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In the field of martial arts, athletes can win the initiative in the competition if they can correctly and timely acquire the field
knowledge, evaluate the situation efficiently, and formulate a suitable strategy. In this paper, we use fuzzy mathematics,
mathematical statistics, and artificial intelligence learning algorithms to carry out systematic and in-depth research on the
selection of Wushu competition scene decision-making. *e fuzzy mathematics theory is combined with the intelligent design
theory for decision-making based on a multiagent, case-based reasoning selection, and adaptability evaluation analysis. *e
Wushu competition scene decision system is constructed based on artificial intelligence learning algorithms. Our approach
outperforms the existing approaches in terms of accuracy, sensitivity, specificity, and Matthew’s correlation coefficient (MCC).
*e results of our proposed model can be anticipated to have the potential for better flexibility and scalability in martial
arts competition.

1. Introduction

Wushu is a unique traditional project in China and a
treasure in the Chinese nation’s cultural heritage. As a sport,
the Wushu routine is composed of different styles of
technical movements. It has the connotation of attack and
defense philosophy and high ornamental value, which gives
people reasonable enjoyment [1]. Besides, the Wushu rou-
tine is highly praised for its rich and diverse cultural forms.
Combining competitive Wushu routine and western com-
petitive sports culture makes daily activities more effective.
With the increasing influence of Wushu routines globally,
more and more international players begin to practice
Wushu routines and participate in international competi-
tions. *e combination of Wushu routines and the Olympic
concept of higher, faster, and stronger makes the routine
competition more accumulated. *erefore, it is necessary to
improve the technical level of athletes through scientific
training.

In the past, the research on the development of the
Wushu routine mainly focused on the situation analysis,

qualitative analysis, developing direction discussion, and
future developmental trend prediction, among others.
However, there is little research on the influencing factors of
competitive Wushu routine competition performance, and
there is almost no research on the factors influencing ath-
lete’s competition performance from the perspective of
exercise level [2, 3]. *erefore, the athlete’s movement re-
quires measures that improve the classification of movement
patterns into significant groups and support specialists in
their decisions at the training.

In this context, the increasing importance of artificial
intelligence learning algorithms has led to a substantial
contribution. Artificial intelligence learning can simulate
and extend human intelligence. *ese algorithms allow the
development of theory, methods, and application systems
for simulating and expanding human intelligence. One of its
main goals is to enable machines to perform complex tasks
that usually require human intelligence. Its rapid develop-
ment is widely used in military, financial, management, and
other fields.*e objective of this paper is to build an artificial
intelligence assistant system that is suitable for martial arts
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competition decision-making through expert system plat-
form, data mining, online analysis, and virtual reality [4–6].
*e artificial intelligence decision support system (IDSS) is a
computer intelligent system with special knowledge and
inherited experience. It combines artificial intelligence
methods and a decision support system (DSS) [7–11].
Numerous researchers have carried out a lot of research on
IDSS. In [12], the authors put forward the Web Intelligent
Decision Support System framework, which provides ef-
fective decision support for decision-makers. In [13], the
authors constructed data management, decision-making,
and modeling based on a rough set theory that combines an
artificial neural network with an expert system to generate
new rule’s knowledge and realize a fuzzy decision support
system. In [14], the authors integrated the agent into an
intelligent decision support system and proposed a new
coordination engine and information interaction algorithm
based on multiagent. Based on multiagent tasking, intelli-
gent decision support system architecture was proposed that
improved the intelligent decision-making system’s reliability
and effectiveness [15]. In [16], an intelligent decision support
system for the drilling process based on case-based rea-
soning was proposed to solve information inaccuracy [16].

However, there is little research on the influencing
factors of competitive Wushu routine competition perfor-
mance, and there is almost no research on the factors
influencing athlete’s competition performance from the
perspective of exercise level [2, 3]. *e major contributions
of this paper are as follows:

(1) We comprehensively use fuzzy mathematics,
mathematical statistics, and artificial intelligence
learning algorithms to carry out systematic and in-
depth research on the selection of Wushu compe-
tition’s scene decision-making.

(2) *e fuzzy mathematics theory is combined with the
intelligent design theory for decision-making based
on a multiagent, case-based reasoning selection, and
adaptability evaluation analysis. Finally, the Wushu
competition scene decision system is constructed
based on artificial intelligence learning algorithms.

*e rest of this paper is organized as follows. Section 2
discusses the preliminary concept of the system by focusing
on different methods followed by artificial intelligence de-
cision-making method for adaptability evaluation of Wushu
competition in Section 3. Section 4 presents performance
measurement metrics. Results and discussions are presented
in Section 5. Finally, Section 6 concludes the paper with a
summary and future research direction.

2. The Preliminary Conception of the System

*e preliminary conception system of the Wushu compe-
tition scene decision is divided into three levels, i.e., database
layer, processing layer, and display layer. *e database layer
is the basic support platform, which provides data support
for the processing layer. *e processing layer is the core
executive organization. It is responsible for the logic pro-
cessing between martial arts tactics.*e display layer aims to

transform the processed data into decision-making [17]. *e
library at this layer mainly completes the collection of
Wushu tactical data and constructs the Wushu tactical data
warehouse. Data warehouse refers to the effective integration
of multiple heterogeneous data sources. After integration, it
is reorganized according to the theme. It is mainly used to
support decision-making and analysis-oriented data pro-
cessing. *rough the collection of martial arts tactical data,
the artificial intelligence assistant system completes the
collection and storage of basic data, training data, field data,
and image document data, including the feature database of
Wushu athletes, the feature database of coaches, and the case
database of tactics. *e martial arts tactics analysis chart is
shown in Figure 1.

It can be observed from the figure that the data of martial
arts tactics analysis are collected from different angles and
levels through statistical reports and tactical deduction.
*ese include the individual data of athletes, coaches, and
sports researchers and all kinds of conventional statistical
data and field statistics. *e decision analysis in the display
layer is to establish various topics, analyze the data of dif-
ferent topics, obtain the optimal scheme, and assist the coach
in decision-making. *e tactical deduction at the perfor-
mance layer refers to the simulation and display of position
and attack and defense routes at your side and the other side
in the competition field by electronic means. It reflects the
tactics adopted by your side and the other side and analyzes
your side’s best attack route and defensive line.

3. Artificial Intelligence Decision-Making for
Adaptability Evaluation of
Wushu Competition

*e adaptability evaluation of complex Wushu competition
involves numerous factors, which are difficult to choose. Due
to the complexity of Wushu movements, the competitions
are often faced with multiple uncertain factors. *e artificial
intelligence method can analyze the influence of complex
factors and can be used to evaluate the adaptability of the
Wushu competition effectively. Based on the theory and
practice of fuzzy multiagent and case-based reasoning, the
artificial intelligence decision-making of Wushu competi-
tion scene adaptability evaluation is proposed here.

3.1. Evaluation Method of Wushu Competition Adaptability
Based on Fuzzy Mathematics. Fuzzy theory can simulate
human thinking, and it is feasible for human decision-
making. *e characteristics of a fuzzy membership rela-
tionship in fuzzy theory can be applied to many decision-
making fields. At present, fuzzy subordinate decision-
making has been successfully obtained in considerable
scientific research. *e field adaptability evaluation of
Wushu competition under complex conditions is affected by
various quantitative and qualitative uncertain factors, such
as Wushu action design, routine design, field performance
status, and equipment problems. Due to these factors’ dif-
ferent units and attributes, it is not easy to compare them.
Besides, it is one of the complex problems in adaptability
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evaluation to select the main or critical influencing factors
from so many factors and then use some measurable in-
dicators to describe them. For the problem of commensu-
rability of the evaluation index, the fuzzy mathematics
method can be effectively solved. Because of these factors
affecting the adaptability evaluation of the Wushu compe-
tition scene, the results obtained by using the fuzzy com-
prehensive evaluation method are more accurate and
applicable [18].

3.2. /e Fuzzy Comprehensive Evaluation Model.
Assuming that the evaluation target set
O � O1, O2, . . . , Om  and the evaluation index set factory is
equal to network U � U1, U2, . . . , Um , then the basic
model of a fuzzy comprehensive evaluation is as follows:

D � w1, w2, . . . , wm  ×

r11 r12 . . . r1n

r21 r22 . . . r2n

⋮ ⋮ ⋱ ⋮

rm1 rm2 . . . rmn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

, (1)

whereD is the set of comprehensive evaluation values andOi

is the fitness of evaluation objectives. *e weight of the
evaluation index is determined by the analytic hierarchy
process (AHP). AHP is a multiobjective decision analysis
method combining quantitative and qualitative analysis. It
combines mathematical processing with human experience
and subjective judgment and can effectively analyze the
nonsequential relationship between the levels of objective
criteria system, the judgment, and decision-making of
comprehensive measurement evaluation. *e method to
determine the weight of the evaluation index is as follows
[19].

According to the evaluation, objectives are achieved
based on the mutual influence and subordination rela-
tionship among evaluation indexes. *e hierarchy of indi-
cators is divided into the target layer, criterion layer, and
index layer from high to low (Figure 2).*e indicators of the
upper level play a dominant role in the indicators of the next
level.

For the difference of the influence of pairs of indicators,
the judgment matrix constructed according to the above
method can objectively reflect. Still, when analyzing and
comparing all the results of the indicators, there will

inevitably be some degree of inconsistency. To eliminate the
inconsistency, the elements in the judgment matrix A should
satisfy the following conditions:

aijajk � aik, ∀i, j, k � 1, 2, 3, . . . , n. (2)

3.3. Fuzzy Membership Function of Evaluation Index. *e
relationship between fuzzy set and element set can be
expressed by any interval value, i.e., 0, 1. When the fuzzy set
completely contains the element, it is expressed as “1”; when
the fuzzy set does not contain the element, it is expressed as
“0”. Similarly, the membership degree indexes the uncer-
tainty of the membership relationship between element sets
and fuzzy sets. Generally, when solving a practical problem,
the first thing is to determine the membership function,
which is usually approximately determined by the reasoning
method. *e connotation of the subordinate function is to
reflect the objective law into the function formula and to
synthesize, process, reorganize, and transform people’s
subjective consciousness. *erefore, the determination of
membership function should conform to objective law and
have a certain degree of subjectivity and experience, not
through subjective imagination. *e membership function
can be determined by the intuitionistic method, fuzzy sta-
tistical method, preferred comparison method, binary
comparison method, and absolute comparison method.

3.4. /e Intelligent Decision Support System. An intelligent
decision support system (DSS) makes use of the advantages
of machine learning and expert system technology in
qualitative analysis and uncertain reasoning, makes full use
of human experience and knowledge in problem-solving,
and provides a new way to solve the above problems. *e
expert system establishes a domain expert knowledge base
and problem-solving base system. *e expert system can
make the machine intelligence reach or even surpass the
human expert level in some aspects. *e application of
unified technology in management often aims at the deci-
sion-making problems in specific fields. Applying expert
system technology to decision support system and estab-
lishing an intelligent decision support system (DSS) can
overcome the limitations of expert system and decision
support system. Better support management decision service

Feature and case-based
maintenance system

Diagnosis and decision
analysis

Tactical deduction Statistical report

Expert system platform

Database system

Athlete characteristics
database

Characteristics
database of coaches

Case database and
trainer database

Mobilization library
of bilateral education

Figure 1: A system for analyzing martial arts tactics.
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artificial intelligence and expert system technology not only
have a profound impact on the technology and structure of
decision support system but also have a profound impact on
the concept of decision support system in recent years.
Almost all the research studies on DSS are based on the
application of machine learning technology, and the com-
bination of expert system and decision support system is a
direct body. Now, the intelligence of all parts of DSS, such as
the combination of man-machine dialogue components, the
combination of solving methods, the combination of da-
tabase model base, method base, and their management
system. *e combination of expert system technology and
decision support component improves the function of each
component, which will undoubtedly greatly improve the
decision supportability [20–23].

With the deepening of research, expert system technology
has penetrated all aspects of DSS, such as architecture and
problem-solving, which has an important impact on decision-
making methods and processes. *e research of intelligent
decision support system has gradually developed from the
expansion of the function of decision-making components in
the past to the comprehensive integration of components and
from the past quantitative model to the intelligent decision-
making method based on knowledge, and it makes the theory
and method of intelligent decision support system mature
gradually. Turbo has studied the implementation of a decision
support system 1%, but the intelligent system implementation
method cannot guarantee that the developed system is an
intelligent decision support system.

*e intelligent decision support system (IDSS) is a kind
of computer intelligent program system with special
knowledge and experience. It is the combination of an expert
system (ES) and a Wushu competition scene decision
support system (DSS). Combining the characteristics of both
qualitative and quantitative analysis can be organically
combined, and the ability and scope of solving problems can
be improved. As shown in Figure 3, it is the structure di-
agram of the integration of the expert system and decision
support system of the Wushu competition scene.

It can be seen from the figure that the combination of
DSS and ES in IDSS is mainly reflected in the following three
aspects:

(1) *e overall combination of DSS and ES
(2) *e combination of KB and MB
(3) *e combination of the static database (DB) and

dynamic database

3.5. Deep Neural Network Model. A deep neural network
model is a multilayer network of processing nodes and is most
widely used in industries, simulation games, robotics, andmany
other different fields. A deep neural network model needs to be
built based on the huge amount of data.*e deep model can be
established based on various relationships and laws analyzed by
data mining and can also be established by combining martial
arts professional knowledge and the experience of coaches and
experts. Valuable information can be obtained from a large
number of data through themodel, and this information can be
displayed in an intuitive form so that the data can play an
effective role, and the model can be dynamically increased and
improved through practical application. Besides, tactical de-
duction, virtual arena, virtual exhibition hall, and other per-
formance methods are gradually mature.

*e basis of the deep neural network assistant system of
Wushu competition decision-making is also a large amount of
data. It is precisely because of the large amount of data and
information accumulated in the daily training and actual
competition, which has laid a solid foundation for the system.
Also, the rich knowledge and on-the-spot command experience
of the coaches provide reliable support for the adjustment and
optimization of the system. *e data mining, online analysis,
and virtual technology involved in this system are relatively
mature technologies and are widely used in military, economic,
management, and other fields, and achieved success.

4. Formulation of Measurement Scales

To evaluate the performance of a machine learning algo-
rithm, four parameters are commonly used to check the

Decision objective D

Critorion P1 Critorion P2 Critorion Pm

U1 U2 Un

Target layer

Critorion layer

Index layer

Figure 2: Hierarchical model.
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Figure 3: Structural chart for integrating expert system and de-
cision support system.
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model reliability and validity. *ese parameters include
overall accuracy of the model, specificity as true-negative
rate, sensitivity as true-positive rate, and MCC as Mathew’s
correlation coefficient. *ese four metrics calculation for-
mulas are as follows:

ACC � 1 −
m

+
− + m

−
+

m
+

+ mP
−, 0≤ACC≤ 1,

specificity � 1 −
m

−
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(3)

where m+ represents true positive, m− represents the total
true negative, m+

− represents the false positive, and m−
+

represents the false negative.
In the field of machine learning, the entity that can

work independently and has the interactive ability is
generally defined as an agent. Independent traditional
agents are limited in enjoying resources and solving
problems. When they encounter complex and huge prac-
tical decision-making problems, they often cannot solve
them effectively. Based on this, scholars at home and
abroad put forward a multiagent system. *e traditional
multiagent system is a kind of distributed multiagent
system. It can effectively solve complex and huge practical
decision-making problems, which are not possessed by
independent traditional agents. *rough multiple in dif-
ferent hosts or locations, the traditional multiagent can
complete more complex decision-making tasks through the
interaction and cooperation between the independent
traditional multiagents running on.

5. Experimental Results and Discussion

In this section, we evaluate and discuss the performance of
our proposed model in detail. *ere are a lot of professional
data in martial arts teaching and scientific research, such as
daily training data, competition data, teaching data, and
experience data of domestic and foreign counterparts. With
the help of deep neural network (DNN), these data are ef-
fectively classified and sorted out to form a data warehouse,
and an artificial intelligence assistant system for decision-
making on the spot of Wushu competition is constructed.

5.1. Interindividual Classification. *e establishment of the
model needs to be based on the experience of teaching and
training level experts; on the other hand, it is to model
through the association relationship obtained by data
mining. *e model includes a static model and a dynamic
model. *e static model is mainly composed of the

individual ability model of the players and the overall
ability model of the players on the field.*e dynamic model
needs to take the field parameters as the input conditions
and then carry out the field operation model as shown in
Table 1. For example, the formation influence model of
both sides can analyze the attack and defense of the current
formation by comparing the positions of the players on the
field and the positions of the opposing team members. By
inputting the field data of both players in real time, it can
analyze which position of the team needs to be strength-
ened and which position of the other side is the weakest.
Using artificial intelligence algorithm [24, 25] for self-
learning and self-improvement of the model, on the one
hand, can optimize and adjust various models through self-
learning ability; on the other hand, according to the
feedback data in practical application, the key parameters
are modified to make the model more in line with the actual
situation.

5.2. Individuality of Movement Patterns Multiple Agents.
Multiple agents in the system will produce a variety of
different decision-making schemes. Before making decisions
on the schemes, they must be ranked first; then, the co-
operation and cooperation among multiple agents in the
system are needed to obtain a higher reliable solution. At
present, a large number of studies on the priority of decision
schemes have been carried out, and fruitful results have been
obtained. For example, some scholars have applied scientific
research on the area of fuzzy numbers to the order of the
pros and cons of decision-making schemes; some scholars
have combined the Minkowski function with grey number
theory and put forward the corresponding ranking method.
Some scholars use the local rough set to sort the decision
schemes in the stochastic control model. However, all of the
above methods have their limitations. On the problem of
ranking the advantages and disadvantages of the decision-
making schemes, the system has not been fundamentally and
effectively solved in the application process, and there are
still many problems in the ranking of schemes, which makes
the evaluation results to lack of scientific rationality, as
shown in Table 2. Figures 4–7 show the comparative ex-
perimental results of different methods on accuracy (ACC),
sensitivity (Sn), specificity (Sp), and Matthew’s correlation
coefficient (MCC).

At the same time, different from the independent tra-
ditional agent, the traditional multiagent system can com-
plete the adaptive adjustment according to the change of
environment, which makes it with a strong adaptability
feature. *e traditional multiagent system is a network
system composed of several loosely coupled agents. *e
traditional multiagent system provides a new framework and
model for solving complex problems. It has the performance
that other systems cannot match. It has the advantages of
distribution, learning and reasoning ability, independence,
cooperation, and self-organization ability.
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Table 2: Performance of the individual movement patterns multiple agents.

Classification task ACC (%) Sn (%) Sp (%) MCC
Kicks attempts 92.81 91.72 93.12 0.851
Punches attempts 93.23 92.4 93.88 0.838
Side control time 92.65 91.08 93.64 0.825
Leg kicks 94.07 93.76 94.4 0.812
Head kicks 94.49 94.44 95.16 0.891

Table 1: Performance of the individual ability model of the players.

Classification task ACC (%) Sn (%) Sp (%) MCC
Strikes ground 92.81 91.72 94.12 0.821
Strikes body 93.23 92.4 96.3 0.879
Distance time 94.65 93.3 95.52 0.831
Strikes kicks attempts 92.07 91.1 93.7 0.812
Strikes attempts 93.49 90.6 95.91 0.799

1.000

0.975

0.950

0.925

0.900

0.875

0.850

0.825

0.800
1 2 3 4 5

AC
E

ACC

Strikes ground
Strikes body
Distance time

Strikes kicks attempts
Strikes attempts

Figure 4: Comparative experimental results of different methods on accuracy.
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Figure 5: Comparative experimental results of different methods on sensitivity.
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6. Conclusion

With abundant data andmultiple analysis tools, the machine
learning-assisted system of Wushu competition can display
the real-time data of Wushu competition. It can assist the
coaches in analyzing and making decisions on the spot and
put forward targeted training objectives for daily training,
which has substantial application value. On this basis, it can
also build and establish numerous application systems. In
this research, we have proposed a special system for martial
arts experts to collect and accumulate the experience and
knowledge of experts and scholars in martial arts to improve
the competitive level, teaching level, and scientific research
level of Chinese martial arts. Moreover, large-scale dis-
tributed control is adopted in a multiagent system which
does not affect the operation of the whole multiagent. Our
model has much better accuracy, sensitivity, specificity, and
Matthew’s correlation coefficient (MCC) in comparison

with the existing schemes which shows its applications in
Wushu competition. *e proposed model results can be
anticipated to have the potential for better flexibility and
scalability in martial arts competition.

Data Availability

*e data used to support the findings of this study are in-
cluded within the article.

Conflicts of Interest

*e authors declare that they have no conflicts of interest.

References

[1] K. Wang, “An empirical analysis of the popularization de-
velopment of Taijiquan based on the concept of national

0.70
1 2 3 4 5

M
CC

MCC
1.00

0.95

0.90

0.85

0.80

0.75

Strikes ground
Strikes body
Distance time

Strikes kicks attempts
Strikes attempts

Figure 7: Comparative experimental results of different methods on MCC.

1.000

0.975

0.950

0.925

0.900

0.875

0.850

0.825

0.800
1 2 3 4 5

Sp

Sp

Strikes ground
Strikes body
Distance time

Strikes kicks attempts
Strikes attempts

Figure 6: Comparative experimental results of different methods on specificity.

Mobile Information Systems 7



fitness,” Journal of Wuxi Vocational and Technical College,
vol. 16, no. 1, pp. 70–73, 2017.

[2] C.Wang, Research on the Development of BengbuMartial Arts
under the Background of National Fitness, Huaibei Normal
University, Huaibei, China, 2018.

[3] L. Zhang, Research on the Current Situation and Counter-
measures of Taijiquan Teaching at Jilin University, Jilin
University, Changchun, China, 2014.

[4] J. Shi and Y. Xue, “Research on the development of Taijiquan
in Chengdu I—taking the 13th Taijiquan championship in
Chengdu in 2016 as an example,” Sichuan Sports Science,
vol. 36, no. 2, 2017.

[5] X. Chai, C. Gao, and Y. Jing,/e Promotion and Development
Status of Taiji Aerobics under the National Fitness Program
[Chuan], Vol. 10, China Good University, Beijing, China,
2017.

[6] Z. Shi, Advanced Artificial Intelligence, Science Press, Beijing,
China, 2011.

[7] R. He, L. Chen, B. Wan et al., “Research on DSS oriented
model base system based on agent,” Computer and Digital
Engineering, vol. 39, no. 12, pp. 54–57, 2011.

[8] J. Zhu and Y. Liu, “*e construction method of an intelligent
decision support system based on multi-agent,” Journal of
Beijing University of Technology, no. 1, pp. 6–10, 2001.

[9] S. Zhang, B. Li, and X. Zhao, “Application of intelligent
decision support system in ventilation system optimization of
Zhaozhuang mine,” Modern Mining, vol. 34, no. 8, pp. 118–
122, 2018.

[10] X. Li, “Analysis of Taijiquan fitness in China from the per-
spective of national fitness,” Foreign Teachers of China, no. 6,
pp. 46-47, 2018.

[11] G. Xu, “Exploration and research on the cultivation of ways of
teenagers’ Wushu enlightenment training interest,” Con-
temporary Sports Science and Technology, vol. 7, no. 2,
pp. 43-44, 2017.

[12] Y. Xu, X. Han, and L. Yang, “Research on the development
path of traditional Wushu into the campus,” Chinese Wushu.
Research, no. 7, pp. 61–63, 2018.

[13] Y. Qiu, “On the inheritance of traditional martial arts to
confucian spiritual cultivation methods,” Sports Science Re-
search, vol. 18, no. 5, pp. 15–18, 2014.

[14] B. Liu, “*e development of martial arts under the guidance of
new era thoughts. Chinese martial arts,” Research, vol. 7, no. 8,
pp. 45–48, 2018.

[15] Y. Zhang and J. Huang, “*e influence of martial arts novels
and film and TV works on young people’s learning martial
arts,” Sports Research and Education, vol. 30, no. 2, pp. 98–
100, 2015.

[16] X. Su, P. Li, and W. Shi, “On the characteristics of Chinese
Wushu development during the cultural revolution,” Journal
of Wuhan Institute of Physical Education, vol. 33, no. 6,
pp. 29–32, 1993.

[17] S. Xiong, Research on Fuzzy Portfolio Optimization and Ap-
plication, Harbin Institute of Technology, Harbin, China,
2014.

[18] A. Dai, Children’s Sensitive Period Diagnosis System Based on
Axiomatic Fuzzy Decision Tree, Jiangxi University of Finance
and Economics, Nanchang, China, 2017.

[19] T. Satty, /e Analytic Hierarchy Process, McGraw-Hill, New
York, NY, USA, 1980.

[20] X. Wang, Y. Hong, J. Huang, and Z. P. Jiang, “A distributed
control approach to a robust output regulation problem for
multi-agent linear systems,” IEEE Transactions on Automatic
Control, vol. 55, no. 12, pp. 2891–2895, 2010.

[21] X. Wang, M. Yang, Y. Jiang et al., “On self-tuning networks-
on-chip for dynamic network-flow dominance adaptation,”
ACM Transactions on Embedded Computing Systems (TECS),
vol. 13, no. 2, pp. 1–21, 2014.

[22] J. Li, Research on Some Problems of Multi-Agent System
Unification, School of automation, Nanjing University of
Technology, Nanjing, China, 2011.

[23] W. Liu, Coordinated Control and Optimization of Complex
Multi-Agent Networks, School of automation, Huazhong
University of science and technology, Wuhan, China, 2011.

[24] W. Cai, B. Liu, Z. Wei, M. Li, and J. Kan, “TARDB-net: triple-
attention guided residual dense and BiLSTM networks for
hyperspectral image classification,” Multimedia Tools and
Applications, vol. 80, no. 7, pp. 11291–11312, 2021.

[25] X. Zhang, Y. Yang, Z. Li, X. Ning, Y. Qin, and W. Cai, “An
improved encoder-decoder network based on strip pool
method applied to segmentation of farmland vacancy field,”
Entropy, vol. 23, no. 4, p. 435, 2021.

8 Mobile Information Systems


