (2)

Whether the amount of work is
appropriate/the practice time is
sufficient (5)

Excellent (5), good (3),
qualified (2), poor (1)

Whether the teaching content is
substantial (5)

Excellent (5), good (3),
qualified (2), poor (1)

Teaching methods (12) Proper teaching methods (4) Excellent (4), good (3),
qualified (2), poor (1)

Colorful explanations (4) Excellent (4), good (3),
qualified (2), poor (1)

Integrating multiple teaching
methods (4)

Excellent (4), good (3),
qualified (2), poor (1)

Teaching attitude (38) Have a strong sense of
responsibility, do not hold
classes, answer students’
questions in time (4)

Excellent (4), good (3),
qualified (2), poor (1)

Reasonable and fair assessment
method (4)

Excellent (4), good (3),
qualified (2), poor (1)

Strict discipline (4) Excellent (4), good (3),
qualified (2), poor (1)

Good classroom atmosphere,
frequent communication with
students (4)

Excellent (4), good (3),
qualified (2), poor (1)

(continued)
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Table 4. (continued)

Evaluation items (full marks) Breakdown item (full score) Evaluation criterion

Solve students’ problems in time
(4)

Excellent (4), good (3),
qualified (2), poor (1)

Being a teacher (4) Excellent (4), good (3),
qualified (2), poor (1)

Have detailed record and know
the teaching content well (8)

Excellent (8), good (6),
qualified (4), poor (2)

Whether the teaching process is
normal (6)

Excellent (6), good (3),
qualified (2), poor (1)

Display
layer databaseData layerBusiness
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Student
users 1. Calling the identity 

verification function
2. Pass in the login name and password, please use the login 

method

3. Enter student Homepage

4. Call student 
evaluation function

5. Processing student 
evaluation requests

3. Login verification

8. Verification of 
evaluation information

6. Display student evaluation 
page

7. Submit student evaluation 
information

9. Pass in the evaluation information and 
insert it into SQL

10. Execute insert 
statement

Fig. 4. Sequence diagram of teaching quality evaluation

To verify the content of the notification, we mainly check the format of the empty noti-
fication list and the notification list. On the basis of successful verification, we can send
the content to the notification list.

Record the notification log, so as to display the list of notification failure and notifi-
cation success, which is convenient for the staff of the educational administration office
to view. In the online classroom teaching quality evaluation model, the online classroom
teaching quality evaluation organization is responsible for organizing teachers, students
and teaching quality management personnel to obtain the information of each index of
online classroom teaching quality evaluation through certain evaluationmeans, fill in the
online classroom teaching quality evaluation survey scale, and then the online classroom
teaching quality evaluation organization processes the survey data to obtain the online
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classroom teaching quality According to the results of classroom teaching quality evalu-
ation, we find the problems and experience in the process of online classroom teaching.
Finally, the online classroom teaching quality evaluation organization is also responsible
for the feedback of the evaluation results to the teachers, students and teaching managers
of online classroom teaching, so that they can understand the problems existing in online
classroom teaching, so as to improve the quality of online classroom teaching in time.

3 Analysis of Experimental Results

After the construction of teaching quality evaluation system is completed, it needs to
be deployed to the school network environment. Therefore, the environment used in the
implementation phase or test phase is not consistent with the actual environment, which
may affect the final deployment of teaching quality evaluation system and cause losses
to the school. Through the investigation of the actual environment, the environmental
requirements of the system can be made clear, which are described below.

The client does not undertake the key task of the teaching quality evaluation system.
It only needs the user to submit the business request through the browser, and the software
and hardware can meet the basic application requirements without too high hardware
configuration.

Software: support users to submit teaching quality evaluation request by using var-
ious types of browsers. Users can choose to install various browsers such as IE and
Firefox.

Hardware: the memory is larger than 1 GB, at the same time, there are requirements
for the network, must be connectable teaching quality evaluation.

The display of teaching evaluation results is the key of teaching evaluation. Through
the progress display of the evaluation results, it is convenient to check the progress
of teaching evaluation and receive the opinions or suggestions of teaching evaluation
in time, which is conducive to the timely correction of teaching deficiencies and the
improvement of education and teaching behavior. Teaching evaluation results can include
teacher evaluation results and student evaluation results. By searching the corresponding
class in the system, you can view the evaluation progress of class teachers, or view the
evaluation progress and evaluation results of a teacher separately. The mutual evaluation
results between teachers and students are located in different interfaces. Enter different
teacher numbers to view the latest evaluation progress. At the same time, you canmodify
the corresponding evaluation results and delete the corresponding scores. Through the
teaching evaluation results, we can analyze the teaching situation of different teaching
and research departments. Histogram is used to reflect the status of teaching evaluation.
It can be used to compare the evaluation results of teachers in different semesters or
academic years. At the same time, according to the evaluation results, it is convenient
for department or college leaders to view the evaluation results. Using the histogram
display method, the evaluation results can be displayed more intuitively, and the display
results are shown in the Fig. 5.

The function test process and performance test process of the system are described
in detail, and the test results of the two are given. The test results are closely related
to the deployment of the system. If any one of the results is not up to the standard,
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Fig. 5. Analysis of evaluation results

the teaching quality evaluation system can not be deployed to the school to deal with
the teaching quality evaluation business. Through the comparative analysis of the test
results and requirements, we can see that the teaching quality evaluation system has
reached the deployment requirements and can be applied to schools. In order to test
the feasibility of the online classroom teaching quality evaluation index constructed in
this study. In order to complete the research, the online classroom teaching evaluation
scale in Colleges and universities is transformed into the form of questionnaire, and
the participants of the course are investigated. The secondary index score is obtained
by multiplying each three-level index score by the corresponding weight and weighted
sum: the method of obtaining the primary index score and the secondary index score
is the same, that is, each secondary index under the primary index is multiplied by the
corresponding weight the corresponding weights are obtained by weighted summation.

Based on this, the teaching quality evaluation results are recorded as follows (Table
5):

From the results of the evaluation, we can see that the scores of teachers’ indicators,
students’ indicators and teaching content are relatively high, indicating that the situation
of teachers and students participating in teaching activities is better. From a practical
point of view, Professor ZhangYichun is a doctoral supervisor of educational technology.
He has a deep research on online classroom teaching, and his own information literacy,
online classroom teaching design and implementation ability are very good; Most of the
students have a good understanding of online classroom teaching and strong learning
and research ability; the teaching content is more in line with the teaching objectives and
has a certain cutting-edge, and its presentation form is also in line with the requirements
of online classroom teaching. Compared with the other three indicators, the teaching
environment indicators are slightly worse, which belongs to the good level. The main
purpose of this evaluation is to test the feasibility of the online classroom teaching qual-
ity evaluation index constructed in this study. Through this application research, it can
be fully illustrated that the evaluation index obtained in this study can comprehensively
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Table 5. Teaching quality evaluation results

– – Content Index

Content of courses Content quality The consistency of enrichment,
content and teaching objectives

3.98

Content update Cutting edge of content 4.31

Hierarchy The organization has different
levels and takes care of
individual differences

4.03

Applicability The teaching content is suitable
for the form of display

4.42

Teaching environment Hardware environment Multimedia classroom,
network room, voice room,
micro classroom, library

4.00

Software environment Network teaching platform,
teaching software and teaching
support system

3.92

Organizational system Teaching management
standard, teacher standard and
student discipline

4.03

Interpersonal psychology Teacher student relationship,
teaching atmosphere and study
style

3.96

and objectively evaluate the quality of online classroom teaching in Colleges and uni-
versities. Through the quantification of indicators, the examination data are summarized
and analyzed, so that the whole evaluation is more scientific and reasonable, easy to
operate, and the evaluation results are clear at a glance.

4 Concluding Remarks

Network teaching evaluation is one of the key links in the whole network teaching
process. The network teaching evaluation system can not only evaluate each link of the
network course, but also collect information of all stages and aspects according to the
actual situation to carry out process evaluation and summary evaluation, so as to make
up for the lack of information collection and process evaluation in the existing similar
systems. With the improvement of system development and application performance,
its application range can break through the limitations of the teaching evaluation field,
and provide a basis for further research and development of similar systems. However,
in the process of research, the running efficiency of the system is not considered, which
leads to a long time for online course teaching quality evaluation. Therefore, in the
next research, the running time of the system will be focused on, so as to improve the
efficiency of online course teaching quality evaluation.
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Evaluation Model of Computer Education
Reform Effect in Colleges and Universities

Based on Improved Fuzzy Clustering Algorithm

Lu Guo, Ying Wei(B), and Shan Jiang

School of Information and Control, Shenyang Institute of Technology, Shenyang 113112, China

Abstract. In order to test the effect of teaching reform methods, the evaluation
model of computer education reform effect in Colleges and universities is con-
structed based on the improved fuzzy clustering algorithm. The traditional fuzzy
clustering algorithm can not solve the problem of effect evaluation. Firstly, the
fuzzy clustering algorithm is improved. Based on the two-dimensional missing
data set, the geometric structure of the algorithm is analyzed, and the operation
law of the algorithm is explored. Then, the evaluation index system of university
computer education reform effect is established, which is divided into general
goal, primary goal and secondary goal. The hierarchical weight and total weight
of the scale are calculated by improved clustering fuzzy algorithm, and the model
structure is evaluated based on the reality. Taking a university as an example, this
paper analyzes the accuracy of the evaluation model after the reform of computer
education.

Keywords: Improved fuzzy clustering algorithm · Computer · University
teaching · Education reform · Effect evaluation model

1 Introduction

The development of computer engineering is very rapid. Computer science has been
emerging in my country since the 1990s. It has only been more than 20 years, but it
has already undergone earth-shaking changes. From the very beginning of computer
hardware technology to today’s various branches of software design, network technol-
ogy, Internet of Things technology, artificial intelligence, computer principles, etc., the
original education methods are no longer suitable for the disciplines they have devel-
oped. Computer education reform is imperative, but the effect of education reform needs
further exploration [1].

Appropriate evaluation of the teaching effect of such colleges and universities that
are undergoing education reforms can enable the functional departments of colleges and
universities to more accurately grasp the teaching situation of teachers and the current
situation of student learning, improve teachers’ teaching attitudes, teachingmethods, and
cultivate high-quality talents. It is more suitable to carry out teacher team building and
teaching reform in a planned way. In this process, the most important thing is to achieve
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a fair, just, and uniform standard for evaluating teachers’ teaching effects. Therefore,
based on the improved fuzzy clustering algorithm, the evaluation model of the reform
effect of computer education in universities is explored.

2 Research on Improved Fuzzy Clustering Algorithm

Fuzzy clustering algorithm can not be directly applied to the data set with missing data,
so this paper proposes a completion algorithm which can be applied to the missing value
filling.

Firstly, the geometric structure of the data set withmissing values is analyzed. Taking
a simple two-dimensional data set as an example, the two-dimensional data set can be
reflected in the plane coordinate system [2]. For the two-dimensional data set X with
missing values, for example, xk = (xk1,NA) represents the missing point in the ordinate,
which is represented by a line passing through point xk1 parallel to the ordinate in the
plane, xk = (NA, xk2) represents the missing point in the abscissa, which is represented
by a line passing throughpoint xk1 parallel to the abscissa in the plane, and xk = (NA,NA)

is meaningless in the clustering algorithm.
Therefore, the data set should not contain all attributemissing data groups. Therefore,

as shown in Fig. 1, in two two two-dimensional data sets with missing values, the black
dot represents the data point that is not missing, the straight line represents the data
with missing attributes such as xk = (xk1,NA), and the circle represents the clustering
boundary of the corresponding complete data set [3]. If the cluster number c = 2 of each
two-dimensional dataset with missing values is known, the missing values shown in 1
can be reasonably estimated. With the increase of data volume and dimension, missing
data can be estimated more accurately.

Fig. 1. Geometric structure of the two-dimensional missing data set

Therefore, four missing data filling methods based on the improved fuzzy clustering
algorithm can be obtained, which are: complete data strategy, partial distance strategy,
optimized completion strategy and optimal model strategy. Among them, the optimal
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complement strategy is the best way to fill in missing data. Assume that the data sample
set is X = {x1, x2, · · · , xn}, where xk is the k-th w-dimensional data vector in the data
set X, and satisfies 1 ≤ k ≤ n. Among them, xkj is the j-th value in the xk vector, and
1 ≤ j ≤ s, 1 ≤ k ≤ n. The data set X contains missing values, which can be expressed
as NA, let:

XM = {
xkj = NA|1 ≤ j ≤ s, 1 ≤ k ≤ n

}
(1)

The XM in the formula is extremely missing data set. For example, when s = 3 and n =
4, the data set is set to:

X =
⎧
⎨

⎩

⎡

⎣
1
NA
2

⎤

⎦

⎡

⎣
3
5
8

⎤

⎦

⎡

⎣
3
14
15

⎤

⎦

⎡

⎣
NA
2
NA

⎤

⎦

⎫
⎬

⎭
(2)

At this moment XM = {x12, x41, x43}.

3 Establishment of Evaluation Model for the Reform of Computer
Education in Universities

3.1 Establishment of the Evaluation Index System for the Reform of Computer
Education

The evaluation of the effect of education reform is the process of making an objective
measurement andvalue judgment on the process and effect of teaching and learningbased
on certain methods and standards based on the classroom teaching effect of teachers
after the teaching reform. Classroom teaching is one of the core tasks of colleges and
universities. As the focus of teaching work, teaching quality has always attracted the
attention of colleges and various competent teaching departments [4]. The effectiveness
of education reform is the core issue in the process of teaching reform in colleges
and universities. Improving the quality of teaching after reform is the eternal theme of
teaching reform in colleges and universities. After the teaching reform, the monitoring
and evaluation of teacher’s teaching quality refers to a series of tasks implemented by
adjusting and controlling its influencing factors according to the requirements of talent
training objectives to ensure the training of talent quality. It can be seen that the quality
of school classroom teaching will affect the overall quality of students and the quality
of school education reform. The teaching effect is mainly reflected in the result of the
dynamic synthesis of quality in the process of teaching and learning between teachers
and students.

Therefore, the evaluation of the effect of education reform should include several
basic contents. One is the evaluation of the teaching and learning process, which is
reflected in the determination of the teacher’s classroom teaching goals, the arrangement
of teaching content, the design of teaching structure, the choice of teaching methods,
and the embodiment of teaching expansion ability; the other is Students’ understanding
and mastery of what they have learned, the enthusiasm of students’ learning and the
cultivation of students’ skills, etc. are investigated [5]. If there is no more reasonable
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scientific evaluation standard, it will seriously dampen teachers’ enthusiasm for teaching.
Affect the teaching effect, affect students’ performance and employability. Therefore,
the establishment of a scientific evaluation system for the effects of educational reforms
to standardize, rationalize, and quantify it has become an urgent requirement to improve
the quality of college computer teaching reforms. The research of this subject discusses
and analyzes the model of evaluating the effect of computer education reform from the
goals and policies of college computer education reform and employment status.

The evaluation scale is one of the indispensable tools in the evaluation of the effect of
computer education reform, and it is one of themain tasks in the process of the evaluation
of the effect of teaching reform. In the classroom teaching evaluation of colleges and
universities, the teaching evaluation scale is mainly used to evaluate the teaching quality
of college teachers [6]. The teaching evaluation scale is compiled according to the char-
acteristics of classroom teaching, which is composed of evaluation index, evaluation
standard and evaluation grade. Evaluation index refers to the goal of teaching, which
is the concrete induction of teaching goal. The evaluation indexes of computer educa-
tion reform are mainly about teaching means and methods, teaching situation, teaching
attitude, teaching management, teaching quality and so on. Evaluation standard refers
to the scale and criterion of value judgment in quality and quantity of each evaluation
index in classroom teaching. It is also the criterion that the evaluation subject students
should follow to evaluate college teachers’ classroom teaching. Evaluation standard is
often a more specific explanation and explanation of evaluation index. Evaluation grade
refers to the evaluation standard as the criterion to measure the degree of the evaluation
index reaching the standard, expressed with a certain level or score [7].

The effect evaluation of computer education reform is to use some mathematical
modeling methods to explain data or information on the basis of quantitative, or to carry
out empirical evaluation on the basis of quantitative, so as to distinguish the high and low
levels. Generally speaking, the rating scale is a standardized scale to evaluate classroom
teaching behavior, as shown in Table 1.

In the teaching evaluation of computer education reform in colleges and univer-
sities, the expert index weight calculation model can refer to the calculation process
of the student and teacher evaluation model. The evaluation indicators of experts are
U1,U2, · · · ,Un, and the corresponding weights of these classroom evaluation indica-
tors are C1,C2, · · · ,Cn. For each first-level indicator, there are different numbers of
second-level indicators. The number of corresponding second-level indicators under
the n first-level indicators in the teaching evaluation of computer education reform in
colleges and universities can be expressed as K1,K2, · · · ,Kn respectively. In this way,
the secondary index weights corresponding to the teaching evaluation indexes of the
computer education reform in colleges and universities are: C11,C12,C13, · · · ,C1k and
C21,C22,C23, · · · ,C2k , · · · ,Cn1,Cn2,Cn3, · · · ,Cnk respectively. If there are n first-
level indicators among the above weights, the sum of the weights of the first-level indi-
cators in the entire target is 1 [8]. The sum of the weights of the students and teachers
in the whole goal is 1, as shown in the following formula:

C1 + C2 + · · · + Cn = 1 (3)
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Table 1. Computer education reform effect evaluation standard scale

General objective First level indicators Secondary indicators

Evaluation on the effect of
computer education reform in
colleges and universities

Teaching methods and means The teaching method is vivid
and intuitive B1

Method innovation is
flexible and diverse B2

Combining theory with
practice B3

Heuristic interaction B4

Knowledge development B5

Teaching situation A2 Vivid and concise language
B6

Natural and generous B7

Moderate theoretical depth
B8

Focus on B9

Clear and accurate concept
B10

Lesson preparation B11

Teaching attitude A3 Lesson preparation B12

Clear teaching purpose B13

Moral cultivation B14

Teaching management A4 Good classroom discipline
B15

Strict requirements for
teaching and educating B16

Correct homework B17
carefully

Teaching quality A5 Student achievement B18

Student ability training B19

Students learn B20

Formula (3) can also be expressed as:
⎧
⎪⎪⎨

⎪⎪⎩

C1 = C11 + C12 + · · · + C1k1
C2 = C21 + C22 + · · · + C2k2

· · ·
Cn = Cn1 + Cn2 + · · · + Cnkn

(4)

Through the above calculation process of expert weight in the teaching evaluation of
computer education reform in colleges and universities. First, calculate the total score
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F of the expert’s secondary index, then calculate the weight of the secondary indicator
evaluated by the expert, andfinally calculate theweight of the primary indicator evaluated
by the expert. In addition, students and teachers can also refer to this calculationprocess to
obtain the corresponding second-level evaluation index scores, first-level index weights,
and second-level index weights.

3.2 Improved Fuzzy Clustering Algorithm to Calculate the Judgment Matrix

After the hierarchical structure is established, the affiliation of elements between the
upper and lower levels is determined. Assume that element Ck of the previous level is
used as a criterion for element A1,A2, · · · ,An of the next level. There is a dominant
relationship, our aim is to assign A1,A2, · · · ,An according to their relative importance
under criterion Ck . The corresponding weight. The Analytic Hierarchy Process uses
the method of pairwise comparison. In the process of pairwise comparison, decision-
makers have to answer questions repeatedly: For criterion Ck , the two elements Ai

and Aj, which one is more important and how important, it is necessary to assign a
certain value to how important it is [9, 10]. Each expert makes a pairwise comparison
of the evaluation indicators independently. One is denoted as Xi

Xj
, and its value is aij,

where i, j = 1, 2, 3, · · · , 21, m = 10. In the process of calculating the geometric square

aij �=

√
m∏

k=1
aijk , the inverse symmetric matrix A = (aij)n × n can be listed.

Using the comprehensive evaluation in the improved fuzzy clustering algorithm, the
comprehensive score of the object is the highest level node, and the lowest level is a
number of evaluation indexes. There are 21 evaluation indexes in this paper, which are
x1, X2, X3, x4, X5, X6 X20, X21, the weight coefficients of the highest level are B1,

B2, B3, B4, B5, the comprehensive evaluation formula is
21∑

i=1
bixi, and the total ranking

of the levels is calculated. The calculation results are shown in Table 2.
In the above table, the effect evaluation weight of computer education reform in

colleges and universities can be obtained. When the weight value is larger, it indicates
that the criterion has a higher effect in the effect. Therefore, if you want to increase the
results of computer education reform in colleges and universities, you need to pay more
attention. Items with higher weight values.

3.3 Structure Analysis of Evaluation Model

First of all, the evaluation of teachers’ teaching effect will have an impact on students’
academic performance. Examination results are not only an important indicator to mea-
sure the solid degree of students’ knowledge at this stage, but also a standard to reflect
the teaching effect of teachers. Therefore, they can be used as a standard value to eval-
uate the effect of computer education reform in Colleges and universities. In the above
study, through the students’ evaluation of teachers (including professional course teach-
ers, basic course teachers, professional training and experimental teachers, professional
basic course teachers, etc.), the teaching results of this course at this stage are obtained.
In other words, the final or mid-term examination results are directly proportional to the
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Table 2. Weight level sorting

Target layer Weights Criterion layer Weights Combination
weight

A1 0.1236 B1 0.1230 0.0145

B2 0.1274 0.0364

B3 0.2143 0.0154

B4 0.1246 0.0234

B5 0.1547 0.0124

A2 0.1361 B6 0.1647 0.0244

B7 0.2365 0.0265

B8 0.4236 0.0635

B9 0.4632 0.0144

B10 0.3456 0.0144

B11 0.2465 0.0355

A3 0.1428 B12 0.4456 0.0247

B13 0.2348 0.0745

B14 0.3445 0.0244

A4 0.1556 B15 0.1545 0.0234

B16 0.1765 0.0147

B17 0.3445 0.0164

A5 0.1834 B18 0.1446 0.0452

B19 0.6452 0.0140

B20 0.3414 0.0423

teaching effect evaluation, which is in line with the teaching effect evaluation theory.
As for the evaluation of students’ academic performance and the teaching effect of each
teacher, the differences may be different from the attributes of these courses.

The courses are offered in different ways.Most of the basic courses such as advanced
mathematics are offered in large classes, and the teaching effect is obviously not as
good as that in small classes. In addition, the students in two pilot classes of teaching
reform have higher scores, and the evaluation of teachers’ teaching effect is obviously
on the high side, In addition, the experimental course has been set up, which greatly
improves the students’ interest in learning. This is not in the ordinary class, which leads
to the difference of performance. Therefore, for the basic course of mathematics, the
students’ performance is low, the evaluation of teachers’ teaching effect is low, and the
difference of teaching evaluation in our college is still improving. For the basic course
of mathematics, higher mathematics provides the necessary mathematical knowledge
basis, thinking method basis and mathematical ability basis for the study and practical
work of subsequent professional courses. Cultivate and improve students’ consciousness
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and ability of analyzing and solving problems, and further cultivate students’ innovative
consciousness and ability.

In this way, computer teachers should not only have solid computer related theoreti-
cal knowledge, but also have the expansion and practical ability of Internet and computer
hardware. So that students can better combine basic theory with scientific practice and
professional practical problems. This teaching method also makes students have higher
requirements on the breadth and depth of computer teachers’ basic knowledge, pro-
fessional knowledge and teaching related professional courses. The teachers of other
basic courses only need to learn relative to the theoretical knowledge of the course and
the expanded knowledge associated with the course, which will not involve interdisci-
plinary teaching. For the teachers of professional courses, they only need to learn the
knowledge of professional courses. Moreover, professional courses are arranged with
practical training courses, so that students can study in the specific working environment
personally, which is more direct, more intuitive, and the effect is better, so students like it
more. Naturally, they have high evaluation of teachers and good academic performance
[11–13].

From the above analysis, it can be seen that due to the different requirements of the
nature of the curriculum types, the teachingmethods, requirements and results will not be
the same. Therefore, the ultimate purpose of the evaluation of teachers’ teaching effect is
to improve the teachingmethods and teaching contents according to the obtained teaching
effect evaluation conclusions and different courses. Teachers in teaching, according to
the nature of different courses, take different teaching methods, the design of teaching
content in accordance with the specific characteristics of the school rectification. So as
to improve students’ academic performance.

4 Practice of Evaluation Model for Computer Education Reform
in Universities

4.1 Practice Environment

In order to better serve the reform of computer education in colleges and universities,
when the evaluation model is implemented, a certain school is used as the research
object to participate in the classroom teaching evaluation practice. Three teachers with
certain English teaching experience were used as experts, and they listened to each
other and evaluated themselves as teacher representatives. After the lecture, the students
were asked about the results of the lessons and obtained experimental data. In order to
test the accuracy of the evaluation model based on the improved fuzzy clustering algo-
rithm and whether it has practical significance in practical applications, the conclusions
obtained from the evaluationmodel based on the algorithm are comparedwith traditional
evaluation methods.

4.2 Practice Process

The weight hierarchical ranking in Table 2 is used as the data index basis of the experi-
ment. After experts, teachers and students score respectively, the index score is obtained
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by combining the above calculation method. According to the investigation results of the
suitability of expert evaluation, we can know the value of the investigation results of the
suitability of the secondary evaluation index, and then calculate the evaluation matrix R
of the teaching plan, teaching attitude, teaching means and classroom performance of
the primary evaluation index.

R =
[
0.8 0.1 0.1 0.0
0.9 0.1 0.0 0.0

]
(5)

Among them, the teaching evaluation indicators at each stage can determine that the
teaching reform method has different teaching effects. Combining the above evaluation
value and evaluation relationship matrix, the evaluation formula can be obtained as
follows:

B1 = (B11,B12,B13,B14) (6)

The first-level fuzzy comprehensive matrix of teacher evaluation is R: including
teaching plans, teaching attitudes, teaching methods, classroom settings, and classroom
performance. Through the evaluation result B1,B2,B3,B4,B5, the first-level improved
fuzzy clustering algorithm comprehensive matrix R1 is obtained according to the above
formula.

R1 =

⎡

⎢⎢⎢⎢⎢
⎣

B1

B2

B3

B4

B5

⎤

⎥⎥⎥⎥⎥
⎦

=

⎡

⎢⎢⎢⎢⎢
⎣

0.0423 0.0912 0.0329 0.0
0.0436 0.0928 0.0367 0.0
0.0459 0.0915 0.0347 0.0
0.0448 0.0942 0.0346 0.0
0.0471 0.0936 0.0325 0.1

⎤

⎥⎥⎥⎥⎥
⎦

(7)

According to the first level fuzzy clustering comprehensive matrix R1 of education
reform evaluation and the weight U of the first level index, the second level evaluation
value B can be obtained. After normalization, the comprehensive evaluation value is
obtained, and then the result is processed. The evaluation set is v = {very suitable,
suitable, unsuitable and very unsuitable}, and the values are 3, 2, 1 and 0 respectively.
According to formula (4), the total score of teacher evaluation is as follows:

ω = (0.0471 + 0.0936 + 0.0325 + 0.1) ×

⎛

⎜⎜
⎝

3
2
1
0

⎞

⎟⎟
⎠ (8)

Finally, a quantitative result of 0.2345was obtained, indicating that the teacher is suitable
for the middle school English classroom teaching effect, which means satisfaction, and
thus obtained a quantitative result. The number 2.0222 is between 2–3, indicating that
the teacher evaluation rating is between satisfactory and very satisfied, indicating that
the teacher evaluation is relatively satisfied with the evaluation of the teaching effect of
this class.

In order to further verify the effectiveness of the evaluation model of improving the
effect of computer education reform in the school, the accuracy of the evaluation of the
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Table 3. Evaluation accuracy of educational reform effect (%)

Number of iterations/times Methods of this paper Traditional method

20 95 89

40 94 88

60 96 89

80 94 87

100 95 86

effect of the reform model on the education reform is analyzed experimentally. In order
to highlight the experimental accuracy, the results obtained are shown in Table 3:

By analyzing the experimental data in Table 1, we can see that with the constant
change of the number of experimental iterations, the evaluation accuracy of this method
is always higher than the traditional method, and always higher than 90%, which verifies
the effectiveness of the proposed method.

4.3 Practice Results

Through a comprehensive investigation of the influence of various factors on the sci-
entific evaluation of English classroom teaching effect, this paper combines qualitative
and quantitative methods to decompose some assumptions in the process of teaching
reform, and fully reveals the essence of evaluation. Using the improved fuzzy clustering
algorithm as the evaluation basis not only eliminates the shortcomings of qualitative
evaluation, but also avoids unexpected human factors to a certain extent. For example,
when students evaluate, it is not easy to find their own problems in the classroom, and
teachers’ attention may have a certain impact on the real evaluation [14, 15]. Different
evaluation subjects have different research perspectives, which makes the evaluation
results more accurate and reasonable. The disadvantage is the complex teaching evalua-
tion model, the formula calculation is more troublesome, can use the modern computer
mathematical formula editor, easy to edit, improve work efficiency. In this paper, from
the perspective of expert evaluation, student evaluation and teacher evaluation, indepen-
dent evaluation indicators are established to complete the research process for teachers,
students and expert members, so as to obtain complete and real information sources.
Experts, students and teachers evaluate the effect of middle school English classroom
teaching, and the results are 2.0222, 2.2195 and 2.0188 respectively, which are very
close to each other.

In summary, the conventional scoring method is not only simple, but also easier to
implement, but the problem is not very comprehensive and the accuracy is not very high.
The method used to improve the fuzzy clustering algorithm can avoid the intervention
of many subjective factors. On the one hand, it converts the qualitative problems of
experts, students, and teachers into quantitative problems, and more scientifically eval-
uates the effect of computer teaching reform in colleges and universities. Investigate
the practical environment and gain a new understanding of the teaching evaluation of
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computer teaching reform in colleges and universities. The results obtained are more
realistic, making the results more scientific and reasonable. Therefore, the improved
fuzzy clustering algorithm is better than the traditional scoring method in the evaluation
of the teaching effect of the computer teaching reform in colleges and universities.

5 Concluding

In summary, this article uses an improved fuzzy clustering algorithm to evaluate the
effect of college computer reforms and builds an evaluation model. The algorithm used
above is more complicated in actual calculation, but the actual evaluation effect is more
accurate, so the evaluation method has reference value.
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Evaluation Model of Electrical Control Teaching
Mode Reform Effect Based on Deep Convolution

Neural Network
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Abstract. In view of the results obtained by introducing neural network into the
evaluation model of the reform effect of the existing teaching model, the paper
proposes an evaluation model of the effect of the reform of the electrical control
teaching mode based on the deep convolution neural network. The corresponding
weight in the rating system is established, the weight is obtained by using the
deep convolution neural network, and finally, the data is extracted by the multiple
collinear regression method to complete the evaluation of the reform effect of the
electrical control teachingmode. The experimental results show that the evaluation
model of the teaching model reform effect evaluation model of the design method
is more quality and feasible.

Keywords: Teaching mode · Evaluation model · Neural network ·
Multicollinearity

1 Introduction

The key problem faced by the reform of teaching mode at the teaching level is the low
efficiency of the classroom, which will greatly affect the level of personnel training.
Therefore, an important routine content of teaching management in Colleges and uni-
versities is to analyze and evaluate the teaching mode of teachers. The establishment
of the evaluation model of teaching mode reform effect can not only provide reference
for other universities to carry out course teaching effect evaluation, but also apply this
kind of evaluation thinking to other types of evaluation [1–3]. Help teaching managers
or teachers to identify whether a teaching reform achievement has achieved the pur-
pose of improving quality through vertical and horizontal comparison, and provide data
reference for determining whether to continue this reform practice [4–6].

In developed countries, the evaluation of the effect of teachingmode reform is divided
into three stages, namely, preliminary formation, punitive evaluation and developmental
evaluation, which focus on students and carry out teacher performance evaluation of
students, but this kind of evaluation is controversial [7]. Most colleges and universities
in China have established their own teaching effect evaluation index system, including
teaching objectives, methods, effects and attitudes, etc. the evaluation contents and ver-
sions of colleges and universities have little difference. Some people understand that the
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whole of teaching quality evaluation is to evaluate the quality of classroom teaching,
which leads to the relatively single content of evaluation [8]. Subsequently, people began
to study the effect evaluation of teaching mode reform towards the direction of operation
model, but the quality of the evaluation results is not ideal.

2 Design of Evaluation Model for the Reform Effect of Electrical
Control Teaching Mode Based on Deep Convolution Neural
Network

2.1 Establishment of Evaluation System Weight

The importance of two indicators in the evaluation index system can not be reflected, and
the weight analysis and calculation can express the relative importance of an indicator
in the overall evaluation [9, 10]. A group of evaluation index system corresponding to
the index weight constitutes the weight system. In this paper, the indicators of teaching
evaluation are divided into different levels, such as target level, criterion level, indicator
level, scheme level, etc. [11–13]. In this paper, all indicators have been divided into
first level indicators, second level indicators and third level indicators, and their internal
subordination has been determined. Based on this, the importance of corresponding
evaluation indexes is analyzed, and the corresponding evaluation system indexes can be
obtained, as shown in Table 1.

Table 1. Index allocation of evaluation index system

Evaluation
criterion

Extremely
important

Very important Iimportant Commonly Unimportance

Inquiry
activities

15 39 27 8 6

Explore
knowledge

21 61 24 19

Emotional
attitude

29 30 25 11 9

In Table 1, the evaluation importance is assigned as follows: extremely important
is 1, very important is 0.75, important is 0.5, general is 0.25, unimportant is 0. Then
multiply and add the data of importance of each indexwith the corresponding assignment,
and divide the result by the total number to calculate the average score. Finally, the
average score of the two indicators is subtracted to form a matrix according to Saaty
method. When the importance score of Ai and Aj of two indicators at the same level (i.e.
average score), and construct the judgment matrix R, and stipulate that when 0.025 <

Ai − Aj ≤ 0.05, Ai is slightly more important than Aj, and the value of satty is taken
as 3. When 0.075 < Ai − Aj ≤ 0.1, Ai is more important than Aj, and satty is 5. When
0.125 < Ai − Aj ≤ 0.15 and Ai are more important than Aj, satty value is 7. When
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0.175 < Ai − Aj, Ai is more important than Aj, satty is 9. Using the example in Table
1, the corresponding matrix of student evaluation index system is obtained as follows
(Table 2):

Table 2. First level index matrix of student evaluation index system

First level indicators Explore knowledge Inquiry activities Emotional attitude

Explore knowledge 1 1/5 1/2

Inquiry activities 5 1 5

Emotional attitude 2 1/5 1

Namely:

R =
⎧
⎨

⎩

1 1
5

1
2

5 1 5
2 1

5 1

⎫
⎬

⎭
(1)

At the same time, the indexes are sorted in a single hierarchy, and the weight value of
the indexes is calculated, and the relative importance level and the relative importance
level in matrix R are obtained, such as V1 = 1+1/5+1/2 = 1.7, V2 = 5+1+5 = 11,

V3 = 2 + 1/5 + 1 = 3.2, The sum of all levels is:
n∑

i
Vi = V1 + V2 + ..... + Vn.

At the same time, the importance level and the ratio of the sum of the index weights
are determined. The weight vector is calculated as follows:

Wi = Vi
∑

VI
(2)

According to formula (2), the weight calculation in the matrix can be completed, and the
corresponding ranking can be carried out to complete the establishment of index weight.

2.2 Weight Convergence of Deep Convolution Neural Network

In order to calculate the function form in the weight system of the rating index, this
paper uses the deep convolution neural network to learn the meridional basis function
and deal with the weight of the evaluation index. Radial basis function is usually defined
as a monotone function of Euclidean distance between any point a and x center c in
space, and its effect is local, that is, when c is far away from c, the value of the function
is relatively small [14, 15], as shown in Fig. 1:
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Fig. 1. Radial basis function diagram

The formula of radial basis function is as follows:

h(x) = exp

(

− (x − c)2

r2

)

(3)

In formula (3), r represents the corresponding radial basis function index. The birth of
radial basis function is mainly to solve the problem of Multivariable Interpolation.

For the reform and evaluation of teaching mode, the evaluation index can be used
as the basis function and processed by radial basis function. The RBF interpolation is

to construct a function F(x) =
N∑

i=1
wiϕi(‖x − xi‖), and let the curve pass through the

corresponding sample points, and keep the space dimension N , where the evaluation
difference is ϕ. Given the sample points, the corresponding radial basis function matrix
format is determined:

⎡

⎢
⎢
⎣

ϕ11, ϕ12, · · · , ϕ1N

ϕ21, ϕ22, · · · , ϕ2N

· · · · · · · · · · · ·
ϕN1, ϕN2, · · · ϕNN

⎤

⎥
⎥
⎦

⎡

⎢
⎢
⎢
⎣

w1

w1
...

wN

⎤

⎥
⎥
⎥
⎦

=

⎡

⎢
⎢
⎢
⎣

y1
y2
...

yN

⎤

⎥
⎥
⎥
⎦

(4)

At the same time, deep convolution neural network is used to map the input of low
dimensional space to high dimensional space by using hidden element RBF, and then
the curve is fitted in this high dimensional space. It can be equivalent to finding an
optimal surface in a certain hidden high-dimensional space, which can fit the training
data. In the process of training, the network parameters are used as theweight value of the
output layer, and the center is determined by clustering algorithm. The empirical formula
σ 2 = d max√

h
can be used for variance, where d max represents the maximum Euclidean

distance in the center of the neural network, h represents the number of network centers,
and the weight convergence of the output value can be directly given in the network
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without iteration. Let T represent the period in the training sample Expected output, Y
represents the actual output of the sample.� represents the output value of RBF function
in the hidden layer of neural network:

E = 1

2
(T − Y )T (T − Y ) = 1

2
(T − �V )T (T − �V )

= 1

2

(
TTT − 2TT�V + VT�T�V

)
(5)

Formula (5) represents the linear equations of output layer weights. When the number
of samples is large (more than the number of weights), the equations are contradictory
equations without exact solutions. In this case, the least square method can be used to
transform them into the following normal equations:

∂E

∂V
= 0 ⇒ −�TT + �T�V = 0

⇒ V =
(
�T�

)−1
�TT (6)

Formula (6) can be solved by Jacobi iterative method.
In the process of network training, the selection of training parameter μ directly

affects the performance of the algorithm. If the value is too large, it is approximate to
gradient descent method, and the convergence speed is slow. If the value is too small, it
is approximate to Gauss Newton method, which easily leads to irreversible operation.
In essence, neural network training problem can be attributed to optimization problem,
which can be described as the problem of finding the extremum of multivariate function.
As we all know, at the beginning of the optimization process, the search should take a
big step, which is never conducive to the global search. At the end of the optimization
process, the search should take a small step, so that the algorithmwill not miss the global
optimal solution. It is reflected in the deep convolution neural network. In the early stage
of training, the value of μ should be relatively small to make the algorithm approximate
the optimal solution with the second-order convergence rate of Gauss Newton, while in
the later stage, the value ofμ should be relatively large tomake the algorithmapproximate

Fig. 2. Iterative change of deep convolution neural network



446 S. Jiang et al.

the optimal solutionwith thefirst-order convergence rate of approximate gradient descent
method. As follows (Fig. 2):

After training, the data is imported into the deep convolution neural network to
complete the weight convergence.

2.3 Multicollinearity Regression Method

By using the estimation method of multiple linear regression, the regression coefficients
form the distribution characteristics of statistics. Use thesemethods to analyze the factors
that affect students’ learning efficiency and teachers’ teaching level.

Assuming conditions, the least square estimator is set and the correspondingmultiple
linear regression model is established as follows:

yt = β0 + β1xt1 + β2xt2 + . . . + βk−1 + ut (7)

In formula (7), yt represents the explained variable, that is, the dependent variable. xtj
stands for explanatory variable, that is, independent variable. ut is the random error term
and βk is the regression parameter.

Heteroscedasticity method was used for analysis. On the basis of the linear relation-
ship between residual and explanatory variables, the square and cross terms of explana-
tory variables are added to get the auxiliary regression model. Testing the heteroscedas-
ticity of the original model is equivalent to testing whether the regression parameters
of the auxiliary regression model are significantly zero except for the constant. When
H0 holds, it is equivalent to the constant in û2t . In multiple linear regression method,
multicollinearity is common, and the consequences are complex, so the test of multi-
collinearity is particularly important. There are multiple explanatory variables in this
method. One explanatory variable can be used for linear regression of all other explana-
tory variables, and goodness of fit can be calculated. The one with the largest goodness
of fit and close to the one with the largest goodness of fit indicates that the linear relation-
ship between the corresponding explanatory variable and all other explanatory variables
is significant. This method has multicollinearity. At the same time, multicollinearity
only affects the estimated values of the corresponding parameters of some unimportant
explanatory variables, which can be omitted from the method. According to the front-
end method, the modified Frisch method (stepwise regression method) was used in this
method. There is a certain degree of linear correlation between 0 <

∣
∣rxixj

∣
∣ < 1 explana-

tory variables. This situation is often encountered in practice. With the enhancement of
collinearity, the accuracy and stability of parameter estimation are affected. When cal-
culating, the goodness of fit of

(
R2

)
is very high, F is very high, and the variance Var

(
βj

)

of each regression parameter estimation is large, which indicates that the variable has
multicollinearity. Extract the data with multiple collinearity, and take it as the final result
of the evaluation factor index to complete the evaluation.

3 Experimental Analysis

In order to verify the feasibility of the designed teaching mode reform effect evaluation
model. Using the class of electrical control major in a university to evaluate the teaching
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effect reform. The model designed in this paper and the model in literature [1], literature
[3] and literature [4] are compared.

3.1 Experimental Class Information

The experimental results are based on the sophomore electrical class 3, class 4 and class
6 after the implementation of teaching reform in the University (Table 3).

Table 3. Participants

Class Number of males Number of women Total number (person)

Electrical class 3 38 11 49

Electrical class 4 29 8 37

Electrical class 6 33 7 40

Involving teachers 8 6 14

3.2 Evaluation Index Weight Distribution

Before evaluating the effect of teaching mode reform in the University, the influencing
factors of teaching mode reform in the university are determined and the weight is
allocated (Table 4).

3.3 Experimental Calculation Basis

In order to verify the advantages and disadvantages of the design evaluation model, this
paper tests the relative weight and consistency of the elements of the evaluation model.
According to the sorting weight calculation formula:

wi =
n

√
n∏

j=1
aij

n∑

j=1

n

√
n∏

j=1
aij

(8)

In formula (8), aij represents the weight value of the element in the model. After the rel-
ative weight is determined, the relative weight of all elements in the model is calculated
by MATLAB software to obtain the maximum eigenvalue λmax. The higher the eigen-
value value is, the more obvious the characteristics of each element in the model are.
After expert analysis, the maximum eigenvalue of the model should be λmax ≤ 2.896.
At the same time, the consistency index C.I is used to calculate the consistency:

C.I � S-c

c − 1
(9)
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Table 4. Experimental evaluation index weight distribution

Serial number Evaluation factors Key points of
evaluation

Factor weight Weight score

1 Instructional objective Determine the
teaching task

0.16 3

Implementation of
teaching objectives

0.3 1/2

The feasibility of
teaching purpose

0.21 1

2 Content of courses Understand theory and
master skills

0.41 1/5

The content is primary
and secondary,
highlighting the key
points

0.15 2

3 Teaching structure The logic of teaching 0.22 1

Combination of
teaching links

0.36 1.5

Scientific organization
of teaching

0.27 2.5

4 Teaching method Optimizing teaching
methods

0.41 3

Logic and appeal of
teaching language

0.29 2

Arousing students’
enthusiasm

0.11 1

In formula (9), c represents the order of the evaluation model and S represents the
maximum eigenvalue of the model. The lower the consistency of the model, the better
the quality of the model. After expert analysis, the consistency of the model should be
C.I ≥ 0.0192.

3.4 Model Evaluation Results

According to the model, the teaching mode reform effect is evaluated, in which the
largest eigenvalue λmax and consistency C.I are used to judge the advantages and
disadvantages. First of all, the evaluation results of teaching purpose factors of teaching
mode are calculated:

In Table 5, evaluation model 1 is the evaluation model designed in this paper, evalua-
tionmodel 2 is the evaluationmodel in literature [1], evaluationmodel 3 is the evaluation
model in literature [3], and evaluation model 4 is the evaluation model in literature [4].



Evaluation Model of Electrical Control Teaching Mode Reform Effect 449

Table 5. Evaluation index of teaching purpose

Scoring index Implementation of teaching
tasks

The feasibility of teaching
purpose

Evaluation model 1 λmax 3.786 3.857

C.I 0.0116 0.0108

Evaluation model 2 λmax 3.127 3.542

C.I 0.0186 0.0179

Evaluation model 3 λmax 3.127 3.542

C.I 0.0191 0.0168

Evaluation model 4 λmax 3.364 3.172

C.I 0.0183 0.0188

Themaximumeigenvalueλmax and consistencyC.I of the fourmodelsmeet the require-
ments of expert analysis, but the comparison shows that the model parameters in this
paper are better. The evaluation results of teaching content are as follows (Table 6):

Table 6. Evaluation index of teaching content

Scoring index Understanding theory Highlight the key points

Evaluation model 1 λmax 3.892 3.846

C.I 0.0126 0.0115

Evaluation model 2 λmax 3.077 3.174

C.I 0.0158 0.0189

Evaluation model 3 λmax 3.117 3.012

C.I 0.0132 0.0151

Evaluation model 4 λmax 3.222 3.187

C.I 0.0126 0.0134

In order to ensure the reliability of data, the evaluation indexes are calculated in the
same way. The evaluation indexes of teaching results are as follows (Table 7):

The model evaluation factors of teaching structure and teaching method are
calculated as follows (Table 8):

In the above table, except that the maximum eigenvalue of evaluation model 2 is
lower than the required value, the other results meet the requirements of the minimum
evaluation model. However, according to the comparison of the values in the table, it
can be found that in this experiment, the designed evaluation model is better than the
other evaluation models in evaluating the same factors.
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Table 7. Evaluation index of teaching structure

Scoring index The logic of teaching Combination of
teaching links

Scientific teaching

Evaluation model 1 λmax 3.692 3.799 3.695

C.I 0.0119 0.0104 0.0114

Evaluation model 2 λmax 2.961 3.045 3.015

C.I 0.0162 0.0178 0.0144

Evaluation model 3 λmax 2.917 2.982 2.988

C.I 0.0142 0.0151 0.0183

Evaluation model 4 λmax 3.041 3.211 3.115

C.I 0.0158 0.0152 0.0187

Table 8. Evaluation index of teaching structure

Scoring index Optimizing teaching
methods

Logicality and
appeal of language

Enthusiasm
mobilization

Evaluation model 1 λmax 3.815 3.912 3.783

C.I 0.0139 0.0115 0.0109

Evaluation model 2 λmax 2.876 3.014 3.115

C.I 0.0172 0.0188 0.0184

Evaluation model 3 λmax 2.961 2.992 2.981

C.I 0.0172 0.0165 0.0144

Evaluation model 4 λmax 3.061 3.041 2.915

C.I 0.0168 0.0183 0.0187

4 Conclusion

This paper, the deep convolution neural network is used to design the evaluation model
of teaching mode reform effect. Although the model can improve the efficiency of
evaluation and the objectivity of evaluation results, there are some shortcomings, such
as the poor universality of themodel, and thewell-trainedmodel for one type of university
is not suitable for other types of universities. Therefore, how to improve the universality
of the evaluation model is the key problem to be solved in the next step.
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Evaluation Method of Interactive Quality
of Road and Bridge Construction Course
Teaching Based on Principal Component

Analysis

Hong-wei Tian(B)

School of Road Bridge and Architecture, Chongqing Vocational College of Transportation,
Chongqing 400021, China

Abstract. In order to improve the teaching quality of road and bridge construc-
tion course, an interactive quality evaluationmethod based on principal component
analysis is proposed. According to the hierarchical model of teaching interaction,
the evaluation index of teaching interaction quality is selected, and the evaluation
system of teaching interaction quality is preliminarily constructed. On this basis,
the principal component and its quantity of evaluation index are determined based
on principal component analysis method, and the evaluation system of teaching
interaction quality is determined, which is transformed into NVivo analysis and
evaluation framework, and the relationship between superior and subordinate is
used to evaluate teaching interaction quality Price index node is used for classifica-
tion and management, and the linear weighted value of each principal component
is calculated. The final evaluation result is obtained by weighted summation, so
as to realize the evaluation of teaching interaction quality of road and bridge con-
struction course. The experimental results show that the evaluation result of this
method is more in line with the actual value, and the evaluation effect is better.

Keywords: Principal component analysis · Road and bridge construction
course · Teaching interaction quality · Evaluation

1 Introduction

In recent years, my country’s highway construction has achieved great results, and high-
way construction has also developed rapidly. As of the end of 2019, my country’s total
highway mileage has reached 125,400 km, ranking first in the world. At present, due
to factors such as my country’s population, private car ownership, passenger traffic,
freight volume, inter-provincial, and international trade, the market has great potential
for road demand [1]. As an important part of highway construction, bridge construc-
tion has also undergone major developments in terms of materials, structural design,
bridge type, span, and construction methods. The world’s bridges are moving towards
new, long-span, lightweight, sensitive and beautiful new bridges. Goal development.
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The development of road and bridge engineering requires more high-level talents who
are engaged in on-site construction technical work on the front line of production. How
to train high skilled applied professional and technical personnel to meet the needs of
highway development in China and meet the needs of road and bridge construction oper-
ators, organizers and managers, it is necessary for road and bridge construction teachers
of civil engineering major in China to organize and carry out classroom teaching and
practical teaching reasonably around the professional training objectives and combined
with engineering practice.

Road and bridge construction is a professional course closely related to practice for
civil engineering majors. It mainly includes two parts: road construction and bridge con-
struction. The purpose and task of this course are: according to the latest development of
the subject, through multimedia teaching with pictures and texts, practice Teaching and
other teaching methods enable students to fully grasp modern road and bridge construc-
tion techniques after completing this course, and initially have the ability to design and
guide construction of roads and bridges [2]. The teaching quality of this course directly
affects the professional quality and engineering ability of civil engineering students.
Therefore, in order to meet the current demand for the ability of road and bridge engi-
neering professionals in our country, and improve the practical ability and engineering
application ability of students, this paper puts forward the research on the interactive
quality evaluation method of road and bridge construction course based on principal
component analysis. The method of transforming a set of principal variables into a set of
principal variables by principal component analysis is called orthogonal transformation.
The paper obtains the evaluation index of teaching interaction quality, calculates the
matrix of the evaluation indexes of teaching interaction quality by principal component
analysis method, constructs the evaluation system of teaching interactive quality. Based
on the above-mentioned evaluation system of interactive quality of road bridge construc-
tion course, it is transformed into NVivo analysis and evaluation framework, and the tree
node is directly established, Through the relationship between the upper and lower lev-
els, the paper classifies and manages the teaching interactive quality evaluation node,
and completes the interactive quality evaluation of the road bridge construction course.
Through the introduction of principal component analysis method, the evaluation index
of teaching interaction quality is processed to obtain more accurate evaluation results of
teaching interaction quality of road and bridge construction course [3].

2 Research on Interactive Quality Evaluation Method of Road
and Bridge Construction Course Teaching

2.1 Preliminary Construction of Teaching Interactive Quality Evaluation System

Through the existing literature research, it can be seen that with the increasing attention
to the factors of teaching interaction quality evaluation, the perspective of researchers
has gradually shifted from the systematic perspective to the hierarchical research of
various interaction quality, focusing on the level and depth of teaching interaction.

For the research on the level of teaching interaction, based on laurillard’s conversa-
tion model of general learning process, Chen Li, a domestic scholar, has constructed a
hierarchical model of teaching interaction as shown in Fig. 1.
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Fig. 1. Hierarchical model of teaching interaction

As shown in Fig. 1, the model divides the teaching interaction behavior in class-
room teaching process from concrete to abstract and from low level to high level, which
are operation interaction, information interaction and concept interaction. Among them,
operational interaction refers to the interaction between teachers and students and media
interface; information interaction refers to the information exchange behavior of learn-
ing between students and other teaching elements through various symbols, which is
subdivided into the interaction between students and learning resources, between stu-
dents and teachers, and between students and students; conceptual interaction refers to
the relationship between the new and old concepts in students’ minds Interaction [4].

Based on the content of the above-mentioned construction model, together with
emotional interaction, it is used as the first-level indicator of the interactive quality
evaluation of road and bridge construction courses, as shown in Table 1.

Table 1. The first-level index table of teaching interactive quality evaluation

First level indicator Describe

Operational interaction Interaction between teachers and students and media interface. It
includes not only the non editing operations such as viewing and
displaying resources by means of media, but also editorial operations
such as annotating and changing resources by teachers and students
through media

Information exchange The act of transmitting information between teachers and students
and between students

Emotional interaction Teachers and students in the process of information exchange and
classroom atmosphere related to a strong emotional attitude behavior

Cognitive interaction The conceptual interaction between teachers and students in
cognitive level based on information interaction
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As shown in Table 1, interactive teaching behaviors may occur at the same time in
the classroom teaching process, or may not occur at the same time, there is no strict
hierarchical relationship [5].

After the above description, the interactive behaviors of road and bridge construction
courses can be classified according to their respective attributes [6]. On this basis, com-
bined with the first-level indicators established in Table 1 (operational interaction, infor-
mation interaction, emotional interaction, cognitive interaction), some of the second-
level indicators (the eight second-level indicators at the cognitive level are marked,
understood, applied, and analyzed), Evaluation, creation, fascination, self-knowledge),
as well as the specific teaching behaviors in the existing interactive teaching quality
evaluation system, the interactive teaching quality evaluation system of road and bridge
construction courses can be initially constructed, as shown in Table 2.

As shown inTable 2, the operational interaction level refers to the interactionbehavior
between teachers and students and media technology in the classroom environment of
the road and bridge construction course. According to the different application activities
carried out by teachers and students with the help of technology, summarized and sorted
out from the 9 selected course teaching video examples. The simple “teacher operation
technology” and “student operation technology” in the existing evaluation system are
subdivided into “teacher and student simple operation technology” and “teacher and
student editing resources”, and the existing “technology acting on students” is changed
into “real-time transfer of technology and technology”.

At the information interaction level, it includes teacher’s instruction, teacher’s
instruction, classroom management, peer discussion, students’ practice and students’
thinking. It mainly takes some speech and action behaviors without obvious emotional
characteristics in the existing evaluation system as the secondary indicators of informa-
tion interaction [7]. The teacher’s control of classroom teaching tasks in the existing
evaluation system, such as beginning, prompting, ending and other speech acts, are
classified into teacher’s instructions or instructions, because these behaviors have the
function of expecting students to obey.

Emotional interaction specifically includes four aspects: positive feedback and neg-
ative feedback from teachers to students, positive responses from students to teachers,
encouragement and assistance to students. Among them, the teacher’s acceptance of
emotions in the existing evaluation system, teachers’ encouragement, and acceptance of
opinions are combined into a behavior of positive feedback from teachers to students,
because they all reflect the positive emotions between teachers and students Interactive.
At the same time, through the coding analysis of nine cases, it is found that in addition
to the emotional interaction of teachers’ encouragement and praise to students, there are
also students’ emotional reactions to teachers. Therefore, students’ positive responses
to the teacher have been increased, such as students’ positive actions. Hand, collective
answer, etc. [8].

In this study, the interaction behavior at the cognitive interaction levelmainly refers to
the analysis of the content of teachers’ and students’ questions or responses in classroom
teaching. In the existing evaluation system, “teachers raise open questions” and “teach-
ers raise closed questions” are subdivided into eight dimensions of teachers’ questions:
memorization, comprehension, application, analysis, evaluation, creation, empathy and
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Table 2. Teaching interaction quality evaluation system

Primary indicators Secondary indicators Encoded

Operational interaction Teachers’ operation technology 1

Teacher editing resources 2

Student operation technology 3

Student editing resources 4

Technology and technology sharing
content

5

Information exchange Teaching by teachers 6

Teacher instruction 7

Classroom management 8

Student discussion 9

Do exercises 10

Students’ thinking 11

Emotional interaction Teachers’ negative feedback 12

Teachers’ positive feedback 13

Respond positively to teachers 14

Encourage peers 15

Cognitive interaction—teacher questions The level of memory 16

Understanding level 17

Application level 18

Analysis level 19

Evaluation level 20

Creation level 21

On the level of magic 22

Insight level 23

Cognitive interaction—students answer
or ask questions

The level of memory 24

Understanding level 25

Application level 26

Analysis level 27

Evaluation level 28

Creation level 29

On the level of magic 30

Insight level 31

(continued)
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Table 2. (continued)

Primary indicators Secondary indicators Encoded

Silence or silence confusion Invalid language or behavior 32

self-knowledge. In the existing evaluation system, “students’ active response” and “stu-
dents’ active questioning” are subdivided into eight dimensions of questions or answers
in the following eight dimensions: recollection, comprehension, application, analysis,
evaluation, creation, magic and insight [9]. Specific explanations are given at the end of
each index to help researchers make behavior judgments.

The last one is the chaotic behavior or invalid language that may not help teaching
in the course teaching, such as the problem behaviors shown by individual students in
the classroom (weird, making faces, destroying things, etc.), or due to the out-of-control
atmosphere of the activity And cause temporary confusion and other invalid behavior.

2.2 Determination of Teaching Interaction Quality Evaluation System

The above-mentioned preliminary construction of interactive quality evaluation system
for curriculum teaching is a multi-index comprehensive evaluation method. At present,
there are many comprehensive evaluation methods for multiple indicators at home and
abroad. According to the different weight determination methods, these methods can
be roughly divided into two categories: one is subjective weighting methods, such as
analytic hierarchy process, Delphi method, etc., and most use comprehensive consulting
scoring The qualitative method of this kind of method is influenced by human factors,
which tends to exaggerate or reduce the effect of certain indicators, so that the result of
the sorting cannot completely and truly reflect the actual relationship between things; the
second is the objective weighting method, which is based on The correlation between
indicators or the degree of variation of each indicator value is used to determine the
weight, which avoids the deviation caused by human factors, such as principal com-
ponent analysis and factor analysis. Because the principal component analysis method
overcomes the influence of human factors, this research uses the principal component
analysis method to determine the final teaching interactive quality evaluation system.

Principal component analysis is a very usefulmultivariate statistical analysismethod.
It is widely used in social economy, enterprise management, biochemistry, medicine,
education and other fields. It is a statistical analysis method which transforms multiple
indexes into a few comprehensive indexes. In the study ofmulti index (variable), because
the number of variables is too many, and there is a certain correlation between them, so
the collected data reflect the information to a certain extent, and when there are many
variables, it is more difficult to study the distribution law of samples in high-dimensional
space. Principal component analysis is to simplify this situation, that is to say, to adopt one
method the method of dimensionality reduction is to find several comprehensive factors
to represent the original variables, so that these comprehensive factors can reflect the
information of the original variables as much as possible, and they are not related to each
other. Almost all complex comprehensive evaluation problems will use this method to
reduce the data dimension.
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The basic steps of multi-index comprehensive evaluation with principal component
analysis include:

Step 1: Standardization of the original indicator data, that is, dimensionless;
Step 2: Find the correlation coefficient matrix between index data;
Step 3: Find the characteristic root, characteristic vector and contribution rate of the
matrix;
Step 4: Determine the number of principal components;
Step 5: Explain the meaning of the principal component in the network teaching system;
Step 6: Synthesize the determined principal components to obtain a comprehensive
evaluation value.

Based on the principal component analysis method, the process of determining the
teaching interaction quality evaluation system of road and bridge construction course is
as follows:

Step 1: The original teaching interaction quality evaluation body index is dimen-
sionless.

There are many methods for dimensionless processing, such as straight line type,
fold line type and curve type. In this study, the linear dimensionless method is used for
data processing, mainly because:

First, for the multi index comprehensive evaluation, the result of dimensionless
evaluation is a relative description of the development level of the evaluated things,
rather than an absolute scale;

Second, the non-linear dimensionless methods such as broken line and curve type
are not more accurate than linear methods in any case;

Thirdly, from the case application experience of multi index comprehensive evalu-
ation at home and abroad, the results of linear formula comprehensive evaluation are
often similar to nonlinear method, but this method is easy to use and understand.

In the linear dimensionless formula, there are two commonly used methods: extreme
value method and Z-Score method. Among them, the Z-Score method is more suitable
for situations where there are a large number of evaluated objects. In view of the research
needs, the Z-Score method is more suitable. In addition, taking into account the require-
ments of the multi-index comprehensive evaluation method used for the dimensionless
method, the principal component analysis method requires the Z-Score method to be
used for dimensionless processing.

Suppose there are n sample and p indexes, we can get the data matrix X = (
Xij

)
nxp.

Among them, i = 1, 2, · · · , n and n are the total number of samples; j = 1, 2, · · · , p
and p are p indicators; Xij is the j index value of the i th sample.

The Z-score method was used to standardize the data transformation
⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

Zij = Xij−X j
Sj

X j = 1
n

n∑

i=1
Xij

Sj =
[

1
n−1

n∑

i=1

(
Xij − X j

)2
]

(1)



Evaluation Method of Interactive Quality of Road and Bridge Construction 459

Step 2: The determination of index weight.
In order to make the comprehensive evaluation value synthesized bymultiple indica-

tors more accurately reflect the real situation of the interactive quality of road and bridge
construction courses, so as to ensure the scientific nature of the comprehensive evalu-
ation, it is necessary to assign different weights to the non-dimensionally transformed
indicators. number.

When this study adopts the principal component analysis method for comprehensive
evaluation, the weight of each indicator is automatically determined and guaranteed by
the principal component analysis method, and no additional method is required to set
the weight value for each indicator.

Step 3: Find the correlation matrix of the indicator data.
The expression of the correlation matrix between the evaluation indexes of teaching

interaction quality is:

R = (
rjk

)
pxp (2)

In formula (2), rjk represents the correlation coefficient between evaluation index j and
evaluation index k, and the calculation formula is:

rjk = 1

n − 1

n∑

i=1

[(
Xij − X j

)2
/Sj

]
·
[(
Xik − X k

)2
/Sk

]

= 1

n − 1

n∑

i=1

ZijZik (3)

Step 4: The eigenvalue and eigenvector of correlation matrix R are obtained to determine
the principal component.

From the characteristic equation |λIp − R| = 0, one can obtain p characteristic
roots λg(g = 1, 2, · · · , p), and arrange them as λ1 ≥ λ2 ≥ · · · ≥ λp ≥ 0 in order
of magnitude. It is the variance of the principal components, and its size describes the
role of each principal component in describing the object being evaluated size. From the
characteristic equation, each characteristic root corresponds to a characteristic vector
Lg, the expression is

Lg = Lg1,Lg2, · · · ,Lgp = 1, 2, · · · , p (4)

The standardized index variables were transformed into main components:

Fg = Lg1Z1 + Lg2Z2 + · · · + LgpZp (5)

In the result of formula (5), call F1 as the first principal component, F2 as the second
principal component, and Fp as the p th principal component.

Step 5: The variance contribution rate was calculated to determine the number of
principal components.

Generally, the number of principal components is equal to the number of original
indicators. If the number of original indicators is large, it is difficult to conduct com-
prehensive evaluation. Principal component analysis is to select as few as possible k
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principal component (k < p) for comprehensive evaluation, and at the same time make
the loss of information as little as possible.

k value is determined by variance contribution rate
k∑

g=1
λg/

k∑

g=1
λg ≥ 85%.

Through the above process, the principal components and quantity of the interac-
tive teaching quality evaluation index are determined, and the structure of the teaching
interactive quality evaluation system is determined to prepare for the follow-up road and
bridge construction course teaching interactive quality evaluation.

2.3 Realization of Teaching Interaction Quality Evaluation

Based on the above-identified road and bridge construction course teaching interactive
quality evaluation system, it is converted to the NVivo analysis and evaluation frame-
work, tree nodes are directly established, and the teaching interactive quality evaluation
index nodes are classified and managed through the subordinate relationship [10–12].
Part of the tree node relationship diagram is shown in Fig. 2.

name Source of 
materials Reference point

Operational interaction 0 0

Simple operation for teachers 0 0

Teacher editing resources 0 0

Simple operation for students 0 0

Student editing resources 0 0
Media and media real time 

sharing 0 0

Information exchange 0 0

Teaching by teachers 0 0

Teacher instruction 0 0

Student discussion 0 0

Do study 0 0

Learning and thinking 0 0

Tree node

Fig. 2. Partial tree node graph

After the node is established, it is necessary to code the teaching interaction quality
evaluation indicators one by one according to the node, combine the principal component
analysismethod to calculate the linearweighted valueAFg of each principal component,
and then perform the weighted summation of the k principal components, that is, The
final evaluation value, the weight is the variance contribution rate of each principal



Evaluation Method of Interactive Quality of Road and Bridge Construction 461

component, then the final evaluation value of teaching interaction quality is calculated
as:

F =
k∑

g=1

⎛

⎝λg/

p∑

g=1

λg

⎞

⎠Fg (6)

The calculation result of formula (6) is the evaluation result of teaching interaction
quality of road and bridge construction course, and its value range is [0, 100]. the larger
the value, the better the teaching interaction quality.

Through the above process, the evaluation of interactive quality of road and bridge
construction courses has been realized, which provides strong support for the cultivation
of road and bridge construction talents in my country.

3 Experiment and Result Analysis

In order to verify the performance difference between the proposedmethod and the exist-
ing methods in teaching interaction quality evaluation, the MATLAB software platform
is used to design the simulation contrast experiment.

3.1 Experimental Data Preparation and Processing

Because the dimensions, orders of magnitude and forms of each evaluation index in
the evaluation index system of teaching interaction quality are different, it is difficult to
compare and analyze them. Therefore, it is necessary to normalize the original data. In
the linear dimensionless method, the threshold method has no strict requirements on the
number and distribution of index data, and in the process of dimensionless processing,
the original data is relatively less. Therefore, there is no need to process the data in the
miniaturization experiment. Due to the limitation of space, it is not described in detail.

3.2 Determining the Weights of Teaching Interactive Quality Evaluation Index

According to the principal component analysis method to determine the weight of teach-
ing interaction quality evaluation index of road and bridge construction course, to prepare
for the follow-up experiment.

Theweight values of teaching interaction quality evaluation index are shown in Table
3.

3.3 Analysis of Experimental Results

Based on the above-identified evaluation indicators, conduct interactive quality evalu-
ation experiments of road and bridge construction courses, compare the experimental
resultswith the given actual results, and judge the evaluation performance of the proposed
method.

The evaluation data of teaching interaction quality obtained through experiments are
shown in Table 4.
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Table 3. Table of weights of evaluation indexes for teaching interactive quality

Primary indicators Secondary indicators Weights

Operational interaction Teacher operation technology 0.0312

Teacher editing resources 0.0420

Student operation technology 0.0210

Student editing resources 0.0203

Technology and technology sharing
content

0.0214

Information exchange Teacher lecture 0.0201

Teacher instruction 0.0259

Management classroom 0.0219

Student discussion 0.0228

Do exercises 0.0227

Student thinking 0.0214

Emotional interaction Teacher negative feedback 0.0246

Teacher positive feedback 0.0271

Respond positively to teachers 0.0102

Encourage companions 0.0328

Cognitive interaction—teacher questions Memorization level 0.0412

Understanding level 0.0321

Application level 0.0128

Analysis level 0.0415

Evaluation level 0.0145

Create level 0.0690

Supernatural level 0.0548

Self-knowledge level 0.0834

Cognitive interaction—students answer or
ask questions

Memorization level 0.0124

Understanding level 0.0525

Application level 0.0301

Analysis level 0.0567

Evaluation level 0.0401

Create level 0.0100

Supernatural level 0.0300

Self-knowledge level 0.0123

(continued)
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Table 3. (continued)

Primary indicators Secondary indicators Weights

Silence or silence confusion Invalid language or behavior 0.0412

Table 4. Teaching interaction quality evaluation data table

Number of experiments Evaluation results (points)

Actual value Proposed method Comparison method

1 52.12 52.12 45.12

2 65.12 65.10 50.23

3 58.49 58.41 58.49

4 71.05 70.00 70.21

5 81.48 81.00 86.59

6 81.00 81.23 89.54

7 85.41 81.25 85.36

8 75.32 74.21 80.12

As shown in the data in Table 4, compared with the comparative method, the error
between the teaching interactive quality evaluation result of the proposed method and
the actual value is smaller, which fully proves that the proposed method has a better
evaluation effect.

4 Conclusion

Aiming at the problem of inaccurate evaluation results in the traditional teaching inter-
action quality evaluation method of road and bridge construction course, this paper
puts forward the evaluation method of teaching interaction quality of road and bridge
construction course based on principal component analysis. This study determines the
evaluation index of teaching interaction quality based on principal component analysis
method, which greatly improves the evaluation effect and provides the teaching of road
and bridge construction course help.
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Abstract. In the traditional correction method of abnormal data in online educa-
tion system, the unreasonable selection of training samples byRBFneural network
leads to a large error in the correction of abnormal data. Therefore, GA algorithm
is used to improve RBF neural network, and a new intelligent correction method
of abnormal data in online education system based on big data technology is pro-
posed. The classification model of abnormal data in online education system is
constructed by decision tree classification algorithm. The pretreatment of abnor-
mal data is completed based on big data technology. The specific pre-processing
steps include: data cleaning, data integration, data transformation, data reduction,
dimension reduction, numerical reduction, data discretization and concept layer-
ing. GA-RBF neural network is used to correct abnormal data of online education
system. By comparing the performance of this method with the traditional intel-
ligent correction method of abnormal data in online education system, it can be
seen that the prediction and filling accuracy of this method is higher than that of
the traditional method, and the performance is improved.

Keywords: Big data technology · Online education system · Abnormal data ·
Smart correction

1 Introduction

For many years, there has never been a unified understanding of the definition of abnor-
mal data. Researchers in different fields have given different definitions of abnormal
data from different perspectives. Dixon regards abnormal data as “data that is suspected
in data analysis”. Grubbs considers abnormal data to be those data points that devi-
ate significantly from other sampled data. Elashoff stated that abnormal data are some
extreme data points to some extent [1]. It was not until the mid-1980s that the definition
of abnormal data became more complicated.Guttman regards abnormal data as pseudo
data that does not obey the law of data distribution; Rohlf believes that points not in the
data cloud can be considered as potential abnormal data; Hawkins defines abnormal data
as: far away from most of the data and the true distribution density may be low Some
of the data; Campbell defines multivariate abnormal data as: data points in the form of
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relationships that are significantly different from important data [2]. In the 1990s, some
authors began to describe abnormal data from a statistical perspective. Anscombe and
Tukey believe that abnormal data should have larger residuals; Portnoy pointed out that
the residuals of abnormal data are greater than the residuals of most other data, and these
residuals are obtained by linear regression methods. And he further pointed out: If the
residual error of a data is greater than five times the standard deviation, then the data is
considered abnormal data; in 1983, Beckman and Cook pointed out that the definition
of abnormal data is still very vague.Barnett further pointed out that “the important thing
is not whether any observation data is outside F, but whether the largest observation data
under F is abnormally huge”. Comrey believes that abnormal data is caused by incorrect
measurement and data contamination [3]. There are also many abnormal data in online
education systems. These abnormal data mainly refer to data that affect the operation of
the online education system. For these abnormal data, it must be intelligently corrected
to ensure the normal operation of the online education system.

At present, there are also some relevant research results, such as: Literature [4] is
based on sliding basicWindows sampling (SBWB) andGaussian process regressionThis
paper presents a regression (GPR) model based on SBWS_GPR prediction model for
anomaly detection of uncertain multi-data in online education systems. In the historical
data set collected based on time series, index number is introduced to cluster the historical
data set of online education system, the mapping relationship between data set and index
number is analyzed, and the input data obtained in real time is distributed through the
sliding window to match, so as to realize the abnormal point detection and correction
of single data of online education system. Literature [5] used fuzzy C-means clustering
to obtain the clustering center curve of online education system data, and corrected
the abnormal data according to the identified abnormal data types of online education
system by combining the clustering center curve and the correction algorithm. However,
the above methods have the problem of low accuracy of abnormal data prediction and
filling.

Therefore, big data technology is applied to the intelligent correction of abnormal
data in the online education system, and an online education system abnormal data based
onbig data technology is proposed. Smart correctionmethod.Decision-tree classification
algorithm is introduced to construct the classification model of abnormal data in online
education system. The pretreatment of abnormal data is completed based on big data
technology.GA-RBFneural network is used to correct abnormal data of online education
system. The experimental results show that the accuracy of thismethod is higher than that
of the traditional method, and its application performance is better than the traditional
method.

2 Design an Intelligent Correction Method for Abnormal Data
in an Online Education System Based on Big Data Technology

2.1 Abnormal Data Detection

First, the abnormal data detection of the online education system is carried out, and the
classification model of the abnormal data of the online education system is constructed
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through the decision tree classification algorithm, and the abnormal data of the online
education system is detected through this model [4]. The steps to build an abnormal data
classification model for the online education system are as follows:

The core part of the decision tree classification model construction is the split feature
selection. The online education system abnormal data sample set is divided into different
branches according to the abnormal data feature value of the online education system, so
that each branch corresponds to the child node as “pure” as possible, that is, try to make
The sample types in each subset are the same. The construction result of the decision tree
is a tree model (binary or multi-branch). When the partition rule is Boolean logic or the
classification target is binary classification, a binary tree model is generally generated
[6]. The general flow of decision tree construction is shown in Fig. 1.

In the actual application scenarios of abnormal data detection in online education
systems, the constructed decision tree classification model is often too “lush”. Each
segmentation point is fully used, and the leaf nodes are almost completely “pure”. The
model is too in line with the characteristics of the training sample, so the effect of
classifying the training sample is excellent, but the effect of classifying the test data may
be much worse, which is “overfitting”. The versatility of the over-fitting model is not
strong, so it needs to be pruned to make it more simplified. Combining pre-pruning and
post-pruning methods to pruning the constructed decision tree classification model.

The pre-pruning method is as follows: Pre-pruning is the pruning performed during
the construction of the decision tree. In order to avoid over-fitting when the number
of nodes is too large, a condition to stop continuing to create branches can be set in
advance. When samples of each category in a sample set of a node meet this condition,
the splitting of the node will be stopped without waiting for all the splitting attributes
All are used up, even if the node can be split more purely. Finally, use the category
with the largest number of samples to mark the node category and use it as a leaf node.
The pre-pruning algorithm is simple to use and suitable for use in scenarios where the
decision tree model is relatively small.

The post-pruningmethod is as follows: Post-pruning is pruning after the construction
of the decision tree is completed. The specific method is to merge all the node samples
rooted at a certain node. If the increase in the amount of information of the sample set
after the merging is less than a certain threshold, the subtree is replaced with a leaf node,
and the category of the leaf node is subject to a “majority vote” Decision [7, 8]. Typical
post-pruning algorithms include error rate reduction pruning and pessimistic pruning.
The post-pruning operation is relatively complicated, which is suitable for use in scenes
with large-scale models and high precision requirements.

2.2 Preprocessing of Abnormal Data

Then, based on big data technology, preprocess the abnormal data of the online edu-
cation system. Specific preprocessing steps include: data cleaning, data integration,
data transformation, data reduction, dimensionality reduction, numerical reduction, data
discretization, and concept layering.

The purpose of the data cleaning routine is to fill in missing values, smooth noise
and identify outliers, and correct inconsistencies in the data [8]. First fill in missing
values with the mean of the attributes. Then smooth the noise data, the specific steps
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Fig. 1. The general flow of decision tree construction

are as follows: the outliers can be detected by clustering, and similar values can be
organized into groups or “clusters”. Intuitively, values that fall outside the cluster set
are considered outliers. Then perform data cleaning, the first step is deviation detection.
When discovering noise, outliers, and unusual values that need to be investigated, you
can use existing knowledge about the nature of the data. This kind of knowledge or “data
about data” is called metadata. Examine the domain and data type of each attribute, the
acceptable value of each attribute, and a length range of the value; examine whether all
values fall within the expected range andwhether there are known dependencies between
attributes; grasp the data Trends and recognition anomalies, such as values that are more
than two standard deviations away from the mean of a given attribute may be marked
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as potential outliers. Another type of error is the inconsistency of the source code and
the inconsistency of the data representation. Field overload is another source of error.
Observing the data must follow the uniqueness rule, continuity rule and null value rule.
Other external materials can be used to manually correct some data inconsistencies [9,
10]. For example, errors in data input can be corrected using paper records. But most
errors require data transformation.

Step 2: Correct the deviation. That is, once deviations are found, it is usually nec-
essary to define and use (a series of) transformations to correct them. Choose to write a
customized program for this step of the data cleaning process. The two-step process of
deviation detection and correction is performed iteratively. As the knowledge of the data
increases, it is important to continuously update the metadata to reflect this knowledge.
This helps speed up the data cleaning of future versions of the same data store.

In data integration, there are many problems to be solved. The first is the problem of
pattern integration and object matching. The matching of real-world equivalent entities
from multiple information sources involves entity recognition. Determine whether the
customer id in one database is the same attribute as the cust number in another database.
The metadata of each attribute can be used to help avoid schema integration errors.
Metadata can also be used to help transform data.

Redundancy is another important issue. An attribute may be redundant if it can be
“derived” by another or another set of attributes. Inconsistent attribute or dimension
naming can also lead to redundancy in the result data set. Some redundancy can be
detected by correlation analysis. Given two attributes, this analysis can measure the
extent to which one attribute implies the other based on the available data. For numer-
ical attributes, the correlation between attributes A and B is calculated to estimate the
correlation between these two attributes.

In addition to detecting redundancies between attributes, duplicates should also be
detected at the tuple level. The use of denormalized tables may also lead to data redun-
dancy. Inconsistencies usually occur between different copies, due to incorrect data
input, or due to part of the updated data, but not all occurrences.

The third important issue of data integration is the detection and processing of data
value conflicts. For example, for the same entity, attribute values from different data
sources may be different. This may be due to different representations, scales or encod-
ings. When matching the attributes of one database with another during data integration,
the structure of the data should be considered to ensure that the attribute functional
dependencies and reference constraints in the original system match those in the target
system. The heterogeneity and structure of data semantics pose a huge challenge to data
integration. Careful integration of data from multiple data sources can help reduce and
avoid redundancy and inconsistencies in the resulting data set.

The purpose of data transformation is to transform data into a unified form. Data
transformation mainly involves the following contents:

(1) Smooth: Remove the noise in the data. This technique includes binning, regression,
and clustering.

(2) Aggregation: aggregate or aggregate data.
(3) Data generalization: Use concept layering to replace low-level or “original” data

with high-level concepts.
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(4) Standardization: Scale the attribute data proportionally to make it fall into a small
specific interval.

(5) Attribute construction (or feature construction): New attributes can be constructed
and added to the attribute set. Attribute construction is the construction of given
attributes and adding new attributes to help improve the understanding of high-
dimensional data structures.

The data specification first requires data cube aggregation: the data cube storesmulti-
dimensional aggregation information. Each unit stores an aggregate value, which corre-
sponds to a data point in a multi-dimensional space. Each attribute may have a concep-
tual hierarchy, allowing data analysis at multiple abstract layers. The data cube provides
quick access to pre-calculated summary data, so it is suitable for intelligent correction
of abnormal data in online education systems.

The cubes created at the lowest level of abstraction are called primitive cubes. The
basic cube should correspond to the individual entity of interest. That is, the lowest level
should be available or useful for analysis. The cube at the highest level of abstraction
is called a vertex cube [11]. The data cubes created for different abstraction layers are
called cubes, so the data cubes can be regarded as the grid of cubes. Each higher level of
abstraction will further reduce the size of the resulting data.When performing intelligent
correction of abnormal data in the online education system, the smallest available cube
associated with a given task should be used.

Then proceed to attribute subset selection. The heuristic methods for attribute subset
selection include the following:

(1) Step by step forward selection: The process starts with an empty attribute set as the
reduction set, determines the best attribute in the original attribute set, and adds it
to the reduction set. In each subsequent iteration, the best attribute in the remaining
original attribute set is added to the set.

(2) Delete backward step by step: The process starts with the entire attribute set. At
each step, delete the worst attribute still in the attribute set.

(3) Combination of forward selection and backward deletion: It is possible to combine
the stepwise forward selection and backward deletion methods, each step selects a
best attribute, and deletes a worst attribute from the remaining attributes [12].

(4) Decision tree induction: The decision tree algorithm was originally used for clas-
sification. Decision tree induction constructs a structure similar to a flowchart, in
which each internal (non-leaf) node represents a test of an attribute, and each branch
corresponds to an output of the test; each external (leaf) node represents a class pre-
diction. At each node, the algorithm selects the “best” attribute and divides the data
into categories. When decision tree induction is used for attribute subset selection,
the decision tree is constructed from the given data. All attributes that do not appear
in the tree are assumed to be irrelevant. The attributes appearing in the tree form
a reduced attribute subset. The end criteria of the method can be different. The
process can use a degree threshold to decide when to stop the attribute selection
process.
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Dimensional reduction uses data encoding or transformation to obtain a reduced
or “compressed” representation of the original data. The method used is principal
component analysis.

Principal component analysis is to search for k n-dimensional orthogonal vectors
that best represent the data, where k ≤ n. In this way, the original data is projected into
a much smaller space, leading to dimensionality reduction. PCA works by creating a
replacement, smaller set of basic elements of “combined” attributes. The original data can
be projected into this smaller set. PCA often reveals previously undetected connections
and therefore allows interpretation of unusual results. The basic process is as follows:

(5) Normalize the input data so that each attribute falls into the same interval. This step
helps to ensure that attributes with larger domains do not dominate attributes with
smaller domains [13].

(6) PCA calculates k orthonormal vectors as the basis of normalized input data. These
are unit vectors, and each direction is perpendicular to the other. These vectors are
called principal components. The input data is a linear combination of principal
components.

(7) Arrange the principal components in descending order of “importance” or inten-
sity. The principal components basically act as the new axis of the data, providing
important information about the variance. In other words, sort the coordinate axes
so that the first coordinate axis displays the largest variance of the data, the second
displays the second largest variance, and so on.

(8) The principal components are arranged in descending order of “importance”, and
the size of the data can be reduced by removing the weaker components (that is,
the variance is smaller). Using the strongest principal component should be able to
reconstruct a good approximation of the original data [14].

PCA has low computational overhead, can be used for ordered and disordered
attributes, and can handle sparse and skewed data. Multidimensional data with more
than 2 dimensions can be handled by reducing the problem to a 2-dimensional problem.
Principal components can be used as input for multiple regression and cluster analysis.

Numerical reduction technology refers to the selection of alternative, “smaller” data
representations to reduce the amount of data. The method used is clustering: clustering
technology treats data tuples as objects [15, 16]. It divides objects into groups or clusters,
so that objects in one cluster are “similar” to each other, but “different” from objects
in other clusters. Generally, similarity is based on a distance function, defined by the
“closeness” of objects in space. The “mass” of a cluster can be expressed by its diameter,
which is themaximum distance between any two objects in the cluster. Centroid distance
is another measure of cluster quality, defined as the average distance from the cluster
centroid (representing the “average object”, or average point in the cluster space) to each
cluster object [17].
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In data reduction, the actual data is replaced with the cluster representation of the
data. The effectiveness of this technique depends on the nature of the data. If the data
can be organized into different clusters, this technique is much more effective. In the
database system, the multidimensional index tree is mainly used for quick access to data.
It can also be used to reduce hierarchical data and provide multi-dimensional clustering
of data. This can be used to provide approximate answers to queries. For a given set of
data objects, the index tree recursively divides the multidimensional space, and its root
node represents the entire space. Usually, this kind of tree is balanced and consists of
internal nodes and leaf nodes. Each parent node contains keywords and pointers to child
nodes, and the child nodes together represent the space represented by the parent node
[18]. Each leaf node contains a pointer (or actual tuple) to the data tuple it represents.

In thisway, the index tree can store aggregate and detailed data at different resolutions
or abstract layers. It provides hierarchical clustering of data sets, in which each cluster
has a label to store the data contained in the cluster. If we regard each child of the parent
node as a bucket, the index tree can be seen as a hierarchical histogram [19]. Similarly,
each bucket is further divided into smaller buckets, allowing data to be aggregated at
a finer level. The use of a multidimensional index tree as a form of data reduction
depends on the order of attribute values on each dimension. Two-dimensional or multi-
dimensional index trees include R-trees, quad-trees and variants of Chuangmen. They
are very suitable for processing sparse data and skewed data [20, 21].

Data discretization and concept stratification: Among them, themethod used for data
discretization is as follows: Based on the discretization: The discretization is one of the
most commonly usedmeasures of discretization. Di-based discretization is a supervised,
top-down splitting technique. It uses the class distribution information when calculating
and determining the split point (the data value that divides the attribute interval) [22]. For
discrete numerical attribute A, select the value of A with the smallest direct value as the
split point, and divide the result interval recursively to obtain hierarchical discretization.
This discretization forms a conceptual hierarchy of A.

The method used for concept hierarchy is as follows: The partial order of attributes
is explicitly stated by the user or expert at the schema level: Generally, the conceptual
hierarchy of classification attributes or dimensions involves a set of attributes. Users or
experts can easily define the concept hierarchy by explaining the partial order or total
order of attributes at the pattern level [23].

2.3 Intelligent Correction of Abnormal Data

The abnormal data detected in the online education system is corrected by GA-RBF
neural network, and the specific process of correcting abnormal data is shown in Fig. 2.
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Fig. 2. Intelligent correction process of abnormal data

3 Experimental Verification

3.1 Experimental Design

The performance of the designed method of intelligent correction of abnormal data in
the online education system based on big data technology is experimentally verified.
Intelligent correction method of abnormal data of online education system based on big
data technology is used to intelligently correct abnormal data of an online education
system. The course data structure of the system is shown in Table 1.

Obtain the abnormal data prediction filling accuracy data of the online education
system abnormal data intelligent correction method based on big data technology as the
experimental data. In order to enhance the comparison of the experimental results, the
original two online education system abnormal data intelligent correction methods were
used as the comparison methods in the experiment to conduct comparative experiments.
Including the intelligent correction method of online education system abnormal data
based on AR model and the intelligent correction method of online education system
abnormal data based on neural network algorithm. These two methods are also used
to conduct intelligent correction experiments of abnormal data of experimental online



474 Y. Tang and J. Zhao

Table 1. Course data structure of the system

Type of data Field Type of data Field
interpretation

Is it empty Data length

Course
information data

Name Varchar Course title No 20

Summary Varchar Course
summary

Yes 500

Category Int Content
classification

No 11

Num Int Total number of
videos

No 11

Id Number Course id No 10

Id of teacher Number Teacher id No 10

Id of resouce Number Course
resource id

No 10

Time Number Duration No 10

Teaching video
data

Index Int Video sequence
number

No 11

Path Varchar Video path No 100

Video associated
data

Time Varchar Point in time No 20

Title Varchar Associate video
title

No 100

Summary Varchar Introduction to
related courses

Yes 200

Relatedid Int Associated
video id

No 11

education system courses, and the abnormal data prediction filling accuracy data of these
two methods are obtained as comparative experimental data.

3.2 Analysis of Experimental Results

There is an intelligent correction method of abnormal data in online education system
based on big data technology, amethod in literature [4] and amethod in literature [5]. The
comparison between the prediction accuracy of abnormal data and the filling accuracy
of experimental data is shown in Table 2.

According to the comparison between the accuracy of the prediction and filling of
abnormal data in Table 2 and the experimental data, it can be seen that the prediction and
filling accuracy of the intelligent correction method of online education system based
on big data technology is higher than that of the traditional method.
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Table 2. Comparison of experimental data for prediction and filling accuracy of abnormal data

The number of
abnormal data test
samples (a)

Abnormal data prediction filling accuracy rate (%)

Method based on
big data technology

Methods in literature
[4]

Methods in literature
[5]

500 99.35 94.20 95.80

600 99.32 94.18 95.74

700 98.65 94.15 95.64

800 98.28 94.13 95.58

900 98.17 94.08 95.47

1000 98.04 93.95 95.37

1100 97.98 93.85 95.24

1200 97.92 93.74 95.05

1300 97.81 93.28 95.01

1400 97.80 93.10 95.00

4 Concluding Remarks

The intelligent correction method of abnormal data in online education system based
on big data technology realizes the improvement of abnormal data prediction and filling
accuracy. This method is of great significance to the operation and promotion of online
education system. In practical application, the application of this method can optimize
the operating quality of the online education system, and the correction of abnormal data
can improve the efficiency of the online education system.
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Abstract. Education platform learning is a kind of autonomous learning, which
is manifested as learners’ autonomous control of learning behavior on their own
education platform. In order to better improve the practical application effect of
education platform, this paper proposes a monitoring method of students’ learn-
ing behavior based on data mining technology, and uses data mining technology
to collect and analyze students’ learning behavior The process and results of the
monitoring function to evaluate students’ learning behavior. Based on the clear
definition of learning behavior of educational platform, this paper studies themon-
itoring mechanism of learning behavior of educational platform from the visual
angle, so as to improve the learning effect and quality of educational platform.

Keywords: Data mining · Online education · Online education · Teaching
monitoring

1 Introduction

With the gradual popularization of the Internet in China and the arrival of learning
society, the focus of online education platform has shifted from the initial provision of
teaching resources to the organization of teaching activities. When organizing teaching
activities, most schools tend to focus only on the organization of knowledge content,
the design of online courses and the provision of learning resources, while ignoring the
learning supervision of registered students, which is an important reason for the low
learning quality of the current education platform [1]. The research status of learning
behavior on education platform and learning behavior monitoring on education platform
was investigated. The traditional method elaborated the connotation and significance of
learning behavior monitoring on education platform, and proposed the data collection
method of learning behavior monitoring on education platform. Through the research
of data mining technology, the method of learning behavior characteristic log mining to
realize intelligent feedback of learning behavior was proposed, Intelligent monitoring
of learning behavior and application effect analysis are realized.
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On the basis of the above research, some new ideas andmethods are proposed to solve
the problem of learning behavior monitoring on the education platform. Therefore, a
monitoringmethod of students’ learning behavior on the online education platformbased
on data mining is proposed. Using background database server log combined with online
learning platform technology, collection of learning behavior data mining, using data
mining technology to feedback of learning behavior, to achieve a certain comprehensive
intelligent education platform learning behavior monitoring method, education platform
for students learning behavior, rtvu teaching platform operation monitoring and data
collection, Support datamining, get similar groups, related questions andother intelligent
feedback, effectively realize the effective supervision of students’ learning behavior. This
study will effectively promote the management of the teaching process of the online
education platform and provide a strong guarantee for the improvement of the teaching
quality of the online education platform.

2 Online Education Platform Students’ Learning Behavior
Monitoring Method

2.1 Optimization of Feature Mining Method of Display Education Data

The operation of online education platform is usually based on a database manage-
ment mode, which provides a safe, reliable and efficient running environment for data
management, recording the time and times of students entering the mode, as well as
all interactive behaviors. Online learning model collects various data in various ways
to reflect students’ learning behavior. How to analyze these large amounts of data, so
as to provide guidance for students’ learning evaluation and give scientific evaluation
has become the focus of current research. Therefore, it is necessary to establish a large
amount of knowledge behavior datamodel, and conduct learning behavior characteristics
based on the above requirements combined with data mining After data preprocessing,
the learning behavior information matrix of education platform is formed. Then, the
algorithm of statistical analysis, path analysis, association rule mining and sequential
pattern discovery are used to extract students’ behavior orientation, so as to deeply mine
students’ learning state.

Data mining refers to the extraction of effective models hidden in a large number of,
incomplete, noisy and random massive network data, and obtains the user’s use charac-
teristics according to this model. The object of data mining is massive, heterogeneous
and distributed data mining documents. Data mining server log uses data mining as mid-
dleware to mine database and the data mining of log and user information on data mining
server is no longer the category of traditional data mining [2]. Secondly, data mining is
logically a graph composed of documents and hyperlinks. Therefore, data mining doc-
uments are semi-structured or unstructured, and lack of machine-readable implication.
However, the objects of data mining are limited to structured data in database and use
storage structures such as relational tables to mine knowledge. Therefore, some data
mining technologies are not suitable for data mining Mining, preprocessing data mining
documents to get the feature representation of documents, has become the research focus
of data mining.
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In online teaching platform, there are a lot of heterogeneous forms of massive
resources, and each isomer only corresponds to a single attribute interface. In order
to better realize the unified monitoring requirements of massive information, assembly
language must be used as a tool to analyze different resource isomers abstractly, and
select the rules that meet the most interface attribute requirements at the same time as
the standard conditions of all interfaces. This process is the unification of heteroge-
neous interface specifications of massive resources. The specific content specification
of monitoring learning feature mining is shown in Table 1.

Table 1. Content optimization of monitoring learning feature mining

Monitoring interface Replacement method Replacement function

Set up the interface Monitoring data set Get data sources and collect data
source informationSet data Set interface collection

data mining My clipboard data Collect data destination
information and decide whether to
cancel the operation according to
the anti monitoring rules

Get monitoring data Real time monitoring information
collection

Settings view – Make sure that the monitor
observation window is always at
the top of the chain and that the
site is first

Data mining is a process of extracting information or knowledge from data mining
resources. It applies the traditional ideas and methods of data mining to data mining, and
extracts interesting, potential, useful patterns and hidden information from data mining
documents and data mining activities [3]. Log mining in the process of data mining is
the direct source of data. Therefore, in the process of data mining, it is necessary to
standardize the access logs: server logs, error logs, cookie logs to record the information
about user access and interaction. In the process of data mining, there are two formats of
server log: one is common, the other is extended. Therefore, the data mining common
logs collected on the server can be used as the research object, and its format is shown
in Table 2.

The learning behavior data acquisitionmodule of online education platform ismainly
responsible for collecting and quantifying the data of students’ online learning behavior,
and storing it in the behavior database to prepare for analyzing the characteristics of
students and resources. Data collection module must ensure the comprehensiveness and
accuracy of data collection. In order to dynamically track, collect, analyze, evaluate and
feedback the learning behavior of students on the education platform, a data acquisition
model of learning behavior based on the learning platform of education platform is
further designed. The structure is shown in Fig. 1.

The main functions of the learning behavior data collection model are: first, tracking
the learning process of students in the learning platform of education platform, collect-
ing the data related to learning behavior in this process, and establishing the learning
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Table 2. Data log mode of learning behavior monitoring

Name Content Parameter

Client IP IP or/DNS entry of remote host 10.445.65

Date The date the page was requested 19.02.4

Time Request page time 10:00–12:00

Port Server interface 80.22.401

Service name The name of the service requested by the user –

Page User requested 5–12

Protocol version Protocol version for transmission –

State Server status Normal

Byte Bytes transmitted (sent or received) 10.47.52

Fig. 1. Data acquisition model of learning behavior

behavior database to prepare for analyzing the characteristics of students and resources
[4]. Behavioral data collection must ensure the comprehensiveness and accuracy of data
collection. And the data in the learning behavior database are extracted, processed and
analyzed, and the graphical operation interface is provided to realize the real-time statis-
tical analysis of the learning behavior of students’ education platform [5]. According to
the collected learning behavior data, the relevant algorithms are used for data mining to
find out the learning behavior patterns under the learning environment of the education
platform, and the discovered learning behavior patterns are used to provide students with
personalized learning contents and learning arrangements, so as to realize personalized
learning support services.

2.2 Online Education Platform Student Learning Behavior Monitoring Model

From the teaching mode of online education platform, it can be seen that the implemen-
tation of online education platform teaching in the operation process largely depends on
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the online education platform environment constructed andwhether the online education
platformmodel adopted canmeet the needs of students’ personalized chemistry learning
to the maximum extent. Online education platformmainly refers to the network teaching
platform, which provides a series of specific education related services for students.

After several stages of development, online teaching platformhas risen from the com-
mon resource database model to the comprehensive teaching support service and teach-
ing management platform [6]. Its functions include students’ online learning, teachers’
online teaching, teaching administration management, online teaching analysis model,
etc. In order to realize the real-time monitoring of the learning behavior of the education
platform, one of the basic premises is that effective measures can be taken to automat-
ically collect all kinds of information in the process of learners’ online learning for
real-time processing of behavior monitoring model [7]. How to accurately, efficiently
and real-time collect the learning behavior information of education platform, the key
is to define the data model of learning behavior of education platform accurately and
appropriately. The learning behavior of educational platform refers to the long-distance
autonomous learning behavior of learners in the learning environment created bymodern
information technology, with new communication mechanism and rich resources.

In order to realize the real-time monitoring of learning behavior of education plat-
form, the basic premise is to take effective measures to collect all kinds of information
in the process of learners’ online learning for real-time processing of behavior analysis
model [8]. Based on the accurate definition of learning behavior information of edu-
cation platform, the monitoring model of learning behavior of education platform is
constructed. The specific structure is shown in Fig. 2.

Fig. 2. Online education platform learning behavior monitoring model

As shown in the figure, the learning platform of education platform includes user
management, class management, permission management, resource management, inter-
active world, onlineQ&amp;A, learning support and evaluationmodel [9]. In the design
of monitoring model, the behaviors that need to be recorded are counted and analyzed,
and each learning behavior is refined to be as accurate as possible [10]. The learning



482 C. Chen et al.

behavior information of students’ education platform is processed by learning behav-
ior collection module, and the storage module records learning behavior into database
management model in the form of database record for statistical analysis.

Aiming at the definition of learning behavior of educational platform, this paper
constructs a multi-dimensional learning behavior model of educational platform, which
divides learning behavior of educational platform into information retrieval learn-
ing behavior, information processing learning behavior, information publishing learn-
ing behavior, interpersonal communication and communication behavior and learning
behavior based on problem solving. From the micro point of view, learning behavior
should be considered in depth. According to the degree of contribution to learning effect,
learning behavior can be divided into low-level, intermediate level and high-level levels,
which is also helpful for targeted evaluation of students’ learning behavior.

Low level learning behavior refers to simple operation behavior, including login
model, browsing content, browsing resources, clicking columns, viewing personal space,
etc.

Intermediate level learning behavior refers to the network interaction behavior,
mainly including: answering questions, homework, forum, testing and other interactive
behaviors.

Advanced learning behavior refers to the behavior that students use the learning plat-
form of education platform to carry out cooperation and solve practical problems. With
the development of information technology and mobile Internet technology. High level
learning behavior usually goes beyond the single education platform learning model.

Based on this, the function of behavior detection model is further optimized,
including:

Q &amp; a test: when students encounter problems in the learning process of the
education platform, they can use the “online Q &amp; a” function to ask questions, seek
real-time help from teachers or classmates, and answer questions raised by others;

Homework management: teachers set different types of homework topics according
to the teaching content, and teachers evaluate the learning effect of students through the
assignments submitted by students.

Forum: students post, follow, discuss and communicate on a certain topic or case to
construct knowledge;

Test monitoring: it is divided into level examination and summary test, which can
test the learning effect of a module or a course for students.

ResourceManagement: students comment on the value of curriculum resourceswhen
they study curriculum resources,

VotingManagement: teachers create questionnaires or voting questions in the course
construction, and students participate in the questionnaire survey or voting, so as to
facilitate teachers to obtain valuable reference data;

Class speech: the learning model of education platform can create class learning
space, in which students can publish their own learning and experience and share
collective wisdom;

Evaluation management: it mainly refers to the real-time evaluation of teachers’ and
students’ behaviors, such as when students’ homework is rated as excellent homework,
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when students’ questions are listed in the FAQ database by teachers, and when stu-
dents’ answers are rated as excellent answers, students’ learning behaviors will receive
additional rewards;

Negative operation behavior: when students delete questions, comments, home-
work and other operations, it can be considered that students have carried out negative
operation, and this behavior will be punished additionally.

In addition to recording all kinds of teaching resources and interaction with teachers,
the model also records the time when students log in and log off each course. According
to the needs of students’ formative assessment, the statistical monitoring module makes
statistics on the collected learning behaviors and forms data reports, which provides data
support for teachers to improve teaching and school teachingmanagement departments to
make decisions. The automatic monitoring module of learning behavior includes virtual
machine, physical machine and other physical monitoring running equipment, which
can realize the acquisition of monitoring indicators of learning behavior in task layer
and function layer. Physical machine is an important component of cloud computing
monitoring platform. It can generate occupancy index related to resource monitoring
situation, and judge whether the current resource node is under monitoring according
to the specific physical difference between the value and resource occupancy threshold
value. When the database is not enough to support the running status of this model,
the virtual machine can release the abnormal connection state, which is also the main
reason that the data in the new model can quickly reach the upper limit of monitoring
occupancy.The specific monitoring module structure is shown in Fig. 3.

Fig. 3. Structure optimization of learning behavior automatic monitoring equipment

Based on the above structure, monitoring students’ learning behavior on the educa-
tion platform, and presenting the behavior trend in the form of graphics and images, we
need to take a method to quantify and transform students’ learning behavior.
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2.3 The First Step of Online Education Platform Learning Behavior Automatic
Monitoring

The automatic monitoring of learning behavior of online education platform not only
requires the stable operation of the network, but also requires that the network can support
the reliable transmission of multimedia data. However, the environment of network
operation is very complex. Hacker attacks, computer viruses, equipment failures and
software design defects may cause network anomalies and even network communication
interruption. Therefore, it is necessary to install network protocol analysis equipment
in the core of computer network and network outlet, comprehensively monitor the real-
time flow and network application of the network, prevent or timely handle network
anomalies, and ensure the normal development of online teaching activities.

Because the external environment of online education platform is mainly the learn-
ing environment of education platform, there will be network exploration, cooperation,
communication and other processes in the learning process. This part focuses on the
analysis of the self-monitoring process in Online Autonomous Learning, focusing on
the self-regulation activities of students as learning subjects, and takes human-computer
interaction and human-computer interaction in the learning environment of education
platform as the cognitive means, rather than as independent process elements. In order to
better conduct behavior detection, it is necessary to optimize the monitoring method of
students’ learning behavior on the education platform. The specific monitoring principle
is shown in the Fig. 3 (Fig. 4):

Fig. 4. Monitoring principle of students’ learning behavior in education platform

Based on the above analysis, the self-monitoring process in the learning process of the
education platform is constructed as shown in the figure. The whole monitoring process
takes the learning environment of the education platform as the external environment,
and takes the three links of students’ self-monitoring as the core, regulating the whole
process of autonomous learning. Due to the lack of self-monitoring of students, the
learning behavior of education platform generally occurs under the supervision and
encouragement of teachers. As an important function, learning monitoring of education
platform is integrated into the network teaching model. Through learning monitoring,
teachers canmaster the learning status and effect of students, and feedback themonitoring
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results to students, so as to implement effective learning. Learning from Professor Li
Kedong’s definition of learning monitoring, the author interprets learning monitoring of
educational platform as a series of processes of planning, checking, evaluating, feedback,
controlling and adjusting the learning activities of students’ educational platform in
order to ensure the success of learning on the educational platform, improve the learning
effect and quality, and achieve the learning objectives. The design of monitoring process
is shown in Fig. 5.

Fig. 5. Optimization design of monitoring process

It can be seen from Fig. 5 that the information is initialized, and the data is collected,
and the real-time evaluation and monitoring of all education platform learning behaviors
are further processed. There are four specific aspects.

The monitoring of learning time mainly monitors the total number of times that
students log in to the learning model of the education platform, the total number of
times to visit the model resources and columns and the average daily visits, and the
total stay time of browsing resources, so as to understand the attitude and investment of
students in learning on the education platform.

Monitoring the learning content and progress, students need to complete the learning
tasks according to the teaching plan formulated by the teacher. The network teaching
model shouldmonitor the completion of students’ content in real time, record the learning
progress, and facilitate students to make early warning intervention. The process of
students’ task implementation includes choosing learning tasks, online learning, self-
directed collaboration, submitting results, evaluating and evaluating.
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The monitoring of learning interaction includes the interaction between students and
network teaching model, between students and between teachers and students. When
students encounter problems in the learning process, they can get help through the
interactive tools provided by the network teaching model, and can also provide help
for others. The interactive behavior sets the conversion rules in the form of points,
and then presents the monitoring results of learning interaction in the form of learning
behavior scores of education platform, mainly including class speech, comment speech,
participation in voting, online questioning, forum post (reply), submission of homework
and examination, etc.

According to the teaching arrangement, the course assignment and level test are sub-
mitted, the formative evaluation is carried out, and the students’ theoretical learning and
skill mastery are assessed. Through the monitoring of the above contents, four functions
can be achieved: first, real-time positioning of students’ personalized learning state,
and making early warning intervention to guide students to complete the learning tasks
according to the learning plan; second, evaluating whether students have reached the
learning objectives, which is helpful for memory and understanding; third, the monitor-
ing results are timely fed back to students, which will help students adjust their personal
learning plans; and 4, to provide decision-making basis for teachers, and timely control
the learning intervention of education platform.

3 Analysis of Experimental Results

In order to verify the practical application effect of the online education platform stu-
dents’ learning behaviormonitoringmethod based on datamining proposed in this paper,
the experimental equipment is carried out under Windows 2000 server operation model
and Microsoft. Net framework, and visual studio is used Net tool development, using
SQL Server 2000 as the background database, mainly storing learner model information
and rule information. The operation model of monitoring equipment is 9vindows 2000
server+ Microsoft.Net Framework v2.0 database model: Microsoft SQL Server 2000.

The data source of data mining is the learner registration information and the learner
learning process information of the network teaching model, which are collected and
stored in the learner model database through the information collection model. The
whole model includes two sub-models: information monitoring model and data analy-
sis model. Enter the correct user name and password to enter. The data analysis model
mainly realizes data mining analysis and intelligent feedback. The information moni-
toring model mainly realizes the collection and simple analysis of the basic information
of the teaching platform, the information of the student group, the information of the
individual student and the behavior of the teacher.

Through the real-time monitoring of the number of people online at the same time
on the learning platform of the education platform, it can provide a positive reference for
the teachers and technical managers of the learning platform of the education platform.
According to the change of the number of online students, teachers can analyze the main
time period of learners’ daily online learning, and participate in the interaction between
students in this period, and master the time point of releasing teaching resources and
answering students’ questions. Furthermore, the learning behavior monitoring effect
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under the traditional monitoring method and this question method is compared and
recorded, as shown in Table 3.

Table 3. Comparison of platform monitoring effect

Experimental time/(min) This method is used to
monitor the timeliness/(%)

Traditional methods to monitor
timeliness/(%)

50 73.15 47.02

100 80.27 47.16

150 77.98 47.23

200 82.72 47.30

250 83.60 47.41

300 83.60 47.54

350 83.60 47.59

400 83.60 47.62

450 82.87 47.78

500 82.41 47.81

550 82.06 47.94

600 81.93 47.99

Average value 79.82 47.53

Based on the analysis of the test results in Table 3, it is found that, compared with
the traditional methods, the average monitoring effect of the online education platform
student learning behavior monitoring method based on data mining is 81.35%, while the
average monitoring effect of the traditional method is only 47.53%, which is obviously
better than the traditional method in the actual application process, and fully meets the
research requirements.

4 Conclusion

The development of online education platform in China is still in its infancy. Online
learners in the network environment still lack the independence, autonomy and self-
control learning ability required by autonomous learning. Therefore, it is necessary to
introduce and strengthen the monitoring mechanism. Through strengthening the mon-
itoring of learners’ external learning behavior, we can improve learners’ self-control,
and give learners timely learning feedback in the process of learning on the education
platform, so as to stimulate and maintain learners’ learning motivation, so as to ensure
the effectiveness of online education platform teaching and improve the teaching quality.
The innovation of this paper is to optimize the education data feature mining method.
The online learning model collects various data through a variety of ways to reflect
students’ learning behavior and analyze these large amounts of data, so as to provide
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guidance for students’ learning evaluation. Establish a large number of knowledge behav-
ior data model, based on the above requirements, combined with data mining to collect
and mine the characteristics of learning behavior, record the login time, IP address,
interactive behavior of student number, and store them in the corresponding database.
After data preprocessing, form the learning behavior information matrix of the educa-
tion platform, and then use statistical analysis, path analysis, path analysis, data mining
Association rules mining and sequential pattern discovery algorithms extract students’
behavior orientation, so as to deeply mine students’ learning state.

References

1. Zhu, T.: Empirical research on the application of online teaching in Chinese colleges and
universities under the situation of novel coronavirus pneumonia prevention and control. Int.
J. Emerg. Technol. Learn. (iJET) 15(11), 119 (2020)

2. Yang, L.: Fuzzy cluster correlationmapping for online evaluation of teaching efficacy towards
IoT study. Cogn. Syst. Res. 52(12), 365–370 (2018)

3. Guerrero-Ortiz, C., Huincahue, J.: Mathematics teacher’ perceptions and adaptations in
developing online classes - ideas for teacher training. J. Phys. Conf. Ser. 1702(1), 12–19
(2020)

4. Danaher, M., Schoepp, K., Kranov, A.A.: Teaching and measuring the professional skills of
information technology students using a learning oriented assessment task. Int. J. Eng. Educ.
35(3), 795–805 (2019)

5. Zhang, L.: Development of an information-based online foreign language teaching platform
with ASP.NET. Int. J. Emerg. Technol. Learn. (iJET) 14(13), 117 (2019)

6. Jianqiu, L.: Construction of real-time interactive mode-based online course live broadcast
teaching platform for physical training. Int. J. Emerg. Technol. Learn. (iJET) 13(06), 73
(2018)

7. Fu,W., Liu, S., Srivastava,G.: Optimization of big data scheduling in social networks. Entropy
21(9), 902 (2019)

8. Liu, S., Bai, W., Zeng, N., et al.: A fast fractal based compression for MRI images. IEEE
Access 7, 62412–62420 (2019)

9. Liu, S., Li, Z., Zhang, Y., et al.: Introduction of key problems in long-distance learning and
training. Mob. Netw. Appl. 24(1), 1–4 (2019)

10. Liu,N., Liang,R., Zhou, Z., et al.:Designing lead-free bismuth ferrite-based ceramics learning
from relaxor ferroelectric behavior for simultaneous high energy density and efficiency under
low electric field. J. Mater. Chem. C 6(38), 10211–10217 (2018)



Internet of Things and Collaborative
Computing



Research on the Application of CI System
in the Construction of University Class Culture

Under the Internet Background

Cheng-hui Zhang1(B), Wei He2, and Yang-bo Wu2

1 Xinyu University, Xinyu 338004, China
2 College of Mathematics and Computer, Xinyu University, Xinyu 338031, China

Abstract. Class management and class culture construction are the basic work of
college cultural construction, and they are the core of college student management
and class management. For a long time, the construction of campus culture in col-
leges and universities has always neglected the construction of class culture, and it
has not been regarded as an important part of the construction of campus culture.
Especially for the establishment of a class culture construction management sys-
tem centered on the CI system, it has not been consciously studied and practiced.
Therefore, the application research of the CI system in the construction of col-
lege class culture under the Internet background is proposed, and the CI theory of
the class identification system is used for reference and “grafting” to explore the
new thinking and behavior mode of college class culture construction under the
guidance of the CI theory. It is a cross-industry, Interdisciplinary theory and inno-
vation, especially mobilizing all class members to participate, and implementing
them in practice, has important theoretical value and practical significance.

Keywords: Internet background · CI system · Class culture · Theoretical
guidance · New thinking · Behavior pattern

1 Introduction

Introduce the concept of CI into the construction of class culture to explore new thinking
and behavioral models for the construction of class culture in colleges and universities.
This is a cross-industry and cross-disciplinary theoretical “grafting” and innovation,
especially the integration of cultural confidence in the new era and core socialist val-
ues The construction of class culture, mobilizing all class members to participate in
English in practice, has important theoretical and practical significance [1]. The shaping
of class culture in colleges and universities is thewhole process of theoretical exploration
and practical operation of interaction between teachers and students. It can effectively
integrate the evaluation system into it, so that the shaping of class culture can form
a multi-angle, omnidirectional, three-dimensional and systematic culture. Building a
management system, the process of establishing a class image recognition system is
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also a practical process of “implementing” class culture shaping. It has strong oper-
ability, practicality and vitality, which can greatly promote the construction of college
campus culture, and its value and significance are far away Far beyond shaping itself
[2]. The focus of the research is to put forward a CI system including three parts of
the visual system, the idea system and the behavior system. This system enables each
member of the class to have a strong sense of belonging, clear goals and uniform code
of conduct, so as to build a cohesive and enterprising class. Let each member get good
edification and temper in the class culture created by CI, so as to effectively promote
the continuous improvement of the ideological and political quality, cultural quality,
professional quality, physical and mental quality of class members.

2 The Application of CI System in the Construction of Class
Culture in Colleges and Universities

2.1 Function Optimization of Class Culture Construction in CI System

The construction of class culture in colleges and universities is a whole process of theo-
retical exploration and practical operation. It allows teachers and students to participate
in the interaction, can effectively integrate the evaluation system into it, and mold the
class image into a multi-angle, all-round, three-dimensional, Systematic management
system [3]. The establishment process of the class image recognition system is also the
practical process of “implementation” of class image shaping. It has strong operability,
practicality and vitality, which can greatly promote the construction of college campus
culture, and its value and significance have far exceeded the shaping itself.

The CI system includes three parts: the visual system, the idea system and the behav-
ior system. The three systems are interconnected and play a very important core role in
promoting the sustainable development of the class [4]. Class management in colleges
and universities can also learn from this management system and introduce CI. The pur-
pose is to make each member of the class have a strong sense of belonging, clear goals
for struggle and a unified code of conduct, so as to establish a cohesive and enterprising
class collective, So that each member can be well nurtured and tempered in the class
culture created by CI, thereby effectively promoting the continuous improvement of the
ideological and political quality, cultural quality, professional quality, and physical and
mental quality of class members [5]. In order to ensure the effect of class culture con-
struction in colleges and universities, the main structure and functions of the CI system
are optimized, as shown in the following figure (Fig. 1):

As shown in the figure, the main content of the college class image recognition sys-
tem can be summarized into 4 system projects. The first part is the theoretical system of
identifying CI in university classes [6]. In the process of constructing class culture, CI
was originally a class recognition system. By “transplanting” and “grafting” its ideas into
the class image recognition system of colleges and universities, it can become a “class
recognition system” that is fully applicable to the management of college classes CI.
The CI subsystem includes three parts: class concept recognition system, class behav-
ior recognition system, and class visual recognition system [7]. The establishment of
“implementation”-style measures for the image building of colleges and universities,
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Fig. 1. CI system functional structure framework

that is, the establishment of a guidance center for shaping the image of colleges and
universities, and strengthening the organizational guarantee for the construction of class
culture.

2.2 Application Methods in the Construction of Class Culture in Colleges
and Universities

The content of class management in the CI system can be specifically expressed in the
cultural construction goals of the class collective and the management concepts of the
class culture construction, etc., according to the professional characteristics, the age
characteristics of the students, and the actual conditions of ideological and political
quality, cultural quality, professional quality, and physical and mental quality. It must
be based on the professional training goals and the needs of the social talent market to
determine a reasonable application method [8].

Optimize the CI system structure based on the construction of college class culture to
realize the research requirements of centralized deployment of college class culture con-
struction. When building software functions, it is necessary to establish a client + web
page model within the system to optimize the system and apply management modules.
Deploy the database server to the class and share it with students [9]. Unified system
maintenance of college class culture construction information, effectively guaranteeing
the work requirements of effective storage of massive data, and ensuring the safe oper-
ation of the system [10]. Use the CI system to obtain a single auxiliary information and
multiple auxiliary information, but to obtain this information, a comparative analysis
must be conducted based on accuracy. Based on this, the steps for querying college class
culture construction information are optimized, as follows (Fig. 2):

Based on the above steps, the unified release and query of the cultural construction
information of the high-level class can be carried out more quickly and conveniently
[11], so that students can quickly understand the content of cultural construction and
participate in the cultural construction of the class, so as to improve the students’ sense
of collective honor.
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Fig. 2. Steps for querying college class culture construction information

3 Empirical Analysis

In order to verify the application effect of the CI system in the construction of college
class culture under the Internet background, conduct empirical investigations, collect
and understand the current situation of college class management and class culture
construction through structured interviews and questionnaires, analyze and study the
current class culture in cultural confidence On the basis of the construction status under
the perspective, by consulting literature and data, the value meaning and basic path of
class culture construction based on the CI system under the cultural self-confidence
perspective are explained [12]. Based on the self-recognition and internalization of the
instructors/class teachers and students as the main line, explore the specific path of class
culture construction based on the CI system, and finally promote the implementation of
a multi-angle, all-round, three-dimensional, and systematic class culture construction
system [13, 14]. The sample of this questionnaire adopts a hierarchical design, that is,
the respondents are required to cover all grades of the school, and students in different
grades from freshman to senior are required. The current situation of the investigation
and development of class culture construction of college students is analyzed, as follows
(Table 1):

Judging from the above data, the three survey results have not reached the total
sample size. This fully shows that from an overall perspective, most of the respondents
believe that the construction of class culture should take into account the three aspects of
class image, class system and class philosophy. However, there are still a small number
of people who think that the role of class image and class system is not as great as
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Table 1. Picture of class culture construction

Option Reply

Class image design 959

Construction of class rule sand regulations 959

Class concept setting 963

Number of respondents: 1250

the class concept. From this point of analysis, a small number of students lack a sys-
tematic understanding of the construction of class culture, and the understanding is not
thorough enough. This result also puts forward higher requirements for the publicity of
class culture construction, requiring more publicity of the knowledge of class culture
construction, so that students clearly know the role and significance of class culture
construction, and how to build an excellent class culture.

Through investigation and analysis, which aspects should be used to construct class
culture, and the survey results should be counted as follows (Fig. 3):

Class image design Construction of class rules and 
regulations

Class concept setting

Number of respondents: 1250

1250

1000

750

500

250

0

What do you think is the way to construct class culture? (multiple choice)

Fig. 3. The results of the survey on the development direction of the class culture construction
survey

Based on the picture above, there is little difference in the three aspects of class
image design, class system construction, and class concept setting. There are 959, 959,
and 963 respondents who think that these three aspects should be started.

The important factors of class culture construction are further analyzed, and the
statistical survey results are as follows (Fig. 4):
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Visual recognition of 
class emblem and flag

Class system and student 
behavior standards and other 

behavior identification

Identification of class 
slogans and spirits

Class songs, class 
clothes and other 

supporting elements

Fig. 4. Survey results of important factors in class culture construction

Based on the figure above, the data in the figure shows that 83.28% of the surveyed
believe that behavior recognition such as class system and student behavior standards
is one of the elements that must be possessed in class culture construction. 60.28% of
the respondents believe that class slogans and spiritual concept recognition are essential
elements, 68.08% of people think that visual recognition such as class flags and class
badges are the elements that should be possessed, and 60.24% of people think that class
ge class clothes, etc. Supporting elements are the elements of class culture construction.
Investigation and research show that most people believe that the class system and
student behavior standards and other behavior recognition, class slogan and spirit and
other concept recognition, class flags, class badges and other visual recognition, as
well as class song class clothes and other supporting elements should be available, but
they agree with the class system The proportion of people who identify with students’
behavioral norms and other behaviors is the highest, and those who agree with class
slogans and philosophy of classmanagement are second. This shows that the respondents
are more inclined to the construction of behavior identification in the construction of
class culture, but they do not ignore the concept. Recognition and visual recognition.
From the perspective of class image recognition system CI, class concept recognition
is the core, and behavior recognition and visual recognition are only the explicit part of
concept recognition. Therefore, the formulation and implementation of the class concept
is the most critical and difficult part.

The concept system of class management based on the CI system can be embodied
as the class collective struggle goals, struggle slogans and the management philosophy
of the class tutor. The formulation of goals, slogans, and management concepts must
be based on professional characteristics, students’ age characteristics, and the actual
conditions of ideological and political quality, cultural quality, professional quality, and
physical and mental quality, and must be based on professional training goals and the
needs of the social talent market. Further investigate the impact of class culture con-
struction on class cohesion, and the specific survey results are shown in the figure below
(Fig. 5):
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Do you think your class is cohesive? (single choice)

Number of respondents: 1250

No: 1.92% Very strong:
17.28%

Strong: 38.72%

General: 42.08%

Fig. 5. Results of investigation on the impact of class cohesion

According to the above picture, the picture of the cohesion survey of the class shows
that among the 1,250 respondents, most people think that the cohesion of their class is
strong. There are 216 and 484 students who think their class is very cohesive, accounting
for 17.28% and 38.72% of the total sample, a total of 700 people, accounting for 56%;
students who think their class cohesive is average, 526 students, Accounting for 42.08%;
there are 24 students who think their class is not cohesive, accounting for 1.92%. It can
be seen that only a small number of students think that their class lacks cohesion, which
shows that most of the class members believe that their class has strong cohesion, can
be team-oriented, and have the drive to twist into a rope. This also reflects that in the
construction of class culture, the concepts of class unity and class collective have been
deeply rooted in the hearts of the people. However, the proportions of general and non-
class cohesion are also relatively high, indicating that the construction of class cohesion
needs to be improved. Further analysis of the role of class culture in promoting the
growth of class members, the specific research results are as follows (Fig. 6):

Based on the above picture, the survey picture on whether class culture promotes
the growth of class members shows that 1126 students believe that positive class culture
promotes class members, accounting for 93.28%, and 35 students feel positive The class
culture did not promote the class members, accounting for 2.8%, and 49 students did not
know whether it had a promoting effect, accounting for 3.92%, which confirmed that a
positive class culture can well render a good environment within the class, Supervising
and correcting the daily behavioral norms of class members is an indispensable factor
for a class.
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Unclear: 3.92%

No: 2.8%

Yes: 93.28%

Fig. 6. The role of class culture in promoting the growth of class members

Further investigation and analysis of the impact of class culture construction under
the CI system on class members, the specific results are as follows (Fig. 7):

Will consciously integrate 
into the class, actively 

participate in class activities
Will be clear about the class 
positioning and goals, in the 

class members healthy 
competition in self-development

Will consciously maintain the 
image of the class, enhance 
the class collective sense of 

honor
Will consciously maintain the 
interpersonal communication 
between class members, make 

the relationship more 
harmonious 0 100 200 300 400 500 600 700 800 900 1000 1100 1200

Fig. 7. The impact of class culture construction under the CI system on class members

Investigate and analyze the main content of class culture construction in colleges
and universities under the current CI system, as follows (Table 2):
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Table 2. The main content of class culture construction under the CI system

Option Reply

Will consciously integrate into the class, actively participate in class activities 91.2%

Will be clear about the class positioning and goals, in the class members healthy
competition in self-development

73.84%

Will consciously maintain the image of the class, enhance the class collective sense
of honor

77.28%

Will consciously maintain the interpersonal communication between class members,
make the relationship more harmonious

74.96%

Number of respondents: 1250

Based on the above survey results, it can be seen from the survey chart about the
impact of class culture construction on class members, 91.2% of the respondents believe
that class culture construction is essential for class members to “consciously integrate
into the class and actively participate in the class. Activities”, 73.84% of people believe
that class culture allows class members to clarify class positioning and goals, and to
develop themselves in the healthy competition of class members, and 77.78% think that
class culture allows class members to consciously maintain class image. To enhance the
sense of collective honor of the class, 74.96% of the people agreed with the view that
“the construction of class culture will allow class members to consciously maintain the
interpersonal communication among class members”.

A survey is conducted on the willingness of class culture construction and
development, and the specific interviews are as follows (Fig. 8):

How do you think we should strengthen the construction of class culture? 
(multiple choice)

Number of respondents: 1250

1250
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understand the 
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culture

Carry out more beneficial 
class activities to enhance the 

feelings of class members, 
such as learning, sports, 

practice and other activities

In the class competition, we 
should play the role of 
collective wisdom and 

efforts to form a positive 
class cohesion

Select class models 
and encourage 

other class 
members to learn

Care and help the "vulnerable 
groups" in the class, and form a 
class atmosphere of fraternity, 

mutual assistance and brotherhood

Fig. 8. Suggestions for the development of class culture under the CI system
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Based on the above picture, 84% of people think that more useful class activities
should be carried out to enhance the relationship between class members, such as learn-
ing, sports, practice and other activities. 71.92% of people think that “let class members
participate in or understand the work of class culture construction” It should be an ele-
ment of class culture construction. 69.04% of people think that it is necessary to play the
role of teamwork in the collective competition of the class to form a positive class cohe-
sion. Those who think it is necessary to have the two elements of “selecting a role model
for the class and advocating other class members to learn” and “caring for the disadvan-
taged groups in the class, forming a class atmosphere of friendship, mutual assistance,
and brotherhood” accounted for the lowest proportion, only 54.96% and 56.08%. Based
on the above research results, the development direction of class culture construction
under the CI system is analyzed, as follows (Table 3):

Table 3. Development direction of class culture construction under the CI system

Option Reply

Let all members of the class participate in or understand the construction of class
culture

71.92%

Carry out more beneficial class activities to enhance the feelings of class members,
such as learning, sports, practice and other activities

84%

In the class competition, we should play the role of collective wisdom and efforts to
form a positive class cohesion

69.04%

Select class models and encourage other class members to learn 54.96%

Care and help the “Vulnerable groups” In the class, and form a class atmosphere of
fraternity, mutual assistance and brotherhood

56.08%

Number of respondents: 1250

It can be seen from the above data that more people agree with the organization of
class activities, and believe that the construction of class culture requires more useful
activities and mobilize the sense of participation of class members. However, there are
relatively few people who believe that the construction of class culture sets an exam-
ple of the class and cares for “vulnerable groups”, forming a situation of friendship,
mutual assistance, and sympathy with brothers and feet., It is plainly believed that the
construction of class culture only requires more activities and more participation, and
the importance of the influence behind the construction of class culture is not high. In
other words, this group of people does not have a strong overall concept of class culture
construction, and feel that the spiritual aspect of class culture construction is of no sub-
stantive use, so subjectively assume that class atmosphere is not an essential element in
class culture construction.

4 Conclusion

The construction of class culture in colleges and universities is an innovative and the-
oretical research, and it is also a basic and practical research. It needs to be constantly
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explored and improved in practice. Through the development of a series of class culture
construction activities and theoretical summaries, a scientific concept is formed System
mode with operability.

Fund Projects. Jiangxi ideological and political special project: the application of CI system in
the construction of class culture in Colleges and universities in the new era (No.: SZZX2002).
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Absrtact. The current data analysis response and monitoring system has not
established a monitoring system communication model, which leads to poor mon-
itoring effect of abnormal data, unable to access users at the same time, and long
response time of the system. Therefore, this research designs a new education
information network terminal big data analysis response and monitoring system.
Considering the system functions required by the educational information net-
work terminal, the hardware structure of the system is designed. In the aspect of
software design, the communication topology of educational information network
terminal is established, and the system communication model is built to make the
system have communication function. Then themonitoringmodule of educational
information network terminal is designed from the perspective of server and client.
The experimental results show that: in the educational information network termi-
nal under the system, the stored information has higher security, better accuracy,
processing ability and completeness, and can support more virtual users to visit
the system pages at the same time, with faster response time.

Keywords: Education information network · Terminal big data · Analysis
response · Data monitoring

1 Introduction

With the rapid development of computer network, computer has been widely used in
various industries and fields. In order to realize the sharing of internal resources, the
application of local area network has been greatly developed. In order to make better use
of the functions of the Internet,more andmore companies, schools and various functional
departments have provided the function of interconnection with the Internet. Although
this measure brings a lot of benefits to the development of education, it also threatens
the security of educational information. Especially, the educational information network
terminals, such as users using U-disk with virus or browsing aggressive websites, may
damage their own terminal devices. If it is a worm, it will infect other devices in the
network, causing serious consequences [1]. Therefore, the network terminal monitoring
technology has high practical value and research significance, and the research on this
technology will make up for the internal security defects of the network.
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Remote monitoring is a frontier research topic at home and abroad, and active
research has been carried out. Due to the rapid development of computer technology
and communication technology in China, research in this field has been actively carried
out in recent years, and network terminal monitoring devices such as Meiping network
management master and network post have been designed [2]. However, in the above
research, there are some problems, such as the poor effect of information transmission
and client network information guarantee. To solve this problem, this study designed a
new education information network terminal big data analysis response and monitoring
system.

2 System Hardware Structure Design

The design of educational information network terminal monitoring system, consid-
ering the system function required by the educational information network terminal,
and the realization of the system monitoring educational information network terminal
function, based on the research of educational information network terminal monitor-
ing system at home and abroad, determine the main structure of the system, including
educational information network terminal data acquisition, data processing, data com-
munication, LCDAmong them, the core control part is the control module of the system,
which controls the main operation of the system. Therefore, the hardware structure of
the education information network terminal monitoring system designed this time will
select pici8f87k22 single chip microcomputer with 8-bit high performance as the core
controller of the system. The hardware structure of the design system is shown in Fig. 1.
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Fig. 1. System hardware structure

As can be seen from Fig. 1, the hardware structure of the system is composed of
monitoring, voice, power supply, communication, display, keyboard and other modules.
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Among them, the communication module is used to connect the monitoring center and
system terminal equipment of the monitoring module; the voice module is used for voice
alarm in the nursing process, such as large fluctuations in the educational information
network terminal, abnormal data in the information stored in the educational informa-
tion network terminal, etc., to prompt relevant personnel through voice broadcast; the
display module is used to display the current monitoring educational information net-
work Terminal data, such as the access and response of educational information network
terminal.

3 System Software Design

Based on the hardware design of the education information network terminal monitoring
system, this paper determines the education information network terminal communica-
tion topology, analyzes the education information network terminal response with big
data, establishes the system communication model, promotes the system to have the
communication function, and designs the monitoring education information network
terminal monitoring module from the two directions of server and client, so as to ensure
the education information network The terminal runs safely.

3.1 Big Data Analysis and Response of Educational Information Network
Terminal

Suppose that the educational information network is a double-layer educational infor-
mation network composed of wireless network and wired network [3]. There is no link
between wireless network and wired network, but there is link between wired network
and wired network, and between wireless network and wireless network. Among them,
the wireless network is responsible for the communication with small handheld termi-
nals, and the wired network is responsible for the relay and forwarding of signals and
the communication with large terminals. The communication topology of educational
information network terminal is shown in Fig. 2.

In Fig. 2, terminal A and terminal C are within the coverage of the wireless network.
The communication process of terminal A and terminal C is: terminal a → wireless
network → terminal C. The communication between terminal A and terminal B needs
the internal routing of satellite network, and their communication business process is:
terminal a - wireless network 1 → wired network 1 → wired network 2 → wireless
network 2 → terminal B. According to the above analysis process, analyze the big data
analysis response of education information network terminal.

The service response of educational information network terminal is defined as the
time from a certain terminal to sending service request to receiving the reply from the
destination terminal [4, 5]. Therefore, the service response includes two parts: the delay
in the data sending phase and the delay in the receiving phase. Only interactive service
has the concept of response. When the service type belongs to non interactive service,
the bidirectional response of service will degenerate into one-way delay of the whole
network.
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Fig. 2. Communication topology of educational information network terminal.

The service types of educational information network terminal include real-time
service and non real-time service. The characteristics of real-time service are connection
oriented, high delay requirement and low bandwidth requirement. The real-time service
requires to complete the communication between two terminals with as low delay as
possible. For non real time services, the receiving terminalmay not be online, the network
equipment needs to store data, and the non real time service itself does not require high
delay [6]. Therefore, the analysis of education information network terminal big data
analysis response, the main analysis of the terminal response to real-time business.

In the whole process, the delay in both sending and receiving stages can be further
divided into terminal delay and spatial link delay. In the communication process from
A to B, the sending and receiving terminals will produce packet processing delay and
transmission delay respectively [7]. Space linkwill have propagation delay, transmission
delay, processing delay and queuing delay. Then the packets returned by B are sent to
terminal A according to the communication process of terminal B → satellite network
→ terminal A, which is similar to the response analysis from terminal A to terminal B.
So far, A receives the packet replied by B, that is A’s packet is responded.

3.2 Establish System Communication Model

According to the education information network terminal communication topology
shown in Fig. 2, we can find that the education information network is mainly used in
the internal LAN. Therefore, the design of educational information network monitoring
system, mainly used in the internal LAN monitoring, then the design of the monitoring
system, to complete the function design, its monitoring system communication model
is shown in Fig. 3.

The communication model of the monitoring system as shown in Fig. 3 is divided
into two parts: client and server. Among them, the client runs the monitoring driver and
is the data source of the whole system. In order to reduce the load of the client and for
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Fig. 3. Communication model of monitoring system

the consideration of security, the system adopts a centralized data management method
to uniformly manage and summarize the data [8, 9]. This is easy to maintain the integrity
and stability of the data, but also conducive to the server quickly retrieve and display
data.

3.3 Monitoring Education Information Network Terminal Monitoring Module

Based on the above design of the education information network terminal big data anal-
ysis response and communication module, we can find that the design of the monitoring
system, the education information network terminal, are divided into server and client
two aspects, so, this section of the design of education information network terminal
monitoring module, also from the server and client two aspects, monitoring education
information Information network terminal.

1. The client consists of the message part and the request processing function initiated
by the local receiving server. Through the interaction between these function lists,
the integrity of the whole system can be guaranteed. The client mainly includes the
following parts:

(1) Information capture part: mainly responsible for collecting the key system
information (CPU (Central Processing Unit), memory, process list, etc.) on
the host;

(2) Communication module: the main function is to receive instructions or
messages sent by the server, make corresponding responses, such as lock-
ing or unlocking, shutdown and other instructions, and realize encrypted
communication with the server;

(3) Hidden module: mainly responsible for the automatic loading of the client and
the automatic hiding of the corresponding process [10].
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2. The server is composed of securitymonitoring, information display, communication,
systemmaintenance tools and other functions. Through the interaction between these
function lists, the system has the monitoring function. The specific functions are as
follows:

(1) The securitymonitoringmodule includes: LAN (Local AreaNetwork) scanning
processingmodule, port summary processingmodule, filter analysis processing
module, port log processing module, firewall processing module, etc. The mon-
itoring server dynamically analyzes all the incoming and outgoing IP (Internet
Protocol) addresses and ports in the LAN. According to the abnormal analysis
of the ports and incoming and outgoing packets, the illegal operation can be
judged. Summarize the ports by IP address to view the illegally used network
processes. The abnormal IP address can be analyzed separately to determine
the main object of illegal operation. Firewall can be used to block the port and
address.

(2) Information display module includes: screen capture processing module, client
locking module, communication processing module, client management mod-
ule, etc. It mainly monitors the client on a regular basis, and remotely captures
the abnormal traffic. The client can directly view the screen. If illegal use is
found, the message module will give a warning. If you don’t pay attention to it,
you can lock the client or remotely close the client.

(3) Instant messaging module. Mainly for the use of abnormal time, such as MSN
(Microsoft Service Network) for content and message capture.

(4) The integration tool module includes: routing test and connectivity test. Using
these tools to test the connectivity of local LAN and the function of remote
network routing, the administrator can quickly find the cause of network failure.

(5) Central database. It mainly stores and manages all kinds of data, and is the
storage center of system monitoring data.

4 Experiment and Result Analysis

In order to verify the feasibility of the big data analysis response and monitoring system
designed above, the following experiments are designed.

By means of comparative experiment, the big data analysis response and monitoring
systemof the educational information network terminal designed in this paper is recorded
as System A, and the traditional system is recorded as System B. Then determine the
number of intrusion data of educational information network terminals, change the num-
ber of system access and login, and compare the effect of abnormal data monitoring,
access speed and system response time of the two groups of systems.

4.1 Experimental Preparation

The experiment is based on the Visual Studio development platform, and the remaining
development environment parameters are shown in Table 1.
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Table 1. Two groups of system development environment

Environmental Science Configuration Parameter

Software Programing language C++

Operating system Windows 10

SERVER network Wired network

Network IP address 127.0.0.1

LDAP (Light Directory Access
Portocol) management

Phpldapadmin

Hardware LDAP server OPENLDAP

Hard disk 40G

Web server Internet Information Server, IIS

In addition, the baud rate of the experimental communication protocol is set to
9600 bps, and the receiving and sending codes of the information are ASCII (American
Standard Code for Information Interchange) codes.

Based on the above content and considering the transmission efficiency of the data
transmission protocol, the mesh topology structure is selected as the topological result
of the experimental method. The topology is shown in Fig. 4.
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Route

Route
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Route Coordinator

Fig. 4. Topological structure of two groups of system operation environment
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4.2 Experimental Result

The First Group of Experimental Results

The first group of experiments was carried out based on the experimental parameters set
above. Considering that a large amount of network education information is stored in the
education information network terminal, the designed network education terminal mon-
itoring system needs to have the function of monitoring information security. Therefore,
set the abnormal data as shown in Table 2 and distribute it to the education informa-
tion terminal to attack the education information stored in the education information
terminal.

Table 2. Abnormal data

Data name Quantity/piece Data name Quantity/piece

DOS 6295 U2R 69

P2L 979 PROBE 2806

Number of normal data 831974

Total number of abnormal data in KDD cup 1999 842123

In order to make the experiment more authentic, the educational information stored
in the educational information terminal is divided into three sets. In order to reduce the
difficulty of the experiment, the abnormal data shown in Table 2 is evenly distributed
to the education information set stored in the education information terminal, which
accounts for 1% of the total number of the education information set stored in the
education information terminal. In this experiment, the attack type data distribution
results are shown in Table 3.

Based on the abnormal data shown in Table 2 and Table 3, select the detection rate
and the false alarm rate, verify the big data analysis response and monitoring system of
the Yu Information Network Terminal, and monitor the security accuracy, processing
capacity and completeness of the information stored in the Yu Information Network
Terminal Therefore, the expressions of the detection rate D and the false alarm rate F
of the information security of the education information network terminal are:

⎧
⎪⎨

⎪⎩

D = m

M
× 100%

F = e

E
× 100%

(1)

In formula (1), M represents the total number of intrusion data; m represents the
number of detected data intrusions; E represents the total number of events; e represents
the number of false alarm events. At this time, change the total number of test data and
the number of abnormal data intrusion, record the number of detections and false alarms
of the two systems, and use the formula (1) to calculate the detection rate and false alarm
rate. The experimental results are shown in Table 4 Show.
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Table 3. Distribution of abnormal data

Data Aggregate 1 Aggregate 2 Aggregate 3 Intrusion type

Rootkit 9 10 6 U2R (User-to-Root)

Loadmodule 9 21 14 U2R

Warezmaster 48 37 170 R2L (Remote-to-Local)

PSpy 48 0 31 R2L

Multihop 52 252 92 R2L

Ftp-write 45 116 108 R2L

Portsweep 29 154 439 PROBE

Ipsweep 54 350 1780 PROBE

Smurf 73 529 1353 DOS (Disk Operating System)

Neptune 185 524 317 DOS

BACK 315 2514 697 DOS

Table 4. Comparison table of the monitoring results of the two groups of systems

Test 5489 3978

Invade 1852 1278

System A B A B

monitor 1756 1531 1191 905

D/% 94.82 82.67 93.17 70.81

False positive 181 208 101 137

F /% 3.29 11.23 2.97 10.71

It can be seen from Table 4 that the information stored in the B system monitoring
education information network terminal is safe, and the detection rate and false alarm
rate obtained by its monitoring increase with the increase of the number of intrusions,
which has a better detection effect. However, the average detection rate is 80.36%, the
overall intrusion detection rate is low, the average false alarm rate is 10.3%, and the
overall false alarm rate is high. System Amonitors the security of the information stored
in the education information network terminal, and its monitoring The detection rate
and false alarm rate obtained vary with the total number of tests, and it also has a better
detection effect. However, the average detection rate is 93.79%, which is significantly
higher than the B system, and the average false alarm rate is 3.11%, significantly lower
than the B system. It can be seen that the big data analysis response and monitoring
system of the education information network terminal designed this time monitors the
security of the information stored in the education information network terminal, and
has better accuracy, processing capacity and completeness.
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Second Set of Experimental Results

In the second group of experiments, considering the systemmonitoring the running state
of the educational information network terminal, the security data of the running state is
obtained. Due to the existence of multiple simultaneous access to the phenomenon, will
affect the system page access speed. Therefore, compare the two groups of system page
access speed. In this group of experiments, a total of 300 users are simulated and the
system functions are accessed at the same time. Every 1 min, 30 virtual users are added,
and the response time of the above five functions is recorded under different numbers
of virtual users, and the 5 functions are calculated The average response time is shown
in Fig. 5.
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Fig. 5. Two sets of system page access speed test results

It can be seen from Fig. 5 that as the number of virtual users increases, the average
time to access system functions increases. Although the B system can support 300 virtual
users to access the system pages at the same time, when the number of users continues
to increase, based on the current trend, the average page access time is proportional to
the number of virtual users; A system, when virtual users When it reaches 240 people,
the average page visit time is close to a straight line, and it is impossible to judge how
many virtual users can be supported to visit the system page together. It can be seen that
the big data analysis response and monitoring system of the Yu Information network
terminal designed this time can support more virtual users while accessing the system
page, and the average access time of the system page is only 8 s.

Results of the Second Set of Experiments

Based on the results of the first set of experiments and the second set of experiments,
the second set of experiments is carried out. In the system, 500,000 user records are
preset. At this time, the Loadrunner stress test tool is used to simulate 600 logged-in
users. Let these 600 simulated users load a user trend every 3 s until the 600 simulated
users are loaded. The initial statistics of virtual users are 100 virtual users. Users, log in
and operate the system at the same time, and the execution time of each user’s operation
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lasts for five minutes. According to the operation process of the above settings, the
system response time should be maintained within 3 s (including 3 s) when the system
is operated by the user under normal conditions. According to the experimental process
of this set of experiments, the response time test results of the two systems are shown in
Table 5.

Table 5. Terminal response time test results

System Test items

Number of concurrent
users/a

System response time/s

System A 50 0.2

100 0.6

150 1.3

200 1.8

250 2.3

300 3.0

System B 50 3.1

100 5.5

150 6.2

200 7.7

250 8.1

300 8.9

It can be seen from Table 5 that the response time of system B is the longest of the
two groups of systems, and can only support less than 50 virtual users while using the
system; system A has the shortest response time and remains within the normal range. It
can be seen that the education information network terminal big data analysis response
and monitoring system designed this time can support 300 people to log in to the system
at the same time, and the system has the shortest response time.

Based on the above three sets of experimental results, it can be seen that the big data
analysis response and monitoring system of the education information network terminal
designed this time can support more virtual users and access the system page at the same
time, and the system response time is the shortest. Among the monitoring education
information network terminals, The stored information is safe, with better accuracy,
processing capability and completeness.

5 Conclusion

This study design education information network terminal data analysis response and
monitoring system, on the basis of the present study, from the education information
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network terminal client and server two aspects, the structure design and function module
division, improve the education information network terminal data analysis response
and monitoring system for monitoring capability. However, the education information
network terminal big data analysis response andmonitoring systemdesigned this timedid
not consider the relationship between the system and the client, firewall, anti-virus and
other software. Therefore, in future research, it is necessary to further study the education
information network terminal big data analysis response and monitoring system, and
coordinate the relationship with each other, so as to avoid the appearance of system
instability.

Project: Personal information security threats and Countermeasures under the
background of big data.
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Feature Extraction Method of Students’
Ideological and Political Learning Behavior
Based on Convolutional Neural Network

Hong-bing Jiang(B)

School of Road Bridge and Architecture, Chongqing Vocational College of Transportation,
Chongqing 402247, China

Abstract. In order to improve the accuracy of feature extraction of students’
Ideological and political learning behavior, a method of feature extraction of stu-
dents’ Ideological and political learning behavior based on convolutional neural
network is proposed. The image of students’ Ideological and political learning
behavior is obtained and stored, and the stored image is corrected. On the basis of
image correction, the similarity measurement of students’ image spatial structure
information details and the representation of image spatial structure information
details are used to extract the characteristics of students’ Ideological and political
learning behavior based on convolutional neural network. The experimental results
show that the method based on convolution neural network not only improves the
accuracy of feature extraction, but also reduces the time of feature extraction.

Keywords: Convolution neural network · Learning behavior · Feature extraction

1 Introduction

As the main body, learners play an important role in teaching activities. As a reflection
of students’ physical and psychological conditions, learning state has become a hot
research content in the field of education. As one aspect of learning state, fatigue state
can better reflect the performance of students in the classroom. The research on it is
helpful to understand students and teaching evaluation. Therefore, it is necessary to
study the feature extraction of students’ learning behavior.

Facial features are an effective representation of students’ learning characteristics,
and studies have shown that eyes are most closely related to fatigue. The detection steps
in current research generally include face detection, eye location and detection, feature
extraction, eyes and fatigue status judgment. Among them, face and eye detection and
state judgment are the core issues. However, the main problem existing in the existing
research is that the positioning of the eyes is easily affected by the external environment,
and the judgment of the state requires artificial definition and extraction of eye features.
Only by solving these key problems, can the judgment of students’ ideological and polit-
ical learning behavior be effectively realized. For this reason, aiming at the problems in
traditional methods, a feature extraction method of students’ ideological and political
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learning behavior based on convolutional neural network is proposed. Convolutional
neural network is a construction that imitates the biological visual perception mecha-
nism, which has advantages when processing big data such as images. It is different from
traditional neural networks in that it uses convolution operations instead of multiplica-
tion operations. The connection between the convolutional layers in the convolutional
neural network is called sparse connection, that is, compared with the full connection
in the feedforward neural network, a certain neuron in the convolutional layer is only
connected to a part of its adjacent layer, rather than all neurons. In addition, the convo-
lutional layer and pooling layer in the convolutional neural network can respond to the
translation invariance of input features, that is, it can identify similar features located at
different positions in space. Therefore, this paper uses the convolutional neural network
to study the students’ thinking behavior characteristic extraction method. First, store
the acquired student’s thinking to study behavior, correction processing, according to
processing results, information details in the image Similarity metrics, characterize the
details of image space structure information, based on this, extract students’ thinking and
regulatory learning behavior, and finally verify the effectiveness of this method through
simulation experiments.

2 Image Acquisition and Storage of Students’ Ideological
and Political Learning Behavior

Training, detection and testing process are inseparable from experimental data, image
acquisition and storage is to collect experimental data.With the help of camera, students’
activity videos in class are captured dynamically, and the video stream is converted into
images by opencv according to the actual situation, and stored in the specified folder, so
as to be used as the input data of later face detection experiment.

In order to understand human behavior, we need to detect human objects through
recognition system. Firstly, the human and video frames in the video sequence are
decomposed. The time frame method can be used to obtain the moving region of the
image by comparing the pixel difference corresponding to two or three images in the
adjacent timeof the video sequence in the recognition system, and the calculation formula
is as follows:

E(m, n) =
o∑

i=1

κdiB (1)

Assuming that the pixel value of the o-th frame image in the video at the point (m, n)
is represented as di, and the difference between the two frames of image is represented
by B, and no directional analysis is performed in this calculation.

According to the above process, the images of students’ ideological and political
learning behavior are acquired and stored, which provides a basic basis for the extraction
of characteristics of students’ ideological and political learning behavior.

3 Image Correction Processing

The image data set of students’ ideological and political learning behavior can be
obtained by converting the video, but in order to make the characteristics more obvious,
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the image is generally preprocessed before the experiment. As the image acquisition
process is affected by many factors, the accuracy of the recognition result is low. To this
end, the image of students’ ideological and political learning behavior is corrected, and
the correction objective function is set [1]. Use a suitable color template to adjust the
processed color to get a good correction effect. In terms of color research, the HSL color
model is more suitable for human expression; the HSL color model obtains different col-
ors by changing the hue, saturation and lightness [2]. The model can basically contain
all the colors that human vision can perceive, and the color description can correspond
to H, S, and l. The method of converting RGB to HSL is as follows: R, G, B represent
the red, green, and blue of a specific color in turn, and the value varies between 0 and 1.
The detailed calculation formula is as follows:

H=

⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

0, if λmax = λmin

60◦ G−B
λmax−λmin

+ 0◦, if λmax = R,G > B

60◦ G−B
λmax−λmin

+ 360◦, if λmax = R,G < B

60◦ B−R
λmax−λmin

+ 120◦, if λmax = G

60◦ R−G
λmax−λmin

+ 240◦, if λmax = B

(2)

In formula (2), λmax represents the largest value in the range of 0–1, and λmin
represents the smallest.

On the basis of the above analysis, the image is converted to HSL color space, and
the color disharmony coefficient is calculated by the following formula:

z[P, (n, ε)] =
∑

j=P

∣∣H (q) − SMn(e) (q)
∣∣ηA(q) (3)

In formula (3), ε represents the rotation angle description parameter, P represents
all the color points describing the students in the image, H (q) represents the color point
describing the color value of q, SMn(e) (q) represents the boundary color value description
parameter, and ηA(q) represents the area ratio of the q color point.

On this basis, the harmonious degree of students’ images is fully analyzed, and the
influencing factors can be obtained from the following formula:

W =
i=1∑

m−1

DMC
i

DMC
i+1

(4)

In formula (4),DMC
i andDMC

i+1 respectively represent the degree of color effect of the
image.
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At the same time, individual selection and selection operation is a method of genetic
algorithm to evaluate individual adaptability, and it is also the main way of genetic
algorithm [3] to realize group gene transmission. Among them, the selection algorithm
is obtained by roulette wheel selection, and the selection probability of each individual
in the group is calculated by the following formula:

p1(i) = Fw

j=1∑
N

Fw

(5)

In genetic algorithm, fork is a key search operator [4]. It simulates the process of
gene recombination in nature, passing good genes to the next generation, and generating
better genetic structure. Under the condition of local convergence, mutation can expand
the new search space and ensure the diversity of the population. The cross probability
function and variation probability function can be obtained by the following formula:

pc =
⎧
⎨

⎩

k1(fmax−f ′)(
fmax−f

) , f ◦ ≥ f

k2, f < f
(6)

pm =
⎧
⎨

⎩

k3(fmux−f )(
fmax−f

) , f ≥ f

k4, f < f
(7)

In formula (6) and formula (7), fmax represents the maximum fitness value of the
description group, f represents the average fitness value used to describe the population
of different generations, and f represents the individual with the larger fitness value
among the two individuals to be crossed.

Continue to iterate the above calculation process until the fitness calculation result
is obtained and the establishment of the correction target is completed.

4 Similarity Measurement of Spatial Structure Information
of Students’ Images

On the basis of the above-mentioned image correction of students’ Ideological and
political learning behavior, the similarity of information details in the image ismeasured.
The specific steps are as follows:

Step1: The image set to be characterized is outputted with the transformation parameter
θ through the porous convolutional neural network [5] structure;
Step2: According to the above parameter θ , the inverse coordinate mapping is realized
after affine transformation, and the sampling network T before the input and output
images is obtained;
Step3: The output result of sampling network T is processed by bilinear difference
technology to obtain transformed image b.
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Assuming that (xt, yt) corresponds to the pixel coordinates in input M , and (xb, yb)
corresponds to the pixel coordinates in output N [6], the transformation parameter θ in
step 2 is reversed coordinate mapping, and the similarity measurement process is:

(xt, yt) = TG ∗ N (xb, yb) (8)

In formula (8), TG represents affine transformation, that is, affine transformation is
performed on the grid, and the transformed network is filled with the pixel values of
corresponding coordinate points in the original image to obtain the real pixel value. The
image expression after similarity measurement is as follows:

Vq
z =

∑

d

a
∑

e

y(xi − m) (9)

In formula (9), Vq
z represents the pixel value of the original image coordinate point,∑

d
a represents the real pixel value of the image,

∑
e
y represents the feature parameters

of the current layer and the previous layer in the convolutional layer, and xi represents the
convolution kernel of the feature map [7],m is the image parameter after transformation.

Through the above derivation, the similarity measurement of the spatial structure
information of the image to be represented is realized, and the probability of the salient
regionwith higher activation value is increased, providing a basis for the detailed charac-
terization of the spatial structure information of the image spatial structure information
of the students’ ideological and political learning behavior.

According to the similarity measurement results of the image spatial structure infor-
mation details of the students’ ideological and political learning behavior, the image
spatial structure information details are encoded. For shape feature extraction, the image
to be represented is regarded as awhole, the image features in the area pixels are counted,
and the area shape features are described. The extraction formula is as follows:

Znn = n + 1

ς

z∫

x

a (10)

In formula (10), Znn represents the eccentricity of the shape, n+1
ς

represents the shape

feature of the image, n + 1 represents the image feature extraction parameter, and
z∫
x
a

represents the image region pixel.
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5 Image Spatial Structure Information Detail Representation

On the basis of the similarity measurement and coding of the image spatial structure
information details of the students’ Ideological and political learning behavior, the image
spatial structure information details are represented. Because the similarity measure of
image spatial structure information details and the coding process of image spatial struc-
ture information details contain a lot of redundant information [8], the representation of
image spatial structure information details is affected. Therefore, the purpose of remov-
ing the redundant information of students’ Ideological and political learning behavior
image is to restore the original image information from the image corrupted by noise.
The calculation process is as follows:

g(x, y) = d(i, j) + b(i, j) (11)

In formula (11), g(x, y) represents the actual image, d(i, j) represents the noise-free
image [9], and b(i, j) represents the added noise information.

After the actual image is processed by noise, it degenerates into a noisy image.
Therefore, the porous convolutional neural network is used to deeply consider the rela-
tionship between the noisy image and the denoised image. The structure of the porous
convolutional neural network is shown in the following figure (Fig. 1):
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Fig. 1. Structure of porous convolution neural network

The network structure includes an input layer, an output layer and a deconvolution
subnet [10–12]. In a convolutional network, the hidden layer of the network is composed
of feature maps. The input layer of the network does not limit the image size, so there
is no need to process the image size. An image containing noise can be input from the
input layer.

After the image is input into the porous convolution neural network, the convolution
check image of (5 × 5) is used for convolution operation, adding bias for the image to
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be sampled to form CI layer. After adding the offset, the network contains 32-bit feature
map, then the number of parameters to be trained is 5 × 5 × 1 × 32 + 32, and then the
convolution kernel is reduced to (3 × 3). On this basis, the number of feature graphs
is increased, and the feature graphs are connected with the feature graphs of the upper
layer to form a C2 layer with 64 feature graphs, and 64 feature graphs are generated
correspondingly. The number of parameters to be trained is 1 × 1 × 64 × 32 + 32. On
the basis of C2 layer generated by deconvolution and operation of CI layer, the size of
convolution kernel is increased to (5 × 5), and the size of output feature map is set to
1. At this time, the output of deconvolution is the denoised image output from network
output layer.

Based on the above-mentioned processing of image spatial structure information and
noise, the feature fusion of image spatial structure depth information is defined according
to the above-obtained image texture features, color features, and shape feature properties,
as shown in the following figure:

In image fusion, starting from point (0, 0), the square of (3 × 3) is used to move
from top to bottom and from left to right. If the structural element is the same as one of
a, B, C, D and E, the value is retained. If it is different, it is abandoned and continues to
fuse.

On the basis of the above image fusion, the similarity measurement of image spatial
structure information is carried out. A feature value is extracted from each image in the
data set, which is recorded as K = {k1, k2, · · · kn} and stored in the porous convolution
neural network.Thedeeper characteristic value of the image to be represented is extracted
and recorded as W = {w1,w2, · · ·wn}. the absolute distance between each point in the
image is measured by Euclidean distance. The calculation formula is as follows:

D(d , g) =
√∑

i=1

h(d − t) (12)

In formula (12),D(d , g) represents the absolute distance between image points in the

multidimensional space,
√∑

i=1
h represents the smaller weight coefficient in the image

point value, and d − t represents the image data set. According to the above calculation,
the image color, shape, and texture features are fused, the fusion result is represented in
a perceptual frame, and the representation of the stored target is activated.

6 Implementation of Feature Extraction of Students’ Ideological
and Political Learning Behavior

On the basis of the detailed representation of the spatial structure information of the above
images, the learner behavior features are extracted, and the temporal action detection
block diagram is as follows (Fig. 2):

The purpose of the timing detection subnet is to extract timing segments that may
have actions. Here, for the feature map of 512 × Long

8 × High
16 × Wide

16 generated by the
feature extraction subnet, the anchor frame mechanism is first used. According to the no
free lunch theorem, the anchor frames are evenly distributed at time L

8 in the domain,



Feature Extraction Method of Students’ Ideological 521

Timing detection subnet

Convolution
feature map

Timing
selection

Time series selection 
of positive and 

negative samples

Feature map 
after

convolution
Start time 
regression

Action
classification

Positive and 
negative
samples

NMS
candidate

area

Pooling layer

Action type Atomic
work Logo action

Fig. 2. Overall block diagram of sequential action detection

each anchor box generates k candidate timing points of different sizes. Then, in order
to obtain the center position offset and the length of each candidate sequence at each
timing point, the spatial feature map of 512 × High

16 × Wide
16 is passed through a 3 × 3 ×

convolution kernel and a 3D pooling layer to 1× 1. Finally output 512× long
8 ×1×1. For

the candidate timing to determine whether it is a positive sample or a negative sample,
use IOU to calculate when determining. IOU is the number of overlaps between the
candidate timing frame and the label. When IOU > 0.7, it is determined as a positive
sample; when IOU < 0.3, Determined as a negative sample.

On this basis, the action classification, the classification process is shown in the
following figure (Fig. 3):

Feature extraction is an important process of human body target detection. The
extraction is represented by vector value and function value. The more vector value
and function value describing the characteristics of the target, the greater the amount of
information, the richer the details and key information, the more sufficient the detected
target is. At the same time, the data dimension will be increased and the calculation
difficulty will be increased. In the feature extraction, considering that different scenes
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Fig. 3. Action classification subnet

extract different surface features, the extracted features are classified to better and faster
targets. For feature description, avoid big data and high-dimensional data, and make
the calculation simple and fast. In human object detection, in order to make the results
intuitive and more in line with human visual characteristics, the features are divided into
two categories, intuitive features and abstract features, as shown in the following figure:

Table 1. Feature classification

Characteristic category Characteristic subclass Examples of features

Intuitive features Pixel features Color and morphological
characteristics

Attitude features Distance, angle, manikin

Action characteristics Speed, direction, trajectory

Abstract features Projection features POI MNU, etc.

Nonprojective features Mcvb, JDH, etc.

Quantitative characteristics of
transformation

Wavenumber transformation

According to Table 1, it can be seen that the features are divided into two cate-
gories: intuitive features and abstract features. There are some sub class features between
them. Among them, the extraction of projection features is to find a linear transforma-
tion according to the target, which can lower the data value and complete the feature
extraction.
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The process of feature extraction plays an important role in the human object mea-
surement. After the processing of the target, the statistical classification of the target
behavior, the human behavior and the interaction between the scene are recognized, and
the human target detection is completed.

The trajectory of the target can be regarded as a directed curve. The trajectory analysis
method is used to reflect the motion path of the moving human body. Firstly, the data set
is used to represent the trajectory direction through the string code. In the l-string code,
the curve points are represented by the direction coordinate points, and the points that
are not in the coordinates are treated with the approximate points, which are used as the
data of the motion trajectory

e = [
(x1, y2), (x2, y2) · · · , xn, yn

]
(13)

Among them, xn, yn represents the coordinate position of themoving target in the nth
frame of the image, and e represents the entire motion trajectory. The obtained motion
trajectory is analyzed and processed, and the formula is as follows:

λ = (xm − ym−1)
2, (xn − yn−1)

2 (14)

On the basis of obtaining the motion trajectory, the corner distance is calculated,
assuming that the coordinate of the motion trajectory is xm − ym−1, the distance is
(xn − yn−1), and λ is the distance of the target point. This calculation does not do
orientation analysis.

In the process of motion trajectory analysis, the analysis of target point distance is an
important feature in trajectory analysis. The premise of understanding human behavior
is to detect and obtain human body trajectory.

Finally, HRG algorithm is used to recognize the target through calculation, and
the human behavior is understood mainly according to the relevant gradient and edge
position in the image. Firstly, the image gradient is calculated, and pixels are divided by
gradient calculation. The gradient calculation formula is as follows:

The main process is as follows (Fig. 4):
The algorithmprocess is shown in the figure.When the image is detected, the gradient

direction of each pixel and the projection cell are calculated, thewindow is evenly divided
into equal intervals, the adjacent pixel values are counted, the cells are normalized, and
the HRG features are collected, And finally complete the test. On this basis, the above
process realizes the extraction of students’ ideological and political learning behavior
characteristics.

7 Experimental Comparison

In order to verify the effectiveness of the feature extraction method of students’ Ide-
ological and political learning behavior based on convolutional neural network, the
experimental comparison is carried out, and the method is compared with the traditional
method, and the accuracy and extraction time of the two methods are compared. The
comparison results are as follows.
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Fig. 4. HRG algorithm process diagram

7.1 Accuracy Comparison of Feature Extraction

The comparison results between the traditionalmethod and the feature extractionmethod
in this study are shown in the following figure (Fig. 5):
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Fig. 5. Comparison of the accuracy of behavior feature extraction

It can be found in the figure that the traditional feature extraction method is extracted
by only 60%, the extraction accuracy is low, and the method of extracting the accuracy
rate can be up to 95%, while the traditional method is less accurate in several experi-
ments. Students ‘thinking of students’ thinking behavior based on convolutional neural
networks.
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7.2 Comparison of Feature Extraction Time

This paper analyzes the feature extraction time between the method and the traditional
method, and the results are as follows (Fig. 6):
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Fig. 6. Feature extraction time comparison

Through the figure above, the extraction time of the reconciled neural network based
on convolutional neural network, the extraction time of the convolutional neural network,
in 4S, the extraction time of the traditional method is within 9.5 s, based on the convo-
lutional neural network, student thinking The extraction time of the learning behavior
feature extraction method is significantly less than the extraction time of the traditional
extractionmethod, which proves the effectiveness of the characteristic extractionmethod
of the study.

8 Conclusion

This paper designs a feature extraction method of students’ ideological and political
learning behavior based on convolutional neural network, and verifies the effectiveness
of this research method through experiments. The reason for the better results of the
method designed this time is that the quality of action extraction has a great influence on
the positioning effect of subsequent actions in the sequential action detection. Improving
the quality of the action extraction in the video helps to improve the overall efficiency of
action timing recognition. However, due to the limitation of research time, the method
of this research still has certain shortcomings. In the follow-up research, the method of
this research needs to be further optimized.
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Research on the Diversity of Technical
Characteristics of Folk Music Classroom

Teaching Based on Network Knowledge Sharing

Liang Lu(B), Jun Zhou, and Yang-bo Wu

Xinyu University, Xinyu 338000, China

Abstract. Aiming at the problem of poor convergence in the research method
of feature diversity of music teaching technology, this paper proposes a research
on the diversity of folk music classroom teaching technology based on network
knowledge sharing. According to the classical viewpoints of international author-
itative organizations and domestic and foreign literatures, the evaluation index
system is constructed. Analytic hierarchy process (AHP) and Delphi method are
introduced to analyze the weight of the evaluation index system. Through network
knowledge sharing, the membership degree of teaching technical characteristics
is calculated, and the diversity of teaching technical characteristics of folk music
is judged. This study makes a comparative experiment on the three methods and
analyzes the diversity of teaching techniques of folk music in the classroom.
Experimental results show that the proposed method has the advantages of stable
application process, short time and good convergence performance.

Keywords: Network knowledge sharing · Folk music · Classroom teaching ·
Diversity of characteristics

1 Introduction

Teaching is a purposeful, planned and organized activity of two-way interaction between
teachers’ teaching and students’ learning. Therefore, before the implementation of teach-
ing work, it is necessary to select the correct content, formulate methods and strategies
in advance, and design carefully according to certain objectives and requirements. In this
sense, design and teaching are inseparable, and it can even be said that they are inborn. In
traditional teaching, instructional design activities are also indispensable. Every teacher
carries out his own “instructional design” consciously or unconsciously in teaching
practice. However, due to the constraints of teachers’ own experience, knowledge level,
educational ideas, teaching conditions and working environment, this kind of design still
can not get rid of the dilemma of experiential teaching design [1].
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Music teaching system is a complex system with multi factors, multi levels and
multi series. Its fundamental purpose is to cultivate students’ emotion, shape students’
sound personality and cultivate teenagers’ all-round development of morality, intel-
ligence, physique, beauty and labor through music teaching. The main elements are
teachers (teaching thought, attitude, ability, knowledge structure, personality), students
(physique, morality, knowledge, ability level), courses (teaching objectives, contents,
methods, evaluation) and conditions (material equipment and technical means), etc. [2].
However, in China’s traditional music teaching technology, teachers pay more attention
to students’ mastery of music theory knowledge and music in time, which leads to the
music teaching classroom is very boring, boring, music teaching also lost the original
teaching significance. At the same time, this teaching method will also limit students’
interest in learning and reduce students’ learning efficiency. Therefore, the research on
the diversity of classroom teaching technology characteristics of folk music can provide
some reference for music teaching research.

2 Research Methods on the Diversity of Technical Characteristics
of Folk Music Classroom Teaching Based on Network Knowledge
Sharing

2.1 Evaluating the Technical Characteristics of Classroom Teaching of Folk
Music

Determine the Evaluation Process of Teaching Technology Characteristics
This evaluation of the technical characteristics of folk music classroom teaching, con-
sidering the types and quantity of factors contained in the technical characteristics of
folk music classroom teaching, introduces AHPmethod and Delphi method to construct
the evaluation index of the technical characteristics of folk music classroom teaching.
And adopt a combination of subjective and objective methods to empower the evalu-
ation indicators established this time to evaluate the technical characteristics of ethnic
music classroom teaching. The basic process of evaluating the technical characteristics
of ethnic music classroom teaching is as follows:

1. Determine the evaluation system of classroom teaching technology characteristics
of national music; 2. Find the supporting system in the evaluation system; 3. Find the
elements of the technical characteristics of folk music classroom teaching; 4. Construct
the evaluation index system of the technical characteristics of national music classroom
teaching; 5. To judgewhether the evaluation index system is in linewith the establishment
principle of evaluation index; 6. When the evaluation index system does not conform
to the principle of establishing the evaluation index, the evaluation index system is
modified, and the step 4 is returned to reconstruct the evaluation index system of the
technical characteristics of folk music classroom teaching; 7. When the evaluation index
system is in line with the establishment principle of evaluation index, the evaluation
index system is quantified and the standardized evaluation index system is obtained;
8. Empower the established evaluation index system and determine the weight of the
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evaluation index system; 9. According to the weight of the evaluation index system,
evaluate the technical characteristics of folk music classroom teaching.

Constructing the Evaluation Index System of Teaching Technology Characteristics
There are many constituent factors in the technical characteristics of folk music class-
room teaching, which is equivalent to a huge system, but the factors in the system are
uneven, which affect the diversity analysis results of the technical characteristics of
folk music classroom teaching. Due to the diversification and modernization of eth-
nic music classroom teaching technology in the development process [3]. Therefore,
the construction of the evaluation index system of the technical characteristics of folk
music classroom teaching must follow the nine principles of systematicness, scientific
rationality, easy operation, relative independence, effectiveness, dynamic comparability,
directivity, independence and simplicity. We should control the evaluation index of the
technical characteristics of the national music classroom teaching in a certain number,
clarify the evaluation index level, and reduce the repetition rate of the evaluation index
information. In order to promote this research, the evaluation index of the characteris-
tics of national music classroom teaching technology constructed has high usability and
index utilization rate.

According to the above analysis, this paper evaluates the technical characteristics
of folk music classroom teaching, and selects the evaluation index from the classic
point of view of international authoritative institutions. Combined with the domestic and
foreign literature, this paper constructs the evaluation index system, analyzes whether
the constructed evaluation index system conforms to the establishment principles of the
evaluation index system, and deletes the evaluation indexes that cannot obtain data or
are difficult to quantify. The establishment process of the evaluation index system is as
follows:

1. By means of frequency statistics, data collection and theoretical analysis, the
preliminary evaluation index system is constructed; 2. The cluster analysis method is
introduced to evaluate the index categories; 3. Factor analysis method is introduced
to screen evaluation indexes; 4. Improve the evaluation index; 5. Eliminate redundant
indicators; 6. Build the evaluation index system.

Based on the evaluation index system establishment process of the above design,
after screening, the final evaluation index system is determined, as shown in Table 1.

Determine Factor Set
Based on the evaluation index of classroom teaching technology characteristics of
national music shown in Table 1, it can be determined that there is a certain subor-
dinate relationship between the factors of classroom teaching technology characteristics
of national music. Therefore, the evaluation index of the technical characteristics of folk
music classroom teaching shown in Table 1.

Standardization of Evaluation Index
The construction of the evaluation index system of the technical characteristics of folk
music classroom teaching, the collection of evaluation index data from different sources,
can be roughly divided into Baidu search, field visits, questionnaires, field surveys and
other ways. Therefore, in the study, there are big differences in the index data used,
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Table 1. Evaluation index system of teaching technology characteristics

First level indicators Secondary indicators Third level indicators

The characteristics of classroom
teaching technology of national
music X

Teaching preparation A Teaching plan quality A1

Teaching Aids A2

Teaching objectives B Teaching core B1

Target setting B2

Content of courses C Textbook organization C1

Teaching focus C2

Team teaching C3

Teaching methods D Teaching form D1

Teaching method D2

Teacher student interaction D3

Organizing teaching D4

Quality of teachers E Demonstration capability E1

Teaching instrument E2

Language expression E3

Blackboard design E4

teaching effectiveness F For all F1

Emotional development F2

Organizational capacity F3

which affect the diversity research results. Therefore, according to the linear relationship
between the index data, the index data is standardized. For this reason, assume that there
is a linear relationship between the collected index data of the established evaluation
index, and the mean value of the index data is X , then the standardized value Z of the
index data is:

Zi = Xi − X

σ
(1)

(1) Where, Zi is the standardized value of the i-th index data; Xi represents the i-th
index data; σ is the standard deviation of index data [4].

(2) The standardized value and standardized data obtained by formula will have
complex number and decimal number, which will affect the comparison result of index
data. Therefore, it is necessary to eliminate the complex number and decimal number
after the standardization of index data. The results are as follows:

Zi = 50 + Xi − X

10σ
∗ 100 (2)
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According to formula (1) and formula (2), the processed data can be used as the
evaluation of national music classroom teaching technical characteristics index data.

Analysis and Evaluation Index Weight
The analysis of the evaluation index weight in the evaluation index system shown in
Table 1 is to determine the influence of each evaluation index in the evaluation index
system on the technical characteristics of folk music classroom teaching, and sort these
indexes according to the influence, so as to provide a strong guarantee for the evaluation
results. Therefore, AHP and Delphi method will be introduced to analyze the weight of
evaluation index system. Therefore, according to the AHP method, an evaluation index
is assumed to be associated with n evaluation indexes. Where C is the importance of
the evaluation index, and cij is the comparison result of the i first level index and the j
second level index. At this time, cij is quantified. The results are as follows:

cij =
⎧
⎨

⎩

1 If index i is more important than index j
0 If index i and index j are equally important
−1 f index j is more important than index i

(3)

In addition to the comparison between the two factors, it is also necessary to deter-
mine the evaluation index, which has an impact on the technical characteristics of folk
music classroom teaching..

According to Delphi method, the function variable of an index is defined as S, is used
to reflect the change of influence difference of evaluation index. At this time, regard the
importance of the index as an independent variable stimulus and define it as r; The
function of indicators in the evaluation system of teaching technology characteristics
can be regarded as the dependent variable of people’s perception, and defined as s [5,
6]. Then the functional relationship between r and s can be expressed as follows:

s = p lg

(
ri
rj

)

(4)

Synthesizing formulas (3)~(4), the objective judgment matrix for establishing the
importance of indicators is:

R = [
rij

]

n×n (5)

According to the above calculation process, the evaluation indexes in the diversity
evaluation system shown in Table 1 are calculated according to the above calculation pro-
cess, and sorted according to the importance of the indexes according to the calculation
results. The sorting results are shown in Table 2.

In Table 2, the number 1 indicates that the former is more important than the latter;
The number 0 indicates that the two indicators are of the same importance; The number
−1 indicates that the former indicator is less important than the latter.

According to the results of comparison and ranking shown in Table 2, the evaluation
indexes in Table 1 are all ranked in the way shown in Table 2, that is, the weight
comparison of evaluation indexes is completed, and the technical characteristics of folk
music classroom teaching are evaluated according to the comparison results.
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Table 2. Evaluation index comparison judgment matrix

Preparation Preparation Target Means Quality Effect

Preparation 0 1 1 1 1 1

Target 0 −1 1 1 1

Content 0 −1 1 1

Means 0 −1 1

Quality 0 −1

Effect 0

2.2 Calculating the Membership Degree of Teaching Technology Characteristic
Index

Fuzzy mathematics theory is used to calculate the membership degree of the techni-
cal characteristics of national music classroom teaching. The value must be any value
between [0, 1]. For this reason, suppose that evaluation index u of any level belongs to
evaluation index set X, and given evaluation index set X, the mapping μO on interval
[0, 1] is as follows:

μO : X → [0, 1] μ|→μO(x) (6)

Where, μO is the membership function of evaluation factor O, and μO(x) is the
membership function of evaluation factor O [7]. According to the membership degree
of the technical characteristics of folk music classroom teaching determined by formula
(6), we can use the network knowledge sharing technology to judge the diversity of the
technical characteristics of folk music classroom teaching.

2.3 Judging the Diversity of Technical Characteristics of Folk Music Classroom
Teaching Based on Network Knowledge Sharing

Based on the above content, to determine the diversity membership degree of the evalu-
ation results of the technical characteristics of folk music classroom teaching, we need
to use the network knowledge sharing model to judge the diversity of the technical
characteristics of folk music classroom teaching. To this end, taking the organizational
knowledge subject as the node and the knowledge similarity between subjects as the
edge, the network knowledge sharing model is expressed:

GP = (
P,EPi−Pj

)
(7)
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In the formula,P represents the collection of knowledge subjects of the organization,
that is, the classroom teaching technology of folk music; EPi−Pj represents the set of
edges, that is, the technical characteristics of folk music classroom teaching;

(
Pi,Pj

)

indicates the knowledge connection between knowledge subject Pi and Pj [8].
According to (7), we need to use the knowledge semantics in the network knowledge

sharing model to express the diversity of the teaching technology and characteristics of
folk music classroom. To this end, the following two-tuple K is used:

K = {(m1, s1), (m2, s2), · · · , (mn, sn)} (8)

In the formula, m1,m2, · · · ,mi, · · · ,mn means meta knowledge with semantic
relationship, that is, the technical characteristics of folk music classroom teaching;
s1, s2, · · · , si, · · · , sn represents the weight value of the corresponding knowledge ele-
ment in the organization or subject knowledge, that is, the weight of the evaluation index
factors in the technical characteristics of folk music classroom teaching [9].

At this time, combinedwith (7) and (8), combinedwith the evaluation indexmember-
ship degree in the technical characteristics of folk music classroom teaching calculated
by (6), the similaritymeasure of knowledge, that is, the similarity between characteristics
and diversity, is calculated, so as to judge the diversity of the technical characteristics of
folk music classroom teaching.

Therefore, taking the semantic pattern of organizational knowledge as the standard,
the vector space dimension is established, under which the semantic pattern of each
subject is extracted to form a group of vectors, and the knowledge similarity between
subjects is calculated by VSM. Therefore, the knowledge subject i is denoted as Pi,
and the knowledge subject j is denoted as Pj. Suppose KPi is the weight vector of Pi

knowledge element extracted according to Sect. 1.1.5, and the weight vector KPj of Pj

knowledge element can also be extracted. Then the knowledge similarity of Pi and Pj

can be represented by the inner product θ of these two vectors:

sim
(
Pi,Pj

) = KPi · KPj

|KPi| × ∣
∣KPj

∣
∣

=

n∑

k=1
siksjk

√
n∑

k=1
s2ik ×

√
n∑

k=1
s2jk

(9)

The larger the calculated value of the formula, the greater the similarity of knowl-
edge between the two subjects, which means that the ethnic music classroom teaching
technical characteristics belong to the diversity of its membership; On the contrary, the
smaller the knowledge similarity between the two subjects, it means that the national
music classroom teaching technology characteristics do not belong to the diversity of its
membership [10].

3 Experiment and Analysis

In order to verify the research method of the diversity of the technical characteristics
of folk music classroom teaching, comparative experiments will be used to verify the
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research method of the diversity of the technical characteristics of folk music classroom
teaching.And the researchmethods of the diversity of the technical characteristics of folk
music classroom teaching in this study are recorded as experimental groupA, and the two
groups of traditional research methods of the diversity of the technical characteristics of
folk music classroom teaching are recorded as experimental group B and experimental
group C respectively.

3.1 Experimental Preparation

In this experiment, a regional school’s national music major is selected as the research
object. There are four year groups in this major, with an average of three classes in each
year group and an average of 30 students in each class. A total of 12 classes with 360
students are taught by four teachers, each of whom teaches folk music to three classes
on average. In the process of folk music classroom teaching, there are some differences
in the teaching techniques and modes of the four teachers, and there are also some
differences in teaching students of different grades.

Based on the above content, the determined experimental objects and the experi-
mental data collected in this experiment are shown in Table 3.

Table. 3 Experimental data

Year group Teacher class Teacher 1 Teacher 2 Teacher 3 Teacher 4

A year Class one
√

Class two
√

Class three
√

Two years Class one
√

Class two
√

Class three
√

Three years Class one
√

Class two
√

Class three
√

Four years Class one
√

Class two
√

Class three
√

Note: “
√
” refers to the class taught by the teacher

According to the class taught by the teacher shown in Table 1, the teaching process
of folk music in each class is recorded respectively, with a total of five lessons recorded
as a chapter of folk music teaching, lasting 200 min. During the recording, the four
teachers taught the same content in each grade.

At this point, we can use the above content, the design of experimental data, as
the research method of the diversity of national music classroom teaching technology
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characteristics, the research object. Using three groups of research methods on the diver-
sity of teaching technology characteristics of folk music classroom, this paper analyzes
the diversity of teaching technology characteristics of four folk music teachers in the
classroom.

3.2 Experimental Result

The First Group of Experimental Results
Based on the experimental data of this experiment, three groups of diversity research
methods selected in this experiment are used to analyze the experimental data of this
experiment design, which shows the diversity. In this group of experiments, in order to
reduce the difficulty of the experiment, in this experiment, each teacher’s grade is taken
as a group. Statistics of three groups of diversity research methods, analysis of each
teacher, teaching folk music classroom teaching technical characteristics of diversity
time, the experimental results, as shown in Table 4.

Table 4. Analysis time of teaching technology diversity

Method Teacher Analysis time/s Average time/s

Experimental group A Teacher 1 1.6 1.50

Teacher 2 1.2

Teacher 3 1.3

Teacher 4 1.9

Experimental group B Teacher 1 5.3 4.95

Teacher 2 5.5

Teacher 3 4.2

Teacher 4 4.8

Experimental group C Teacher 1 11.3 10.85

Teacher 2 11.6

Teacher 3 9.4

Teacher 4 11.1

It can be seen from Table 4 that the average time required for each teacher in group
C to teach the diversity of classroom teaching technical characteristics of ethnic music
is 5.9 higher than that in group B and 9.35 higher than that in group A, and the time
required to study the diversity of classroom teaching technical characteristics of ethnic
music is the longest; The average time for each teacher in groupB to teach the diversity of
technical characteristics of folkmusic classroom teachingwas 3.45 times higher than that
in group A. Although the time needed to study the diversity of technical characteristics
of folk music classroom teaching is better than that of experimental group B, it is lower
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than that of experimental group A. It can be seen that it takes a short time to analyze the
diversity of technical characteristics of folk music classroom teaching with the research
method of diversity of technical characteristics of folk music classroom teaching.

The Second Group of Experimental Results
Based on the results of the first group of experiments, the second group of experiments
is carried out to verify the three groups of methods and analyze the convergence perfor-
mance of the diversity of the technical characteristics of folk music classroom teaching.
Change the analysis time of the diversity of the technical characteristics of folk music
classroom teaching, calculate three groups of methods to analyze the diversity error E of
the technical characteristics of folk music classroom teaching. The calculation formula
is as follows:

E = q

Q
× 100% (10)

(10) Where q is the result of diversity analysis; Q is the total number of technical
features of folk music classroom teaching. At this time, MATBAL software is used to
record the diversity of technical characteristics of folk music classroom teaching, view
three groups of methods, and analyze the diversity error of technical characteristics of
folkmusic classroom teaching. The changes over time are used to verify the convergence
of the three sets of methods. The experimental results are shown in Fig. 1.
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Fig. 1. Convergence performance comparison of three methods

As can be seen from Fig. 1, with the increase of time, the convergence performance
of the three groups of methods to analyze the diversity of the technical characteristics
of folk music classroom teaching, and the resulting analysis error have decreased to a
certain extent. However, the convergence performance of group B is the worst. When



Research on the Diversity of Technical Characteristics 537

the time is close to 20 s, the data error remains stable and nearly zero; The experimental
group A has the best convergence performance, and the analysis error converges rapidly
within 0.5 s. It can be seen that the research method of the diversity of the technical
characteristics of the national music classroom teaching in this study, the analysis of the
diversity of the technical characteristics of the national music classroom teaching, the
process is stable, and has a better convergence performance.

4 Conclusion

This paper studies the diversity of the technical characteristics of folk music classroom
teaching methods, making full use of network knowledge sharing technology to judge
the diversity of the technical characteristics of folk music classroom teaching. However,
the diversity of research methods in this study did not consider the influence of students
on the technical characteristics of folkmusic classroom teaching. Therefore, in the future
research, we need to further study the student factors in the technical characteristics of
folk music classroom teaching, further judge the technical characteristics of folk music
classroom teaching, the diversity of subordinate, pay attention to individual differences,
and pay attention to the diversification of evaluation indicators.

Fund Projects. Youth project of Humanities and social sciences research in Colleges and uni-
versities of Jiangxi Province: Research on the music form of “Quanfeng lantern” in Northwest
Jiangxi (NO. YS20206).
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Abstract. The parameter adaptation of digital PI regulator of synchronous motor
has great influence on the production and use of current electric and mechanical
equipment. In order to optimize the effect of synchronous electric digital reg-
ulator, a method of parameter adaptive determination of digital PI regulator of
synchronous motor is proposed, which improves the process of setting parameters
in continuous domain. The adaptive parameters of digital PI regulator of syn-
chronous motor are collected and analyzed by discretization method. The sam-
pling time and phase angle lag parameters caused by zero order maintainer are
eliminated. The mathematical model of parameters of digital PI regulator of syn-
chronous motor is established, and the discrete model diagram of closed-loop
synchronous motor is obtained. The time domain performance index is converted
into the open loop frequency domain characteristic quantity by engineering expe-
rience and the PI regulator parameters are calculated analytically in the domain.
Simulation results show that the adaptive determination method of digital PI reg-
ulator of synchronous motor meets the design requirements. The overshoot is less
than 5% and the adjustment time is about 1.92 s. The research shows that the
method can provide reference for the parameter setting of digital PI regulator of
synchronous motor.

Keywords: Synchronous motor · Regulator · Self-adaptive

1 Introduction

In recent years, PI regulator parameter adaptation has made great progress both in theory
and technology, and has become a very active and fruitful branch in the field of automatic
control. Its typical application involves many aspects of production and life. At present,
the level of industrial automation has become an important symbol to measure the
modernization level of all walks of life. The development of parameter adaptation of
synchronous motor digital PI regulator has also gone through three stages: classical
control theory, parameter adaptation theory of synchronous motor digital PI regulator
and intelligent control theory. Automatic control can be divided into open-loop control
system and closed-loop control system. Synchronous motor has the advantages of high
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power factor, high efficiency, high power density and wide speed range, which has been
widely used in industry. At the same time, synchronous motor control technology is
also constantly improving and perfecting [1]. The double closed-loop vector control
synchronous motor based on digital PI regulator is easy to realize and has good control
effect, which has been widely used in engineering. In order to better guarantee the
operation effect of synchronous motor, the optimization research of adaptive parameter
determination method of synchronous motor digital PI regulator is proposed to obtain
higher synchronous motor acceleration, Stable torque can be obtained, so it is widely
used in high-performance speed control synchronous motor, and the most commonly
used control method is double closed loop PI regulation [2]. At present, there are many
methods to adjust the parameters of PI regulator, such as adaptive PID, fuzzy control,
etc. the control design of these methods is too complex. Based on this, according to the
classical engineering designmethod of PI regulator, combined with the characteristics of
digital control synchronous motor, the high performance design requirements of current
loop and speed loop are optimized. In this paper, a PI parameter design technique for
double closed-loop control of synchronous motor is proposed, which fully considers
the problems of synchronous motor loop width, sampling period, motor time constant,
regulator parameters and their constraints. The parameter adaptive accuracy of digital
PI regulator of synchronous motor is verified by experiment. The experiment proves
that the parameter adaptive determination method of digital PI regulator of synchronous
motor has high application value [3].

2 Synchronous Motor Digital PI Controller Parameter
Self-adaptive

2.1 Parameter Identification Analysis of Synchronous Motor Digital PI
Regulator

Multivariable parameter tuning of synchronous motor is very complicated, but its theory
research is very fast. Based on the research results, the optimization design of digital
PI controller parameters is proposed. Combined with the current popular method of
multi-variable PID parameter tuning, the multi-variable data of correction factor and Hu
Jinxing PI regulation, assume the discrete form of multi-variable PI regulator used in
the closed loop of synchronous motor is as follows:

u(k) = KPe(k) + KI

k−1∑

i=0

e(i) + KD[e(k) − e(k − 1)] (1)

The PI regulator in frequency domain is used to identify the parameters of the simple
control object, and the PID time domain measured data is used to identify the parame-
ters. There are many parts in the synchronous motor controlled by the synchronous wind
turbine converter and its regulator, which can easily affect the parameter identification
effect of the synchronous motor digital PI regulator. Therefore, the parameter identifi-
cation law of the synchronous motor digital PI regulator is specifically studied based on
the directly measurable input/output data in time domain. The identification law of the
synchronous motor digital PI parameter is shown in Fig. 1:
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proport ion

integral

x(t) y(t)
PI parameter

Fig. 1. Identification law of digital PI parameters for synchronous machines

It is difficult to adjust the PI parameters for the multi-variable synchronous motor
with strong coupling, and the control parameters can only be compromised between the
coupling parameters. Some data (digital quantity) of the actual input and output signals
are collected at the communication interface of the PI regulator. If the input value is x
(t), the output value is y(t), and d is a digital quantity, and the proportional coefficient
kp and the integral coefficient k1 are the parameters to be identified, then:

y(t) = u(k)KP

[
x(t) + 1

K1

∫ t

0
x(t)dt

]
(2)

Set the sampling interval to t. According to the sampling theorem, when the sampling
frequency of data is very high, there is a discrete form:

y(k) = KP

[
x(k) + 1

KI
�ts

k∑

0

x(k)

]
(3)

When the input values of successive test points are unchanged, x(k) = x(k − 1) =
x(k − 2) = · · · , such as:

y(k)′ = KP

⎡

⎣x(k) + 1

KI
�ts

k∑

0

x(k)

⎤

⎦ = KP

⎡

⎣x(k − 1) + 1

KI
�ts

k−1∑

0

x(k − 1)

⎤

⎦ + KP

KI
x(k)�t

(4)

y(k − 1) = KP

[
x(k − 1) + 1

KI
�t0

k−1∑

0

x(k − 1)

]
(5)

The classical PI regulator directly controls the controlled object in closed loop, and
the three parameters Kp, Ki, Kd of the regulator are adjusted online. According to the
operation state of the synchronous motor, the parameters of the PI regulator are adjusted
in order to achieve the optimization of some performance index, so that the output state of
the output layer neuron can pass the self-learning and weighting coefficient of the three
adjustable parameters Kp, KI , Kd of the PI regulator Adjust the output to correspond to
the parameters of PI regulator under some optimal control law[4–6]. When the input of
two consecutive measuring points is 0 and the input and output of subsequent measuring
points are respectively x(j), y(j), there are:

y(j − 1) = KP

⎡

⎣x(j − 1) + 1

KI
�t0

j−1∑

0

x(j − 1)

⎤

⎦ = KP

K1
�t0

j−1∑

0

x(j − 1) (6)
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The above formula determines the structure of multivariable PI regulator. Each coef-
ficient matrix is composed of coarse adjustment part and adjustable correction factor
(fine adjustment) which are determined by the characteristics of the object [7]. The
coarse adjustment part can be determined by synchronous motor identification, and the
expert correction method is used to adjust the correction factors online. The relationship
between output step response mode and correction factor γI , εI , δI is described by pro-
duction rule, and these modes are characterized by decay rate, overshoot, rise time and
vibration period. A unified correction formula for various modes is proposed:

⎧
⎨

⎩
P(n) = P(n − 1)

[
1 + sgn

(
1∑

i=1
swei

)
e−(n+1)/2

]

swei = si × wi × ei

(7)

Further, the speed control structure block diagram of the motor is built according to
the identifiability calculation method and steps, as shown in Fig. 2.

Computershiy

PI0
+

A/D Experimental 
motor

A/D

-

Speed measurement

Input / output digital signal 
measurement  channel

Fig. 2. Structure block diagram of PI data measurement

Furthermore, the gradient method is used to adjust the parameters of PI regulator
online through weights. When the coupling of synchronous motor is serious, the multi-
variable PI regulator structure composed of a single motor is needed. In order to achieve
better control effect of PI regulation, it is necessary to adjust the three control functions
of proportion, integral and differential to form the relationship of mutual coordination
and mutual restriction in the control variables. This relationship is not necessarily a
simple “linear combination”, and the best one can be found from the infinitely variable
nonlinear combination [8, 9]. With the ability of arbitrary nonlinear expression, the opti-
mal PI regulation can be realized by learning the performance of synchronous motor,
so that the three parameters of PI regulator can be adjusted to the optimal parameters
online, and the method of parameter self-learning of PI regulator is established [10].

2.2 Adaptive Control Algorithm of Synchronous Motor

According to the control theory of synchronousmotor, synchronousmotor has sinusoidal
back EMF waveform, and its stator voltage and current should also be sinusoidal [11].
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Assuming that the motor is linear, its parameters do not change with temperature and
other external conditions, ignoring the hysteresis and eddy current loss, the rotor has no
damping winding [12]. According to the stator voltage vector equation of synchronous
motor in rotating coordinate system in two-phase winding, the stator voltage equations
of two components of synchronous motor on shaft are obtained

[
Vd

Vθ

]
=

[
Rs 0
0 R0

][
Id
Iq

]
+

[
p −ωz

ωr p

][
�d

�q

]
(8)

Rs and R0 are the components of stator voltage vector

[
Id
Iq

]
of synchronous motor;

ωz is the angular velocity of rotor rotation; ωz is the component of field oriented control

value

[
�d

�q

]
of synchronous motor. As long as the actual Id , Iq is equal to the given

�d , �q, it meets the requirements of actual control [13]. In the actual control, the current
injected into the motor stator and detected from the stator is three-phase current, so the
coordinate transformation must be carried out [14]. Because the coordinate system is
the rotating coordinate system of the stator on the motor rotor, in order to realize the
coordinate transformation, the position of the motor rotor must be detected in real time
in the control, and the double closed-loop structure of synchronous motor field oriented
control is constructed:

PI PI

PI

SVPWM

Three phase 
rectifier 
inverter 
circuit

Pos ition detection speed detection PMSM

d, q

a, β

d, q

a, β

a, β

a,b,c

Three phase al ternating 
current

Photoelectric coded signal

Fig. 3. Double closed loop control of synchronous motor field orientation

As shown in the Fig. 3, the design starts from the inner ring and gradually expands
outward. Starting from the current loop, the current regulator is designed. The current
loop is regarded as a link in the speed regulating synchronous motor, and then the
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speed loop is designed. The function of the current loop is to improve the speed of
the synchronous motor, restrain the internal interference of the current loop, and limit
the maximum current to ensure the safe operation of the synchronous motor [15]. The
function of speed loop is to enhance the ability of synchronous motor to resist load
disturbance and restrain speed fluctuation. In the PI regulator parameter tuning, the
data is collected in the offline working mode, so when the synchronous motor structure
changes, the data can not be updated online, so it is necessary to re collect data for tuning
[16]. This paper presents a feasible method which can be better extended to the nonlinear
synchronous motor, that is to expand the original PI regulator off-line database. At each
sampling time, the data of the current process is added to the original offline database,
so the data node of the current PI regulator will be covered by the extended database.
Then, at each sampling time, the extended database can be used to adjust the parameters
of the regulator [17]. In order to achieve this goal, the distance definition is used to select
the closest I group of data which is consistent with the current process conditions in the
expanded database

di = ‖x(k − 1) − xi‖ (9)

Among them, xi = [y(i)u(i)]T is a group of I / O data of the current data node. In the
current database, m x which is closest to X (k − 1)) are selected as the relevant data of
the current PI regulator database to set the regulator parameters at the current sampling
time. When the PI regulator database is further updated by the last data node, the above
design process is repeated [18]. When the structure of synchronous motor changes,
it is unreasonable to reset the pseudo gradient estimation value to the initial value of
pseudo gradient. The pseudo gradient estimation value of synchronous motor is reset to
the adaptive parameter of PI regulator, and the pseudo gradient value is reset by using
the database. But at this time, the database is composed of m groups of synchronous
motor I/O data close to the current data node, so as to ensure the PI regulator parameters
Adaptive processing effect [19].

2.3 Test of PI regulator’s Self-adaptation

On the basis of parameter tuning ofmultivariable PI regulator based on genetic algorithm,
the operation parameters of PI regulator are predicted based on particle swarm optimiza-
tion algorithm, and the controlled multivariable synchronous motor is transformed into
several multi input and single output sub synchronous motors, thus the control problem
of multivariable synchronous motor is transformed into several single output sub syn-
chronous motor control problems The prediction model predicts the output of the sub
synchronous motor, and then uses the particle swarm optimization algorithm to adjust
the parameters of the PI regulator.

As shown in the Fig. 4, the feedback of the hidden layer nodes of the feedforward
network to the nodes of the previous layer or the self-feedback to the nodes of this layer
belongs to local connection recursion. In the application, firstly, it simplifies the network
structure of multilayer feedforward network and reduces the number of nodes, thus over-
comes the problem that the dynamic modeling of multilayer feedforward network turns
into static modeling. Real-time control is one of the key problems in the application
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Fig. 4. Synchronous motor PI controller parameter control structure

of PI controller for synchronous motor. Therefore, the PI controller needs less net-
work computation and is more suitable for real-time control and adaptive processing.
Diagonal recursion is the simplest local interconnection recursion from the structure of
synchronous motor PI regulator. It is easy to construct training algorithm, and the hidden
layer node has self-feedback connection. Compared with the standard feedforward net-
work, DRNN has the same input/output and implicit cell, but the implicit cell of DRNN
has self-feedback. The dynamic mapping and memory function of DRNN is realized
by recursive neuron capturing the dynamic characteristics of synchronous motor in the
inner feedback loop. Compared with fully connected RNN implicit cells, there is no
mutual information exchange between them, so the model is greatly simplified and the
adaptive speed is guaranteed. In order to implement complex control conveniently in
practical engineering, a high order regulator approach using multivariable PI regulator
is presented. By adjusting a design parameter reflecting closed-loop, robust stability
and time-domain performance of synchronous motor, multivariable PI regulator can be
obtained. The main idea is to design a full order H regulator for the original synchronous
motor by loop forming H method, and then reduce the order of the regulator on the basis
of the closed-loop synchronous motor. Based on the control structure shown above, the
standard adaptive form of the multivariable PI regulator is as follows:

D(s) = U (s)

E(s)
=

⎡

⎢⎢⎢⎣

d1(s)
d2(s)

. . .

dn(s)

⎤

⎥⎥⎥⎦ (10)

The multi-variable PI regulator tuned by the above method is very simple, which is
equivalent to selecting the parameters of each loop, and the tuned parameters are high
efficient and clear.

3 Analysis of Experimental Results

In order to verify the dynamic and steady-state performance of the proposed method,
it is proved that the proposed method is effective. In order to ensure the accuracy of
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the experiment and avoid the difference of the experimental results under the influence
of different experimental environment and parameters, the experimental parameters are
first standardized, and the specific parameters are shown in the Table 1.

Table 1. Operation parameter specification of synchronous motor

Parameter Numerical value

Rated power/kW 7.5

Rated cabinet TL/N·m 17.5

Direct axis inductance L d/H 0.010 96

Quadrature axis inductance Lq/H 0.012 44

Polar logarithm p 5

Moment of inertia J/(kg · m2) 0.285

Friction coefficient B 0.000 3

Rotor flux amplitude �f/WB 0.233 9

Winding resistance R/	 0.29

Sampling frequency/Hz 5000

Current loop regulation period T/S 0.000 2

Speed ring regulation cycle T/S 0.004

Because the PI regulator always operates under certain interference conditions, in
order to verify the authenticity of PI parameter identification results, interference test is
applied to the experimental platform, and the test site is selected in the EMC laboratory
of automation equipment of State Grid Corporation of China (the designated unit of
power equipment access test). In the test, pulse group interference test and oscillation
wave interference test are carried out, which are the tests that must be passed to test the
power control device. Based on this, the traditional method and the experimental results
of this method are compared and recorded. In the experiment, the input and output data
of IP operation under these two conditions are measured respectively. The restoration
results of output data under the condition of pulse group interference test are shown in
the table. The restoration results of output data under the condition of oscillation wave
interference test are shown in the Tables 2 and 3.

In the process of experiment, the result of data recovery test is the same as that of
the test without interference, and the calculated value of individual data is different from
the measured value, because of the program setting of digital PI. Based on theoretical
analysis and several prototype experiments, 4 pairs of pole surfacemounted synchronous
motor with 1.1 kW, 220 V, 200 Hz, rated speed of 3000 rgrain, rated torque of 3.5 n · m
and rated current of 3 A are selected. The parameters are as follows: stator resistance
2.875 Q, l = 8.5 MH; moment of inertia 0.000 8 kg · m2; PWM wave carrier frequency
5 kHz, current loop filtering time 40 PS, speed loop filtering time 2 ms. According to the
above PI regulator parameter design method, the proportional parameter k0 of current
loop is 17.708, the integral parameter k1 is 5989.58; the time constant r of speed loop is
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Table 2. Comparison of calculated output and actual output under the condition of pulse group
interference under the traditional method

Serial number input Actual output Calculation output Is it equal

0 0.000 105.175

1 0.000 104.182

2 −0.025 111.170 142.106 yes

3 −0.025 102.190 142.101 No

4 0.010 131.156 151.103 Yes

5 0.010 124.570 151. 105 No

6 0.010 133.082 150. 107 No

7 0.030 126.045 161. 103 Yes

8 −0.035 131.026 139.107 No

9 0.010 105.500 155.105 Yes

10 0.010 105.052 154.103 Yes

Table 3. Comparison between calculated output and actual output under the condition of pulse
group interference

Serial number input Actual output Calculation output Is it equal

0 0.000 185.181

1 0.000 185.181

2 −0.025 184.176 184.176 Yes

3 −0.025 184.171 184.171 Yes

4 0.010 185.573 185.573 Yes

5 0.010 185.575 185.575 Yes

6 0.010 185.577 185.577 Yes

7 0.030 186.383 186.383 Yes

8 −0.035 183.776 183.776 Yes

9 0.010 185.578 185.578 Yes

10 0.010 185.580 185.580 Yes

0.09, the proportional parameter kn is 0.023. The waveform obtained in the experiment
is shown in Fig. 5

Because the digital quantity of data in the experiment is directly connected to the
computer through the communication interface, the accuracy of data acquisition is high.
Using this data can accurately calculate a and b, and can accurately identify the param-
eters of PI regulator even under interference conditions. This experiment provides a
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Fig. 5. Analysis of experimental results

method reference for high precision acquisition of input and output digital signals. There
are many PI regulators in the control of synchronous motor. In the study of parameter
identification of synchronous motor, the given PI regulator parameters can be taken as
known conditions, which greatly simplifies the complexity of the problem. The results
show that the regulator parameters designed by the above method can well meet the
control performance of synchronous motor.

4 Conclusion

The method of PI regulator parameter tuning is studied, which includes two aspects.
On the one hand, the single variable PI parameter tuning is studied, including the PI
parameter tuning using genetic algorithm, wavelet and linear matrix inequality method
in robust control theory. The specific design steps are given. On the other hand, the online
tuning method of multivariable PI parameters is studied, and the main methods of multi-
variable PI parameters tuning and the specific design of the algorithm are described. On
the basis of diagonal recursion, the quasi diagonal recursion multivariable PI parameters
tuning is proposed. On the basis of analyzing the mathematical model of synchronous
motor, the driving model of synchronous motor with rotor field oriented vector control
is established Dynamic synchronous motor model. Aiming at the double closed-loop
structure of full digital high-power synchronous motor with field oriented control. The
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transfer function models of current loop and speed loop are established. According to
the engineering design method of PI regulator, a design criterion and method of control
parameters of digital PI regulator are given. The experimental results show that the adap-
tive parameter determination method of synchronous motor digital PI regulator achieves
good control effect and has certain application value.

Fund Projects. Hunan Natural Science Foundation Project (2020JJ4558, 2018JJ2367,
2020JJ5519), Hunan Science and Technology Department Science and Technology Project (2016
TP1023).
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Abstract. There is a certain correlation between the regional education scale and
the local economy, but the factors considered in the existing analysis of the rela-
tionship between regional education and economic fluctuations are not compre-
hensive.Moreover, the data used in the analysis process is relatively old and cannot
reflect the current relationship between education and the economy. So this paper
studies the simulation method of the coordination relationship between regional
education scale fluctuation and economic fluctuation based on cloud computing.
This study extracts the characteristics of regional education scale fluctuations and
economic fluctuations in advance, and then uses cloud computing technology to
establish a comprehensive analysis model, and uses the model to simulate the
coordination between the two. Experimental test results: compared with the two
traditional coordination relationship simulation methods, the simulation method
of this study is not affected by the fluctuation of education scale and economic fluc-
tuation. Considering the fluctuation coordination relationship from many aspects,
the simulation results are more close to the expected value in the near future.

Keywords: Cloud computing · Regional education scale fluctuation · Economic
fluctuation coordination · Relationship simulation

1 Introduction

In the huge education system, the relationship between education and economic devel-
opment is the most close. Regional economy provides material security and financial
support for education and promotes the development of vocational education. Vocational
education indirectly promotes economic growth by cultivating labor force and improv-
ing labor productivity. There is a complex two-way interactive relationship between
education and regional economy. In the past, researches on the relationship between
vocational education and regional economy were mostly single-dimensional [1, 2].

The development of higher education and economic development both promote and
restrict each other. For a country or region, the development of higher education can pro-
mote short-term economic growth and long-term development, while being restricted
by the stage and level of local economic development. If higher education lags behind
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the level of economic development, the long-term economic development and social
progress will lose the fundamental basis of human resources; if higher education is too
far ahead of the level of economic development, it will also cause a waste of social
resources and bring about the quality of higher education Decline and difficulties in
finding employment for college graduates. Therefore, for a country or region, the devel-
opment level of higher education should be basically adapted to the level of economic
development. This adaptation is the coordination referred to in this article.

In order to solve the relationship between multi-level education and regional econ-
omy, this study proposes a coordination relationship simulation method based on cloud
computing. Cloud computing is a new network computing mode, which can provide
various services to various network applications. It has the technical characteristics of
rapid scalability, high scalability, quality assurance, security, storage and calculation
of massive data [3, 4]. Therefore, the mechanism and technical characteristics of cloud
computing are fully utilized to simulate the tonal relationship between regional education
scale fluctuation and economic fluctuation.

2 Simulation of Coordination Relationship Between Regional
Education Scale Fluctuation and Economic Fluctuation Based
on Cloud Computing

2.1 Extract the Fluctuation Characteristics of Regional Education Scale

There are many forms of higher education, such as graduate education, general college
education, adult college education, network college education, higher education self-
study examination and so on. The statistical indicators related to the number of students
mainly include the number of students enrolled, the number of students in school and
the number of graduates. This paper chooses the number of students who are receiving
graduate education and general college education to describe the scale of China’s higher
education. The index data of this paper are all selected from the statistical literature of
Chinese government departments, and the specific data are shown in Table 1.

Table 1. Scale of higher education in China (2010–2019)

Particular year Total number of students in school (10000
students)

Gross enrollment rate (%)

2015 3647 40.00

2016 3699 42.70

2017 3799 45.70

2018 3833 48.10

2019 4002 51.60

According to the statistics in Table 1, the scale of higher education in China has
been on the rise in the past 5 years, but there are still great differences among different



552 J. Qiao and X. Tang

regions in terms of the scale of education. First, the influence of political factors on
the scale of China’s higher education has been great. According to the differences of
the main role, the development of higher education in the world can be divided into
two models: national regulation and university autonomy. The development of higher
education in China is controlled by the state, which is characterized by nationalism and
government dominance. In this model, the change of the scale of higher education is
strongly influenced by political factors. The scale of higher education is often a kind
of government action under the guidance of nationalism. When the political situation is
turbulent, the change of the scale of higher educationfluctuates greatly;when the political
situation is stable, the change of the scale of higher education fluctuates little. Compared
with the political situation, the policy of higher education has amore direct impact on the
change of the scale of higher education, the direction and degree of its change. Both the
political situation and the higher education policy are deeply influenced by the political
leaders. Major changes in the scale of higher education often begin with speeches or
instructions from political leaders, followed by government policies to follow through on
leaders’ intentions, and then implemented by universities. In this process, the influence
of political factors is not only direct, but also mandatory, and often causes the problem
of policy expansion. Because the promotion of subordinates “is often based on political
correctness, mainly closely followed the level of the higher level to the decision,” so that
“the upper good, the lower will be very good” situation from time to time [5, 6].

Second, the influence of economic factors on the scale change of China’s higher
education is growing. Before the reform and opening up, the influence of economic fac-
tors on the scale change of China’s higher education, though existing, is not strong. The
correlation analysis between China’s GDP since 1952 and the scale of higher education
shows that the Pearson correlation coefficient between 1952 and 1977 is −0.142. The
reasonwhy the absolute value of the correlation coefficient is small, and negative, mainly
because the correlation between the two is only low, and there are more reverse changes
[7]. During this period, the scale of higher education has changed three times. The first
appeared in 1963–1966, and the second in 1969–1970, when the economy grew signifi-
cantly, but the size of higher education shrank dramatically. The third was in 1976, when
the size of the economy declined, but the size of higher education increased [8]. After the
reform and opening up, economic factors on the scale of China’s higher education has
become increasingly large, the relationship between the two become close. From 1978
to 2010, the correlation coefficient between China’s GDP and the size of higher educa-
tion was 0.977. The reason why the correlation coefficient is so high, mainly because
the two highly correlated, highly convergent direction of change [9]. To a large extent,
this is due to the strategic shift of China’s work focus since the reform and opening
up, focusing on economic construction as the central task, strengthening the connection
between economic work and other work, and increasing the impact of economic work
on other work. With regard to higher education, the cost-sharing system is adopted to
expand the scale of higher education, the structural adjustment of higher education is
carried out on the basis of the theory of scale efficiency, the expansion of enrollment in
colleges and universities is adopted to stimulate consumption, expand domestic demand,
and absorb private capital to develop higher education [10]. Such new measures closely
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link the economy with higher education, and make the impact of economic factors on
the scale change of higher education increasingly strong.

Third, the role of higher education itself in the change of higher education scale in
China needs to be strengthened. The influence of political and economic factors on the
scale change of higher education is external and belongs to external pressure, while the
influence of higher education itself on the scale change is internal and belongs to internal
logic. For example, it is a kind of internal logic that the scale of higher education will
be restrained after a long period of time. After the founding of the People’s Republic
of China, the scale of higher education continued to rise in 1960, particularly in 1958–
1960, long after the rise that took up to 10 years of decline. Since 1971, the scale of
higher education in China has risen back to 132% in 1972, which is the result of the
release of the expansion potential of colleges and universities for a decade. Facts show
that the internal logic is powerful, and it plays a significant role in the basic trend of
the scale change of higher education. Only by following the internal logic, can the scale
change of higher education be regular and the alienation of higher education be avoided.
Yet, as Clark Kerr puts it, “much of the history of higher education has been written by
confrontation between internal logic and external pressure.” The influence of internal
logic is not always smooth sailing, but often met with resistance from external pressure.
The history of China’s higher education is such that the internal logic not only to resist
external pressure, but often at a disadvantage. As the main body of internal logic, facing
the interference of government power and the temptation of market interests, colleges
and universities often lack the conditions and willingness to confront.

2.2 Extracting Characteristics of Economic Fluctuations

It is shown that overcapacity is not only a possible result of economic fluctuation, but
also a reaction to economic fluctuation. Here, a simple theoretical explanation of the
mechanism of overcapacity affecting economic fluctuation is provided, and a corre-
sponding test hypothesis is proposed. Overcapacity in China is generally divided into
three types: cyclical overcapacity, institutional overcapacity and structural overcapacity.
Since China is primarily a demand-driven economy, cyclical and structural excesses
can be attributed to demand shocks, while the institutional excesses are attributed to
the implementation of supply-side vertical industrial policies [11]. Excess production
capacity in some industries, on the one hand, will lead to the loss of enterprises, the
decline in capacity utilization rate and unemployment of workers, and then produce
economic fluctuations; on the other hand, it will lead to mismatch of resources, environ-
mental pollution, lack of innovation, and further aggravate economic fluctuations. These
two aspects represent the direct mechanism and indirect mechanism of excess produc-
tion capacity affecting economic fluctuations, which can be summarized as quantitative
effect and factor distortion effect.

First, the quantitative effect of excess capacity on economic volatility. The so-called
quantity effect actually refers to the effect of economicfluctuations causedby enterprises’
quantity adjustment under non-price conditions [12]. As Kornai points out, quantitative
adjustment plays a very important role in all economic systems. Because the policy
stimulation and the demand impact, some industries present the overcapacity, inevitably
causes the capacity utilization rate the drop. The change of capacity utilization rate
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reflects the process of quantity adjustment. The driving effect of capacity utilization on
economic fluctuations has long been observed by economists, but it was not until the
1990s that the dynamic general equilibrium framework was gradually used to analyze
the intrinsic relationship between the two [13]. Firstly, the excess production capacity
leads to the unsalable products and the decline of profit, which urges the enterprises to
make adjustment decisions, including instantaneous adjustment, short-term adjustment
and long-term adjustment. Because of the lack of innovation in domestic enterprises,
instantaneous and short-term adjustmentmethods are very single, that is, reducing capac-
ity utilization. Its essence is to reduce the input of variable cost factors, so as to reduce
output, resulting in economic volatility. A lot of researches show that the main reason of
China’s economic cycle change is the fluctuation of fixed asset investment and investment
income. In addition, the herd behavior of enterprise investment has further enhanced the
impact of overcapacity on economic fluctuations. Secondly, the influence of productivity
utilization on the elasticity of factor output [14]. In reality, because higher capacity uti-
lization speeds up capital depreciation, output elasticity changes in the same direction
as labor input and in the opposite direction as capital stock. Therefore, overcapacity
will cause economic fluctuation by changing the elasticity of factor output. Thirdly, the
impact of capacity utilization on scale return. Many scholars have proved that there is a
close relationship between capacity utilization and scale return. For example, changes
in short-term capacity utilization may lead to increasing returns to scale that only exist
during the demand expansion phase. Therefore, the change of capacity utilization rate
can amplify the extent of economic fluctuation by influencing the scale return. Accord-
ing to calculations, it can be found that due to market, system, policy and other factors,
China’s excess capacity is increasingly affecting the scope, severity and duration of the
recession, leading to a continuous recession. Increased investment, an ongoing stimulus,
may rebound the economy in the short term, but in the long run, it will lead to further
declines in capacity utilization and an increase in overcapacity, plunging the economy
into a deeper depression [7].

Second, overcapacity distorts the factors that affect economic volatility. Factor dis-
tortion refers to the deviation or deviation between the factor market price and the oppor-
tunity cost caused by the imperfection of the market, which leads to the non-optimal
allocation of factors [15]. The factor distortion effect is one of the important transmis-
sionmechanisms of economic fluctuation caused by overcapacity, which actually reflects
the adjustment result of enterprises in the existing price system. Many important doc-
uments show that China’s overcapacity, especially institutional overcapacity, is largely
the result of the distortions in factor markets caused by policy subsidies. But different
from the Western countries, due to the imperfection of the market mechanism, China’s
“self-healing” mechanism of excess capacity will become invalid, instead, it will make
the factor market more distorted, so that the excess capacity will not be cured for a
long time. The fundamental reason for this dilemma lies in the dual system during the
transition period. Some key industries are subject to soft budget constraints, and these
industries are often the hardest hit areas of overcapacity. The specific mechanisms by
which excess production capacity affects economic fluctuations through the distortion
effect of factors are as follows:
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The first is product price distortion. The essence of overcapacity is that the production
capacity exceeds the potential demand, which will inevitably lead to market stagnation
and product price decline. However, because the surplus industries are pillar industries
or motivated by government competition, “quantitative” catch-up development, social
stability and so on, governments at all levels will often prevent enterprises from with-
drawing through a series of policy measures such as tax incentives, financial subsidies,
government procurement and so on, resulting in the softening of the budget constraint
of enterprises, which makes the demand function of enterprises shift from a downward
inclination to a level without price elasticity. As a result, soft budget constraints impede
or even distort the signal transmission of product price changes caused by overcapacity,
and incumbents rarely make instantaneous or short-term adjustments to market changes
in a timely manner, possibly leading to long-term capacity expansion and the continued
entry of new firms. Kornai generalizes this situation as product price has no effect on
investment decision, and thinks that if investment is important and beneficial from the
non-price point of view, its profitability can be guaranteed, so it will induce investment.
Thus, in the case of distorted product prices, excess capacity will reduce the economic
downturn brought about by structural shifts in the short term, and even stimulate eco-
nomic growth, but will lead to deeper adjustments and recessions in the long run. Next is
the factor of production price distortion. On the contrary, the government’s “father-love
behavior” further aggravates the distortion of factor prices, such as financing support.
Government intervention makes it easier for surplus enterprises to obtain credit funds
from banks at lower cost, thus forming the “ratchet effect” of “passing over surplus
credit”. On the one hand, the distortion of the price of important factors of production
and the dual-track system have “crowding out” the investment of other industries, on
the other hand, they also affect the output through the change of the marginal output of
factors, which causes the economic fluctuation.

By definition, the distortion of factor allocation is actually the result of price distor-
tion. Because of soft budget constraints and dual-track system, China’s overcapacity has
caused price distortion, which will inevitably lead to factor mismatch.In order to show
the difference between configuration distortion and price distortion, technical distortion
needs to be understood, that is, the change in total factor productivity caused by factor
mismatch. Based on the literature review, it is found that almost all the studies support
the conclusion that factor configuration distortions inhibit TFP. Endogenous growth
theory holds that total factor productivity is an important factor of economic growth.
The RBC theory further emphasizes the impact of TFP shocks on economic fluctuations.
Taken together, overcapacity can lead to economic volatility through distortions in factor
allocation.

Based on the above discussion, this paper proposes the following two hypotheses:
Hypothesis 1: There are direct mechanism and indirect mechanism of excess capacity
affecting economic fluctuations. Hypothesis 2: Overcapacity also leads to economic
volatility indirectly through the distortion effect of factors including price distortion and
allocation distortion. Therefore, the econometric model of hypothesis one is established.

Tt = SeHtLtCt (1)

In the formula, t represents the total output of phase Tt ; S represents technological
progress and other institutional or difficult to observe factors;Ht represents the capacity
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utilization rate of phase t, which is the core index to measure the degree of excess; Lt
and Ct represent the capital stock and labor input of phase Lt respectively. At the same
time, the econometric test model of Hypothesis 2 was established. Hypothesis two holds
that overcapacity can affect economic fluctuation through factor distortion. In order to
test this hypothesis, the mediating effect model was introduced and analyzed.

ft = ϕ0 + ϕ1y + αF + ω1 (2)

dt = ε0 + ε1y + βF + ω2 (3)

ft = λ0 + λ1y + λ2y + πθF + ω3 (4)

In the formula: ft represents economic fluctuation; dt represents distortion degree of
factor market; y represents change of capacity utilization rate; t represents time; ω1, ω2,
ω3 represents random error;F represents control variable. Through the above calculation
process, the characteristics of economic fluctuation are extracted.

2.3 Coordination Relationship Simulation Based on Cloud Computing

Cloud computing is the development direction of the next generation infrastructure, with
the characteristics of traditional computing, but also with new technology advantages.
Therefore, according to the hierarchical view of organizational ability, the low-level
ability of enterprise and education will affect the high-level ability, so as to improve the
performance and students’ examination results. This study believes that the application
of cloud computing will enable enterprises and education to have low-level capabilities,
that is, cloud computing infrastructure capabilities, and through the promotion of high-
level capabilities of enterprises and education, that is, organizational agility, improve
performance and students’ ability, and achieve coordinated relationship modeling. The
relationship between education and regional economy is intertwined and complex. If
vocational education and regional economy are regarded as two different overall sys-
tems, theywill present a “Circular” relationship logic. If the entire education and regional
economic system is further analyzed, it will be found that there are two relationships
between the elements, namely “inter subjectivity logic” and “hierarchical coupling log-
ic”, because of their interaction. Among them, “inter subjectivity logic” refers to the
interactive relationship between subjects in the linkage between education and regional
economy, and “hierarchical coupling logic” refers to the “level type” interaction relation-
ship formed between education and regional economy. First, it simulates the “circular
logic” of the linkage between education and regional economy. Education and regional
economy, as two subsystems of the social system, have different functions and structures,
which make the interaction between them intertwined and complex. If these two systems
are analyzed as a whole, the two systems mainly present a “ring” linkage relationship
mediated by capital, as shown in Fig. 1.

Second, the “inter subjectivity logic” of the linkage between education and regional
economy. The linkage between education and regional economy involves the govern-
ment, enterprises and schools. In the relationship formed by the “three main bodies”
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of the government, enterprises and schools, talents, as an “invisible hand”, are always
intertwined with the relations among the main bodies, as shown in Fig. 2 below.

Through the above analysis and research, based on the concept and principle of cloud
computing, the coordination relationship between regional education scale fluctuation
and economic fluctuation is simulated.
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Fig. 3. Contrast effect under weak fluctuation
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3 Experimental Study

In order to verify whether the simulation method of this study is feasible, a comparative
test experiment is proposed. The coordination relationship simulation method of this
study is taken as the experimental group, and the two traditional simulation methods
are taken as the control group. Taking the current situation of education and economic
fluctuation in area a as an example, the coordination relationship between the two test
groups is analyzed. It is known that the fluctuation of education scale and economy in
area a is small, so the coordination relationship between them is easy to capture. Figure 3
shows the relationship simulation effect curve of three test groups.

According to the simulation results of the threemethods in Fig. 3, the three test groups
have good simulation effect in the face of weak fluctuations. Then, taking region B as
the test object, it is known that the regional education scale and economic fluctuations
exist violent and frequent phenomenon. Figure 4 shows the simulation effect of three
test groups on the coordination relationship.

According to the test results shown in Fig. 4, in the face of strong fluctuations
in education scale and economy, there is a strong correlation between the simulation
effect curve of the experimental group and the hypothetical relationship curve, while
the correlation between the simulation effect of the coordination relationship of the two
control groups and the hypothesis curve is weak. Therefore, the simulationmethod based
on cloud computing is better.

4 Conclusion

Although the proposed simulation method has achieved good research results, there
are still some shortcomings. In the future, cloud computing can be optimized to fur-
ther strengthen the coordination relationship simulation, and provide more perfect
coordination relationship simulation technology for regional education and economic
development.
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Abstract. The search and utilization of multimedia network teaching resources
is a work that cannot be ignored in information education. Based on the in-depth
study of the content characteristics of multimedia network teaching resources,
this paper develops a multimedia network teaching resource search system for
basic education. Based on the automatic analysis of content, structure, and theme
of images, videos, and Flash related to basic education in the Web, establish a
basic education multimedia network teaching resource index database, increase
indexing depth, and use conditional retrieval and natural language fuzzy query.
The combined method realizes a basic education multimedia network teaching
resource search system based on content characteristics, and provides a good
platform for effective use of multimedia network teaching resources.

Keywords: Augmented reality · Preschool education · Resource search

1 Introduction

Multimedia network teaching resources are a kind of network resources with specific
topics. With the development of network and multimedia technology, multimedia teach-
ing resources in the web are increasingly rich. How to quickly and effectively find and
use these teaching resources and make them play a full role in information education is
a problem of great concern to educational technology workers [1]. However, due to the
extremely rich content of multimedia information, it is sometimes difficult to describe
with a few simple keywords, and sometimes the automatically extracted keywords do not
match the multimedia content, resulting in unsatisfactory results of multimedia retrieval
based on keywords. Search results often contain too much content that does not match
the search topic, and users often need to browse and choose from them, which consumes
a lot of time, reduces the efficiency of network resource utilization, and also dampens the
enthusiasm of users [2]. The main reason for this phenomenon is that the search engine
system does not index the content of multimedia information deeply enough. Therefore,
this paper proposes a design method of multimedia resources search service system
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for preschool education based on augmented reality technology. From the content level
of multimedia information to solve the retrieval problem, improve the retrieval accu-
racy, avoid the subjective one sidedness and incompleteness caused by text description
[3]. Multimedia information retrieval is to automatically analyze the content of multi-
media information, extract low-level audio-visual features, obtain middle-level object
features and high-level topic features through pattern recognition technology, and carry
out multimedia information retrieval according to these content features.

Basedon the automatic analysis of the content, structure and themesof images, videos
and Flash related to basic education in the Web, this paper establishes a basic education
multimedia network teaching resource index database, increases the index depth, and
uses conditional retrieval and natural language fuzzy inquiries. The combined method
realizes a basic education multimedia network teaching resource search system based
on content characteristics.

2 Design of Multimedia Resources Search Service System
for Preschool Education

2.1 Hardware Configuration Optimization of Multimedia Resource Search
Service System

Based on the research on the visual features, structure, theme and other content fea-
tures of multimedia network teaching resources, especially the basic education teaching
resources, according to the subject words of multimedia teaching resources in the basic
education textbooks, we search for images, videos and flash in the web, then automat-
ically analyze the content and structure, extract the visual features and object features,
combined with the features extracted from the relevant texts The key words are classified
and identified, the indexing depth is increased, and the index database of multimedia
network teaching resources of basic education is established. Finally, the search of mul-
timedia network teaching resources of basic education is realized by using conditional
search combined with natural language fuzzy query, which provides a support platform
for the effective use of multimedia network teaching resources [4]. Teaching resources
automatic search system is mainly composed of intelligent word segmentation module,
search module, index module, acquisition module and other key parts. The structure
model of multimedia resource search service system is as follows (Fig. 1):

Themain function of the indexmodule in the system is to understand the information
of teaching resource materials, extract index items from the searched teaching resource
webpages, anduse them to represent documents andgenerate the index table of document
library [5]. For the automatic search system, the selection of index words in the index
module is a core problem. If the common words are selected as the index word list,
although the memory requirement is less, the frequency of each index word will be very
high. And because many words are not included in the index thesaurus, they will be cut
into singlewordswhen they are inverted. Themore frequentwords appear in the indexing
process, themore conjunctive operationswill be done during retrieval, resulting in longer
query response time of the system [6]. On the contrary, if the number of index words is
large, it will occupy a lot of memory resources during retrieval. Many index words with
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Fig. 1. Structure model of multimedia resource search service system

low frequency are rarely used during retrieval, wasting memory resources. Therefore,
the balanced selection of index words is very important [7]. Another key point of the
index module is to use inverted index technology, which includes the establishment of
forward index and reverse index. Based on this, the index architecture of multimedia
teaching resources is further optimized, as follows [8] (Fig. 2).

The main function of the system search module is to search the web teaching
resources through theweb spider according to the needs of users. Theweb spider searches
for the target web page through the link address of the web page on the Internet, starts
from a certain page (usually the home page) of the web site, reads the required content of
the web page, finds other link addresses in the web page, and then looks for the next web
page through these link addresses, so it continues to cycle until all the web pages of the
web site are captured. If the whole Internet is regarded as a website, then the web spider
can use this principle to collect all the target content on the Internet [9, 10]. The perfor-
mance of search module is directly related to the coverage of the whole resource search
system. According to the distribution characteristics of web teaching resources, the sys-
tem adopts incremental collection and breadth first algorithm to improve the search
efficiency and recall of teaching resources as much as possible [11, 12]. Multimedia
information resources search engine is a system specially designed for rich information
resources and their use characteristics. The search engine follows the retrieval habit
of users’ Internet search mode, and provides users with comprehensive search from
three aspects of discipline, learning progress and resource type on the basis of keyword
search, so as to obtain professional related information resources more conveniently and
comprehensively [13, 14]. At the same time, to ensure the stability and security of the
system operation, the retrieval response time, data update frequency, precision and other
indicators should reach a higher level. The system structure of multimedia information
resources search engine is shown in the Fig. 3.
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The multimedia information resource search engine system adds two modules to
the common Internet search engine: professional subject knowledge base and teacher-
student dynamic information database, which automatically extracts new or updated
network resources according to the algorithm determined by the search strategy. It is a
web resource, but a comprehensive multimedia information resource, which is classi-
fied according to the knowledge of professional disciplines. The collected information
must be classified and indexed according to the knowledge of the discipline through
a professional processing module, and an index database suitable for its own use and
development is established [15, 16]. When teachers and students use the user query
function, they will automatically form comprehensive query keywords according to
their own disciplines and their own dynamic information, accurately or fuzzy match
with the indexing words in the index database, return the query results to users, and the
query results can also be updated to the professional subject knowledge base, provid-
ing standards for future information collection. The multimedia information resources
search engine system not only adds two modules, but also enhances its internal func-
tions. It develops a meta engine search with a unified interface, forwards the required
format to multiple databases containing keywords through the multimedia information
resources search engine, and displays the information indexed by each database system
to users after unified processing and sorting. The search engine itself does not have its
own physical storage of web page information, and it plays a role of transfer station or
agent in function. In fact, the data search engine adopts intelligent technology in the
designed meta search: it preprocesses the keywords, phrases or statements requested by
users, selects the appropriate professional database according to the identification of the
system knowledge base, and converts them into corresponding numbers According to
the request format required by the database, it is sent to each database. So as to reflect
the efficiency of resource search.

2.2 Software Function Optimization of Multimedia Teaching Resource Search
System

Multimedia teaching resources search system software is analyzed and designed from
twoaspects: search engine subsystemandbackgroundmanagement subsystem.Themain
task of the search engine subsystem is to collect, analyze and filter the web pages, index
the function legendof the backgroundmanagement subsystem, input the querykeywords,
calculate the similarity with the content of the system index, and sort the key technology
result web pages of the 2 teaching resources search engine system and return them to
the users. The background management subsystem is mainly to maintain the collection
of the system. In order to collect more subject terms related to multimedia teaching
resources that may be used in basic education, the submission system of multimedia
subject terms in basic education is established, which provides more multimedia subject
terms related to basic education. Please indicate the media type, learning period and
subject, and the type of multimedia teaching search terms, such as Table 1:

In the system, the user searches the document file, and the search results need to
intercept part of the content to show to the user, so that they can know the basic infor-
mation of the document as soon as possible. If they are interested in the file, they can
browse the full text, and they can download and save the valuable resources. Audio files:
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Table 1. Types of search words in multimedia teaching

Key words Type Subject

Image Video Animation Voice Chinese Mathematics English Science Sipin

Cheetah
√ √ √

Dissolution
√ √ √

audio files should have online audition function, and download and save favorite files.
For the search results of video files, they should be shown in video screenshots, and can
be played online. They always control the online playing process, and can download
and save valuable videos. When users search for image files, they need to show the
thumbnails to the users after isometric reduction, and they can browse the whole picture,
and save their favorite pictures locally. When the user enters "language" for document
search, it can list the relevant information about the language and preview the full text.
If the user wants to save a document, he can download and save it. Based on this, the
system search function structure is optimized, as shown in the Fig. 4.

Search engine subsystem

Document file

download

Browse online

Picture file

download

Play online

video file

download

Online audition

Audio files

download

Online preview

Fig. 4. Optimization of search function of teaching resource system

Background management subsystem, mainly for the maintenance and management
of search engine subsystem. It includes themanagement of users, resources and sensitive
words. User management can view, search, add and delete users; resource management
can add new resources, browse and delete existing resources, and re index resources;
sensitive vocabulary management can filter illegal words searched by users, so you need
to add filter words here, modify and delete them. The functional structure is shown in
the Fig. 5.

For search engines, the selection of index words (or keywords) is a core problem. If
common words are selected as the index words of search engines, although the memory
requirement is less, the frequency of each index word will be very high. And because
many words are not included in the index thesaurus, they will be cut into single words
when they are inverted. Themore frequentwords appear, themore conjunctive operations
will be done, the more comparison times will be, and the longer the system response
time will be. On the contrary, if the number of index words is large, it will occupy a
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lot of memory resources in retrieval. Many index words with low frequency are rarely
used in retrieval, wasting memory resources. Therefore, the selection of index words is
very worthy of attention. In this case, the index vocabulary is divided into two parts.
The first part is the words in ordinary dictionaries, whose entries are fixed in length
and total number is fixed, which is called static dictionaries; the second part is the
words not appearing in dictionaries, which are identified by unknown words, which
is called corpus based dictionaries. The length of these entries is variable, but for 1g
of database capacity, it is considered that the number of entries in the whole index
thesaurus should be controlled at 500000. However, the number of unknown words is
so large that it is not suitable to introduce them into the index vocabulary. Therefore, the
statistical method is used to filter the unknown words. Statistical vocabulary acquisition
is another way to identify unknown words. In a large enough corpus, the appearance
of words with certain expressive ability is not isolated, but presents certain statistical
rules, which makes it possible to obtain words automatically by using the co-occurrence
information between words. In terms of form, a word is a stable combination of words.
Therefore, in the context, the more adjacent words appear at the same time, the more
likely they are to formaword. Therefore, the frequency or probability ofword toword co-
occurrence can better reflect the credibility of theword.We can count the frequency of the
combination of the adjacent co-occurrencewords in the corpus and calculate theirmutual
occurrence information. The mutual occurrence information of two Chinese characters
is defined, and the adjacent co-occurrence probability of two Chinese characters X and
Y is calculated. The mutual information reflects the close relationship between Chinese
characters. When the degree of closeness is higher than a certain threshold, it can be
considered that this phrase may constitute a word. After analyzing the web page and
cutting its words, we need to use inverted index technology to build an index for the
segmentation.Creating inverted index includes building forward index and reverse index,
as shown in the Fig. 6:

In the figure, after analyzing the web page, the forward index table with the web page
number as the primary key is obtained. When the reverse index is established, the whole
process needs to be completed in memory in order to speed up.When the amount of data
is small, there is enough memory to ensure that the creation process can be completed at
one time.When the data scale increases, the strategy of grouping index and thenmerging
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Fig. 6. Building reverse index from forward index

index can be adopted. The strategy is that the indexmodule divides the index into k groups
according to the memory size of the computer running the system at that time, so that the
memory required for each group of operations is less than the maximum memory size
that the system can provide. According to the generation algorithm of inverted index, K
groups of inverted indexes are generated. Then the K groups of indexes are merged, that
is, the data corresponding to the same index words are merged together, and the final
inverted file index with the index words as the primary key, that is, the reverse index, is
obtained. Based on the above steps, teaching resources are index and search activities,
which can better guarantee the effect of teaching resources search service.

2.3 The Realization of Educational Multimedia Resources Search

In addition to providing users with active search engines, the multimedia information
resources search system also provides intelligent agent services to provide users with
customized information, so as to save the time and energy of teachers and students.
The intelligent agent in the expert processing information module actively searches the
relevant information on the campus network according to the contents concerned in the
dynamic information database of teachers and students, sorts it out, and pushes it to the
dynamic information database of teachers and students for users to use directly. The key
of intelligent agent is to command the search engineofmultimedia information resources.
It can also search the customized information on the Internet according to the theme. The
search method can extract the active information from the relevant websites stored in the
local database, or use the vertical search. The intelligent agent analyzes the information
transmitted by these searches, and analyzes and processes it according to the subject
knowledge base To improve the accuracy of knowledge. The construction of teaching
information resources includes the collection, sorting, classification, description, storage,
index, query, and later resourcemanagement andmaintenance. Themanagement process
of multimedia teaching resources is shown in the Fig. 7.

According to the actual needs of course teaching resource sharing and the shortcom-
ings of the traditional website sharing course resources based on stand-alone server,
the server cluster mode can be used for course resource sharing after investigation
and research, which needs to be reasonably designed combined with cloud computing,
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big data and other technical means. The function of curriculum resource sharing sys-
tem based on augmented reality technology mainly includes user management, system
management and curriculum resource management.

User management function: user management function module mainly includes non
registered users, login users and system administrators. Non registered users can search
the course teaching resources on the platform, but can not download the course resources
on the platform. Such users can open the registration page to register, and then audit their
registration. Login users are legal users who have been verified by the system. Such users
can operate on course resources. For example, users can share course resources, upload
course resource data to HDFS distributed storage system, view their own uploaded data
files, and delete the uploaded course resource data. Based on this, the course resource
sharing management module is optimized. The specific steps are as follows (Fig. 8):

The data in the course resource sharing module is based on two places for storage
management.Onepart is to store the basic informationof users and course resources. This
part of data is structured data, which is mainly stored in my SQL relational database; The
other part is to store course resource data, most of which are unstructured data, stored in
the distributed storageHDFS system ofHadoop cluster. The course resource information
related to the data files stored in HDFS system is also recorded in the course resource
information data table of my SQL database. The web server of the course resource data
sharing system based on augmented reality technology is respectively connected with
my SQL database and HDFS distributed storage system, and its data storage and main
function modules are shown in the Fig. 9.

Curriculum resource sharing system based on Augmented Reality Technology in the
Internet information age, curriculum resource data shows a blowout growth, in which
more and more junk information, the amount of information users get is also grow-
ing geometrically. Too much information leads to the cost of users to obtain valuable
information will be greatly increased. On the sharing platform, according to the log data
produced when users access the server, and the similarity between curriculum resources,
we analyze the curriculum resource data, and mine valuable curriculum resource data to
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recommend to users, so that users can gradually change from actively obtaining infor-
mation to passively receiving information In order to reduce the cost of users to obtain
information and improve the efficiency of users using the course resource sharing plat-
form. The search engine of course resource sharing system based on augmented reality
technology adopts distributed search elastic search, and deploys elastic search onHadoop
distributed cluster system Search distributed search engine, establishes the index data of
course teaching resources, carries out full-text retrieval of course teaching resources data
on the resource sharing platform, and realizes the function of course teaching resources
data search. The search process is shown in the figure below (Fig. 10):

To query the course resource data, the user submits the query request through the
form. After receiving the request information, the background calls the elasticsearch
API to search the relevant data in the index library. If the relevant index information is
found, the specified course resource data will be returned to the user.
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3 Analysis of Experimental Results

The course resource sharing system based on augmented reality technology is tested.
The physical host is virtualized into several virtual computers, and the software and
hardware resources of the computer are fully utilized through virtualization technology,
so that the software and hardware resources of the computer can be bigger and more
fully utilized. The virtual machine server is established on the host computer through the
virtualization technology of VMware, and then multiple computers are virtualized. The
server is managed through the client VM ware sphere client. The server is connected
on the client, and then multiple Linux operating systems are installed on the server,
and then Hadoop, spark and elastic are installed on the Linux operating system Search
and other software, configure the Hadoop configuration file, build Hadoop cluster, call
the HDFS distributed storage system API interface of Hadoop, realize the map reduce
computing programming, and use the web Server to provide course teaching resource
sharing services, based on Hadoop augmented reality technology, provides a solution
for massive data processing of course resource sharing, and realizes fast upload and
download of shared course teaching resource data. Based on this, the parameter table of
experimental cases is optimized as follows (Table 2).

Table 2. Experimental case parameters

Case name Create directory/upload file/query/download file/delete file

Test purpose Create directory/upload file/query/download file/delete file

Default conditions (1) Hadoop cluster system is normal
(2) There are virtual hosts running normally in cluster system

Further optimize information resource management information, as shown in the
following Table 3:
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Table 3. Curriculum resource information table

Field name Significance Data type Constraint

ResourceID Course resource serial number int Primary key

ResourceName Course resource name Varchar(50) Not empty

Uptime File upload time Time Not empty

Type Types of curriculum resources Varchar(40) Not empty

Userid File owner ID Int Foreign key constraints

size Resource data capacity Varchar(20) Not empty

Through the system platform construction, test Hadoop distributed file storage plat-
form, testMapReduce distributed computer framework, and test the system development
environment, as well as the operation of webserver server in the course resource sharing
system, the course resource sharing system based on augmented reality technology is
tested systematically (Fig. 11).
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Fig. 11. Comparison test results

Experiments prove that the course resource sharing system based on augmented
reality technology shares course resources by building a server cluster, which has a
considerable advantage in course resource search function and course resource recom-
mendation function than traditional course resource sharing based on a single server.
Its data search and server response time are significantly improved compared to the
traditional network sharing method of a single server.
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4 Concluding Remarks

Multimedia information resources are very important resources for teaching and scien-
tific research. How to improve the sharing of campus resources through search engine
is an important mode of campus network application. This paper studies the use of var-
ious multimedia information resources in the school, and designs an information search
engine technology which is more suitable for the use of learning and research multi-
media information resources. Information security is a problem in many systems today.
We should try to use the multimedia information resources search engine which takes
the security factors into account when designing from the bottom to achieve the highest
security level. In the future, the engine needs to be further expanded, so as to realize the
joint search between the two, so as to facilitate the sharing of multimedia information
resources in the whole higher education system.
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Detection Method of Machine Tool Axis Offset
Distance Based on Rough Set Neural Network
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Abstract. In the traditional detection method of machine tool mechanical shaft
offset, the detection results fluctuate greatly. Therefore, a detection method of
machine tool shaft offset based on rough set neural network is proposed. When
the precision is not up to the standard, the influence of the installation error can be
judged, and the space structure model of the mechanical axis can be established.
The modified model of rough set neural network is used to get the theoretical
value of the mechanical axis, measure the actual position of the mechanical axis,
calculate the difference between the theoretical value and the measured value and
get the offset distance. Experimental results show that this design method can
reduce the fluctuation of detection results and the detection results are more stable
than the traditional methods.

Keywords: Mechanical shaft · Offset distance · Neural network · Ball-Bar
instrument

1 Introduction

As the carrier of advanced manufacturing technology and the basic means of production
of equipment industry, the development level of machine tool is related to the develop-
ment of many industries such as automobile, military industry, agricultural machinery,
engineering machinery, electric power equipment, railway locomotive, ship and so on.
Therefore, it is of great significance to study the method of measuring the offset distance
of machine tool mechanical shaft [1]. At present, there are two methods to measure
the offset distance: direct method and indirect method. The direct method uses preci-
sion testing equipment to measure the error of machine tool, and gives the precision
index of machine tool directly in the course of measuring. With the improvement of
testing methods and equipments, many new testing equipments have been developed,
such as ball bar meter, laser interferometer, spindle rotary error analyzer and so on.
These testing instruments and testing methods are mostly aimed at static precision or
single axis precisionmeasurement [2]. Indirect method is used to test the precision of the
machine tool’s mechanical shaft by using precision measuring instrument. The geomet-
ric precision, positioning precision, reverse clearance, five-axis interpolation precision,
multi-axis linkage precision and rigidity vibration of the machine tool can be accurately
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reflected by evaluating the machining quality of the specimen, such as over-cutting,
under-cutting, vibro-vibration and surface quality.

On the basis of the above theory, the detection method of machine tool axis offset
based on rough set neural network is proposed. The RENISHAW ballbar is used to
measure the error movement of the mechanical shaft. Based on this mechanical axis
installation error is calculated. According to the calculated installation error, the spatial
structure model of the mechanical shaft is constructed.

2 Detection Method of Machine Tool Axis Offset Distance Based
on Rough Set Neural Network

2.1 Determination of Precision Specifications for Machine Tool Mechanical
Shafts

The sample data is analyzed, and then an initial information table is formed according
to the domain knowledge known. A reasonable discrete method is used to discretize the
continuous attributes. A parallel reduction algorithm based on genetic algorithms is used
to quickly reduce the attributes of the data. The reduced attributes are used as input layer
neurons, and then the data is reduced vertically, including the elimination of inconsistent
objects and redundant objects in the data, and finally a neural network is used to train the
processed reduced data. The introduction of parallel reduction algorithms can further
improve the overall mining efficiency of rough set and neural network models.

Select reasonable testing equipment, determine the accuracy ofmachine toolmachin-
ery shaft specifications. Select RENISHAWball and bar instrument and Lion rotary shaft
error analyzer, RENISHAW ball and bar instrument is mainly composed of ball and bar
instrument testing equipment, variable length rod group, calibration gauge, machine
tool installation components, etc., can be used for machine tool circular track accuracy
and absolute length testing, mainly used for measuring the position and direction error
between the machine tool axes [3]. The Lion Axis Error Analyzer is composed of capac-
itive displacement sensor, precision double standard ball, sensor base, 3-D pan and data
acquisition sensor, which can measure the DOF motion error. The technical parameters
of the club are as Table 1:

Table 1. Technical parameters of club instrument

Parameter Numerical value Parameter Numerical value

Model Qc2o-w Sensor travel 1.75 mm

Sensor resolution 0.1 um Maximum sampling rate
and transmission range

1000 Hz

Measurement accuracy of
ball and stick instrument

3% Standard length 100 mm

Measuring range of ball
and club instrument

±0.1 mm Variable length rod group 50 mm
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The technical parameters of spindle error analyzer are shown in Table 2.

Table 2. Technical parameters of spindle error analyzer

Parameter Numerical value Parameter Numerical value

Host 5 displacement
Channel

Displacement probe size 8 × 9 mm

Measuring range of
displacement probe

75 um Effective sensing area of
displacement probe

2 mm

Nonlinearity of
displacement probe

0.075 um Standard ball size and
roundness

50 nm

Resolving power 5 nm Maximum speed 40000 rpm

The main body of the ball bar instrument is a high-precision telescopic linear sensor
and two precision balls, forming amotion chain. The specific structure is shown in Fig. 1.

Fig. 1. Mechanical shaft structure

The two precision balls are respectively connected to the frame and the workpiece
to be measured through the magnetic seat, and the distance between the two ball centers
is read out by the displacement sensor. Measure the movement of the mechanical axis
with the ball bar instrument, fix the ball bar instrument on the worktable, and make it
pass through the mechanical axis, and install it on the mechanical axis to be measured,
so as to complete the radial installation and axial installation of the ball bar instrument,
corresponding to the axial and radial error sensitive directions respectively. In the ideal
state, when the moving ball is installed in the radial direction, it is a circle with the center
on the mechanical axis. When the ball is installed in the axial direction, it is a point on
the mechanical axis. The measured value of the ball is the fixed value. Because of the
error movement of the mechanical axis, the measured value of the ball is very close to
the ideal value. Therefore, the measurement results of the two installations can directly
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reflect the radial and axial accuracy of the mechanical axis [4]. So far, the accuracy
specification of machine tool mechanical axis is determined.

2.2 Installation Error of Mechanical Shaft of Computer Bed

When the accuracy of mechanical axis of machine tool cannot reach the specified stan-
dard, it is necessary to calculate the installation error of mechanical axis to determine the
offset of mechanical axis. In the circle test mode, the running track of the machine tool
is set as an arc, and the small change of the radius of the ball bar instrument in motion is
measured by the sensor. Rough neural network is used for the analysis of arc trajectory.
To determine the main error performance of the machine tool. The ball bar instrument
is connected to the workbench and the spindle with the moving mechanical axis of the
machine tool as the center, so that the ball bar instrument can do circular motion in a fixed
coordinate system, and the ideal situation is recorded Due to the installation error of the
machine tool mechanical axis and the ball bar instrument, the measured value of the ball
bar instrument will deviate from the ideal value. Therefore, in the measured value of the
ball bar instrument, the machine tool errors such as reverse clearance, reverse overshoot,
non perpendicularity and proportion mismatch can be identified [5].

When there is installation error, the measurement data of the ball bar instrument will
have sinusoidal characteristics. The mathematical model of the installation error of the
ball bar instrument in plane test is established. An iterative least square method is used to
eliminate the installation eccentricity. The motion of the ball bar instrument is assumed
to be plane motion, so that the installation error of the ball bar instrument is equivalent
to the center deviation. At this time, the least square circle fitting is used to eliminate
the installation eccentricity of the ball bar instrument. The coordinates calculated by the
rough neural network are (x1, x2) of the mechanical shaft is:

{
x = rcosθ
y = rsinθ

(1)

Among them, r is the radius of the club and θ is the angle of moving center. Based
on the measured data of eliminating eccentricity, the other error items can be identified,
such as ratiomismatch, verticality, reverse overshoot and reverse clearance, etc. Then the
difference between themeasured value of the instrument and the calibration length of the
instrument is calculated and projected to two orthogonal coordinate axes to obtain the
error component of a single axis. Finally, the mechanical axis is in the state of reverse
overshoot. When the machine tool moves in a certain direction, the mechanical axis
starts to decelerate and drive in the opposite direction when the set trajectory reaches
the maximum stroke, a short stagnation will occur on the mechanical axis, and a spike
will occur on the measured value of the ball-bar instrument. At this point, the machine
tool mechanical shaft installation error calculation.

2.3 Construction of Mechanical Axis Spatial Structure Model

After eliminating the installation error of the mechanical shaft, the spatial structure
model of the mechanical shaft is established. The precision of the mechanical axis is
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expressed by the radial and axial runout of the rotor, but the run-out is affected by
the geometric error of the measuring surface and the installation position of the sensor
and the workpiece. Since the motion of the ball-bar instrument is a space motion in
the process of precision test, the measurement data is closely related to the installation
position of the ball-bar instrument. Therefore, it is necessary to establish a mathematical
model of the mechanical axis measured by the ball-bar instrument that is not affected
by the installation error, and construct the space structure model measured by the ball-
bar instrument with a single mechanical axis object. From the measurement data of the
ball-bar instrument, the installation error of the ball-bar instrument and the mechanical
axis is identified, and the relationship between the offset distance and the installation
error is analyzed [6].

According to the three kinds of theoretical solutions of the ball bar instrument, the
mechanical shaft structure models satisfying three kinds of conditions are obtained.
Otherwise, it is very difficult to measure the mechanical axis accurately in the actual
measurement. In the process of measuring the mechanical axis, the spatial structure
model is used to analyze the data. In this case, the center point of the fixed ball is not on
the axis of the machine, a partial conic surface can be obtained, and the spatial position
data of the mechanical axis can be obtained. The third is that when the rotor of the
mechanical axis rotates around the axis of rotation, there still exists the error motion
relative to the fixed coordinate system, that is, the measurement data contains the error
of rotation of the mechanical axis, and the error of rotation can be reflected by the
theoretical value of the measurement data and the degree of the installation error of the
ball-bar instrument. In this case, the measured value is regarded as the approximate axis
of rotation, and the reference point of the fixed coordinate is obtained to rotate along
with the mechanical axis, so the space structure model constructed takes the distance
change of the reference point into account. Based on the above theoretical analysis,
a spatial structure model is established to determine the theoretical installation value
of the mechanical shaft by eliminating the measurement results of the ball and bar
instrument. The rotary error value of the rotor of the mechanical shaft is much less than
the theoretical output value, and the theoretical output value can be optimized through
a minimum maximum value, and be identified from the measurement data. The final
calculation formula of the spatial structure model d is as follows:

d =
√

L21 + L22 + h2

2L1hcos(ϑ1 + ϑ2)
(2)

Among them, L1, L2 is the measured value and theoretical value of the length of the
ball-bar instrument, h is the installation height of themachine tool shaft, andϑ1, ϑ2 is the
minimum andmaximum of the rotating error of the machine shaft. Thus the construction
of the mechanical axis spatial structure model is completed.

2.4 Revision Model Based on Rough Set Neural Network

The model error is corrected by iterating d values of rough set neural network. Taking
formula (2) as the objective function of rough set neural network, the neural network
has two advantages, weight sharing and local connection. By the requirement of local
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connection, the network connects the neurons in the networkwith those in the upper layer
only, reduces several parameters of order of magnitude, and speeds up the correction
efficiency.Whileweight sharing is based on the local connection, each neuron can use the
same weight and further reduce the training parameters. The selected neural network has
a feedforward network structure, and can train the model of spatial structure by making
use of its advantage of local connection. It is known that the training of neural network
of rough set includes two stages, forward propagation stage and back propagation stage,
in which forward propagation is the process of transmitting data from low level space to
high level space, and the output results after convolution layer, pooling layer and local
connection layer are obtained when the input data is propagated forward, and the error
between the output value and the target value is calculated [7]. The back-propagation is
due to the deviation from the expected value of the results obtained from the forward
propagation. Therefore, the training of propagation from the higher level to the lower
level is adopted. Assuming that the propagation error of the preceding item is large, the
gradient descent method is adopted to calculate the error between the actual value and
the expected value in the back-propagation, and the error is back-propagated from the
local connection layer to the middle pooled layer and convolution layer to the input layer
[8]. The specific flow is shown in Fig. 2:
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Fig. 2. Model updating process based on rough set neural network
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After the neural network outputs the objective function, the final spatial structure
model is analyzed. The fixed center of the ball and moving center of the ball have no
axial installation error, and the measured value of the ball bar instrument can show the
radial distance and axial distance. Thus, the spatial structure model of mechanical axis
is modified based on rough set neural network.

2.5 Measurement of Actual Deviation of Mechanical Center Axis

The output value of the spatial structure model is taken as the theoretical value of
the machine tool axis. On this basis, the actual spatial coordinates of the central axis
are measured and the deviation between the actual value and the theoretical value is
calculated.

2.6 Prediction of Mechanical Shaft Installation Position Parameters

In view of the actual value of the mechanical shaft, the same instrument is used to
measure. The precision ball is fixed between the seats of the precision magnetic bowl
by mechanical positioning, so that one of the magnetic bowl seats is connected with the
machine tool worktable, and the other is connected on the machine tool mechanical axle
and the machine axle box. When the distance between the two precision balls changes,
the sensor of the ball bar instrument can accurately measure the change. When there is
an error in the machine tool, the ball bar instrument can measure the circle track of the
actual machining, and compare it with the theoretical track, so as to obtain the overall
evaluation of the precision of the machine tool. Through the testing device of ball-bar
instrument, the 4 steps error testing mode is put forward, and compared with the spatial
structure model, the geometric error identification of mechanical axis is realized. Then
the dynamic performance of the machine tool is determined by measuring the circular
track of the biaxial linkagewith a ball-bar instrument, and the linear error in one direction
is obtained in one measurement.

The main task of the pre-measurement is to adjust the mechanical axis of each accel-
erator so as tominimize the deviation between themagnetic field axis and themechanical
axis. The pre-measurement must go through the following three steps: the calibration of
a single component—the axis of a component is used as the x axis, the above the com-
ponent is used as the y axis, the direction of the vertical plane is used as the z axis, and a
component coordinate system is obtained. The spatial coordinates of themechanical axis
in the component coordinate system are determined by using the SMX4500 laser tracker.
The spatial coordinates of themechanical axis aremeasured by using the SMX4500 laser
tracker. The determination of the coordinate of the datum—using the SMX4500 laser
tracker to measure the four datums installed on the datum platform, including the faces,
lines and points composed of the datum system, establishing the datum coordinate sys-
tem, transforming the calibration points of the mechanical axis into the values under the
datum system, and installing the standard values. The spatial position of the mechanical
axis—the prediction of the mechanical axis—uses the SMX4500 laser tracker to adjust
the coordinates of the component system and the datum system, so that the two coordi-
nate systems of the parallel system are connected closely with the previous component
system, and thus obtaining the position of the X axis and the predicted parameters of the
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mechanical axis. At this point, the mechanical shaft installation position parameters are
predicted.

2.7 Measurement of the Actual Position of the Machine Tool Mechanical Shaft

According to the spatial position parameters, the mechanical shaft is precisely aligned
and the actual position of the machine tool is measured. Based on the linear induction
accelerator and laser tracker, the space position coordinates of the mechanical axis can
be measured by a single station, and the precision can meet the requirement of high pre-
cision measurement of machine tool. In the tens of meters range of the linear induction
accelerator, 7 stations are set up in 7 sections, each station measures 5 points, 35 points
in total, so that the longitudinal measuring points cover the full length of the mechanical
axis, and the measuring data can be obtained in both elevation and transverse aspects.
According to the datum of linear induction accelerator installation, the datum coordi-
nate system of precise alignment of mechanical axis is determined by setting up a good
measuring control network. In the process of precise alignment of machine tool axis,
through data processing, the value of component reference point in the calibration coor-
dinate system is converted to the value in the overall installation coordinate system. The
pre-collimated component datum is pushed to the space position of the mechanical axis,
and the measuring platform is adjusted repeatedly so that the space coordinate system
and the datum coordinate system are parallel until the whole accelerator is installed and
the precision specification of the mechanical axis measurement is achieved [10].

After the reference points are arranged, the actual space coordinates after themechan-
ical axis alignment are measured. Because the photons of the acquisition point and the
incident point of the laser beam are randomly migrated in the medium, Raman scattering
photons are generated in the inner depth of the laser beam. Raman scattering photons
are easier to be transversely migrated in the diffusion process. Therefore, the Raman
spectrum deviating from the laser beam incident point at different distances contains the
Raman spectrum information of different depth layers. When the spatial offset is 0, the
maximum photon density of the laser beam is obtained. The Raman spectrum is mainly
obtained from the mechanical axis. When the spatial offset is not 0, the Raman scat-
tering contribution from the mechanical axis is larger. Raman fluorescence and Raman
scattering from the mechanical axis is gradually reduced. However, it is not possible to
completely eliminate the Raman spectrum from the original optical spectrum. Raman
spectrum of the mechanical axis cannot be obtained directly in the original spectrum.
Raman spectrum of the mechanical axis needs to be extracted by proper data processing
method. After the spectrum is extracted, a 70 mm plane grating is placed on the horizon-
tal double rotary table, and a reading head is installed at the end of themachine tool shaft.
The gap between the reading head and the grating is measured. The laser interferometer
can only measure the linear motion, but also can improve the measurement accuracy,
and the final measurement result can be used to measure any trajectory in 2D plane, so
that the actual position of machine tool can be measured. The deviation between the
theoretical value and the measured value of the mechanical shaft is calculated, and the
offset distance of the mechanical shaft is obtained.
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3 Experiment and Analysis

The design method was recorded as experimental group A, and two traditional offset
distance detection methods were recorded as experimental group B and group C. In the
same experimental environment, the detection efficiency and stability of the three groups
of methods are compared.

Three axes machining center is driven by three servo motors, X, Y to realize the
working table, the principal axis of the mechanical axis to realize Z to linear feed move-
ment. The machine tool parameters for a three-axis machining center are shown in Table
3:

Table 3. Machine parameters

Minimum value Maximum Full stroke

Machine stroke X-axis 10 mm 410 mm 420 mm

Machine stroke y-axis 10 mm 310 mm 320 mm

Machine tool stroke Z axis 10 mm – 220 mm 230 mm

Feed rate 0 5000 mm/s 5000 mm/s

Accelerate 0 2500 mm2/s 2500 mm2/s

The ball bar instrument is accurately installed on the workbench. The center lines of
the two ball centers of the ball bar instrument are parallel to the plane of the workbench
in the measurement process. The plane of the workbench is called the imaginary plane,
and the ball bar instrument is installed on the imaginary plane as accurately as possible.
In the actual operation of group A, in order to measure the spatial shift Raman spectrum,
the experimental device of spatial shift Raman spectrum is built as shown in Fig. 3.

The laser is connected to the excitation probe by optical fiber, the working distance
of the probe is 7.5 mm, the size of the laser spot converging on the surface of the
mechanical axis is 200 um, and the generated Raman light is connected to the incident
slit of the spectrometer through the collection probe, the working distance of the probe
is 10mm, and the laser used is the SPLER-LAS785 of the spectrum laser photovoltaic,
the wavelength is 785 nm, the continuous output power is 0–500 mW, and the linewidth
is less than 0.2 nm. The spectrometer used is OE650JHG spectrometer with a slit width
of 50um and a working spectral range of 651–879 um. For 785nm incident laser, the
corresponding range ofRaman frequency shift is –2662.1 –983.7 cm-1. The focal point of
the excitation probe and the collection probe are both on the surface of the mechanical
axis. The excitation probe and the collection probe are fixed on the six-dimensional
optical adjusting frame to adjust the different space offset distance. The offset distance
that can be adjusted by the probe in the experimental device is –1.0–1.0mm. When the
offset is zero, it is the working mode of the Raman spectrometer.
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Fig. 3. Space migration experimental facility

3.1 Experimental Results

To change the testing radius of the machine tool, count the deviation testing results of
the three groups of methods on the X direction and Y direction of the mechanical axis,
compare the stability of the deviation testing values of the three groups of methods, and
select the testing items of the offset distance as XY non-perpendicularity and XY inverse
overshoot. The experimental comparison results are shown in Table 4:

Table 4. XY comparison of nonperpendicularity stability

Test radius of
machine tool (mm)

Group A test results
(Urad)

Group B test results
(Urad)

Group C test results
(Urad)

100 25.5 23.9 21.2

110 24.9 26.8 22.4

120 25.3 22.5 25.8

130 24.7 25.8 26.2

140 25.2 24.1 25.6

150 25.8 25.3 23.9

160 24.1 26.1 26.3

170 24.5 23.0 22.5

180 25.0 22.3 21.9

It can be seen fromTable 5 that when the test radius ofmachine tool circle is changed,
the detection value of mechanical axis offset distance in group A is more stable, the
measured value of the mechanical axis offset distance of experiment group A fluctuates
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Table 5. Comparison results of XY reverse overshoot stability

Test radius of
machine tool (mm)

Group A test results
(Urad)

Group B test results
(Urad)

Group C test results
(Urad)

100 5.5 3.9 1.9

110 4.9 6.8 2.1

120 5.3 2.5 5.2

130 4.7 5.8 6.3

140 5.2 4.1 5.8

150 5.8 5.3 4.2

160 4.1 6.1 2.9

170 4.5 3.0 2.2

180 5.0 2.3 3.1

slightly, while the detection results in group B and group C fluctuate greatly. On the
basis of the first group of experiments, the detection time of the three groups of methods
was compared. The experimental results are shown in Table 6.

Table 6. Comparison results of offset distance detection time

Test radius of
machine tool (mm)

Test time of group A
(s)

Test time of group B
(s)

Test time of group C
(s)

100 2.31 5.38 6.29

110 2.83 5.29 6.29

120 2.83 5.27 6.30

130 2.03 5.28 6.28

140 2.18 5.29 6.12

150 2.93 5.93 6.82

160 2.18 5.92 6.29

170 2.03 5.02 6.03

180 2.18 5.28 6.17

When the test radius of machine tool circle is changed, the detection time of mechan-
ical axis offset distance in group A is significantly less than that in group B and group C,
and the detection time can be as low as 2.03 s. This is mainly because the method in this
paper uses neural network to modify the parameters in the model. To sum up, compared
with the traditional method, this design method can ensure the detection efficiency, and
the detection result is more stable, which ensures the accuracy of the offset distance
detection value.
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4 Conclusion

This design method gives full play to the advantages of rough set neural network and
reduces the fluctuation of offset detection value. However, there are still some short-
comings in this study. In actual measurement, the trajectory of the moving ball center
is not a circle, but a spatial curve. In the future research, the motion error of the rotary
pair will be further eliminated.
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Control Method of Multi Joint Snake Like
Manipulator Based on Hybrid Fish Swarm Ant

Colony Algorithm
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Abstract. In the control process of multi joint snake like manipulator, the tradi-
tional control method is easily affected by the interference of multi link communi-
cation signal, and its overall control stability is poor. Therefore, a control method
of multi joint snake like manipulator based on hybrid fish swarm ant colony algo-
rithm is proposed. The hybrid fish swarm ant colony algorithm is used to update
pheromone, so as to select the optimal motion path of the manipulator, and design
the transmission control to ensure the normal communication and signal stability
of each joint of the manipulator. On this basis, the control rules of the manipulator
are designed for the selected path of the manipulator to achieve the goal of real-
time control of the manipulator. The experimental results show that: the control
method based on hybrid fish swarm ant colony algorithm has high control signal
transmission efficiency, reliable convergence value, and its overall stability has
been improved.

Keywords: Ant colony algorithm · Multi joint · Snake like manipulator ·
Control method

1 Introduction

Snakes are widely distributed in nature, and can be seen in a variety of environments.
From land to sea, from forest to desert, their special appendage freemovement has strong
environmental adaptability [1]. If this kind of motion ability can be applied in robot, it
will be a great breakthrough. Most of the commonly used robot movements are wheeled
or foot walking. Although they have been developed for a long time, their movement
ability is still limited and their ability to adapt to the terrain is limited. Due to the strong
adaptability of snake like motion, it can be predicted that snake like robot will have
broad application prospects in exploration, dangerous environment operation, on-site
inspection and reconnaissance.

In addition to the special environment and terrain adaptability, snake like robots
are often composed of a large number of repetitive segments, with many redundant
structures. Different segments can backup each other, and their scalability and reliability
are greatly improved. Therefore, in some areaswith high reliability requirements, such as
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military, aerospace and so on, NASA has been developing snake like robots Application
of space robot in the field of research [2, 3].

Snake like robot has many useful characteristics, but at the same time, these char-
acteristics also bring many problems, so snake like robot attracts numerous researchers
to explore. Among these problems, how the snake like robot, or snake, moves is the
most basic one. Different from the motion of wheeled or walking robots, their motion is
obvious and easy to understand. When the wheels turn or the feet push, the robot moves
[4]. The movement of snake like robot is not so obvious, it uses the overall deformation
of the body to achieve movement, rather than wheels or feet.

The research of snake like robot in China is later than that in foreign countries. In
1999, Shanghai Jiaotong University published the first prototype of snake like robot in
China. Since then, some research on motion theory has been carried out. In 2001, the
University of national defense science and technology also published a prototype snake
like robot [5]. South China University of technology has also carried out research on
snake like robots. They mainly focus on the theoretical research on the application of
snake like robots in bridge cable detection, and have carried out a lot of simulation on
snake like robots [6]. At present, Shenyang Automation Research Institute of Chinese
Academy of Sciences has the most abundant research achievements in the field of snake
like robot in China. They not only carried out in-depth research in theory, but also
published a number of prototypes.

For the control of snake like manipulator, the current common methods are vision
based manipulator control and neural network-based manipulator control. Ai et al. [7]
proposed design of manipulator target positioning system based on monocular vision.
Obtain the image of the lock target in real time through monocular optical imaging,
and combine the image analysis algorithm to calculate the target space position and the
relative position of the target and the robot arm. Using OPC communication technology,
the target space position information is transmitted to the robot arm control module and
control the movement of the robotic arm to achieve the target grab. Li et al. [8] proposed
research on robot trajectory control algorithms based on BP neural network and ant
colony algorithm. Establish the manipulator motion trajectory model, and then use the
neural network algorithm to train the main parameters of the manipulator, and then
compare the output predicted motion trajectory with the manipulator’s expected motion
trajectory in order to solve the optimal parameters that are closer to the expectations.
These two control methods have the problem of poor stability in the actual application
process, which is mainly affected by the unstable communication between the joints.

In this case, a multi joint snake like manipulator control method based on hybrid
fish swarm ant colony algorithm is proposed to solve the problems existing in the tradi-
tional control method. The hybrid fish school-ant colony algorithm is used to update the
pheromone during the movement of the robotic arm. In this process, the optimal motion
path of the robotic arm is selected. The path data is transmitted to the data receiver of
the robotic arm to realize the real-time control of the robotic arm. In this process, the
hybrid fish school-ant colony algorithm ensures the stability of data transmission.
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2 Control Design of Multi Joint Snake Like Manipulator Based
on Hybrid Fish Swarm Ant Colony Algorithm

2.1 Update Pheromone

In the basic ant colony algorithm, the calculation of transition probability depends heavily
on the updating of pheromone. Different pheromone updating strategies will affect the
search behavior of ants, thus improving the performance of the algorithm. In the basic
ant colony algorithm, the pheromone update strategy makes the premature convergence
behavior of the search mode more likely to occur, and the feasible solution cannot be
quickly concentrated near the optimal solution, which inevitably reduces the quality
and convergence speed of obtaining the optimal solution [9, 10]. In this paper, a new
pheromone updating strategy is proposed in the hybrid intelligent algorithm, which can
better avoid the algorithm falling into the local optimal solution prematurely.

In order to reflect that the pheromone secreted in nature is a kind of biological
material, whichwill be gradually reduced in the air. Therefore, the concept of pheromone
volatilization coefficient P is introduced, that is, the concentration of pheromone secreted
by individual antswill gradually decreasewith time according to some natural law.When
the ant colonyKfinishes one cycle, it volatilizes the pheromones on all paths according to
the volatilization coefficient p, and then updates the pheromone concentration according
to Formula (1).

σij(t + 1) = (1 − p)σij(t) (1)

Then according to formula (1), pheromone updating is completed for all the global
paths of the manipulator.

σij(t + 1) = (1 − p)σij(t) + �σij(t) (2)

�σij(t) = p × f (Lbest) (3)

The formula Lbest represents the optimal feasible solution obtained by all ants so
far in this cycle. The proposed pheromone updating strategy can gradually evaporate
the interference of the poor initial solution on the optimal global path, and gradually
strengthen the influence of pheromone on the optimal global path as the algorithm
continuously iterates. In the process of pheromone iterative updating, if the amount of
pheromone trajectories of one point on each selected point is significantly higher than
that of other points, when using the above method to update pheromone, the search
stagnation phenomenon is very likely to occur, and the feasible solution is often locally
optimal. In order to avoid this phenomenon, this paper proposes an update strategywhich
directly depends on the pheromone trajectory and heuristic information to influence the
probability of selecting the next solution element. The heuristic information is constant
in the whole process of the algorithm, which is determined according to the actual
problem. Therefore, by limiting the amount of pheromone update trajectories, the effect
of affecting the solution elements can be achieved, and avoid that ants may move along
part of the same path, but will not move along the same path.
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The calculation method is as follows: select the appropriate pheromone trajectory
boundary, for all pheromone σij(t) in the path, The following rules must be followed.

σij(t) ∈ [σmin, σmax] (4)

In formula (4), if σij(t) > σmax, then upper limit is taken as the amount of pheromone,
and need to conform to formula (5).

σij(t) = σmax (5)

In formula (5), if σij(t) < σmin, set σij(t) = σmin. Consider that the algorithm
updates pheromones on a single path, the maximum pheromone amount is 1

Lbest
, where

the symbol 1
Lbest

represents the path length of the corresponding global optimal solution
or iterative optimal solution. Therefore, according to the following strategy σmin and
σmax is dynamically updated until a better feasible solution is found.

Before the first generation solution is produced, σmin and σmax are calculated by the
following formula:

σmin = σmax

20
(6)

σmax = 1

2(1 − p)
· 1

Lbest
(7)

When the pheromone in the path is updated,σmin still determined σmax by formula
(6) and formula (7)

σmax = 1

2(1 − p)
· 1

Lbest
+ 1

Lbest
(8)

The convergence condition of the algorithm is that if there is only one solution
element at each selection point, the information amount of the other solution elements is
σmin, while the information amount of the other solution elements is σmax. Therefore, in
the process of solving the algorithm, it is necessary to select the solution element with
the largest amount of pheromone trajectory each time to obtain the optimal solution of
the manipulator motion.

2.2 Signal Transmission Control Design

The serpentine robot’s head and body are directly connected with the remote control by
wireless communication. Thewirelessmodule uses theNRF24L01wireless transmission
module which has become the modular structure. When using this module to commu-
nicate, users do not need to participate in the communication process, as long as the
module is programmed configuration, data can be transparently transmitted. NRF24L01
is a 2.4 GHz wireless communication chip produced by NORDIC. It is modulated by
FSK and integrated with NORDIC’s own Enhanced Short Burst protocol. The module
in the NRF24L01 chip with an antenna, the terminal and other peripherals, through the
SPI communication mode and SCM communication, very convenient to use.
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With the support of wireless transmission technology, remote control is used to
control the robot arm. The remote controller is used to display the state of the serpentine
robot and realize the manipulation of the robot. Including power supply module, voltage
monitoring module, indicator light, touch screen, wireless communication module and
SWD download port.

Touch screen: using STM32 development boardwithALIENTEKTFTLCDmodule,
which belongs to the resistive touch screen, is currently the most used in the market type.
Status Indicator LED: For convenience of observation, all of them are high-brightness
direct insertion LEDs, which are red, blue and green respectively.

Voltage monitoring module: In all circuits are set up a power monitoring module to
avoid the battery voltage is too low and damage the battery, monitoring module includes
sampling circuit and buzzer alarm circuit. Because the requirement is not high, the
voltage of 8.4V power supply is divided by a simple resistance voltage divider, and
then the sampling voltage is converted to AD by STM32. The snake-like robot adopts
a partial voltage resistor with resistance of 20 K and 30 K and accuracy of 1%, so the
sampling voltage is 8.4 V * 2/5 = 3.36 V. When the power supply voltage is lower than
7.2 V, the sampling voltage is lower than 2.88 V, the buzzer alarms. Buzzer module: In
order to reduce the size of the circuit board, the passive buzzer is used, the size is only
5 mm * 5 mm * 2 mm. The difference between active buzzer and passive buzzer lies
in whether it integrates oscillation circuit, so the passive buzzer should output PWM
signal in MCU and control the buzzer by amplifying triode S9012, which is different
from conventional buzzer control. SWD debug mode: J-LINK V8 and STM32 both
support JTAG debug and SWD debug, so two debug modes can be used, but SWD only
needs two IO, occupies less resources and volume than JTAG, so SWD debug mode
is used. When using the J-LINK V8 downloader, the STM32 ground and 3.3 V need
to be connected to the J-LINK V8 ground and 3.3 V, so only four wires are required
for SWD downloads, including two IO pins (SWDCLK, SWDIO) and 3.3V and GND.
Power module: This module is responsible for the power supply of the whole remote
control, because the remote control has two kinds of power demand, 3.3 V and 5 V, so
the power module is divided into 3.3V voltage regulator and 5V voltage regulator part,
because the power is not big, so all use ASM 1117 series linear voltage regulator chip,
linear voltage regulator compared with DC-DC voltage regulator is generally small,
input voltage and output voltage can be very close, use ASM 1117–3.3 and 1117–ASM
5.0 regulator chip, 8.4 V power supply voltage to 3.3 V supplyMCU, 5.0 V supply touch
screen. The transmission control part guarantees the reliable completion of data stream
transmission between the segments, and the object it transmits is a segment of byte
stream. The hardware base of this module is STM32. To ensure reliable transmission,
the sender must be able to receive the authenticated frame sent by the receiver after
sending the data frame. Therefore, each segment must be duplex with the forward and
backward communication, and each segment needs two transmission control systems,
one for the first segment and the other for the second segment.
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2.3 Motion Control Design of Manipulator

Motion control is responsible for direct control of the steering gear and updating of
motion parameters. The core is to record the state of motion, which determines the
current implementation of the motion.

The steering gear used in the motion control part is MG995. The steering gear has
3 control wires, two of which are power and ground wires, and one is signal wire. The
control signal of the steering gear is a square wave with a period of 20ms, which has a
certain requirement on duty ratio. The steering gear of theMG995 rotates in the range of
–90° to 90°, and its high level time length y (unit us) is related to the angle x as follows:

y = 100

9
x + 1500 (9)

Each segment has two actuators to control, that is, STM32 chip output two square
waves, using STM32 chip timer 3 to complete, timer 3 can output up to four squarewaves
with the same period. Timer configuration, the use of timer 3 channel 3 and channel 4,
the working mode is PWM 1mode, in this mode, when the timer count value is less than
the comparison register, the output high level, less than the comparison register output
low level.

Because the system clock is 16 MHz, so as long as the timer set to 15, you can reach
16 min, the unit of time is lus, then set the timer 3 count value to 19999, so the timing
cycle is 20,000 times, the length of time is just 20 ms, to set the steering angle, just take
the required angle into the Type 7 to calculate the length of time, the calculation results
into the corresponding comparison register.

Motion parameter updating, especially in interrupt process, only includes the updat-
ing of direct parameter time and rotation angle, because these two parameters need to
be calculated in real time, and the updating period is 20 ms. The first is the update of the
time parameter t. In fact, there are only three kinds of motion: sinusoidal motion, lateral
rolling motion, fixed at a certain angle, and only the first two kinds of motion that need
time parameter. Since the update period here is 20 ms, you will need to increase the time
by 20 ms per cycle. In addition, there is a special parameter: reverse, reverse instruc-
tions, in order to achieve this function, the need for another time reverse growth, that
is, 20 per cycle to reduce 20 growth. Then there’s the angle update. From the structure,
it can be seen that none of the parameters recorded the current angle, which is caused
by two reasons: first, the angle needs to be updated in real time with a period of 20 ms,
and it is meaningless to record different angles in each period; second, the comparison
register corresponding to the query rudder can be used to infer the current angle. Thus,
the multi-joint serpentine manipulator control method based on hybrid fish-ant colony
algorithm is designed.

3 Experimental Study on Multi-joint Serpentine Manipulator
Control Based on Hybrid Fish-Ant Colony Algorithm

In order to verify the performance of the proposed multi-joint snake-shaped manipulator
control method based on the hybrid fish-ant colony algorithm, the DDC controller is
tested, and the input signal is simulated by MATLAB software according to a certain
time sequence.
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3.1 Experimental Preparation

In the experiment, the serpentine manipulator is tested by the driving end. The overall
structure of the driving end is shown in Fig. 1.

Linear guide

The s lider

Cable disc

base

coupling

Drive motor

Fig. 1. Structure diagram of drive end

On this basis, the MATLAB software is used to simulate the signal, and the input
signal timing requirements are shown in Fig. 2.

R_RST

S_RST

DRDY

DFG_DB

DEN

CLK

Fig. 2. Input signal timing design

In order to better verify the control of multi joint snake like manipulator, the experi-
mental parameters are set. The carrier frequency of the input signal is set to 5 MHz. The
modulation signal frequency is set to 120 kHz. The initial value of the accumulator is
set to 0 dB. The total amount of data is 10–50T.

In the same experimental environment, the control of multi joint snake like manip-
ulator is realized through many tests. In addition, compared with the traditional control
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method of multi joint snake like manipulator, its signal processing speed is tested under
the interference of different amount of data.

3.2 Experimental Results and Analysis of Control Signal Processing Rate

Based on the above experimental preparation content, the signal processing rate of
different manipulator control methods is verified. In the experiment, the manipulator
control method based on neural network, vision and the manipulator control method
based on hybrid fish ant colony are used to control the manipulator to do the same action.
The experimental results are output by MATLAB software. The specific experimental
results are as follows This is shown in Fig. 3.

When the number of iterations based on the neural network is very low, it can be
seen that with the increase of the number of iterations in the control chart, only the peak
of 5dB / s can be seen. Experimental results show that when the number of iterations is
increased to 750, the signal processing speed is always maintained at a high level. To
sum up, the robot control method based on hybrid fish swarm ant colony algorithm has
higher control signal processing speed.

3.3 Simulation Results and Analysis

Based on the control process of the manipulator in the above experiment, the output of
the change of the convergence value in the control process is taken as the experimental
result of the second experiment, and the stability of the controlmethod of themanipulator
is compared and analyzed according to the change of the convergence value.

From the data in Table 1, it can be seen that with the increase of the number of
iterations, the convergence values of each manipulator control method are increasing,
but the longitudinal observation analysis shows that the designed manipulator control
method based on hybrid fish swarm ant colony algorithm has the lowest convergence
value and the smallest change. The convergence value is as low as 0.036. Combined
with the experimental results of control signal processing rate, the stability of the control
method based on hybrid fish swarm ant colony algorithm is better than the traditional
control method.
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(b) Experimental results of robot arm control method based on vision
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(c) Experimental results of manipulator control method based on hybrid fish swarm ant colony 
algorithm
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(a) Experimental results of manipulator control method based on Neural Network

Fig. 3. Experimental results of signal processing rate controlled by different manipulator control
methods.
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Table 1. Experimental results of different manipulator control methods

Control method of
snake like manipulator
based on Neural
Network

Control method of
snake like manipulator
based on vision

Snake like manipulator
control method based
on hybrid fish swarm
ant colony algorithm

Iterations 500 500 500

Convergence value 0.926 0.648 0.036

Iterations 1000 1000 1000

Convergence value 2.064 1.395 0.051

Iterations 1500 1500 1500

Convergence value 3.135 2.361 0.097

4 Conclusion

The progress of science and technology, the innovation of technology and the trend of
social development put forward new challenges and requirements for the mechanical
design at this stage. In this context, this paper focuses on the research and discussion
of multi joint snake like manipulator. With the support of the original relevant data and
literature, a control method of multi joint snake like manipulator based on hybrid fish
swarm ant colony algorithm is proposed. After the method design is completed, the
effectiveness of the proposed control method is verified by a number of comparative
experiments with traditional control methods The reliability and stability of the control
method, to a certain extent, solve the problems faced by the traditional manipulator
control method. However, due to the limitations of personal ability and energy, coupled
with the manipulator control is a more complex problem, there will inevitably be some
deficiencies in the research, in the future research will start from the deficiencies in this
paper in-depth research and analysis. Subsequent research can be conducted from the
aspect of the control accuracy of the robotic arm.
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Abstract. In order to improve the effect of steppingmotor automation, the design
method of stepping motor automation control system based on Lyaponov stability
theory is proposed. Firstly, AT89C52 MCU is used to optimize the hardware con-
figuration of stepping motor automation control system, and the system operation
algorithm and operation steps are perfected.

Keywords: Lyaponov stability theory · Stepping motor · Automation

1 Introduction

At present, SCMhas become an important application field ofmodern electronic technol-
ogy and computer technology. The stepper motor automatic control system represented
by SCM has been regarded as the symbol of modern electronic system era. At the same
time, because the price of single-chip microcomputer is relatively low, it makes the
application of single-chip microcomputer in stepping motor automatic control system
more widely, and also promotes the transformation of more classical stepping motor
automatic control system to modern electronic system [1]. Stepper motor is an open-
loop control element that converts electric pulse signal into angular displacement or
linear displacement. In the case of non overload, the speed and stop position of motor
only depend on the frequency and pulse number of pulse signal, and are not affected by
load change. In addition, stepper motor has only periodic error but no cumulative error
In the field of position control, it is very simple to use stepper motor to control [2]. In
order to realize the real-time, fast and accurate control of eight two-phase bipolar hybrid
stepping motors, Lyapunov stability theory is used to study the automatic control system
of stepping motor. Lyapunov stability theory was founded by Russian mathematician
Lyapunov in the 1880s. It has been widely used in automatic control, aviation technol-
ogy, ecological biology, biochemical reaction and other natural science and engineering
technology, and its concept and concept have also developed very rapidly. Using the
characteristics of pulse drive of stepper motor, to achieve its control. The system con-
trols the lower computer through the upper computer man-machine interface. The lower
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computer uses the combination of arm and FPGA to control multiple stepper motors.
In order to realize multi-channel control of stepper motor, the upper computer can send
control instructions through arms and FPGA, and FPGA can generate pulse control
signals needed for motor start, acceleration, deceleration, stop, step adjustment, speed
adjustment, etc. through control instructions [3]. The pulse signal needed to control
each motor is input into the corresponding motor controller through FPGA. Practice has
proved that Lyapunov stability theory is very suitable for the control of stepping motor,
and its many characteristics, such as short development cycle, high flexibility, low cost
and high integration, make it the preferred object in the field of stepping motor control
[4]. Taking Lyapunov stability theory as the core of microcontroller not only reduces the
cost of the whole control system, simplifies the hardware circuit, but also fully ensures
the strong stability and feasibility of the system.

2 Design of Automatic Control System for Stepping Motor

2.1 Optimization of Hardware Configuration Structure of Stepping Motor
Automatic Control System

Stepper motor control system and other motor control system can use open-loop control,
must include a special driver to drive stepper motor. Stepper motor control system is
mainly composed of three parts: stepper motor body, stepper motor drive circuit, stepper
motor controller [5]. The systemconsists of upper computer, STM32microcontroller and
cyclone II FPGA. Through the host computer to complete human-computer interaction,
using STM32 and FPGA as the core processor of the control system, can effectively and
reasonably allocate resources. The relevant operation parameters that need to be set for
the operation of the stepper motor can be modified through the operation interface of the
upper computer. STM32 sends the operation commands and parameters to FPGA, and
generates the digital pulse control signals needed for the start, acceleration, deceleration
and stop of the stepper motor through the control commands [6]. The control system is
developed on the basis of the existing STM32 development board and cyclone II FPGA
development board. Themainwork is to complete the development and test of the system
on the basis of the existing hardware circuit. Based on this, the system framework is
optimized, as shown in the Fig. 1.

From the above picture, we can know that the multi-channel stepper motor con-
trol system includes the human-computer interface, ARMmicrocontroller, FPGA pulse
controller, stepper motor driver, stepper motor body and so on. The human-computer
interaction control interface of the upper computer is the window for the whole control
system to communicate with the outside world [7]. It not only makes the whole control
system visualized, but also makes the running state of each channel stepping motor get
real-time monitoring. Through this interface, the system operators can set up the param-
eters of the entire control system, command settings, stepping motor channel number
selection and other operations [8]. In addition, the PC will also send ARM synchronous
motor running state conversion related control instructions, such as start, acceleration,
deceleration and so on. In the STM32 control module circuit, hardware resources, we
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Fig. 1. System hardware configuration structure diagram

must provide several hardware circuits, including: powermodule, JTAGdebuggingmod-
ule, crystal module, serial port module and GPIO universal IO port module. Figure 2
shows the block diagram of STM32 microcontroller.

Serial port 
module

Crystal 
oscillator 
module

STM32 
microcontroller

Power module

GPIO port

JTAG debugging

Fig. 2. STM32 microcontroller block diagram

As shown in the picture above, this control system mainly includes six parts: PC,
STM32, FPGA, stepper motor driver, stepper motor and grating sensor. In order to
allocate resources reasonably, the control system adopts modular design, which can
communicate with each other and transfer information effectively, so as to control the
stepper motor accurately. Based on this, the system hardware structure and functions are
further optimized as shown in Fig. 3:

In order to realize the visualization of the control system, the operation interface
of the upper computer is designed by Delphi 7, and the communication with the lower
computer is completed by serial port (RS232) [9, 10]. The STM32 series 32-bit flash
memory microcontroller is very suitable for control applications because of its low
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power requirements and low cost. STM32 can receive the control command and related
operation parameters sent by the host computer, and then control the operation of the
stepper motor, through software programming, the parameters are sent to the FPGA. In
addition, in the design of this module, timer interrupt is needed to read the current state
of each channel stepping motor from FPGA, and feedback the data to PC through serial
communication.

2.2 Step Motor Automation Control System Software Operation Algorithm

In the mechanical transmission process in order to make a smaller pulse equivalent, one
can change the lead screw, and the other can be achieved through the stepping motor
subdivision drive. But subdivision can only change its resolution, not its accuracy. The
accuracy is determined by the inherent characteristics of the motor [11]. The load inertia
of stepper motor and the starting frequency required by the machine tool should be
estimated to match the inertia frequency of the stepper motor, so that the high-speed
continuous working frequency can meet the need of the machine tool moving rapidly.
The following calculations are required for selecting a stepper motor:

Based on the required pulse equivalent, the gear reduction ratio i is calculated as
follows:

i = ϕ

360�
S (1)

ϕ is the step angle of the stepping motor, S is the screw pitch, where the screw and
gear are converted to the inertia of the motor shaft:

Jt = J1 + i

i2

[
J2 + Js + W

g

(
S

2π

)2
]

(2)

Jt is the inertia converted to the motor shaft, J1, J2 are the inertia of the gear, Js is
the inertia of the screw rod, and w is the weight of the worktable

M = Ma + Mf + Mt (3)

The expression Ma of the parameter is:

Ma = (Js + Jt)n

MT
× 1.02 × 10−2 (4)
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Ma is the starting acceleration torque of the motor, Mf, Mt are the inertia of the
motor itself and the load, n is the required speed of the motor, and T is the speed up time
of the motor

Mf = uWS

2Maπηi
× 10−2 (5)

η is the torque converted from the rail friction to the motor, Pt is the friction coeffi-
cient, and i is the transmission efficiency. Then the starting frequency of system load is
estimated

Mt = PtS

2Mf πηi
× 10−2 (6)

The starting frequency of the motor controlled by the numerical control system is
closely related to the load torque and inertia

fq = fq0

[(
1 − Mf + Mt

M

)
÷

(
1 + Jt

Js

)] 1
2

(7)

According to the given value rin (t) and the actual output value yout (t), the control
deviation is obtained

error(t) = fqrin(t) − yout(t) (8)

Then the automatic control law of self motor is as follows:

u(t) = kperror(t) + 1

TI

∫ t

0
error(t)dt + TDderror(t)

dt
(9)

Then the transfer function of motor automatic control is as follows

G(s) = U (s)

E(s)
= kp

(
1 + 1

TI s
+ TDs

)
(10)

Where KP is the proportional coefficient, Ti is the integral time constant and TN is
the differential time constant.

Based on the above algorithm, according to the function and design requirements of
each part of the system, the software part of the control system can be roughly divided
into two parts: the success module and the communication module. According to the
hardware part, the function module can be divided into upper computer part, STM32
module and FPGA module [12]. The communication module consists of two parts: the
communication between upper computer and STM32, and the communication between
STM32 and FPGA. Based on this, the operation information processing steps of stepping
motor automatic control system are optimized, as shown in Fig. 4.

As shown in the Fig. 4, the initialization operation of the system main program
mainly includes system clock initialization, flash initialization, interrupt initialization,
peripheral initialization, control and function initial parameter reading, and then turn on
the interrupt to enter the main cycle [13]. In the process of operation, the stepper motor
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Fig. 4. Operation information processing steps of stepping motor automatic control system

cannot be directly driven by DC or AC power supply. Therefore, the classic combination
of L97 + L298 is used in the driving circuit of the system. After loop distribution and
power amplification, the pulse output from FPGA is input into the stepper motor, and
finally drives the specified stepper motor. The hardware circuit of the driver is simple,
the cost is low, and the effect of the driver is good. The specific main program flow is
shown in Fig. 5.

As shown in the figure, when selecting the stepper motor, the output power of the
stepper motor must be greater than the power required by the load. When selecting the
power stepping motor, the load torque of the mechanical system should be calculated
first. The torque frequency characteristics of the motor canmeet the mechanical load and
have a certain margin to ensure its reliable operation [14]. In the actual working process,
the load torque under various frequencies must be within the range of torque frequency
characteristic curve. In addition, the step angle should be matched with the mechanical
system so that the pulse equivalent required by the machine tool can be obtained.

2.3 Realization of Step Motor Automatic Control

Stepper motor driver is a necessary part of motor control, including optical isolation
module, power amplifier module and output module. The output module transmits the
pulse signal after power amplification to the stepper motor to drive eachmotor. There are
two main functions of the optical isolation function module: receiving the pulse signal
sent by FPGA; isolating the optical coupler before receiving the pulse signal [15]. The
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Fig. 5. Simplification of main program operation steps

most important part of the stepper motor driver is the power amplifier module, because
the pulse sent by FPGA is not enough to drive the motor, and the function of the power
amplifier module is to distribute the pulse signal and amplify the power. Stepper motor
control system is an organic whole, which is composed of motion control system and
operation control system [16]. The operation system converts the operator’s operation
into the electrical signal that themotion control system can accept, and themotion control
system responds and completes the specified action. Based on this, the operation control
method of stepping motor automatic control system is optimized, as shown in Fig. 6.

Motion control 
unit

Motion executive 
unitDrive unit Mechanical 

device

Fig. 6. Step motor automatic control method

The control system must apply a certain pulse signal to the stepper motor to drive
it to run, but the pulse signal output by FPGA is small enough to drive the motor to
run, so the driver needs to amplify the pulse signal output by FPGA. In the course of
the development of stepper motor, a variety of special stepper motor drivers have been
designed and developed [17]. Figure 7 shows the basic composition of the stepper motor
driver, as follows:

In the stepper motor control system, the motion executive component is stepper
motor. Stepping motor is a kind of actuator which converts electric pulse into angular
displacement. When the stepper driver receives a pulse signal, it drives the stepper motor
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Fig. 7. Basic composition and structure optimization of stepper motor driver

to rotate a fixed angle according to the set direction, and its rotation is running step by
step at a fixed angle. The angular displacement can be controlled by controlling the
number of pulses, so as to achieve the purpose of accurate positioning. At the same
time, the speed and acceleration of motor rotation can be controlled by controlling the
pulse frequency, so as to achieve the purpose of speed regulation [18]. The operation
of the stepper motor needs an electronic device to drive. This device is the stepper
motor driver, which amplifies the pulse signal sent by the control system to drive the
stepper motor. The speed of the stepper motor is proportional to the frequency of the
pulse signal. Controlling the frequency of the step pulse signal can speed the motor
accurately; controlling the number of step pulses can position the motor accurately [19].
Different results can be obtained by different data operations on LCD controller. For
English display, only 8 bits (one byte) are needed. There are more than 6000 commonly
used Chinese characters, so we use the 128 rarely used values in ASCB table as a group
to represent Chinese characters, that is, the internal code of Chinese characters, and leave
the lower 128 bits for English characters, that is, the internal code of English. Use the
information of numbers to record the shape of English or Chinese characters. See Table
1 for system operation pin description.

Using single-chip microcomputer to drive stepping motor by software, not only
can we freely set the speed, rotation angle and rotation times of stepping motor within
a certain range through programming method, but also can conveniently and flexibly
control the running state of stepping motor to meet the requirements of different users.
The control system realizes the remote control of the upper computer, and the running
state of the stepping motor can be displayed through the LCD screen [20]. Based on the
pin description, the operation steps of the automatic control system are further optimized,
as shown in Fig. 8.

In thewhole process of systemdebugging, single step execution and full speed execu-
tion can be combined organically to find the wrong location more quickly and accurately
than single method. Full speed execution can cooperate with setting breakpoints, which
can generally determine the error range. Single step execution can understand the execu-
tion of each instruction in the program in detail, and it is convenient to knowwhether the
instruction is correct by comparing the operation results of the instruction. On the basis
of realizing the control of single stepping motor, the control system also needs to realize
the synchronous control of multiple stepping motors. In the process of debugging, it is
necessary to use oscilloscope to intuitively judge the synchronization of FPGA output
control pulse. The specific method is to input the FPGA output pulse corresponding
to any two synchronous control stepping motors into the oscilloscope when debugging
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Table 1. System operation pin description

Pin number Pin name Level Pin function description

1 VSS 0 V Power ground

2 VCC – 5
V

Power supply positive

3 V0 H/L Contrast (brightness) adjustment

4 RS(CS) H/L Rs = “H” indicates that db7-db0 are display data
Rs = “L” indicates that db7-db0 is the display instruction data

5 R/W(SID) H/L The data is read to db7-db0
The data of db7 → db0 are written to IR or Dr

6 E(SCLK) H/L Enable signal

7 DB 0 H/L Tri state data line

8 DB 1 H/L Tri state data line

9 DB 2 H/L Tri state data line

10 DB 3 H/L Tri state data line

11 DB 4 H/L Tri state data line

12 DB 5 H/L Tri state data line

13 DB 6 H/L Tri state data line

14 DB 7 H/L Tri state data line

15 PSB H/L H: 8-bit or 4-bit is parallel port mode, l: serial port mode

16 NC - Empty feet

17 /RESET H/L Reset terminal, low level valid

18 VOUT - LCD driving voltage output terminal

19 A VDD Positive end of backlight (+ 5 V)

20 K VSS Negative end of backlight

the system, and observe and compare, so as to ensure whether the system reaches the
synchronization index.

3 Analysis of Experimental Results

Matlab/Simulink is used in the simulation.MATLAB is a simple engineering calculation
language launched by MathWorks company in the United States. Based on matrix,
it integrates calculation, visualization and programming into an interactive working
environment. It can realize the functions of engineering calculation, algorithm research,
modeling and simulation, data analysis and visualization, scientific and engineering
drawing, application development and so on. When all parts of the system are debugged
successfully, the system runs normally, and the upper computer interface and FPGA
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Table 2. Experimental parameter setting

Setting parameters Parameter value

Steps 500000 steps

Initial speed 50 steps per second

Target speed 5000 steps per second

Stop speed 50 steps per second

Acceleration 500

Deceleration 500

output pulse are observed. Here, the control system is set to 8-channel synchronous
operation parameters as experimental parameters, as shown in Table 2.

Generally speaking, the automatic operation state of stepping motor is the same. In
the process of experiment, we only need tomeasure and observe the pulse of any channel.
When the stepper motor enters the stable operation state, the FPGA output pulse of the
system is displayed, and according to theoutput result, themotor is adjusted to run in time.
In order to form the experimental contrast, the traditional stepper motor control system
and the DSP based stepper motor control system are set as the two contrast systems
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of the experiment, and the system is developed and operated in the same environment
to ensure the uniqueness of the experimental variables. After the system running, the
display result of stepping motor output pulse is shown in Fig. 9.
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Fig. 9. Analysis of experimental comparison results

The simulation results show that compared with the traditional system, the control
scheme based on Lyapunov stability theory is feasible. Based on the traditional system
operation curve in the figure, it can be seen from the torque speed characteristic curve,
current speed characteristic curve and current waveform of stepper motor system that
with the increase of speed, the current amplitude and torque output capacity of the system
decrease. This is because the back EMF increases with the increase of stepper motor
speed. This is the inherent characteristic of stepping motor.
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4 Conclusion

The design of stepping motor automatic control system based on Lyapunov stability
theory is put forward. From the actual use, the controller has the characteristics of
high reliability, easy to use and strong universality. The control of stepping motor runs
smoothly and the effect is good.With the development of microelectronics and computer
technology, the operation of steppingmotor automatic control systembased onLyapunov
stability theory will be more simple, flexible and intelligent, and will be widely used in
various fields.

Fund Projects. Hunan Natural Science Foundation Project (2020JJ4558, 2018JJ2367,
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