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Since the release of the 13th Five-Year Plan, the construction plan of the smart city and Internet of-ings (IoT) has once again pushed
the sensors into the limelight. In the current situation, whether in China or around the world, the construction of smart communities
has become an irreversible trend. In this environment, the sensor as a smart city “bridge” will certainly usher in an industrial explosion.
“Smart city” is a new concept and model for urban development. Academics have also explored the concept and theoretical model of
smart cities from different perspectives in different forms.With the gradual establishment of the national smart city system, the Internet
of -ings and other technologies are being widely used to serve other aspects of human social life, such as urban smart communities,
intelligent transportation, and intelligent home security systems. -e application of technology is gradually penetrating into the life of
our human society. In the context of building a smart city, scholars have also brought an unprecedented broader idea. By seeking a
reasonable balance between human and urban nature, the concept of “park city,” which aims to create a good ecological habitat where
people and nature can coexist and develop in harmony, has emerged as China’s urbanization process accelerates and the conflict
between people and land becomes more and more prominent. As an important factor to promote the harmonious development of
humans and nature, the planning and construction of urban parks is an importantmeans tomeet the needs of people for a better life and
to improve the ecological environment of cities; therefore, the planning and design of urban parks under the concept of “park city” is
getting more and more attention. Qingdao, as a typical coastal city, has a mosaic of green areas and urban construction land, so urban
ecological parks with the carrier of nonconstruction land exist in large numbers in the city and become a key link in the practice of the
“park city” concept. However, while urban ecological parks provide ecological and social services to citizens, their special land use has
also led to a series of problems. At present, there is not enough basis for the planning andmanagement of such special parks inQingdao,
and it is not possible to guide the planning and construction of such parks with universal standards, so how to effectively protect and
reasonably utilize them to promote the construction of “park city” is an urgent problem to be solved. Based on the above background,
this study takes Qingdao urban ecological park as the research object and summarizes the typical problems in the process of planning,
construction, and use of this kind of park through relevant data research and extensive studies. Based on this, we propose three aspects,
namely, the location and layout of parks at a macro level, the construction of the park system atmeso-level, and the design optimization
of parks at amicro level.-e specific research content includes the following aspects: the first part defines the background, purpose, and
significance of the topic and the research object and summarizes and reviews the existing research results at home and abroad, and then
proposes the overall idea and framework of the research.-e second part analyzes the problems of Qingdao urban ecological parks with
the concept of “park city.” Based on the connotation and characteristics of the “park city” concept, the impact of the concept on urban
parks is analyzed, and the significance of the “park city” concept on the planning and construction of urban ecological parks is clarified
based on the special characteristics of urban ecological parks. Finally, we provide the basis for the proposed strategy by combining case
studies at different levels. Finally, we propose a better spatial planning for the construction of a park city in Qingdao using smart
detection sensors and other means of building a smart city.
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1. Introduction

-e rapid development of the Internet of -ings, cloud
computing, mobile Internet, and other technologies is
constantly promoting the degree of informationization of
urban construction at home and abroad; from the initial
“digital city” to the “smart earth” proposed by IBM in 2008,
“smart city” has attracted wide attention from all walks of
life, and the construction of smart city has become a trend
and research hotspot of urban development at home and
abroad [1]. China’s smart city construction is ahead of the
international, domestic scholars began to learn from foreign
smart city construction as early as 2005 and the absorption
of development experience, with Premier Wen Jiabao’s visit
to Wuxi in 2009. All major cities in China have launched
their smart city development strategies one after another. At
present, there are 193 pilot smart cities in China. For the
construction of new urbanization and smart city develop-
ment, the State Council also clearly proposed to actively
accelerate the development of China’s urban digital inte-
gration and management of integrated information tech-
nology; to enhance the level of capacity and comprehensive
services for the national urban development of information
technology integrated services management, intelligent
digital urbanization will become the future of China’s smart
city development of another important basic strategic state
policy that will not only be the construction of green, low-
carbon, and harmonious social life. Intelligent digital ur-
banization will become another important strategic national
policy in the future development of China’s smart cities not
only as an inevitable choice to build a green, low-carbon, and
harmonious social lifestyle, but also as a major engine to
promote the future integration of urban science and tech-
nology innovation and social and economic development in
China [2].

In the rapid development of urbanization in China, the
development of the city is also facing huge challenges. -e
successful establishment of the smart city system application
and innovative development model to help China’s smart
cities break through the bottleneck and bottleneck to alle-
viate the problems of urban development to promote the
effective transformation of the urban model application and
urban innovation development model proposed scientific
and effective and feasible system solutions. -e gradual
establishment and rapid development of smart cities have
also presented and given some effective and feasible specific
solutions for how to deal with the various development
challenges that we are currently facing in China’s smart cities
[3]. In terms of social development and public services,
smart cities can collect and analyze huge urban population
information through the use of emerging information
technologies such as the Internet of -ings and cloud
computing to achieve effective management of the urban
mobile population, through the establishment of corre-
sponding information platforms to achieve the sharing of
various information such as labor force education and skills,
helping cities to grasp the supply and demand situation of

talents, better implement urban talent strategy. By estab-
lishing a convenient and transparent public service platform
for citizens, we can promote the sharing of public service
information and resources and achieve a balance between
supply and demand of public services. In terms of economic
transformation and development, the investment and in-
formation technology application of smart cities can pro-
mote the development of strategic emerging industries
including the Internet of -ings, cloud computing, and the
next-generation Internet, as well as the transformation and
upgrading of traditional industries. By building the inter-
connection of various types of information and enhancing
the government’s public service capacity for enterprises, it
provides a more favorable external environment for urban
innovation and entrepreneurship. In terms of environment
and ecology, smart cities can evaluate and optimize the use
of natural resources, protect, and improve the regenerative
capacity of natural resources; find and control pollution
flexibly and effectively through advanced monitoring means,
and take effective remedial measures in a timely manner. In
addition, the application of advanced information tech-
nology tools will greatly enhance the government’s urban
management capabilities; the government can use intelligent
technology to predict the future demand and supply of
infrastructure, so as to enable reasonable planning of in-
frastructure construction and improve the utilization rate
and operational efficiency of infrastructure, but also through
intelligent infrastructure it can easily collect data to establish
early warning mechanisms, rapid impact on public crises,
and strengthen public safety and emergency management. It
can be seen that the promotion of smart city construction
brings new opportunities for China’s cities to break through
development bottlenecks, solve the problems encountered in
urban development, and promote urban transformation and
innovative development. -e relevant departments of our
country and local governments attach more importance to
the construction of smart cities, and the promotion and
strengthening of smart city construction have important
practical significance for the development of our cities.

In recent years, the construction of smart cities has
received the attention and support of the national and local
government departments. At present, there is a wave of
smart city construction in China, andmore than 250 cities in
China have proposed to build smart cities [4]. In order to
better promote the construction of smart cities in China,
since January 2013, the Ministry of Housing and Urban-
Rural Development has announced 290 pilot smart cities in
three batches. In order to strengthen the guidance of smart
city construction practice around China and promote the
coordination of smart city construction work, in July 2013,
eight ministries and commissions, including the National
Development and Reform Commission, the Ministry of
Industry and Information Technology, the Ministry of
Science and Technology, the Ministry of Public Security, the
Ministry of Finance, theMinistry of Land and Resources, the
Ministry of Housing and Urban-Rural Development, and
the Ministry of Transportation, jointly researched and
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drafted the “Guidance on Promoting the Healthy Devel-
opment of Smart Cities,” which was approved by the State
Council. At the same time, local governments also pay more
attention to the construction of smart cities and write the
construction of smart cities into the government work report
or into the local “12th Five-Year Plan” [5].

In February 2018, General Secretary Xi Jinping put
forward the concept of “park city” for the first time during
his research in Chengdu Tianfu New Area, and emphasized
that the construction should “highlight the characteristics
of park city, consider the ecological value, and create a new
growth pole” as a new concept of urban construction and
development, which is in line with the development re-
quirements of the times and fully reflects the ecological
civilization and “people-centered” ideology. As a new
concept of urban construction and development, it meets
the requirements of the times, fully reflects the high degree
of unity between ecological civilization and “people-cen-
tered” thinking, and pays attention to the protection of the
ecological environment and urban and rural characteris-
tics. Related practical exploration is gradually being carried
out throughout the country. Since 2018, Sichuan Province
has taken the lead in the construction of park cities, and
relevant departments have issued documents such as
“Guidance on the construction of park cities to promote
high-quality urban development”. Chengdu, as the first
place where “park city” is proposed, has promulgated the
“Chengdu City Beautiful and Livable Park City Plan
(2018–2035)” and “Chengdu City Beautiful and Livable
Park City Construction Regulations (Draft),” and carried
out academic seminars such as the Park City Forum to
accelerate the pace of construction and development of the
whole area [6]. Subsequently, many cities, including Yang
and Nam, carried out relevant planning studies one after
another. However, because the construction standards and
practices of park cities are still in the initial stage, the real
meaning of park cities has not yet been built. -erefore,
actively exploring the effective path of integrating the park

city concept with urban planning and improving the
corresponding technical methods are still the keys to
promote the scientific construction of park cities as shown
in Figure 1.

2. Review of the Domestic and
Foreign Literature

-e review of the existing research starts from two aspects:
firstly, the summary of smart cities, and secondly, the
summary of the existing research on the concept of “park
city,” which is the perspective of this research.

2.1. Discussion of the Concept of Smart City in Domestic and
International Research. As a typical representative of the
smart city program proposed by IBM, many scholars pay
more attention to the technical connotation of the smart
city. IBM, the first company to propose a smart city
construction program, states that a smart city is a city that
uses information technology to transform its core systems
and optimize the use of limited resources. -at is, by
creating a connected, interoperable, and intelligent urban
system, policy makers and citizens can gain insight into
urban activities and their new trends from large amounts
of data to make more informed decisions [7]. Similarly,
Colin Harrison and Ian Abbott Donnelly (2011) argue that
a smart city is a city that makes full use of urban infor-
mation systems to plan, design, invest, build, manage, and
operate urban infrastructure and services. Similarly, many
scholars in China also pay more attention to the technical
connotation of smart cities. For example, Wang Jiayao
et al. (2011) believe that a smart city is to make the city
smarter; it is through the Internet to connect the ubiq-
uitous intelligent sensors implanted in the city to form the
Internet of -ings, to achieve a comprehensive perception
of the physical city, and then use cloud computing
technology for intelligent processing and analysis of the
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perceived information, to achieve the integration of the
online “digital city” and the Internet of -ings, and issue
instructions for government, people’s livelihood, envi-
ronment, public safety, public services, and the then,
cloud computing technology can be used to intelligently
process and analyze the sensory information to achieve
the integration of online “digital city” and IoT, and issue
commands to make intelligent responses and intelligent
decision support for various demands including gov-
ernment, people’s livelihood, environment, public safety,
public services, and business activities [8]. According to
Lee, a smart city is an intelligent city management and
operation that is visualized and measurable on the basis of
comprehensive digitalization of the city, which is more
concisely stated as “smart city � digital city + Internet of
-ings”. Many scholars believe that information tech-
nology is only the foundation of a smart city, and only
when information technology is well integrated and in-
tegrated with the main development areas of the city, such
as economy, society, and ecology, can such a city become a
smart city [9]. According to Georgios et al., smart cities
are all urban solutions that pursue multiple economic and
social goals such as prosperity, efficiency, and competi-
tiveness through purposeful and strategic investments in
emerging information and communication technologies
[10]. After analyzing many cases of self-labeled smart
cities in North America, Europe, and Southeast Asia,
Holland (2008) found that the main factors involved in
these smart cities are information technology and net-
works, education and learning, entrepreneurial and in-
novative environments, and economic development,
public services and governance paradigm shift, social
capital and social integration, environment and sustain-
able development, and he pointed out that the develop-
ment of smart cities should start from focusing on the
reality of people in the city (such as needs, knowledge,
skills) and the corresponding status of human capital,
based on which a balance should be struck between the
application of information technology in business, gov-
ernment, community, and other areas and the general
citizens of the city, as well as between economic devel-
opment and sustainable development [11]. -e concept of
a smart city has been extensively analyzed by scholars at
home and abroad from different perspectives, but the
specific kind of city is a smart city. -ere are several
distinct categories of views, and the views of different
scholars in different categories are not the same. -e
definition of the concept of a smart city is the starting
point of smart city research; at the same time, different
definitions of the concept of a smart city have an im-
portant role in guiding the practice of smart city con-
struction, such as the definition of the technical level is
likely to make the construction of smart city into the
misunderstanding of technology-only theory. Neverthe-
less, different scholars’ definitions of the concept of a
smart city reflect the theoretical definition of the new
thing called smart city based on different perspectives, and
the relevant views lay the foundation for an in-depth
analysis of the new thing called a smart city in this paper.

Secondly, in February 2018, General Secretary Xi Jinping
pointed out during his inspection of Tianfu New Area in
Sichuan that “Tianfu New Area is an important node in the
construction of “One Belt and One Road” and the devel-
opment of Yangtze River Economic Belt, and must be well
planned and constructed, especially to highlight the char-
acteristics of park cities, take ecological values into account,
strive to build a new growth pole, and build an inland open
economic highland. On April 2 of the same year, General
Secretary Xi Jinping once again emphasized that the
greening of the motherland should adhere to the people-
centered development ideology when he attended the
compulsory tree-planting activities in the capital. In recent
years, before and after the park city concept was proposed,
many cities such as Guiyang, Yangzhou, Chengdu, and
Qingdao have also promoted urban planning and con-
struction around the park city concept [12]. Wang and other
cities have promoted the planning and construction of park
cities through the enactment of park system planning and
park regulations before the park city concept was proposed.
In April 2016, Guiyang proposed to build an urban park
system with a “balanced layout, reasonable structure, perfect
function, beautiful environment, close to life, and service to
the public” and promoted the action plan for the con-
struction of the “City of a -ousand Gardens” according to
the basic principle of “municipal coordination, district and
county-oriented.” In September 2017, Yangzhou proposed
to promote the construction of park cities and improve the
level of park management, and adopted the “Yangzhou City
Park Regulations” at the fourth meeting of the Standing
Committee of the Eighth National People’s Congress, which
has a profound impact on its urban development and
livelihood construction. In Chengdu and other cities, after
the park city concept was proposed, the three plenary ses-
sions of the 13th Municipal Committee made a decision to
accelerate the construction of beautiful and livable park
cities and started the planning and construction of park
cities.

-e “park city” concept is a new goal and a new stage of
urban development and a new process of China’s habitat
development, which is adapted to the new era of China’s
urban ecology and habitat development situation and de-
mand, and to ensure the sustainable development of urban
construction. Since its introduction in February 2018, “park
city” has aroused widespread attention and discussion, and
different scholars have carried out research in terms of
historical combing, connotation characteristics, guiding
ideology, principles, and planning and construction prac-
tices. By sorting out the historical evolution of “park-city” in
relation to the development of habitat civilization, it was
clarified that park city is an inevitable stage of historical
development in the current new era. Michele et al. proposed
five typical characteristics of the “park city” concept:
“people-oriented, ecological foundation, urban-rural coex-
istence, beauty-led, and multiple coexistence” and the cor-
responding practical paths [13]. Michele et al. analyzed the
development concept and connotation characteristics of the
park city by reviewing the classical ideas of park-making in
ancient and modern times in China, proposed the
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development strategy of “three major, three plastic and three
senses” and used the planning method of “four new and one
soul” to build a hierarchical construction system of the
urban park from four levels: ecological base, spatial con-
struction, infrastructure, and human living environment
[14]. Richard et al. explored the positioning of the “park city”
concept in terms of spatial integrity, park system, and stage
development through a review of its origin and historical
development process, and proposed that the park city should
meet people’s aspirations for a better and happier life under
the guidance of people and national demand and resource
integration and that the park should lead the development of
the city and the “three lives”. On the basis of this, the
characteristics of the park city are proposed to meet people’s
aspirations for a better and happier life, park-led urban
development, and the integrated development of “three
lives” under the guidance of people and national needs and
resource integration [15]. Wang et al. explored the landscape
gardening practice strategy under the goal of building a
beautiful and livable park city in Chengdu and proposed
corresponding practice strategies in five aspects: urban
ecological pattern, urban morphological pattern, the whole
area park system, beautiful and livable environment and
livable life [16]. -rough understanding the connotation of
“park city”, Valente et al. proposed the guiding ideology and
basic principles of park city construction and “constructing
ecological network system, expanding and improving green
space system, establishing and improving park system,
constructing urban green shade network, carrying out
“urban double repair”, promote cultural inheritance, en-
hance the comprehensive functions of parks, and innovate
park management mode” [17]. Maru and Worku discussed
the theoretical value and significance of the “park city” in
contemporary China through the analysis of the history of
urban civilization and several cases of urban areas [18].
Miroslava and Kataŕına summarized the history and sci-
entific experience of the development of habitat environ-
ment and analyzed the origin of the park city concept from
it. At the same time, he explored the concept of life, space
time, analysis, and synthesis of the park city with the help of
the epistemology of habitat environment, and on this basis,
he discussed the goal and value system of building a park city
and proposed the realization path of the trinity of “people,
city, environment and industry” and the development model
of ECD park city center [19]. On the basis of the value and
significance of park city construction, Wu and Guo analyzed
the purpose and connotation of the development concept of
“unity and coordination of environment and people’s
livelihood, high integration of landscape and ecology, har-
monious coexistence of city and nature, and integration of
internationalization and regionalization” and proposed the
construction contents and paths of “optimizing urban space,
protecting ecological resources, improving human living
environment and guiding green life” [20]. -e study also
proposed the construction contents and paths of “opti-
mizing urban space, protecting ecological resources, im-
proving living environment and guiding green life” [20].

3. Research Content and Methodology

3.1. Research Content. In this study, we firstly propose the
important research question of “what is a park city” and
analyze the significance of this question from the current
situation of the emergence and construction of park cities.
Secondly, the study will absorb the experience of other
regions in building park cities. Finally, the study will
combine the intelligent detection sensors with the con-
struction of Qingdao park city and summarize the theo-
retical research of this study.

3.2. Research Methods

3.2.1. Literature Research. In order to explore the theoretical
connotation of the park city system systematically and
deeply, this study has extensively reviewed and analyzed the
literature and data of park city research at home and abroad,
and has comprehensively summarized and concluded the
connotation of the concept of park city in related research at
home and abroad, which has laid the foundation for ana-
lyzing the connotation of park city and park city system in
this study.

3.2.2. 0eoretical Deduction Method. -is study combines
the definition of a system, the metaphorical view of system,
the hierarchy and emergence of system, the communication
and control of the system and other related theories in the
theory of system, as well as the elements and characteristics
of the urban system in the theory of urban system, and
carries out a standardized theoretical analysis of the concept,
elements, and structure of smart city system, and constructs
a model of the smart city system, forming some basic ideas
about smart city system in this study. Some basic ideas about
the smart city system are shown in Figure 2.

4. Results and Discussion

4.1. Results. -is study uses the Natural Breaks classification
method to classify the area scale of urban ecological parks.
-e Natural Breaks classification method is based on the
natural grouping inherent in the data to identify the clas-
sification interval, so as to group the similar values most
appropriately and maximize the differences between the
categories. Natural Breaks is a statistical classification
method based on the natural characteristics and laws of data

Research 
Methodology

Literature Research 
Methodology

Theoretical deductive 
approach

Figure 2: Research methodology.

Security and Communication Networks 5



RE
TR
AC
TE
D

distribution, which is more scientific and reasonable than
the subjective classification method, so this study adopts this
classification method and uses the analysis results in ArcGIS
software to classify the area scale of urban ecological parks
into four categories: small 1–10 hm2, medium 10–35 hm2,
large 35–60 hm2, and small 1–10 hm2; 35 hm2, large
35–60 hm2, and extra-large 60–255 hm2. Among them, there
were 7medium-sized urban ecological parks with a total area
of 178.37 hm2, 8 small-sized, large-sized, and mega-sized,
with a total area of 45.6 hm2, 339.87 hm2, and 1131.61 hm2

respectively and, thus, it can be seen that the number of
various types of urban ecological parks is relatively even, but
the area percentage varies greatly, and mega-sized urban
ecological parks with an area of more than 60 hm2 account

for the most, 66.7%, while small-sized ones account for the
least, only 2.7% as shown in Figure 3. -e largest urban
ecological park with an area of more than 60 hm2 is 66.7%,
while the smallest one is 2.7% as shown in Figure 3.

It is planned that by 2022, the green area of the Northern
New Area will reach 5330.62 hm2, the green area rate will be
46.29%, the green coverage rate will be 51.29%, and the per
capita park green area will be 20.58m2/person. Among
them, the area of park green space is 672.97 hm2, the area of
EG regional green space is 2228.26 hm2, and 973.03 hm2 of
regional green space is included in the park green space
index for statistics. -e green space included in the calcu-
lation of park green space per capita in the regional green
space accounts for 59.1% of the overall green space, ac-
counting for the largest proportion and the largest area.
Among the park green areas, the proportion of compre-
hensive parks is about 3.5%, the proportion of special parks
is about 0.6%, the proportion of community parks is about
26.1%, and the proportion of pleasure gardens is about
10.7% as shown in Figure 4.

Ecological parks have better natural resources and are
more attractive than ordinary urban parks in meeting
people’s desire for nature and, therefore, have a wide range
of users. Based on the analysis of field research results, the
following statistics are provided on the age and group
composition of urban ecological park users.

4.1.1. Age Composition. -e age of the survey respondents
was divided into four stages: under 18, 18–40, 41–60, and
over 60 years old. -e survey results show that the age
distribution of park users is relatively wide, with minors
accounting for 5.3% of the total number of users, young
people aged 18–40 accounting for 17.1%, middle-aged
people aged 40–60 accounting for 50.7%, and elderly
people aged 60 or older accounting for 26.9% as shown in
Figure 5.

Size
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Medium

Large
Very Large

Small
Medium

Large
Very Large

Number

Figure 3: Analysis of the area and number of urban ecological parks.

Integrated Parks
Specialized parks
Community parks

Playgrounds
Urban ecological parks

Figure 4: Per capita park green space statistics for various types of
parks.

6 Security and Communication Networks



RE
TR
AC
TE
D

4.1.2. Length of Stay. -e length of stay in the park was
divided into 4 levels: about half an hour, 1–2 hours, 2–4
hours, and almost a day, as shown in Figure 6.

4.1.3. Use Function. -e analysis of the use function of
urban ecological parks can provide a quick and effective
understanding of the characteristics of the arrangement of
park functions and activities. -erefore, this study con-
ducted a statistical analysis of the functional layout of
Chongqing’s urban ecological parks based on field research
and data studies. From the analysis results, the functional
layout of urban ecological parks in Chongqing is divided
into seven types, which are ornamental tours, leisure ac-
tivities, quiet rest, children’s games, elderly activities, sports
and fitness, and science demonstration, among which leisure
activities and quiet rest account for the most of all parks,
followed by an ornamental tour and sports and fitness, and

children’s games, elderly activities, and sports and fitness are
set in some parks as shown in Figure 7.

Under the guidance of the “park city” concept, the city
will become a green ecological system, and urban parks, as
an important part of the system, play a leading role in the
planning and construction of the “park city” concept. In
Qingdao’s urban planning, a large number of urban eco-
logical parks, unique land conditions, and rich landscape
resources make it an important grip for the construction of a
good living environment and an important support system
for the construction of a “park city”. -e planning and
design of urban ecological parks under the concept of “park
city” needs to play the basic role of environmental and
ecological protection, the main role of green functional
space, the leading role of park features, and the need to meet
people’s demand for suitable human living activities as
shown in Figures 8 and 9. -erefore, based on the current
problems of urban ecological parks, the concept of “park
city” is used to solve many problems of urban ecological
parks from macroscopic site selection and layout to mi-
croscopic use level.

4.2. Discussion. At the macro level, the site selection and
layout of urban ecological parks should protect the conti-
nuity and integrity of the original natural landscape and
green space of the city, take the planning of urban ecological
parks combined with the green space system as a prereq-
uisite element of urban planning, give full play to the land
reservation capacity of parks, and prevent the destructive
construction of interrupted mountains and water in the
process of urban development. At the same time, on the basis
of protecting and restoring the natural texture, the city and
the park should be integrated and nested to form an urban
pattern that reveals the mountains and water, and the blue
and green, so as to facilitate the maintenance of the eco-
logical environment inside the city and the introduction of
natural patches at the edge of the city, and thus improve and
strengthen the green ecological space system in the city. At
the meso-level, since urban ecological parks are character-
ized by a large number, large scale, and rich landscape re-
sources, it is necessary to fully consider the scale level and
type characteristics and clarify the scale level and type po-
sitioning of urban ecological parks, so that urban ecological
parks can have more scale coordination and functional
relevance under the influence of the “park city” concept. -e
scale and type of urban ecological parks should be clearly
defined, so that they can be more coordinated in scale and
function under the influence of the “park city” concept. At
the same time, it is necessary to pay attention to connectivity
and form a complete park system with other parks in the
city. At the micro level, the existing problems of the urban
ecological parks are combined with the traffic, space,
functions, activities, and supporting facilities to propose
corresponding design optimization strategies, in order to
create a convenient, comfortable, green, energetic, and
applicable urban ecological parks, to create a good feeling of
park use, and to create a livable and green life for urban
residents.

Under 18 years old
18-40 years old

41-60 years old
60 years old and above

Figure 5: Analysis of age composition of users.

Half an hour
1-2 hours

2-4 hours
Almost a day

Figure 6: Length of stay of users.
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At the meso-level, since urban ecological parks are
characterized by a large number, large scale, and rich
landscape resources, it is necessary to fully consider the scale
level and type characteristics and clarify the scale level and
type positioning of urban ecological parks so that they can be
more coordinated in scale and relevant in function under the
influence of the “park city” concept. -e scale and type of

urban ecological parks should be clearly defined, so that they
can be more coordinated in scale and function under the
influence of the “park city” concept. At the same time, it is
necessary to pay attention to connectivity and form a
complete park system with other parks in the city.

At the micro level, the existing problems of the urban
ecological parks are combined with the traffic, space,
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Figure 7: Park use function.
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Figure 8: “Park City” concept.
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Figure 9: Different planning levels of “Park City.”
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functions, activities, and supporting facilities to propose
corresponding design optimization strategies, in order to
create a convenient, comfortable, green, energetic, and
applicable urban ecological parks, to create a good feeling of
park use, and to create a livable and green life for urban
residents.

4.2.1. 0e Urban Ecological Park Site Selection and Layout
Optimization. First of all, we need to use scientific methods
and technologies to determine the suitable green areas for
urban ecological parks. In the specific operation, we can use
index evaluation, demand research, and other methods to
evaluate the ecological services and social services of green
areas through mature evaluation and analysis methods such
as ecological sensitivity analysis and ecological service trade-
offs. In terms of ecological services, the three-dimensional
green volume, biodiversity, impact on hydrological pro-
cesses, and microclimate of green areas are evaluated; in
terms of social services, the location conditions, accessibility,
and demand for surrounding uses of green areas are eval-
uated. By integrating the results of ecological and social
services assessment and grading the green areas, we can, on
the one hand, more scientifically determine the green areas
suitable for development as urban ecological parks and, on
the other hand, more reasonably guide the direction of
urban ecological park construction and development. As we
can see from the previous analysis, the scale of urban
ecological parks ranges from a few hectares to hundreds of
hectares, and the construction of a multi-level balanced
urban ecological park system is conducive to giving full play
to the ecological benefits and equalizing the social services of
parks in the construction of park cities. -e ecological at-
tributes of urban ecological parks are different from those of
general urban parks in the construction of park cities, and
related research shows that the ecological attributes of urban
ecological parks are directly related to their area size when
other conditions are the same. When the area of an urban
ecological park reaches a segmented value, the increase in
ecological benefits brought by the increase in area is ex-
tremely slow, but the increase in the service scope and at-
tractiveness of the park requiresmore activity space tomatch
it. -erefore, based on theoretical and practical experience
and the morphological and functional characteristics of
urban ecological parks, this study classifies urban ecological
parks into four levels: regional, urban, community, and belt
type.

According to the park city concept and the previous
analysis, we can conclude that urban ecological parks not
only have the functions of ordinary urban parks, but also
their functional characteristics are focused on the protection
of natural landscape resources, overall ecological mainte-
nance, diversified activity development, and introduction of
ecological technology. In the planning and design of urban
ecological parks, we can classify urban ecological parks
according to different landscape resource conditions, and
regional characteristics and locate different leading func-
tions on the basis of the overall functional complexity of
urban ecological parks, which can help guide the

construction of urban parks scientifically and realize the
reasonable configuration of urban parks.

(1) Nature Conservation Type. Nature conservation type
urban ecological park is an urban ecological park with a good
natural ecological environment or important ecological
significance, and its function is realized mainly by protecting
and using the original resources. In order to avoid ecological
damage caused by construction activities in the city, im-
portant natural resources, and ecological areas are protected
through the planning and construction of the park, and on
this basis, various activities such as scenery viewing, hiking,
and trekking, which are suitable for the environment, are
developed, balancing the relationship between protection
and utilization, with the main orientation is to protect the
environment and resources, to maintain the originality of
the ecological environment, to ensure the ability of the park
to maintain itself in the system as much as possible, to bring
into play the functional characteristics of the park, and to
ensure the green base of the park city construction.

(2) Development-Led Type. Development-led urban eco-
logical parks are built on the basis of the urban skeleton of
important mountains and primary and secondary river
systems within the city and at the edges of the city, and their
planning and construction are based on preserving and
protecting the urban landscape pattern, protecting the urban
landscape skeleton, maintaining its ecological function in
the overall system, controlling the spread and encroachment
of urban land, and linking with other urban green space to
form an ecological -e ecological park is formed with
ecological conservation and resource protection as its core.
-is type of park planning and construction is based on the
determination of the scope of protection and the develop-
ment of activities with a low degree of interference, in order
to promote the formation of a good environmental foun-
dation of the city while guiding the rational development of
the urban spatial structure.

(3) Environmental Restoration Type. Environmental resto-
ration type urban ecological park is an urban ecological park
whose original base is deserted but is in an important urban
ecological process or the natural ecological environment has
been damaged by pollution, and its function is realized
mainly by restoring the damaged environment and eco-
system through ecological technology. In the planning and
construction of this type of urban ecological park, ecological
technology is mainly introduced to restore and repair the
environment in the area with a purpose and direction to
enhance the ecological nature of the park, and on this basis,
the park’s science education activities are developed through
the introduction of relevant technology, experience and
demonstration of the restoration process to realize the
composite function of the park.

(4) Landscape Recreation Type. -e landscape recreation
type urban ecological park is established on the basis of some
of the remaining green areas in the city or the periphery of
the core ecological buffer zone which is closely connected
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with the city, and after a certain degree of artificial trans-
formation, the landscape of the park activity space is upgraded
and improved to meet the diverse nature experience and
outdoor interaction needs of urban residents. Landscape
recreation type urban ecological park is the most developed
and utilized type, and its functions are more comprehensive.
In the planning and construction, it is necessary to pay at-
tention to reasonable restrictions on the intensity, mode, and
content of development and utilization, and to balance the
contradiction between protection and utilization in a scien-
tific and orderly manner as shown in Figure 10.

4.2.2. Urban Ecological Park Design Strategy Improvement.
On the one hand, since most urban ecological parks are built
on the basis of mountainous water systems in cities, there is a
significant height difference between the park and the urban
interface, so it is an important way to improve the accessibility
of the park by enriching the multi-dimensional traffic
structure and overcoming the height difference between in-
side and outside. On the other hand, the boundary space of
urban ecological parks has the functions of behavior guidance,
connection and transition, landscape display, etc. -erefore,
strengthening the permeability between the boundary space
of parks and urban space is also conducive to improving
people’s perception of parks and attracting them to parks.

(1) Traffic Management. On the one hand, we pay attention
to the connection between the internal and external
transportation systems of urban ecological parks. -e park
entrances and exits should be close to existing roads,
highways, and bus stops to improve the convenience of
entering the park; at the same time, additional hiking en-
trances should be set up near the urban greenways to in-
terconnect the park with the urban slow walking system,
improve the walkability of the park, and increase the service
efficiency of the park. On the other hand, we pay attention to
the optimization of the internal transportation system of the
park. -e height difference between the park interface and
the urban interface will be fully considered, and a multi-
dimensional traffic system will be formed through the
horizontal and vertical traffic combing to realize the height
difference into zero. In terms of horizontal traffic, the park
road is designed parallel to the city road and the boundary
space to guide people into the park in a hierarchical way, and
at the same time to ensure a good connection between up
and down traffic.

In vertical traffic, vertical traffic such as steps and ramps
and barrier-free traffic facilities such as elevators and es-
calators are used to solve the problem of height difference,
and full attention is paid to the design of railings, handrails,
and resting platforms, and the platforms are extended and
resting facilities such as seats are set in places where con-
ditions are available. In order to meet the safety problems
and practical needs of urban residents, we also provide a
good leisure place for community residents.

(2) Border Penetration. On the one hand, to increase the
permeability of the boundary space of urban ecological
parks, soft and permeable walls are used instead of hard
walls in places where boundaries are needed to blur the
boundaries between the inside and outside of the parks, to
enhance the visual openness of the parks, and to a certain
extent, to dispel the psychological implication that the
boundary space is inaccessible, so as to attract people to
enter the parks more often. On the other hand, in places
where there is a natural height difference, it is necessary to
strengthen the guidance and identifiability of the border
space, using the form of greening of the fortress and
greening of the platform to form a good border landscape
experience, while strengthening the continuity of the
border space by means of continuous greening and signs
to guide people into the park.

4.2.3. Rational Development of Landscape Resources to En-
hance the Comfort of Visiting. On the one hand, the con-
struction and functional arrangement of the park should be
integrated with the original environment to protect the
original natural habitat conditions; on the other hand,
according to the differences of different landscape resources
in terms of spatial form and sensory characteristics, the
appropriate functional areas should be reasonably arranged
to achieve the harmonization of the park functional areas
and natural habitat. On the other hand, according to the
differences in different landscape resources in terms of
spatial forms and sensory characteristics, we can reasonably
arrange suitable functional areas to achieve the harmoni-
zation of park functional areas and natural habitats.

(1) Rational Use of Space in Different Terrain Types. -e
complex and changing topography of the city constitutes the
unique topographic space of the urban ecological park, and
the differences in the characteristics of different topographic

Park Optimization
Type

Nature conservation
type Development-led Environmental

Restoration Landscape Recreation

Figure 10: Optimization of urban ecological parks in terms of site selection and layout.
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spaces restrict their different functions. At the same time, the
behavior of visitors’ recreational activities also affects the
distribution of different functional spaces of the park under
various topographic conditions. -erefore, different topo-
graphic conditions and the organization of various spaces in
the park are mutually influenced and constrained by each
other as shown in Figure 11.

Combined with the previous analysis, it can be seen that
urban ecological parks can realize people’s needs for close
proximity to nature and ecological experience in the city.
-erefore, in the planning and design of urban ecological
parks, it is important to provide more types of activities and
spaces that meet people’s needs, so as to highlight the
characteristics of urban ecological parks. -e characteristics
of urban ecological parks also strengthen the park’s recre-
ation service capacity.

4.2.4. Urban Ecological Parks and0eir Supporting Facilities.
-e type, quantity, and design style of the supporting fa-
cilities of urban ecological parks are closely related to the
leading functions of the parks, the behavioral activities of
users, and the style characteristics of the parks, which are
important carriers to support and improve the functions of
the parks, and the configuration of the facilities also has a
great impact on the protection and utilization of the park
environment. On the one hand, a complete set of functional
facilities is the guarantee for the realization and full utilization
of the functions of urban ecological parks; on the other hand,
a reasonable and scientific allocation and arrangement of
facilities can effectively balance the contradiction between the
protection and utilization of resources in urban ecological
parks, effectively protect and maintain the park environment,

and also promote the reasonable and effective utilization of
resources in parks. -e characteristics of the urban ecological
park are shown in Figure 12.

(1) Various Types of Functions. -e various types of sup-
porting facilities in the urban ecological park are an im-
portant manifestation of its perfect functions, such as
activity facilities and rest facilities, which can meet the
different needs of visitors and improve the park’s recreation
and basic service capacity; sanitation facilities, which can
effectively protect the environmental health of the park and
implement effective protection while reasonably organizing
and guiding the use of natural resources in the park; a perfect
signage system can guide visitors to tour in an orderly and a
perfect signage system can guide visitors to visit the park in
an orderly and purposeful manner, and also present the
environmental characteristics and resource features of the
park clearly, which enhances the recognizability of each park
recreation space. -erefore, in the specific design of urban
ecological parks, we should try to diversify the functional
types of supporting facilities and choose the corresponding
supporting facilities in each recreation space by combining
the site resource conditions and visitors’ activity preferences,
so as to realize the perfect function of the park and the
effective use of recreation space.

(2) Reasonable Capacity of Facilities. Due to the special land
type of urban ecological park, there is no land index for the
supporting facilities in the park, so the arrangement of their
quantity and volume is greatly restricted. -erefore, in the
specific design, on the one hand, we should try to convert the
single large volume supporting facilities into scattered small
volume supporting facilities, and the fixed supporting
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Figure 11: Relationship between topographic layout and spatial organization.
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Figure 12: Types of urban ecological park facilities.
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facilities intomovable temporary supporting facilities, and at
the same time, link the infrastructure service facilities
around the city to form a perfect infrastructure service fa-
cility system inside and outside, so as to guarantee the
perfect park facilities and solve the dilemma of limited land
for supporting facilities in the park at the same time. On the
other hand, in the case of limited land for supporting facilities
in urban ecological parks, the arrangement should follow the
principles of resource conservation and centralized utiliza-
tion, increasing the configuration of facilities in areas with
frequent and intensive activities, and reasonably dividing the
site into small spaces in areas with less visitor activities, and
appropriately reducing the configuration of facilities. At the
same time, temporary movable facilities are used to alleviate
the instantaneous pressure of facility use in the park during
the holiday season when there are a large number of people.
By controlling the number and volume of facilities and
arranging them in a reasonable manner, the efficiency of the
utilization of the facilities can be improved.

(3) Coordinated Design Style. -e natural and wild style of
the urban ecological park is the characteristic that distin-
guishes it from other parks, so the design style of the
supporting facilities should be coordinated with the style of
the park. On the one hand, the arrangement of the facilities
should be integrated with the atmosphere of the site space to
reduce the interference with ecologically sensitive areas and
avoid conflicts with the original natural environment of the

park or damage to its ecological functions. On the other
hand, the form and material of the facilities should be co-
ordinated with the style of the site, and natural elements
should be used as much as possible, such as native green
materials, recyclable and biodegradable ecological materials,
to ensure the functionality of the facilities while reflecting
the green, ecological and wild park style as shown in
Figure 13.

5. Conclusion

-e rapid development and widespread application of new
generation information and communication technologies
have triggered changes in urban development patterns,
and smart cities have become a new urban development
concept that has come into view in recent years and has
triggered a boom in the exploration and practice of smart
cities around the world. -is study takes Qingdao city as
the research object and finds out the problems in the
planning and construction of such parks through relevant
data and extensive research. -is study analyzes the
planning and construction of ecological parks in Qingdao
based on the theoretical guidance of the “park city”
concept and case studies at different levels and proposes
appropriate planning and design strategies for the con-
struction of park city in Qingdao from a macroscopic site
selection and layout, mesoscopic system construction and
microscopic use.

Microscopic 
level

In terms of site selection and layout optimization of urban ecological 
parks

Nature conservation type

Development-guided

Environmental 
restoration type

Landscape recreation

Urban Ecological Park Design Strategy Enhancement

Transportation sorting

Boundary Penetration

Reasonable development of landscape resources to enhance the comfort of visiting Rational use of space in different terrain types

Type of urban body park support

Variety of functional types

Reasonable capacity of facilities

Coordinated design style

Mesoscopic 
level

Macroscopic 
level

To break through the traditional planning restrictions, to protect and restore the 
mechanism of urban green space, to determine the development and protection 
of regional green space with the help of science and technology, and to build an 
urban pattern in which urban space and park space are set and integrated.

The hierarchical configuration of urban ecological parks is highlighted, and 
the functional characteristics of urban ecological parks are highlighted, and 
greenways are linked to form a connected urban ecological park system.

Figure 13: Different levels of “park city” construction.
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In order to improve the analysis effect of legal issues of the crime of endangering public safety, this paper analyzes the legal issues
of the crime of endangering public safety based on the actual mining algorithm and uses numerical methods to qualitatively study
the evolution behavior across phase intervals. Moreover, this paper improves the algorithm based on the actual needs of legal
mining. When solving the eigenvalues of the given Hamiltonian’s duration equation, the zero-energy solution can be found in the
case of open boundaries. In addition, this paper applies the improved algorithm proposed in this paper to the mining of criminal
law legal issues of crimes against public safety, assigns a dynamic IP to each process, and builds a model based on this.+rough the
above simulation research, it can be seen that the legal problem analysis model of the crime of endangering public safety based on
the data mining algorithm proposed in this paper has a good legal data mining effect.

1. Introduction

+e application of data mining to the criminal law mining of
crimes endangering public security can not only effectively
improve the effective definition of legal knowledge, but also
play an important role in the qualitative analysis of public
security crimes, which is of great significance to the sub-
sequent popularization of legal knowledge and the norms of
public behavior.

+e development and changes of the industrial revo-
lution and technological transformation have greatly im-
proved the level of productivity, transformed human life
concepts and lifestyles to a certain extent, and also improved
living standards and quality of life. While creating pro-
ductivity unmatched by traditional society, it also creates
many new sources of danger, bringing unprecedented
material convenience to human beings, and making the
spread of technological risks increasingly serious [1]. With
the advancement of technology and the improvement of
living standards, the dangers people face in life are also
strange. +e dangers contained in the own system of

industrial society have involuntarily mutated into a risk
society. At different stages of human social development, the
emphasis and inclination of legal protection are also dif-
ferent. In contemporary times, the society is full of various
dangers, and the safety of public life and property is in-
creasingly valued and protected, so the application of data
mining technology to the law is of great significance [2].
Especially in the context of today’s risk society, harmful
behaviors against the public are increasing, and necessary
measures should be taken in a timely manner for some
behaviors that pose a major threat to public security interests
and have serious social harm. Although serious conse-
quences have not yet been caused, it is necessary to eliminate
in the bud to protect public interests. Especially with the
proliferation of cyber crimes, it is difficult for traditional
legal supervision to deal with cyber crimes, especially for the
qualitative treatment of cyber security crimes [3]. +e
specific definition of “dangerous” is not specified in the
criminal laws of various countries. In the context of crime
composition, the word “danger” not only assumes the
function of fact-finding, but also bears the function of value
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judgment, which means the possibility of suffering damage
or failure [4]. +erefore, it does not mean that causing a
specific dangerous state is a “danger” regulated by the
criminal law. +e dangerous state itself must also meet the
needs of value judgment; that is, the harmful behavior must
also cause the danger of infringing on specific legal interests.
Taking the legal explosion as an example, although it also
causes danger, it is not a danger of harming public safety, so
we can deny the existence of this “danger” from the per-
spective of value. Similarly, when judging whether a certain
danger meets the requirements of dangerous criminals, it is
necessary to judge from the dual functions of fact and value,
and one-sided emphasis on one is biased behavior [5].

Safety has become a common concern and a more
sensitive topic in the whole society. From the field of
transportation to the field of medicine and health, the field of
environment and the field of food safety and then to the field
of production and operation, dangerous events emerge in an
endless stream in society. As the last line of defense in social
control, criminal law sets up crimes against public safety in
dealing with dangers and is committed to combating
criminal acts that threaten or harm public safety, so as to
protect the legal interests of public safety. However, with the
social changes, illegal and criminal behaviors are also full of
tricks. Stealing manhole covers, driving to touch porcelain,
racing cars, producing and selling toxic and harmful food
and raw materials, and drunk driving and other dangerous
behaviors collide with our fragile sense of security and
panic. At the same time, the current situation of judicial
organs dealing with dangerous crimes and convicting
crimes against public security has also caused certain social
anxiety, which not only makes people feel the special effect
of criminal law sanctions on dangerous acts, but also causes
people to worry about the abuse of judicial power [6]. In the
face of these new behaviors that were not predicted at the
time of legislation, the crime of endangering public safety
by dangerous methods has become an important means for
judicial organs to govern risky society. Is it based on
reasonable interpretation and application of criminal law?
Do some radiation radii violate the principles of criminal
law?. How can we ensure that the crime of endangering
public safety by dangerous methods always adheres to the
bottom line of the principle of legality of crime and
punishment? How to ensure the instrumental nature of the
criminal law in an authoritarian society, to play the nor-
mative role of the criminal law in the response to social
crises, to achieve the purpose of the criminal law, and to
ensure the freedom and tranquility of citizens without
interference to the greatest extent cannot help but lead
people to think about it; in the face of various behaviors,
how to define criminal behavior requires some support
from data mining technology [7].

Literature [8] pointed out that public legal interests
include social legal interests and national legal interests,
while social legal interests are the abstraction or general-
ization of individual legal interests and form a separate field
within this scope. For public security crimes in social legal
interests, the legal interests to be protected are the safety of

the life, body, and property of the public, and public danger
is defined as the possibility of infringing the lives, bodies, and
property of unspecified or most people. +e qualitative
analysis of the crime of public security provides a theoretical
basis. Literature [9] pointed out that the general public
danger crime is a crime that violates the life, body, or im-
portant property of unspecified or most people, and it is
aimed at this social legal interest called compound personal
interest, rather than abstract social interest. And social
system is also a kind of qualitative analysis behavior, in line
with the algorithm conditions of data mining. Reference [10]
believes that “unspecific or majority people” can achieve the
goal of combating public safety crimes, and the core lies in
the majority of objects. +e understanding of unspecific
refers to the unspecific nature of the criminal object, as well
as the unspecified results of specific harm. For a specific
crime object, it has caused unspecified harmful results be-
yond the scope of the specific crime object. Although the
actual result is beyond the original intention of the perpe-
trator, it actually endangers public safety. For the under-
standing of public danger, we should not only take into
account the purely objective and physical dangers, but also
pay attention to the psychological factors, that is, to identify
the public danger concept by capturing the insecurity of
ordinary people, which requires data mining algorithms to
carry out behavior classification processing [11]. Regarding
the understanding of data mining for dangerous data pro-
cessing, the literature [12] pointed out that there are two
different understandings: one is the behavioral risk theory
that the behavior produces the danger of infringing the
protected interests, and the other is that the actor is an-
tagonistic, that is, the theory of danger of dangerous actors in
society. With the development of the objectivist criminal law
theory, the behavioral risk theory gradually replaces the
perpetrator’s risk theory. +ere is a debate about behavioral
risk and resultant risk in terms of understanding the nature
of risk. Behavioral a worthlessness theory believes that
danger should be an attribute of behavior, the judgment of
danger should be based on prior standards, and the objective
facts at the time of the behavior and the subjective
knowledge of the actor at that time should be used as the
basis for judgment; the result agnosticism: the danger
originates from the result of the behavior, and the specific
situation produced by the behavior is used as the basis for
behavior judgment. +e risk theory of behavior attribute
judges the possible harm caused by a criminal act to an
object based on specific facts and behaviors as the object of
judgment; as a result, the risk theory believes that danger is
an objective state of actual existence, not only to determine
whether the danger exists, but also to determine the degree
to which the danger exists. Whether it is a possibility or a
high probability, and the degree of a high probability of
identifying a danger is used as the basis for punishing crimes,
which also provides a classification basis for the data mining
model [13]. +e degree of specific danger has reached a
certain standard, which is the necessary condition for the
establishment of an abstract dangerous crime; the fact that
the specific danger has a very serious degree is the
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prerequisite for the establishment of a specific dangerous
crime, which is also a necessary condition in the legal data
miningmodel. For the specific circumstances of the behavior
at the time, the degree of specific danger should be deter-
mined according to the judgment of the general public [14].
+e potential danger of carrying out acts against specific
legal interests of specific dangers materializes into a critical
situation. +e typical danger arising from a specific behavior
should be based on the characteristics of the specific case to
examine the existence of the specific danger, rather than
relying on general experience to judge. +ese various be-
haviors are difficult to judge by the way of thinking, and the
amount of data is huge. +is problem can be effectively
solved by data mining algorithm [15]. Literature [16] pointed
out that the following consensuses have been formed in
modern criminal policy regarding the handling of crimes:
first, legislation is to avoid unnecessary behaviors as crimes,
to ensure that the seriousness of punishment is accepted by
ordinary people, and the criminal law establishes criminal
behaviors. It should only be limited to the minimum range
necessary to maintain social public order; secondly, citizens’
loyalty to the law should far outweigh their preference for
criminism, if people are still guilty of crimes that are det-
rimental to the order maintained by the law. If the public
security is endured enough, then public safety should not be
evaluated as a threat in the criminal law; thirdly, for minor
crimes, a summary procedure should be applied to entrust
administrative agencies to deal with them, while judicial
agencies should focus on dealing with more serious crimes.
Classification conditions can effectively solve these
problems.

+is paper uses the mining algorithm to analyze legal
issues of the crime of endangering public safety problem,
builds an intelligent analysis model, and promotes the re-
search efficiency of legal issues of the crime of endangering
public safety problem.

2. Improvement of Mining Algorithm for Legal

2.1. Wave Function Form of Edge State and Its Evolution.
+is paper improves the algorithm based on the actual needs of
legal mining. When the Hamiltonian solves its duration
equation to get the eigenvalues, the zero-energy solution can be
found in the case of open boundaries. In this section, wewill see
the wave function characteristics of the zero-energy solution,
which satisfies the large amplitude at both ends of the chain
and then decays toward the middle power series of the chain.
+erefore, we call such a state an edge state, and the corre-
sponding other non-zero-energy eigenstates are body states.

+e dynamic defect generation in a one-dimensional
topological model with periodic boundary conditions is
analytically calculated using the Fourier transform and the
LZ transition mechanism. But under finite-length open-
boundary conditions, it is no longer possible to use the
Fourier transform to decouple the different k.+is makes the
analysis more difficult to calculate, there is a non-negligible
coupling between the energy levels, and the two-level sit-
uation can no longer be used for analysis. When J0 � −1 is

fixed, the uniformmodulation of J1 is from −5 to 5, the entire
evolution process. +e time is 2τ, that is, J1 � 5t/τ, and the
numerical calculation of defect density of N� 200 is shown
in Figure 1. It can be seen from the figure that the defect
density after the superposition of bulk and edge states
produces periodic oscillations.

Among them, the body state is diffuse in real space, while
the edge state has strong locality.

First, we write the duration equation for the
Hamiltonian:

H ϕn

 〉 � En ϕn

 〉 � 0. (1)

Among them, the eigenstate is

ϕn

 〉 � 
n

cn|n〉. (2)

When solving this equation, due to the special symmetry
of the Hamiltonian, we can obtain the recurrence relation:

J0c2l−1 + J1c2l+1 + J3c2l+3 � 0,

J0c2l + J1c2l−2 + J3c2l−4 � 0.
(3)

+e odd-numbered and even-numbered lattice points
satisfy the recurrence relation and actually correspond to the
two decoupled Majorana modes that can be obtained after
the transformation of the Hamiltonian.

When J0 � −1 is fixed, the uniform modulation of J1 is
from −5 to 5, the entire evolution process.+e time is 2τ. For
the finite number of lattice points, considering the boundary
conditions, the equation has no solution. Only in the limit of
N⟶∞ can there be a strict zero-energy solution. When N
is finite, we can get solutions very close to zero energy. In the
limit of N⟶∞, the recurrence relation has the charac-
teristic equation:

J0 + J1q + J3q
3

� 0. (4)

+is characteristic equation means that the coefficients
of the wave function satisfy the relation of the proportional
sequence. +is quadratic equation can be solved:

q ± �
−J1 ±

���������

J
2
1 − 4J0J3



2J3
. (5)

According to the two solutions of the characteristic
equation, the coefficients of the eigenstate can be obtained:

c2l−1 � C1q
l
+ + C2q

l
−. (6)

Since our model is the long-chain large-N limit, it must
satisfy |q ± |≤ 1. +e even-numbered characteristic equa-
tions are obviously symmetrical to the odd-numbered ones,
and the difference is that they are arranged in equal pro-
portions from the other end of the chain inward. Such
symmetry guarantees the consistency of the wave functions
of the two degenerate zero-energy edge states. Moreover,
they are arranged according to the same ratio of power series
decay at odd (1, 3, 5) and even grid points (. . .N− 4, N− 2,
N), respectively.
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Using the summation formula of the proportional series,
we can normalize the obtained marginal state distribution.
Under the given conditions of J3 � 1 and J0 � −1, J1 < 0, we
can obtain two edge states:

ϕodd
 〉 �

�����

1 − q
2




l�1

q
l− 1

|2l − 1〉,

ϕeven
 〉 �

�����

1 − q
2




l�1

q
l− 1

|N − 2l + 2〉,

q �
−J1 −

�����

J
2
1 + 4



2
.

(7)

Any state in the subspace spanned by these two edge
states can be written as

|φ〉 � α ϕ0dd
 〉 + β ϕeven

 〉. (8)

For the double degeneracy, according to the Wilc-
zek–Zee theory, the evolution relation of the coefficients in
formula (8) is

M · zt

α

β
  � ∧

α

β
 . (9)

Among them,

M �
〈ϕodd ϕodd

 〉 〈ϕodd ϕeven
 〉

〈ϕeven ϕodd
 〉 〈ϕeven ϕeven

 〉
⎡⎣ ⎤⎦,

∧ � −
〈ϕodd|zt ϕodd

 〉 〈ϕodd|zt ϕeven
 〉

〈ϕeven|zt ϕ0 dd

 〉 〈ϕeven|zt ϕeven
 〉

⎡⎣ ⎤⎦.

(10)

According to Expression 7 of the edge state, we can get

〈ϕodd ϕodd
 〉 � 〈ϕeven ϕeven

 〉 � 1,

〈ϕodd ϕeven
 〉 � 0.

(11)

In addition to this, there is an inner product that includes
the derivative.

〈ϕodd|zt ϕeven

 〉 � 0|,

〈ϕodd|zt ϕodd
 〉 �〈ϕodd


zq

zt

z

zq
ϕodd

 〉 � −
5
2π

1 +
J1�����

J
2
1 + 4

⎛⎜⎜⎜⎝ ⎞⎟⎟⎟⎠〈ϕodd


z

zq
ϕodd

 〉,

� −
5
2π

1 +
J1�����

J
2
1 + 4

⎛⎜⎜⎜⎝ ⎞⎟⎟⎟⎠
−q

1 − q
2 + 1 − q

2
  

l�1
lq

2l− 1⎡⎣ ⎤⎦ � 0

� 〈ϕeven|zt ϕeven
 〉.

(12)
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Figure 1: +e relationship between defect generation and time under open-boundary conditions. When the initial state is J1 � −5, the full
lower-band body state and the two degenerate edge states are equally weighted superposition.
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Among them, the sequence at the long-chain limit is
summed:

lim
n⟶∞



n

l�1
lq

2l− 1
�

q

1 − q
2

 
2. (13)

After the evolution matrix is determined by these values,
we can get

zt

α

β
  � 0. (14)

+is means that after we choose a state that is super-
imposed by two edge states, the coefficients of this state on
the two edge states are fixed over time. When the initial state
is |ϕ0dd〉 or |ϕeven〉, it always evolves along that eigenstate,
and no additional phase is generated when the initial state is
the superposition of the two.

Now, we examine the survival of edge states after evo-
lution under the KZ paradigm. According to the above
discussion, we can find the edge states for J1 < 0 and J1 > 0
cases, respectively. We denote the side of t< 0 as sq and the
side of t> 0 as q′. Under the condition that the modulus of
the two is guaranteed to be less than 1,

q, �
−J1 −

�����

J
2
1 + 4



2
,

q
’
, �

−J1 +

�����

J
2
1 + 4



2
.

(15)

We denote the value of the two boundary parameters of
morality-law as J1 � ∓J1. When it is substituted into formula
(15), there is q′ � −q.

+e size of the inner product of the edge states on both
sides of the legal region is

〈ϕ0dd(−t) ϕ0dd(t)
 〉 � 1 − q

2
  

l�1
−q

2
 

l− 1

�
1 − q

2

1 + q
2.

(16)

When the evolution speed is very fast, that is, when
τ⟶0, the legal area is very large, q⟶ 0, and
〈ϕ0dd(−t)|ϕ0dd(t)〉⟶ 1 in formula (16) can be obtained.
On the contrary, if τ⟶∞, 〈ϕ0dd(−t)|ϕ0dd(t)〉⟶ 0. +at
is, in faster evolution, the survival rate of edge states is
higher, and the defect rate caused by edge states is lower. In
very slow evolution (moral evolution), the survival rate of
edge states is rather low, and thus the defect rate caused by
edge states is high. +is is also contrary to the expectation of
the defect of the KZ mechanism in the general sense. +e
defect density of the edge states is shown in Figure 2.

When the system is far from the phase transition point,
the mutual coupling can be ignored due to the large energy-
level difference, so the relationship between the body state
and the edge state can be approximately regarded as the
moral evolution. For the moral system, we write the
Schrödinger equation:

i
d

dt
|Ψ(t)〉 � H(t)|Ψ(t)〉. (17)

+e eigenvalue equation that satisfies the Hamiltonian
for the eigenstate |ϕn(t)〉 is

H(t) ϕn(t)
 〉 � En(t) ϕn(t)

 〉. (18)

In these two equations, the Hamiltonian is time-de-
pendent. +e general solution to the Schrödinger equation
can be written as a linear superposition of |ϕn(t)〉 with
phase:

|Ψ(t)〉 � 
n

cn(t)e
− i 

t

0
En(τ)dτ

ϕn(t)
 〉. (19)

+e time-dependent coefficient cn(t) can be found as
follows:

i
d

dt
|Ψ(t)〉 � i 

n

c
·
n(t) ϕn(t)

 〉 + cn(t) ϕ·
n(t)

 〉 exp −i 
t

0
En(τ)dτ 

+ 
n

cn(t)En(t) ϕn(t)
 〉exp −i 

t

0
En(τ)dτ 

� i 
n

c
·
n(t) ϕn(t)

 〉 + cn(t) ϕ·
n(t)

 〉 exp −i 
t

0
En(τ)dτ 

+ 
n

cn(t)H(t) ϕn(t)
 〉exp −i 

t

0
En(τ)dτ 

� H(t)|Ψ(t)〉 + i 
n

c
·
n(t) ϕn(t)

 〉 + cn(t) ϕ·
n(t)

 〉 exp −i 
t

0
En(τ)dτ .

(20)

Comparing with the time-dependent Schrodinger
equation, we can get
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Figure 2: +e relationship between defect density of edge states
and training time. N� 200, J0 � −1, J3 � 1, J1 � 5t/τ, −τ ≤ t≤ τ is
uniform modulation, and the initial state is equal-weight super-
position of edge states of odd and even lattice points.

Security and Communication Networks 5



RE
TR
AC
TE
D

i 
n

c
·
n(t) ϕn(t)

 〉 + cn(t) ϕ·
n(t)

 〉 exp −i 
t

0
En(τ)dτ  � 0.

(21)

+e coefficients can be found using formula (21):

c
·
m(t) � − 

n

cn(t) ϕm(t)
 〉 ϕ·

n(t)
 〉

exp i 
t

0
Em(τ)dτ − i 

t

0
En(τ)dτ .

(22)

Among them, 〈ϕm(t)|ϕ·
n(t)〉 can be found using the

derivative of the eigenequation:
_H(t) ϕn(t)

 〉 + H(t) ϕ·
n(t)

 〉 � E
·
n(t) ϕn(t)

 〉 + En(t) ϕ·
n(t)

 〉.
(23)

Taking the inner product of formula (23) and |ϕm(t)〉,
we get

〈ϕm(t)
 _H(t) ϕn(t)

 〉 + Em(t)〈ϕm(t) ϕ·
n(t)

 〉

� E
·
n(t)δmn + En(t)〈ϕm(t) ϕ·

n(t)
 〉.

(24)

For m≠ n, after shifting the term, we get

〈ϕm(t) ϕ·
n(t)

 〉 �
〈ϕm(t)

 _H(t) ϕn(t)
 〉

En(t) − Em(t)
, m≠ n. (25)

From this, the differential equation obeyed by Cm(t) is
obtained:

c
·
m(t) � −cm〈ϕm(t) ϕ·

m(t)
 〉

− 
n≠m

cn(t)
〈ϕm(t)

 _H(t) ϕn(t)
 〉

En(t) − Em(t)
exp −i 

t

0
En(τ) − Em(τ) dτ .

(26)

+e solution to the Schrodinger equation in formula (26)
is still exact. We perform a moral approximation:

1
En(t) − Em(t)

〈ϕm(t)
 _H(t) ϕn(t)

 〉
〈ϕm(t)

H(t) ϕn(t)
 〉

��������

��������
≪ 1. (27)

Under the inequality conditions of this moral approx-
imation, we can get

c
·
m(t)≃ − cm(t)〈ϕm(t) ϕ·

m(t)
 〉. (28)

+e general solution to differential equation (28) is

cm(t) � cm(0)e
icm(0,t)

,

cm(0, t) � i 
t

0
〈ϕm(t) ϕ·

m(t)
 〉dτ.

(29)

Finally, we can get the time-dependent moral evolution
equation:

|Ψ(t)〉≃
m

cm(0) ϕm(t)
 〉 exp icm(0, t) − i 

t

0
Em(τ)dτ .

(30)

If the initial state of the wave function of the system is
assumed to be the nth eigenstate, that is, cm(0) � δmn, we can
get

|Ψ(t)〉≃ ϕn(t)
 〉exp icn(0, t) − i 

t

0
En(τ)dτ . (31)

According to the moral evolution formula (30), we can
write the phase difference between the wave function and the
initial state in the process of moral evolution.

2.2. Bulk Defect Density for Open Boundaries. In the open-
boundary case of finite-length chains, the Hamiltonian
cannot be decoupled in k-space. +e body energy levels are
no longer decoupled from each other, and the transition
probability of a single energy level can no longer be de-
scribed by the LZ formula. We select the energy levels with
the same numbers as the periodic boundary conditions and
numerically calculate their transition probabilities for
comparison.

In addition to this factor, the different energy-level
connection structures of the system are also different from
that of the periodic boundary. +e band top of the negative
energy band and the band bottom of the positive energy
band are both connected to the edge states on the other side
of the phase transition point, and there is a mutual energy-
level crossing. +is undoubtedly makes the transition pro-
cess incompatible with the LZ formula.

As can be seen in Figure 3, the transition probability of
single-level behavior still conforms to the exponential form
of eδτ , but the coefficient 8 in the exponent cannot be directly
determined because there is a certain probability of tran-
sition to other energy-level pairs and edge states. We can
refer to the calculation method at the periodic boundary,
extract the energy gap size between a certain energy level and
its symmetric energy level from the energy spectrum, and
then substitute it into the LZ formula. +e transition
probability at the periodic boundary is completely consistent
with the LZ formula, but under the condition of open
boundary, the half of the minimum energy gap of No. 98, 90,
and 80 and their symmetric energy levels are 0.093, 0.341,
and 0.642, respectively. +eir squares are clearly not pro-
portional to the slopes in the natural logarithm plot and are
far from the periodic boundaries.

According to the analysis of the KZ paradigm, we can
easily know that for the nonequilibrium evolution process,
the system wave function change can be divided into three
evolution intervals, namely, morality-law-morality. +e
wave function of the system is approximately assumed to be
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Figure 3: Continued.
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unchanged within the legal interval. However, in the two
moral intervals of t <−t and t >t, starting from the initial
state of an eigenstate, the system evolves along the eigen-
state and gradually changes the phase of the wave function.
In the usual case, the calculation of defect density involves
only modulo squares, and such a phase is not valid.
However, it will be seen later that when it comes to the
evolution of edge states, the calculation of defect density will
include interference terms with explicit phase. +e re-
spective phases of the edge state and the bulk state deter-
mine the oscillation characteristics of the defect density.
Figure 4 shows a numerically calculated defect density
image of the body state.

We analyze the posture and approximate the law in the
KZ paradigm using the moral evolution formula, and we can
get

|Bulk(τ)〉 � 

N

l�1
e

− 1 t
τ
El(t)dt

· e
icl(t,τ)


m

cm(−τ) · e
− i 

−i

−τ
Em(t)dt

· e
icm(− τ,−t)

· 〈ϕl(t) ϕm(−t)
 〉

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ · ϕl(τ)

 〉.

(32)

Among them, cm(−τ) is the distribution of the system
wave function in each eigenstate at the beginning of the
evolution, and we take it as the equal-weight superposition
of each energy level in the negative energy band. +e ex-
pression here writes that the state vector is phased when
going through the moral process, and the coefficients when
the new eigenstate is the basis vector are redistributed
through the inner product term in the legal interval.

Since our Hamiltonian is a real matrix, 〈ϕl|n〉 is a real
number, and using 1 � n|n〉〈n|, we can get the geometric
phase to be 0 in formula (32):

cl �  〈ϕl
_ϕl

 〉dt � 〈ϕl

d ϕl

 〉

� 
n

 〈ϕl|n〉〈n|d ϕl

 〉

�  
n

1
2
d 〈ϕl|n〉



2

� 0.

(33)

+e energy spectrum made by the Hamiltonian has a
relatively obvious feature that can be used to simplify the
calculation of the integral. +erefore, it is analytically
complicated to perform transition processing between
multiple energy levels. Considering the relative regularity
of our energy spectrum structure, in the far-side moral
region where the phase contribution is relatively large, the
energy levels in the upper and lower energy bands are very
dense, and the form approximates a linear function
proportional to the modulation parameter. Moreover, the
larger contribution to the transition comes from the
energy levels closer to the band top and bottom. +ere-
fore, the upper and lower energy bands can be regarded as
one energy level for simplified calculation. Specifically, for
the training process where the initial and final positions of
J1 are −5 to 5, the expression for the energy in the
upper energy band component in formula (32) can be
written as
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Figure 3: +e relationship between single-level evolution defect density and training time τ with open-boundary condition; the parameter settings
are the same as Figure 4. N� 200, J0 � −1, J3 � 1, J1 � 5t/τ, −τ ≤ t≤ τ is uniform modulation. (a) and (b) +e blue line is the defect density and
logarithm of level 98 under open-boundary condition, and the red line is the logarithm of defect at level 98 under periodic boundary condition. (c)
and (d) correspond to energy level 90, (e) and (f) correspond to energy level 80, and other parameters are the same as (a).
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En(t) ∼
5t

τ
. (34)

After the energy is no longer related to the energy-level
number, it can be taken from the summation as the common
phase. When it is substituted into formula (32), we can get
the component of the desired state in the positive energy
band:

Bulk+
(τ)

 〉 ∼
1

�������
N/2 − 1

√ e
iθ1 · e

iθ2 
l



N/2−1

m�1
〈ϕl(t) ϕm(−t)

 〉 ϕl(τ)
 〉,

θ1 � −
5
2

τ −
t
2

τ
 ,

θ2 �
5
2

τ −
t
2

τ
 .

(35)

It can be seen that the phase sum contributed by the
moral evolution on the left and right sides of the phase
transition point is 0, and finally the positive energy band
component part of the posture under the KZ paradigm can
be obtained:

Bulk+
(τ)

 〉 ∼
1

�������
N/2 − 1

√ 

N

l�N/2−1


N/2−1

m�1
〈ϕl(t) ϕm(−t)

 〉 ϕl(τ)
 〉.

(36)

For the classical phase transition, the relaxation time
tR(t) � χt, x�O(1) is proposed. +e relaxation time is
proportional to the inverse of the energy gap, while the
energy is approximately linear in the equation. +e coeffi-
cient β can be found such that

t �

��
τ
β



. (37)

According to these results, the defect density expression
in the KZ paradigm can be determined as

D ∼
1

N/2 − 1


N

l�N/2+2


N/2− 1

m�1
ϕl

��
τ
β



⎛⎝ ⎞⎠ ϕm −

��
τ
β



⎛⎝ ⎞⎠





2

.



(38)

We can determine the value of β by fitting with the
evolution results of the kinetic equation.+emain interval of
defect density generation can be seen in the figure as τ in the
range of 1 to 10. We fit β by minimum variance in this
interval and get β� 32.11. Figure 5 shows a comparison
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Figure 4: +e relationship between defect density and training time of body postures under open-boundary conditions. N� 200, J0 � −1,
J3 � 1, J1 � 5t/τ, −τ ≤ t≤ τ is a uniform modulation, and the initial state is an equal-weight superposition of all lower energy band states.
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Figure 5: Schematic diagram of the generation of defect density
over time. +e red is the kinetic evolution value, the blue is the KZ
paradigm fitting value, and other parameters are the same as
Figure 4.
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diagram of the defect density between the KZ paradigm of
the bulk state and the dynamic evolution.

+e fidelity is F � |〈Ψ(−t)|Ψ(t)〉|2, which measures the
“freezing” of the system state in the legal area. When the
value of τ does not exceed 10, the fidelity of β� 32.11 is
greater than 0.5. It can be seen that the error source of the KZ
paradigm mainly comes from the legal area during the slow
training process and mainly from the moral area during the
fast training process.

3. Analysis of Legal Problems of the Crime of
Endangering Public Safety Based on Data
Mining Algorithm

+e algorithm of the second part is applied to the mining of
legal problems of the crime of endangering public safety.
+is article assigns a dynamic IP to each process, mainly to
prevent access to too many IPs from being restricted. Each
process is captured according to the magnitude of the

Start

Get Task/ Continue
Task

Gets Nth
agent IP

Task assignment,
and IP assignment

Task pool Task 1, ip 1 Task 1, ip 1 Task 1, ip 1

Process 1 Process 2 Process 3 Process 4

Grasp according to the assignment
of tasks, the amount of task is

divided by month, by year, by day,
by day and by province.

Judgment of
error type

Automatic
code

verification

Replace the
IP agent

Whether the cut off
condition is met

Extract the document id, save/
log the records

Stop

Yes

No

Figure 6: Legal document id acquisition module.
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assigned task, which can be divided into monthly, yearly,
daily, and provincial captures. For the problem of too many
visits, the method adopted is to perform automatic code
verification and continue to download after the verification
is successful. Secondly, for the IP proxy error, the method
taken is to replace the IP proxy and download it again. In
addition, for other errors, the strategy is to record the de-
tailed information of the error through the error log and
make a record for the subsequent catch-up. After down-
loading the document, the document id in the extracted
document is extracted, the extraction method adopts a rule-
based method, and the extracted id is stored in the file to
prepare for the subsequent document download. Finally, it is
judged whether to end the crawling by whether the task pool
is empty.+e legal document id acquisition module is shown
in Figure 6.

+is paper verifies the mining effect of the legal problem
of the crime of endangering public safety with the model
proposed in this paper, and the statistical verification results
are shown in Figure 7.

+rough the above simulation research, we can see that
the legal problem analysis model of the crime of endangering
public safety based on the data mining algorithm proposed
in this paper has a good legal data mining effect. +erefore,
the model in this paper can be applied to the mining and
analysis of legal issues of the crime of endangering public
safety.

4. Conclusion

With the increasing number of cases of crime of endangering
public safety by dangerous means, the controversy of the
crime in the academic circle is also increasing, mainly fo-
cusing on the “pocket crime” tendency of the crime. In fact,
there are specific reasons why the crime is in the present
situation. Although public opinion cannot lead the judiciary,
it can influence the judiciary.+e fundamental reason for the
over-expansion of the crime of endangering public safety by
dangerous means in trial practice is that the utilitarian
demand for punishing the crime can be met by the sentence
of the crime, and it is public opinion that drives this demand.
In the face of the impact of public opinion, the judiciary
should remain neutral, and the law should guide public

opinion rather than the other way around. +is paper an-
alyzes the legal issues of the crime of endangering public
safety combined with the actual mining algorithm and builds
an intelligent analysis model to promote the research effi-
ciency of the crime of endangering public safety.
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In order to explore how to realize the cost prediction and sharing ability of higher education, this paper proposes an analysis of the
cost prediction and sharing ability of higher education based on artificial neural network. &is method explores how to realize the
cost prediction of higher education through the key technical problems and solutions of information recommendation based on
artificial neural network. &e research shows that the ability of college education cost prediction and sharing based on artificial
neural network is 61% higher than that of traditional cost prediction and sharing. With the help of BP neural network algorithm,
the accuracy of cost prediction can be maintained above 90%. It is proved that the artificial neural network algorithm can
effectively improve the cost forecasting, financial system, and cost management system of colleges and universities.

1. Introduction

&e development of science and technology and the success
of society have affected all areas of life to varying degrees and
improved the environment of colleges and universities, and
the colleges have also undergone earth-shaking changes.&e
development of higher education has entered an unprece-
dented new situation [1]. In recent years, with the further
support of teaching activities in colleges and universities in
my country, such activities have become more and more
difficult, and there are more andmore jobs. Capital spending
by colleges and universities also showed some improvement.
&is also makes colleges and universities pay more and more
money for supervision and management [2]. Higher edu-
cation cost management and accounting is very important
and even becomes an important component of financial
management in colleges and universities. &erefore, on the
basis of cost accounting, on the basis of clarifying the de-
pendent variables and independent variables of university
cost control, cost accounting, and cost sharing ability,
combined with neural network algorithm, this paper has
made a key research on cost prediction [3].

Internet education is about the application of infor-
mation technology in education (educational management,

teaching research) and the promotion of education and
training through the development and implementation of
educational materials. Its technical characteristics are digi-
talization, networking, intelligence, and multimedia. Its
basic characteristics are openness, sharing, interaction, and
cooperation. Internet education is used to promote edu-
cational modernization, and information technology is used
to change the traditional mode [4]. Compared with tradi-
tional models, online learning has advantages in data
transfer, data quality, data rate, and data exchange as shown
in Figure 1.

2. Literature Review

With the prevalence of cost sharing theory in the field of
higher education, since 1990, the subject of cost sharing in
American higher education has shifted from the government
to other subjects [5]. First is the university itself. American
universities invest in the capital market by actively par-
ticipating in scientific research projects cooperating with
enterprises, establishing science and technology parks,
establishing companies, applying for patents, venture cap-
ital, etc.; secondly, students pay tuition fees, especially
private nonprofit universities, whose tuition level and the
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proportion of tuition fees in middle-income families have
always been far ahead of all types of universities [6]. &ird is
the society. Private universities use tuition discounts to
collect tuition fees, so the increase in their social donation
income is higher than that of tuition fees. &at is to say,
private universities mainly rely on social donation funds to
maintain their normal operation. In addition, the govern-
ment, higher education institutions, and private organiza-
tions also provide financial assistance to poor students, such
as student loans, scholarships and grants, and tax subsidies.
It can be said that in American universities, grants, student
loans, and private universities have built a unique financial
model: high tuition/high aid.

&e theory of higher education cost sharing is devel-
oped on the basis of human capital theory and public goods
theory [7]. First of all, the human capital theory gave birth
to the concept of education cost. &e value of the resources
consumed in the production of education is education cost.
Education cost includes social actual cost and indirect cost
of education, and personal actual cost and indirect cost of
education. Secondly, the human capital theory regards
education as an investment with economic value, which can
bring not only personal benefits, but also a wide range of
social benefits. &e level of personal and social returns
brought by education has become a realistic measure for
the cost sharing of national and social investment in ed-
ucation [8]. Beyond a certain scale, private higher educa-
tion will show limited competitiveness and limited
exclusivity in consumption, but private higher education
can bring huge positive external effects. &is positive ex-
ternality is manifested in two aspects: the individual
educatee and the national society. On the one hand,
through receiving higher education, the individual edu-
catee gains an increase in knowledge, ability, social status,
and economic income; on the other hand, private higher
education has made an important contribution to the
popularization of higher education in China and the ac-
cumulation of human capital in the country. Moreover,
private higher education has reduced the financial pressure

on the development of higher education in the country
because of its self-financing investment mode. &ese funds
can be used to develop basic education with higher social
return. &erefore, we say that private higher education is a
quasi-public product between public products and private
products, and a public welfare undertaking that reflects the
national interests [9]. Based on its public welfare and quasi-
public product attributes, the supply of private higher
education products should be shared by the government,
market, and society.

3. Method

3.1. �eoretical Basis of Algorithm. &e BP neural network
algorithm includes two stages: forward presentation and
backward presentation. &e so-called forward propaga-
tion stage means that the sample data are calculated and
processed by the hidden nodes in the input layer from top
to bottom, and the output of the upper layer node is the
input of the lower layer node and finally propagates to the
output. &e weights of all network edges remain un-
changed during propagation. After the prediction error is
calculated, it enters the back propagation stage; that is,
the error is returned to the input node in the reverse
direction layer by layer [10].

In BP neural network, the prediction error of output
node j of the t-th iteration will be in the form of error square:

Ej(t) �
1
2

ej(t)
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�
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2
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 − Yj
′(t) 

2
,

(1)

where ej(t) is the prediction error, Yj(t) is the sample
observation value of the output node, and Yj

′(t) is the output
value of the output node. If the adder and sigmoid activation
function are substituted into the above formula:

Yj
′(t) � f U

N
j (t) . (2)

&e sigmoid function of the t-th iteration is
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N
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where UN
j (t) is the calculation result of the adder:

N � (1, 2, . . . , n). (5)

WN
ij is the weight of the network edge formed from the

i-th hidden node of layer N to the j-th node of layer n+ 1,
ON

i (t) is the output of the i-th hidden node of layer N, and
θj(t) can be regarded as a constant term of linear combi-
nation [11]. &e definition of the total prediction error at the
output node of the t-th iteration is
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model
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Figure 1: Education informatization development model.
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where p is the number of samples. It can be seen that the t-th
iteration error is a multivariate nonlinear function of the
weights of network edges, the values of input variables and
output values.

&e purpose of weight adjustment in the network is to
reduce the overall demand. &erefore, the t-th iteration
must follow the direction in which the error plane descends
the fastest, i.e., the direction of the negative gradient [12].
&e network weight adjustment amount of the i-th node of
layer N and the j-th output node of layer N + 1 is shown in
formula 7 and formula 8 according to the differential chain
rule:

ΔWn
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n
ij(t)

,

(7)

ΔWn
ij(t) � −ηej(t)(−1)f′ U

n
j(t) O

n
i (t), (8)

where η is the learning rate and the negative sign indicates
the negative gradient direction. Since sigmoid activation
function is adopted, as shown in formula:

f′ U
n
j(t)  � f U

n
j(t) ∗ 1 − f U

n
j(t)  . (9)

&erefore, as shown in formula:

ΔWn
ij(t) � ηej(t)∗f′ U

n
j(t) 1 − f U

n
j(t)   ∗O

n
i (t).

(10)

Make it as

δn
j(t) � ej(t)∗f U

n
j(t)  1 − f U

n
j(t)  . (11)

&e above formula is called the local gradient of node j:

ΔWn
ij(t) � ηδn

j(t)∗O
n
i (t). (12)

&erefore, the network weight adjustment of point j
during t+ 1 iteration is

W
n
ij(t + 1) � αW

n
ij(t) + ηδn

j(t) ∗O
n
i (t). (13)

&rough calculation, the local gradient of the j-th node of
the N(N � 1, 2, . . . , n, n + 1) hidden layer is
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In the calculation process, the network weights are
adjusted according to (15) until all hidden layers are covered
and all network weights are adjusted.

3.2. Determination of Network Structure. &e complexity of
the neural network is determined by the number of
original layers and the number of hidden units in each
layer [13]. &eoretically, although multi-layer networks
can obtain more accurate analysis results, experiments
show that, unless the actual problem requires, using
networks with more than two hidden layers will make the
problem solving more complex, and sometimes networks
with multiple hidden layers are more difficult to obtain
effective solutions. &erefore, it is most cost-effective to
choose a network with a hidden layer [14]. &ere is no
authoritative criterion for determining the number of
hidden nodes. Usually, the more complex the problem is,
the more hidden nodes are required. To solve this
problem, we can first give a rough network structure and
then gradually adjust it in the process of model training.
Network structure is very important for neural network
model. At the initial stage of model establishment, the
empirical value method is adopted. First, the hidden layer
is set as one layer. &e default number of hidden nodes is
as shown in formula:

max 3,
ni + nj 

20
⎛⎝ ⎞⎠, (16)

where ni, n0, respectively, represent the number of input
nodes and the number of output nodes [15]. &e input node
is 5, and the output node is 1, so the number of hidden nodes
of the hidden layer is calculated

max 3,
(5 + 1)

20
  � 3. (17)

In the initial network selection, a hidden layer is selected,
and three hidden nodes are determined as the initial model.

&e weight adjustment from hidden layer to input layer
is
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δkp(t) is the local gradient of the hidden layer, as shown in

ΔW1
ik(t) � ηδ1kp(t)Xkp(t), (19)
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1
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&e iteration shall be carried out according to the above
iteration method until the iteration cycle is 250 times.

Suppose the input layer of the BP network has n nodes,
the hidden layer has q nodes, the output layer has m nodes,
the weight between the input layer and the hidden layer is
vki, the weight between the hidden layer and the output layer
is wj, and the output of the hidden layer node is zk, as shown
in Figure 2.

By comparing the results of the multiple regression
model, it can be seen that the maximum error of the re-
gression analysis results based on 6 influencing factors is
4321, the minimum error is 8, and the average error is less
than 2164.5, the maximum error of the regression analysis
results based on 3 principal components is 3529, the min-
imum error is 40, and the average error is less than 1734.5,
while the maximum error of the BP neural network model
based on 6 influencing factors is nearly 2500, the minimum
error is about 500, and the average error is 1500, indicating
that the BP neural network method is more suitable for
college tuition. At the same time, it is found that the number
of influencing factors has an impact on the prediction effect
of the network.

It can be seen from the above prediction results and error
effect diagrams that the BP neural network method based on
6 major factors has better prediction effect than the re-
gression analysis method based on 6 major factors and 3
major factors, indicating that BP neural network is used in
college tuition pricing. &e specific results are shown in
Table 1.

&e average impact value (MIV—mean impact value)
method is used to find the input items that have a greater
impact on the results, and then the neural network is used to
filter variables. MIV is considered to be one of the best
indicators for evaluating the correlation of variables in
neural networks, and it also opens up new ideas for solving
such problems. &e specific calculation process of MIV
variable screening implementation: after the network
training is over, add or subtract 10% of each independent
variable in the training sample R on the basis of the original
value to form the training samples P1 and P2, use P1 and P2
as simulation samples, respectively, use the established
network to simulate, get two simulation results A1 and A2,
and find the difference between A1 and A2—the change
value of the output after changing the independent variable
(IV, impact value), and IIV. According to the number of
observed cases, the average influence value (MIV) of the
independent variable on the dependent variable—network
output—is obtained. Calculate the MIV value of each in-
dependent variable one by one according to the above
method. Finally, according to the absolute value of MIV, the

independent variables are sorted, and the importance of the
influence of the independent variables on the output is
sorted, so as to determine the degree of influence of the input
on the prediction effect, that is, to achieve filtering of var-
iables. &e specific process of the MIV variable screening
method is shown in Figure 3.

4. Results and Analysis

For the research on the current situation of cost control, this
section takes Y University as an example.

&e school’s income includes financial appropriation
income, business income, income turned over by affiliated
units, and other income [16]. &e financial appropriation
income is on the rise, and its proportion is also increasing
year by year. By 2021, the financial appropriation income
will be 862.8736 million yuan, accounting for 65.69% of the
total income of the university. &is shows that the Ministry
of Education has given greater financial support to Y
University and shows that the country is paying more for
vocational training. More funding is needed to increase
school efficiency and support school improvement. &e
overall amount of business income is on the rise, but its
proportion is decreasing. &is is mainly because the school’s
financial allocation income has increased significantly, and
its proportion is increasing year by year [17] as shown in
Figure 4.

It can be seen from the above figure that the total income
of Y University has shown an upward trend from 2012 to
2021. Among them, the larger increase in 2012 was due to the
higher financial appropriation income in this year [18].
Other income mainly includes interest income, non-
equivalent financial appropriation income, and appropria-
tion income from other departments. In 2012 and 2014, the
income handed over by affiliated units mainly came from the
income handed over by a hotel in Y University, which will
not be handed over after 2015.

4.1. Overview of Tuition Status in the past 10 Years. With the
development of education, the scale of Y University is
expanding, and the cost of education is also increasing
correspondingly. Over the past 10 years, the total cost of
school education has shown a fluctuating growth. In 2012,
the total cost of school education was 569 million yuan. In
2021, the total cost of school education reached 1308178000
yuan, an increase of 2.3 times. At the same time, it can be
seen that the school education cost increased significantly in
2012, mainly because the school had more other capital
expenditures in 2012, and the average student expenditure
also showed an increasing trend as a whole. However, the
cost increases too fast, and it is easy to have a shortage of
funds, which further increases the difficulty of the school’s
financial cost management. &erefore, it is necessary to
study the education cost of Y University, so as to control its
expenditure and improve the efficiency of the use of capital
resources. However, the overall trend of education cost is
consistent with the law of income, which reflects the
principle of determining expenditure by income and
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balancing revenue and expenditure [19]. &e cost classifi-
cation of Y University education includes six aspects: wage
and welfare expenditure, commodity service expenditure,
subsidies to individuals and families, subsidies to enterprises
and institutions, debt interest expenditure, and other capital
expenditure [20].

&e larger part is the wage and welfare expenditure and
the commodity and service expenditure, the proportion of
which changes in the range of 20%–40% [21]. Among them,
the wage and welfare expenditure showed an upward trend

over time, from 141721300 yuan in 2012 to 523612500 yuan
in 2021, and the proportion also maintained an increasing
trend, from 24.91% in 2012 to 40.03% in 2021, an increase of
15 percentage points. And in recent 10 years, the overall
trend is downward. &e decrease of debt interest expendi-
ture year by year shows that the loan amount of Y University
is decreasing, and the debt risk it faces is also relatively
reduced. Among the average total expenditures of general
institutions of higher learning under the central ministries
and commissions, the expenditure on wages and welfare
accounted for 26.13%, the expenditure on subsidies to in-
dividuals and families accounted for 23.85%, the expendi-
ture on goods and services accounted for 26.42%, other
capital expenditures accounted for 15.35%, and the ex-
penditure on capital construction accounted for 8.25%. In
2015, the wage and welfare expenditure of Y University was
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Figure 2: Topological structure of three-layer neural network.

Table 1: 6-factor and 3-factor regression analysis and 6-factor BP neural network error comparison.

Error 6-factor BP neural network 6-factor regression analysis 3-factor regression analysis
Influencing factors X1 X2 X3 X4 Xn X1 X2 X3 X4 X5 Xn X1 X2 X3
Maximum error 2500 4321 3529
Minimum error 500 8 40
Average error 1500 2164.5 1734.5

Initial implementation of the MIV algorithm 
for variable filtering (increasing or decreasing 

independent variables)

Train a correct neural network using raw
data 

Subsequent implementation of the MIV
algorithm for variable filtering

(difference calculation) 

Calculates the MIV value of
the network output for each

item

Figure 3: Flowchart of variable screening based on BP neural
network.
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Figure 4: Income statistical histogram in recent 10 years.
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slightly lower than the overall level of China. Compared with
the average level of China, the subsidy to individuals and
families was significantly lower, but the expenditure on
goods and services was much higher than the average level of
China [22].

4.2. Detailed Analysis of Education Cost in Recent 10 Years.
Y University wages and health benefits include base wages,
allowances, other health services, wages and other wages,
and medical expenses.

&e total wages and benefits have shown an overall
growth trend in the past 10 years, from 142 million yuan in
2012 to 524 million yuan in 2021, an increase of nearly 2.7
times. From 2016 to 2021, the number of teaching staff was
3200, but the per capita salary and welfare increased from
117300 yuan in 2016 to 163600 yuan in 2021, with a growth
rate of 39.47%. It can be seen that Y University pays more
and more attention to its teaching staff. Among them,
performance salary and other salary and welfare expenses
account for a large proportion in the whole salary and
welfare expenses, with a total proportion of more than 70%,
or even high. &e level of performance pay is related to the
educational background, length of service, professional title,
position, and other factors of the teaching staff. &e
implementation of performance pay can mobilize the en-
thusiasm of the teaching staff, promote the development of
the school cause, improve the teaching quality, improve the
level of running a school, and achieve innovative develop-
ment. Other salary and welfare expenses mainly refer to the
salary expenses of the nonenterprise teaching staff of the
school. Before 2020, other social security refers to medical
insurance, work injury insurance, maternity insurance, and
endowment insurance for faculty members with career titles.
After 2020, the endowment insurance for noncareer faculty
members will also be included. &erefore, other social se-
curity will increase significantly in 2020 [23]. &e subsidies
to individuals and families include retirement fees, housing
provident fund, financial aid, and other subsidies to indi-
viduals and families.

&e proportion of retirement expenses in the whole
subsidy expenditure for individuals and families is not large,
and the overall proportion shows a downward trend. &e
two subjects with the largest proportion are retirement
expenses and financial aid, with a total proportion of more
than 60%. Among them, the scholarships granted by Y
University to students are included in the financial aid
subject for accounting. In addition to the national schol-
arships such as “national scholarships, national inspirational
scholarships, home-based student loans, and national fi-
nancial aid,” the university also has a student reward and
funding system such as “school scholarships, on campus
subsidies, and on campus work study posts.” Each doctoral
student receives an annual subsidy of 8000 yuan, and each
master graduate student receives an annual subsidy of 2000
yuan. &e absolute value of the housing provident fund is
increasing year by year, accounting for more than 10%, with
little fluctuation. In 2021, the amount of the housing
provident fund in the individual and family subsidies is 0

because Y University put the housing provident fund into
the salary and welfare expenditure for accounting in 2021.

Y University’s subsidy to enterprises and institutions
only includes one item, namely, the subsidy to public in-
stitutions, which is the subsidy to the three independent
colleges under Y University for the education and teaching
work of independent colleges as shown in Table 2.

Debt interest includes both Chinese debt interest pay-
ment and American debt interest payment. During the nine
years from 2012 to 2021, Y University only paid interest on
Chinese debt. In 2021, both Chinese debt interest payment
and American debt interest payment came from a Japanese
yen loan project of Y University in 2021.

According to the data of recent 10 years, the debt interest
expenditure of Y University shows a downward trend as a
whole. &e average student debt interest payment decreased
from 1500 yuan in 2013 to 0300 yuan in 2021. &e gradual
optimization of this debt environment is conducive to the
normal operation of Y University’s teaching and scientific
research.

4.3. Analysis on the Influencing Factors of Education Cost.
Considering the cost economy of the research method itself,
and referring to the idea of equivalence in cost accounting,
according to the financial budget rules of Y University, the
number of master’s students is converted into the number of
undergraduates at the ratio of 2.0, the number of doctoral
students into the number of undergraduates at the ratio of
3.0, and the number of remaining students into the number
of undergraduates at the ratio of 3.0. In addition, as LR
college is an independent college under Y University, Y
University will provide it with exclusive subsidies every year.
&erefore, the number of students in LR college is not in-
cluded in the total number of students and is accounted for
independently.

&e professors of the university are converted into
general lecturers at the ratio of 2.0, and the associate pro-
fessors are converted into general lecturers at the ratio of 1.5
to confirm the resource drivers and allocate resources, so as
to ensure the rationality of accounting.

&e school equipment includes teaching multimedia
equipment, large-scale experimental equipment, etc. &e
equipment of Y University worth more than 200000 yuan is
selected as the basis for accounting, as shown in Table 3.

&e equation of multiple linear regression model is
usually expressed as

Y � β0 + β1X1 + β2X2 + β3X3 + . . . + βjXj + . . . + βkXk + μ,

(21)

where k represents the number of explanatory variables.

βj(j � 1, 2, L, k). (22)

&e above formula is the coefficient, and μ is the random
error. After the sample data are substituted into the re-
gression analysis, the judgment shall be made according to
the output results. By summarizing the research cost of
relevant literature and according to the previous analysis, the
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educational cost of Y University is selected as the explan-
atory variable and expressed by y. &e number of students
(ST), number of faculty (TE), power consumption (M),
water consumption (M′), floor area (S), building area (S′),
number of students (LR), and number of important
equipment (EQU) are selected as explanatory variables. See
Table 4 for details.

Combined with the analysis of the influencing factors of
education cost and the introduction of the above models, the
following regression model of education cost prediction is
established for empirical test:

Y � β0 + β1ST + β2TE + β3M + β4M′ + β5S + β5S′

+ β7LR + β8EQU + μ.
(23)

&e software SPSS.22 is used to make descriptive sta-
tistics on all variables, and the results are shown in Table 5.

From the perspective of dependent variables, the mini-
mum value of education cost y is 567.812 million yuan, and
the maximum value is 1308.1781 million yuan. According to
the original data, it is found that the time point corresponding
to 567.812 million yuan is 2010, and the time point corre-
sponding to the maximum value is 2021. In general, the
education cost of Y University is on the rise. From the
perspective of independent variables, in the past 10 years,
except for the general trend of the number of students in LR
college, the overall trend of other independent variables is in
the state of growth, which is consistent with the requirements
of Y University to continuously expand the scale and improve
the quality of running schools in recent years.

Input the data into the software SPSS.22, use the linear
regression function in the analysis to process the sample

data, and study the correlation between Y and eight inde-
pendent variables. First, check the decisive coefficient of the
model to judge the fitting degree. &e R-square is 0.993, and
the adjusted R-square is 0.935, so the fitting degree of the
model is good, which can completely reflect the relationship
between the data as shown in Table 6.

Secondly, when doing linear regression analysis, we can
analyze the significance of the model according to the ob-
tained ANOVA value and then judge the effectiveness of the
overall model. &e significance level of the whole model is
0.001, which indicates that the overall effectiveness and
reliability of the model are high, and further analysis can be
carried out as shown in Table 7.

It can be seen from Table 8 that among the eight se-
lected explanatory variables, only the number of students,
the number of faculty, water and electricity consumption,
the number of students in LR college, and the number of
important equipment have reached a significant level, and
the relationship between the floor area and the building
area and the education cost is not significant as shown in
Table 8.

Since the relationship between the variables represented
by the floor area (S) and the building area (S′) and the
education cost is not significant, they will be eliminated in
the subsequent analysis to ensure the reliability of the re-
gression results, and then the regression analysis will con-
tinue using the software SPSS.22. &e output results are
shown in Table 9, Table 10 and Table 11.

Combining the above, we can get the result of the final
design-level equation. &e different coefficients of the
equilibrium regression are all positive, indicating that the
total cost of training will further increase with the increase in
the number of teachers and students. Parameter symbols
have significant operational value.

&e cost control system of colleges and universities is
a unified whole, which includes subsystems such as cost
organization, decision-making, implementation, infor-
mation, and performance evaluation. If a university
wants to implement effective education cost control, it
should first establish an organizational system of the cost
control system; that is, under the guidance of university
leaders, it should establish a vertical cross-responsibility
center with each functional department as the horizontal
and each department and individual as the vertical. Each
responsibility center shall prepare performance reports

Table 4: Definition of variables.

Variable properties Variabl symbol Variable interpretation
Explained variable Y Education cost
Explanatory variable ST Number of students
Explanatory variable TE Number of faculty
Explanatory variable M Electricity consumption
Explanatory variable M′ Water consumption
Explanatory variable S Area covered
Explanatory variable S′ Built-up area
Explanatory variable LR Number of LR students

Explanatory variable EQU Number of important
equipment

Table 2: Details of subsidies to enterprises and institutions from
2012 to 2021.

Project Subsidies for public institutions Total
2012 5545.32 5545.32
2013 4595.39 4595.39
2014 3365.94 3365.94
2015 3679.68 3679.68
2016 3997.23 3997.23
2017 3740.12 3740.12
2018 4454.54 4454.54
2019 4936.23 4936.23
2020 6515.94 6515.94
2021 — —

Table 3: Statistics of important equipment quantity.

Particular year Equipment quantity (set)
2012 119
2013 121
2014 142
2015 175
2016 175
2017 192
2018 218
2019 223
2020 238
2021 251
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on schedule according to the work results, find out the
gap between the actual cost amount and the budget
amount, then analyze why such differences occur and
timely report to the superior department to find out the
problems existing in the work, take effective solutions,
and implement management according to the specifica-
tion requirements. Secondly, from the aspect of power,

we should set up the mutual checks and balances of the
corporate governance structure of colleges and univer-
sities; that is, we should not only clarify the powers and
responsibilities of the president, vice presidents, and the
directors of various functional departments, but also let
them check and balance each other, so as to promote their
mutual restriction and cooperation at the same time, so as

Table 5: Descriptive statistics of variables.

Variable N Minimum value Maximum Mean value Standard deviation
Y 10 56,781.20 130,817.81 96,111.94 29,275.54
ST 10 28,431.00 41,682.00 32,884.10 4,274.27
TE 10 2,940.50 4,001.50 3,625.60 330.56
M 10 20,233,846.15 39,523,653.85 31,848,942.31 6,322,808.69
M′ 10 1,426,000.00 3,759,480.00 2,616,276.00 741,194.13
S 10 4,000.00 5,600.00 4,320.00 674.62
S′ 10 890,000.00 1,060,000.00 996,000.00 62,218.25
LR 10 6,756.00 15,837.00 12,585.60 3,269.40
EQU 10 119.00 251.00 185.60 47.43

Table 6: Model summary.

Model R R2 Adjust R2 Standard estimation error
1 0.996a 0.993 0.935 7,217.56

Table 7: Significance test of overall linearity (ANOVAb).

Sum of squares df Mean square F Sig (b)
Regression 7,143,459,915.51 8 892,932,489.44 27.141 0.001
Residual 52,093,229.66 1 52,093,229.66
Total 7,195,553,145.17 9

Table 8: Multiple regression coefficients of each variable.

Variable
Denormalization coefficient Standardization coefficient T Significance
B Standard error Bata

Constant −278,835.736 477,978.603 −1.583 0.008
ST 15.031 9.924 2.272 2.515 0.037
TE −170.857 130.412 −1.997 −2.310 0.042
M 0.006 0.004 1.421 2.446 0.038
M′ 0.026 0.026 0.674 1.981 0.041
S −5.206 28.380 −0.124 −1.183 0.885
S′ −0.045 0.219 −0.099 −1.206 0.871
LR 16.921 9.618 1.956 2.759 0.033
EQU 458.259 768.972 0.769 1.596 0.045

Table 9: Model summary.

Model R R2 Adjust R2 Standard estimation error
1 0.996a 0.992 0.977 4,257.061,81

Table 10: Significance test of overall linearity (ANOVAb).

Sum of squares df Mean square F Sig
Regression 7,141,185,419.490 6 1,190,197,569.915 65.675 0.001
Residual 54,367,725.684 3 18,122,575.228
Total 7,195,553,145.174 9
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to promote the scientific and effective management of
colleges and universities.

At present, although the cost accounting system of
colleges and universities in China has made some
achievements, its overall development is still in the explo-
ration period. &erefore, only by continuously reforming
and innovating the accounting system in colleges and
universities can we meet the requirements of the “super-
vision and examination measures for the cost of higher
education and training (Trial).” Only in this way can we
apply more efficient procedures and lay a solid foundation
for the calculation of college tuition fees. In addition, “higher
schools” can combine management appropriately and
competently, establish a financial accounting system
according to the actual situation of colleges and universities,
improve financial management functions, and integrate cost
accounting principles with cost management to achieve
process consistency. Establish a set of cost accounting system
that meets both the accounting system and the development
needs of the times.

University expenditure can be divided into capital ex-
penditure and income expenditure. Capital expenditure
means that the expenditure incurred can be allocated to
multiple accounting periods. Income expenditure refers to
the income obtained through this expenditure only related
to the current accounting year. In the process of accounting,
capital expenditure is first included in the asset account and
then transferred to the appropriate expense account by
stages according to the income. Income expenditure is di-
rectly included in the relevant cost items of the current year.
Only by correctly distinguishing between capital expendi-
ture and income expenditure, can we reasonably determine
which expenditure should be directly included in the current
period and accounted in the cost of colleges and universities,
and which expenditure should be accounted in the cost of
colleges and universities after amortization.

When each cost occurs, the relevant supervision and
Audit Department of the University shall specify the specific
purpose of each cost and strictly trace some nonconforming
or nonspecific expenses with large amount, so as to reso-
lutely put an end to waste. Some avoidable nonessential
expenditures should be strictly controlled. &ose that need
to be simplified should be simplified as much as possible.
Before relevant equipment and tools are scrapped, they must
think twice and carefully, and those that can be reused must
be reused; take the plan as the guide, make careful ar-
rangements, make full use of modern informationmeans, set

up and refine accounting subjects, calculate costs reasonably
and accurately, and achieve the purpose of cost control
under the premise of following the existing “accounting
system of colleges and universities” and “financial system of
colleges and universities.”

Employees spend a significant portion of the cost of
college. &e human cost of Y University accounts for about
50% of the total tuition fee. &erefore, we need to pay at-
tention to adhering to higher education management. &e
value of managing human resources can be accomplished
through two factors: one is to make it easier for employees to
teach; the other is to improve employee job performance.
Achieving cost savings and improving employee perfor-
mance are important for colleges and universities. &is
requires colleges and universities to implement measures to
reform the personnel system, solve the problems of over-
staffed personnel and unclear responsibilities between de-
partments within colleges and universities, and try to ensure
the rationalization of the proportion among students,
teachers, administrative personnel, and logistics support
personnel. An important link in the reform of the personnel
system is to implement the appointment system and follow
the principle of “three determinations” (department, posi-
tion, and staffing).

&e two measures of department simplification and
staffing compression are to improve the team structure,
reduce personnel, improve efficiency, and promote the
development of colleges and universities. Streamlining de-
partments and reducing headcount can improve efficiency,
but in the specific implementation process, it should be
analyzed according to specific conditions, and different
personnel should adopt different streamlining methods.
China’s higher education is in the stage of rapid develop-
ment. Due to the rapid increase in the number of college
students, the number of teachers according to the existing
best teacher-student ratio may be more than the existing
number. &erefore, we should proceed from reality and take
corresponding measures according to the specific problems
faced by colleges and universities. For the staff other than
university teachers, the university should try its best to
streamline, reduce the redundant staff, improve the work
efficiency of the remaining staff, and eliminate unnecessary
personnel expenditure.

Encouraging the rational flow of university staff can
enable teachers to give full play to their expertise, form a
dynamic and vibrant management system for the teaching
staff, and constantly promote the optimization and

Table 11: Multiple linear regression coefficients of each variable.

Variable
Denormalization coefficient Standardization coefficient T Significance
B Standard error Bata

Constant −360,666.718 146,650.206 −2.459 0.001
ST 14.020 4.120 2.119 3.403 0.042
TE −156.666 40.113 −1.832 −3.9060 0.030
M 0.006 0.002 1.313 3.704 0.034
M′ 0.021 0.010 0.595 2.274 0.045
LR 17.052 5.595 1.972 3.046 0.047
EQU 551.595 261.381 0.930 2.122 0.049
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upgrading of the teaching staff. Redundant personnel after
downsizing shall be properly resettled through job transfer
and diversion, and efforts shall be made to create an em-
ployment environment so that they can give full play to their
talents. For administrative personnel and logistics staff, the
method of “one person with multiple posts and one post
with multiple duties” should be implemented. By config-
uring the best educational resources, the quality of college
assets and human resources can be incorporated into the
overall game, and the benefits of colleges and universities can
be improved.

5. Conclusion

&is paper uses a variety of regression models to explore
the impact of Y University’s tuition on the number of
students, teachers, and resource use, and develops
multiple loops to study its impact on the tuition of Y
University. &e impact of the tuition fee of Y University
on students, teachers, water and electricity consumption,
equipment, and so on is determined. &erefore, Y Uni-
versity should pay attention to the consumption of hu-
man resources, material resources, and energy, establish
relevant systems in time, ensure the optimal allocation of
resources, and promote the development of the
university.
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In order to improve the adaptive control effect of the multiemergency power supply networking system connected to new energy
(NE), this paper studies the adaptive control strategy (ACS) of the multiemergency power supply networking system connected to
NE by combining intelligent algorithms and determines the appropriate installation node of the distributed power supply
according to the voltage stability index. Moreover, this paper proposes a method to optimize the distribution network feeder
reorganization and distributed power configuration problems based on the fireworks algorithm to reduce the network loss and
improve the voltage distribution. In addition, distribution network reorganization and distributed power configuration opti-
mization can more effectively minimize network losses and improve voltage distribution. )rough the experimental research, it
can be seen that the ACS of the multiemergency power supply network system connected to NE proposed in this paper has the
established effect.

1. Introduction

As the common carrier of power transmission and power
market, the power grid is the basic platform and main
medium to ensure the development of NE [1]. )erefore,
regional power grids are an inherent requirement and an
inevitable choice to transform the energy structure and
power development mode and achieve sustainable devel-
opment [2] such as uncoordinated planning and con-
struction, lack of management of power generation and
grid-connected operation, inadequate technical standards,
approval of supporting grid projects, and approval and
construction lag to accurately and deeply recognize these
problems [3]. Under such a background, it is urgent to build
a comprehensive evaluation index system and corre-
sponding evaluation methods that can reflect the coordi-
nated development (CD) of NE and regional power grids, so
as to enhance the identification of the degree of development

coordination between the two.)e results of the study found
the key influencing factors of the CD, and provided a ref-
erence for the relevant departments to formulate the pro-
motionmeasures for the CD of the two [4]. In addition, there
are still many problems in the current electricity market
system, such as the competition mechanism only exists on
the power generation side, and the electricity price mech-
anism cannot meet the market demand. )is requires the
establishment and improvement of a power supervision
mechanism that adapts to the market structure to optimize
power generation side management, power transmission
and distribution management, and power sales side man-
agement [5]. Under the premise that the scale of NE power
generation (NEPG) and grid connection is expanding, a
comprehensive evaluation system and method for the de-
velopment of NE and regional power grids should be
constructed, and the problems existing in the power gen-
eration management end and power supply management
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end should be found in time, which is conducive to the
effective use of resources and energy. )e optimal con-
figuration in space can promote the power system to meet
the various requirements of the market and the environ-
ment, and improve social welfare [6]. Since large-scale
NEPG has been developed in recent years, its coordinated
planning with regional power grids belongs to an emerging
power development model. At present, there are relatively
few studies on the coordination evaluation method of this
model [7].

)e literature [8] is based on AHP-distance. )e coor-
dination degree combination model conducts a compre-
hensive evaluation and research on the coordination degree
of low-carbon power grid planning. Reference [9] analyzes
the coordination degree between distribution network and
power load from the aspects of reliability of power supply,
equipment utilization, and characteristics of economic op-
eration. Based on the analysis of the three aspects of safety,
reliability, and economy, the literature [10] pointed out that
photovoltaic power generation has an impact on the tra-
ditional power grid.)erefore, an index system reflecting the
CD of photovoltaic power generation and power grid has
been constructed. Combined with the connotation of CD, a
set of comprehensive evaluation index system that can re-
flect the CD of NE and regional power grids is constructed
by defining and analyzing the coordinated planning mode of
NE sources and regional power grids. )e corresponding
weights are constructed from the comprehensive evaluation
model [11] and using this model to evaluate the CD degree of
NE and regional power grids in the whole country [12] and
draw relevant conclusions, in order to provide decision-
making reference for the coordinated planning of NE and
regional power grids [13].

Power sources can be divided into traditional power
sources and NE sources according to the type of energy. )e
power source formed by traditional power generation
methods such as thermal power generation and hydropower
generation is the traditional power source. According to the
voltage level of the transmission line, the power grid can be
divided into transmission network and distribution network
[14]. )e operation of the power system includes power
generation, transmission and distribution, dispatching, and
electricity consumption. )erefore, the CD of NE and re-
gional power grids requires manpower from four links.
Among them, the coordination of NEPG is the basic link
that affects the coordination degree of the entire regional
power grid, power transmission, and distribution includes
transmission, distribution, and transmission. It is an im-
portant link of large-scale development [15]; dispatching is
the control and monitoring link of the entire power system
and the realization of intelligent dispatching of regional
power grids is an important guarantee for effectively real-
izing the CD of NEPG and regional power grids. Electricity
consumption is an important part of the entire power
system.)e friendly and interactive power consumption link
is conducive to the entire power system to quickly grasp the
dynamic changes of NEPG [16]. It is necessary to realize the
CD of the power supply at the power generation end and the
power grid at the transmission end in all aspects, so as to

achieve the goal of ultimately achieving the overall CD of the
power supply and the power grid. It is necessary to com-
prehensively consider the evaluation indicators of the mu-
tual coordination and development of the four subsystems,
including power generation, transmission and distribution,
dispatching, and power consumption [17].

When the small-capacity NE power source is connected
to the unbalanced distribution network, if the short-circuit
calculation is still based on the traditional symmetrical
component method after improvement, the power com-
ponents will be difficult to decouple under the conditions of
positive, negative, and zero sequence, and the calculation
result will have a big difference from the actual results, that
is, the improved symmetrical component calculation
method makes it difficult to perform fault calculation for the
unbalanced distribution network with different types of NE
power sources. )erefore, it is necessary to carry out re-
search on new short-circuit calculationmethods for different
types of NE sources connected to unbalanced distribution
networks.

)e contribution of this paper is to analyze the ACS of
multiple NE access multiemergency power supply net-
working systems such as island detection. In traditional
research, only one of these methods is often considered as
the optimization object, but this paper adopts both opti-
mization methods.)e power distribution system integrated
with NE is optimized by means of this method, and sim-
ulation research is carried out according to different plan-
ning situations.

2. Grid Adaptive Control

2.1. Radial Islanding Detection in Distribution Network.
For the normal operation of the radial distribution network,
the situation of ring network and island operation should
be avoided. )is paper starts from the following three
aspects to ensure that the topological structure of the
system after the feeder reorganization can meet all the loads
connected to the system, and the distribution network
operates radially [18]:

(1) Detection procedures for ring networks and islands;
(2) Breadth-first node number generation;
(3) “Pseudoring network” processing based on tie

switch.

Whether it is to detect the ring network or the island, it is
necessary to form the adjacency matrix of the topology
structure of the power distribution system, and the adjacency
matrix form required for different researches is also different.
)is paper uses the node-node adjacency matrix, and the two
adjacent nodes are set to 1, otherwise it is set to 0.

2.1.1. Ring Network Detection. It takes the upper triangular
matrix of the adjacency matrix, the number of nonzero
values of the upper triangular matrix is the number of
branches of the network, and the value minus the number of
network nodes plus 1 equals the number of rings in the
network.
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2.1.2. Island Detection. Island detection is to detect the
connectivity of the system. According to the adjacency
matrix of the network, all connected nodes are searched
from the first node (usually a transformer station), and it is
judged that these nodes form continuous branches, re-
spectively. In this way, the row vector of the final result
matrix represents the continuous branches in the network,
and the column vector represents the node number con-
tained in each branch. )at is, if the system has no islands,
the result matrix is in the form of 1× n, where n is the
number of network nodes.

For different networks, the node numbering forms in
the network data are often not uniform, and it is obviously
unrealistic to manually organize the system network node
and branch data into a uniform format. )e most im-
portant thing is that the topological structure of the net-
work after the optimization of the feeder reorganization
will change, so it is particularly important to intelligently
optimize the numbering of any structure that appears in the
feeder reorganization.

)is paper adopts the form of breadth-first node
numbering. Numbering nodes in this way can ensure that
the network formed by the included nodes is radiative and
avoids the appearance of ring networks and isolated islands.

We assume that the network structure is shown in
Figure 1, and the breadth-first node numbering process is as
follows:

Step 1: as shown in Figure 1, the node number in the
circle is the initial node, the first node is the substation
node, which is set to No. 1, and its child node is set to
No. 2 (for example, the initial node No. 6 is changed to
No. 2), and the rest of the node numbers remain un-
changed for the time being and are still any previous
values.
Step 2: the algorithm searches for the branch connected
to branch 1. If the parent node of one of the branches is
the child node of the new label of the previous branch,
for example, the parent nodes of branch 2 and branch 3
are the child nodes of branch 1, node 2, the order of
nodes 3 and 4 is in the order of the branch label from
low to high, then the child nodes of branch 2 and
branch 3 are renumbered as 3 and 4, respectively.
Step 3: the algorithm searches again for the branch
connected to the new numbered node 3. Since there is
no branch connected to it, the branch connected to the
newly numbered node 4 is searched instead. Branch 4
and branch 7 are connected to this node, so the parent
node of the branch 4 and the branch 7 is 4, and the child
nodes are 5 and 6, respectively.

2.2. “Pseudoring” Partition Based on Tie Switch. )is paper
defines “pseudoring network” as a ring network composed
of tie switches and branches as shown in Figure 2. Figure 2 is
the structure diagram of the IEEE-33 node test system. )e
system has five tie switches, which can form a ring network
Lp1-Lp5 according to the form in the figure. Moreover, the
branches not included in the ring network do not participate

in the process of feeder reorganization optimization. Be-
cause in a separate branch, if a segment switch is discon-
nected, an island node will inevitably be generated, so only
the branch covered by the ring network is used as the range
to be optimized. When the feeder is reorganized, only one
switch in each loop can be opened.

)e advantages of the ring network coding method are
described below by taking a 33 node test system as an ex-
ample. If the segment switch is considered a branch, there
are a total of 37 branches in the system. According to the
traditional optimization method, each optimized position
(gene locus) is a 0/1 state quantity. In this method, the
number of branches contained in each loop is 7, 10, 11, 7,
and 16, respectively. It is easy to obtain them.)e product of
86240, the computational burden is significantly reduced. In
addition, compared with the traversal method, the use of this
coding method itself can greatly reduce the possibility that
the generated network topology structure contains ring
network or island nodes. If combined with the ring network
and island detection procedures, the generated topology can
conform to the radial structure without islands.

1

1

2

3

4
(1)

(2)

(3)
6

7

(4)
5

(5)

(6)

7

7

8

8

10

10
(9)

9

6

(8) 9

11

x

x

(x)

New node

Random node

Branch number

Figure 1: Example of node labeling.
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2.3. Voltage Stability Index. )e voltage stability index is
used to “preset” the access nodes of the distributed power
generation. Its functions are as follows:

(1) )e voltage distribution is one of the optimization
goals of this chapter, and the voltage stability of each
node is evaluated using the voltage stability index
proposed in the literature. Moreover, nodes with
lower stability indicators are more prone to voltage
collapse.
)erefore, the voltage stability indicators of each
node are calculated, and the indicators are arranged
from low to high, and they are used as the optimal
access nodes for distributed power sources. If there
are three distributed power sources, the three nodes
with the smallest voltage stability indicators are
selected.

(2) )e location selection of access nodes, both of which
are regarded as variables to be optimized in tradi-
tional methods. Before optimization, “presetting” the
access node can effectively reduce the search space of
the optimization algorithm.

Figure 3 is a schematic diagram of a simple power flow
through the feeder. )e problem is simplified as follows:

)e impedance of the line is Rk + jXk, the load between
node k and node k+ 1 is Pk+1 + Qk+1, and the formula can be
written from Figure 3:

Ik �
Vk − Vk+1

Rk + jXk

, (1)

Pk+1 − jQk+1 � Vk+1 · Ik. (2)

Among them, k represents the branch number or
starting node number, represents the current of branch k,
Vk/Vk+1 represents the voltage ratio between node k and
node k+ 1, and Pk+1/Qk+1 represents the active and reactive
power transmitted from the feeder to node k+ 1.

From formulas (1) and (2), we get

Vk+1


 − Vk


 − 2Pk+1rk − 2Qk+1xk  Vk+1



2

+ P
2
k+1 + Q

2
k+1  r

2
k + x

2
k  � 0.

(3)

We assume the following:

bk � Vk


 − 2Pk+1rk − 2Qk+1xk,

ck � P
2
k+1 + Q

2
k+1  r

2
k + x

2
k .

(4)

Formula (3) is simplified to

Vk+1


 − bk Vk+1



2

+ ck � 0. (5)

From formula (5), it can be seen that the solution of
|Vk+1| has the following four cases:

(1) 0.707[bk − b2k − 4ck 
1/2

]1/2

(2) −0.707[bk − b2k − 4ck 
1/2

]1/2

(3) −0.707[bk + b2k − 4ck 
1/2

]1/2

(4) 0.707[bk + b2k − 4ck 
1/2

]1/2

According to the real data, P, Q, r, x, and V are generally
expressed in the form of per-unit values, and bk is usually
positive. Since the ratio of 2Pk+1rk + 2Qk+1xk and |Vk|2 is
usually small, the value of 4ck is also small relative to b2k, so
b2k − 4ck 

1/2 is approximately equal to bk. )en, the values of
the results (1) and (2) of |Vk+1| are close to 0, which is not
suitable, the value of the result (3) is negative, and the value of
the result (4) is positive and practical. )erefore, the value of
equation (5) is uniquely determined and its value is as follows:

Vk+1


 � 0.707 bk + b
2
k − 4ck 

1/2
 

1/2
. (6)

From formula (6), it can be seen that the conditions for
the existence of the power flow calculation solution of the
radial distribution system are as follows:

b
2
k − 4ck ≥ 0,

Vk
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(7)

After simplification,
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We get

VSIk+1 � Vk
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Among them, VSIk+1 is the voltage stability index of
node k+ 1. Its value represents the stability level of the radial
distribution network. )e fireworks algorithm is used to
solve the problems of distribution network feeder reorga-
nization and distributed power configuration.

As mentioned earlier, this paper uses voltage stability as
the basis for which node the distributed power source is
connected to, and the configuration capacity is determined
by the optimization result of the fireworks algorithm.

2.4. Mathematical Model of Feeder Reorganization in
Distribution Network

2.4.1. Optimization Objective

(1) System Network Loss. )e mathematical model of power
flow calculation will not be repeated in this chapter. )e

Vk Vk+1
Ik Pk+jQk

PLk+1+jQLk+1PLk+jQLk

Figure 3: Schematic diagram of feeder.
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network loss of each branch of the distribution network is
obtained through a power flow calculation as shown in the
following formula.

PLoss(k, k + 1) � Rk ×
P
2
k + Q

2
k

Vk



2

⎛⎝ ⎞⎠, (10)

PT,Loss � 
nb

k�1
PLoss(k, k + 1). (11)

Among them, nb is the total number of branches of the
system.

(2) Voltage Offset Index. A significant benefit that should be
brought about by optimizing the network structure and
distributed power configuration is that it can reduce the
offset of the voltage of each node. )e purpose of the voltage
offset index is to prevent the capacity or layout of the dis-
tributed power supply from causing excessive voltage offset
to the distribution system. )e voltage offset index △VD is
defined as follows:

△VD � max
V1 − V2

V1
 . (12)

Combining the above two points, the optimization
objective function is as follows:

F � min
P

op

T,Loss

PT,Loss
+ ΔVD �  . (13)

Among them, P
op

T,Loss is the optimized system network
loss, and PT,Loss is the initial network loss of the system.

2.4.2. Constraints. (1) Power limitation:

Psub � 
n

k�2
PLK + 

n

k�2
PLoss(k, k + 1) − 

n

k�2
PDG ,k. (14)

(2) Voltage offset limitation:

V1 − Vk


≤ΔVmax. (15)

(3) Feeder capacity limitation:

Sk


≤ Sk,max


. (16)

(4) Distributed power capacity limitation:

P
min
T DG ≤PT DG ≤P

max
T DG. (17)

Among them, Pmin
T DG � 0.1 × 

n
k�2 PLK, and Pmax

T DG �

0.6 × 
n
k�2 PLK.

(5) Radial structure limitation:

NL � Nbr − Nbus + 1. (18)

N L is 0, which means that the system topology after the
feeder reorganization has no ring network. In the optimi-
zation process, if any point of the above constraints is vi-
olated, the optimization result is invalid.

2.5. Optimization Process Based on Fireworks Algorithm.
)is section introduces how to apply the evolutionary
algorithm to the optimization of the distribution network,
such as the selection of the number of fireworks, and the

Network protection communication system of distribution network 

One time
device

One time
device

One time
device

One time
device

One time
device

One time
device

Decision unit of
network protection

center

Strategy
information

Analog and
switch

quantities

Upload the
analog and

switch
volumes

Accept
 control

instructions

 Local unit  Local unit  Local unit  Local unit  Local unit  Local unit

Upload the
analog and

switch
volumes

Accept
control

instructions

Figure 4: Schematic diagram of the networked protection system of the distribution network.
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setting of each firework bit (gene bit). )e main steps of
applying fireworks algorithm to optimize distribution
network structure and distributed power configuration are
as follows:

Step 1: initializing fireworks algorithm parameters

(1) N: the number of iterations of the algorithm, and in
this section N= 50 is selected.

(2) d: the dimension of the search space. )is section
should be set to the number of switches and dis-
tributed power sources for each “pseudoring net-
work” partition described in Section 3. Here, it is set
to 3, then the total problem dimension is d= 5+ 3.

(3) n: the number of fireworks, and it is set to n= 20.

(4) m: control variable for the total number of sparks.
(5) A: maximum explosion radius.
(6) Constants smin = round(x m) and Smax = round(y

m), where x= 0.08 and y= 0.8. Finally, the rounding
operation is performed on smin and smax.

Step 2: the algorithm randomly selects n fireworks
positions as follows, where Sw represents the tie
switch and DG represents the distributed power
supply capacity. )e numbers on the right represent
the self-numbers of the optimization variables, and
the superscripts represent the number of fireworks.
In this way, each line is a firework, and each firework
can be regarded as a set of input parameters for a
power flow calculation.

Number the circuit breaker in
the distribution network area

According to the distribution network network topology
and circuit breaker number, the forward, reverse and anti-

island direction correlation topology matrix is formed

According to the local unit fault information, the forward, reverse
and anti-island fault information matrix is formed respectively

Determine
 whether the bus bar is
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Determine the position of the fault point
according to the forward fault trip matrix
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the fault point is located in the DG 

connection line?

�e central 
decision unit 

determines whether the downstream
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an island operation?
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 fault information ?
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Release trip information according to the
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Figure 5: Principle of networked protection of distribution network connected to NE.
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FW �

Sw11 Sw21 Sw31 Sw41 Sw51 DG 11 DG 21 DG 31
⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮
⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ v

Sw1n Sw2n Sw3n Sw4n Sw5n DG 1n DG 2n DG 3n

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
. (19)

In order to make the initialization of the matrix FW
more convenient, and to avoid that the initialized
matrix has no feasible solution, the algorithm generates
the initialization matrix according to the following
method [19]:

(1) )e algorithm inputs the network parameter matrix
(node, branch, and parameters), and generates the
“pseudoring network” branch array of the input
network by generating the “pseudoring network”
program.

Start

Establish the conduction matrix of the
phase component nodes

To judge the type of new energy
power supply in the power grid

Is the new
 energy power supply a

doubly-fed type of power
supply?

Does
the double-fed power 

supply Crowbar
operate?

According to the control strategy adopted by double ly fed power
supply, the corresponding phase component model is established

�e phase component node conduction matrix is modified
according to the fault type, and the voltage equation is established

�e current of each phase before the new energy power supply is taken as
the initial value of the failure of its equivalent current source model

�e voltage equation of phase component node and phase
component model of new energy power supply solve the phase

voltage value of each node

Determine
whether the difference of 

the node voltage value in 2 iterations meets the
iteration accuracy?

Yes

Calculate the current of each branch of the power grid

End

Establish the
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model of the
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supply
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equivalent model of the

double-fed power supply
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terminal voltage of the
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power supply is
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and the correction
value is calculated

Yes

Yes

No

No

No

Figure 6: Flow chart of short-circuit calculation method for an unbalanced distribution network connected to NE.
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(2) )e algorithm selects the shutdown branch node of
each “pseudoring network” in the form of random
numbers, and removes the shutdown branch from
the original network parameters to form a new
topology structure.

(3) )e algorithm passes through the ring network
and island detection procedures. If the new
structure does not generate ring networks and
islands, the breadth-first numbering procedure is

used to renumber the network nodes to form a
new input network parameter matrix. If a ring
network or island node is generated, the algorithm
returns to step 1, and the above 3 steps are
repeated.

(4) )e algorithm randomly generates the capacity of
the distributed power supply, forms a row vector of
the matrix FW with the “pseudoring network”
generated in step 3, and takes the row vector into

1
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
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Figure 7: Test circuit.
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Figure 8: Wind farm output test of nodes.
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the power flow calculation program as an input
parameter. If there is a power flow solution, the row
vector is used as a row of the matrix FW.

(5) )e algorithm returns to step 1 to generate the
second group of fireworks, until the number of
fireworks reaches twenty, and the initialization
ends.

Step 3: the algorithm releases the selected n fireworks,
which in the power distribution system refers to the
power flow calculation based on the selected set of
variables.
In the first loop, the power flow calculation is per-
formed for each row vector in the initial matrix.
Step 4: for the calculated results of each firework, F(xp).
Step 5: in the same way, the algorithm calculates the
Gaussian variation factor and calculates the fitness
value.
Step 6: the algorithm compares the fitness value of the
objective function of all operators (fireworks, sparks, and
mutation sparks) and selects the fireworkswith the smallest
fitness value as the fireworks of the next explosion.
Step 7: the algorithm randomly selects from them to
determine other n-1 new firework positions.
Step 8: if the above cycle does not reach the set
maximum number of cycles, the algorithm returns to
step 3. If the maximum value of the loop is reached, the
algorithm jumps out of the loop and outputs each
optimized variable value of the best fitness value.

)e above are the main steps of applying the fireworks
algorithm to the optimization of the distribution network
feeder reorganization considering the distributed power
configuration problem.

3. ACS of Multiemergency Power Supply
Network System Connected to NE

In the networked protection system of the distribution
network, the decision-making unit of the distribution net-
work protection center is configured to realize the function
of regional protection of the distribution network [20]. )e
local unit is equipped with a power distribution terminal,
which mainly realizes the functions of local data collection
and opening and closing control of the circuit breaker. )e
communication system mainly realizes the information
exchange function between the central decision-making unit
and each local unit. Figure 4 is a schematic diagram of the
networked protection system of the distribution network.

)e networked protection principle of the distribution
network connected to NE is shown in Figure 5.

After the NE unit is connected to the power grid, there is
a nonlinear relationship between the positive and negative
sequence components of the fault current fed by the unit and
the node voltage at the grid connection point of the unit.
)erefore, the node voltage equation of the grid phase
component can be jointly constructed and the short-circuit
calculation model of the phase component of different types

of NE units can be iteratively solved. Figure 6 is a flow chart
of multiple types of NE sources [21].

)e questions raised are tested on the PG&E69 node
standard test system. In this paper, fans are configured at
nodes 10, 18, 43, and 55 as shown in Figure 7.

)e wind farm output test of the node is shown in
Figure 8.

Based on the above analysis, the effect evaluation of the
ACS of the multiemergency power supply network system
connected to NE is carried out as shown in Table 1.

Table 1: Effect evaluation of the ACS of the multiemergency power
supply networking system connected to NE.

No. Control effect
1 86.499
2 84.927
3 82.125
4 86.334
5 86.693
6 83.077
7 82.048
8 86.815
9 88.843
10 83.409
11 87.411
12 87.640
13 82.920
14 85.048
15 84.851
16 88.715
17 84.498
18 84.286
19 84.205
20 83.260
21 85.473
22 84.466
23 87.443
24 85.220
25 86.084
26 84.943
27 88.733
28 88.070
29 84.176
30 85.112
31 83.598
32 87.937
33 87.587
34 87.886
35 88.787
36 88.261
37 83.201
38 82.922
39 85.085
40 84.813
41 84.892
42 87.818
43 85.277
44 86.965
45 82.603
46 82.338
47 84.646
48 86.326
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It can be seen from the above research that the ACS of
the multiemergency power supply network system con-
nected to NE proposed in this paper has the established
effect.

4. Conclusion

As the common carrier of power transmission and power
market, the power grid is the basic platform and main
medium to ensure the development of NE. )erefore, the
CD of NE and regional power grids is an inherent re-
quirement and an inevitable choice to transform the energy
structure and power development mode and achieve sus-
tainable development. )is paper proposes a method to
optimize the distribution network feeder reorganization and
distributed power configuration problems based on the
fireworks algorithm to reduce the network loss and improve
the voltage distribution. In addition, distribution network
reorganization and distributed power configuration opti-
mization can more effectively minimize network losses and
improve voltage distribution. )rough the experimental
research, it can be seen that the ACS of the multiemergency
power supply network system connected to NE proposed in
this paper has the established effect.
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With the importance people attach to the harmony of ecosystem in modern society, the concept of ecological design has been
adopted in some industries and is gradually being valued and recognized by people. In real life, advertising design and production
is an important field of art design. With the rapid development of society and the continuous updating of network information
technology, network advertising and visual communication design inevitably collide. As a new form of advertising, network
advertising had become a part of people’s network life. 'is paper analyzes the technical characteristics of image transformation,
image enhancement, image restoration, image coding, and image recognition in computer vision processing. 'rough the image
processing algorithm and program of computer, the advertising image can be processed to realize the functions of recognition,
restoration, coding, enhancement, and transformation of advertising image. 'is thesis had studied the visual communication
design in modern online advertising under the concept of ecological design. Using computer vision processing technology, this
thesis had studied how to process the ecological concept and advertising visual communication content through computer vision
technology, which will help to better improve the configuration of online advertising and create a more pleasant visual envi-
ronment. It is of great significance to promote the rapid development of online advertising industry.

1. Introduction

In today’s environmental pollution problem which is in-
creasingly serious, we have to think independently about
how to flexibly use the limited resources provided, of course,
to promote the social and economic development of physical
and mental health and sustainable development concept.
Ecological design with ecological environment protection
and environmental resource protection as the core value
should emerge and become a development trend. Ecological
design is also known as emerald green design, life cycle
design, or natural environment design [1]. Integrating en-
vironmental factors into the design is conducive to clarifying
the direction of decision design. 'e requirement of eco-
logical design is to take into account environmental factors

in all stages of new product development, reduce the role of
all commodity life cycle on the environment, and finally
form a more sustainable demand and supply management
system [2]. In real life, along with the prosperity of people’s
life and the development of network technology, modern
advertising design and production is an indispensable work
of wide attention. Modern advertising also grew rapidly,
becoming part of the environment they grew in. As an
advertising designer, advertising design should pay attention
to everyone’s healthy lifestyle and apply the core concept of
greener ecological design to the design and creation of
modern advertising, which is also the responsibility of ad-
vertising designers to nature and society.

With the rapid development of network information
technology, make full use of the role of the network,
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advertising, and promotion of information content, and
gradually form an important way of contemporary corporate
image publicity and marketing. With the rapid development
of Internet technology and the rise of the Internet, the
contemporary Internet advertising, visual communication
design, and design research are of important practical sig-
nificance. 'e research on the effect of visual communica-
tion design of modern online advertising will help to create a
more pleasant visual environment and effectively promote
the rapid development of the online advertising industry.
'e current industry survey of advertising visual commu-
nication is shown in Figure 1, which reflects the current
education and training, media, clothing, real estate, interior
decoration, and other industries related to advertising visual
communication, and gives the approximate proportion of
industries. In the current industries involved in advertising
visual communication, real estate and interior decoration
account for about 15%, traditional advertising and media
account for nearly 10%, and other industries such as the
Internet, clothing, education, and training account for less
than 7%.

Meanwhile, the continuous popularization of computer
technology has been developing. Computer technology has
become an indispensable part of the development trend of
[3]. In order to realize the artificial intelligence of computer,
in order to make the computer can better process and show
the image information, must computer visual processing
technology. At present, computer technology has been able
to analyze and process 2D images and 3D structures, and
identify and analyze 2D image content. In practical appli-
cation, the computer can carry out a deep analysis of the
three-dimensional structure, to meet people's intelligent
requirements. Considering the concept of green ecological
design, this paper discusses how to use computer vision
technology to solve the green ecological concept and visual
communication design of advertising [4].

2. Technical Status Analysis

2.1.Value of EcologicalDesignConcept. Environment is what
people survive and develop in. In recent years, due to the
rapid development of society and economy and the rapid
development of ecological resources, China’s ecological
environment has been damaged, seriously endangering
people’s lives and harming people’s health. As a result, more
and more people begin to pay attention to the harmony of
the ecosystem and realize the importance of protecting the
environment. 'e green ecological design idea has pene-
trated into all fields of social development and life, and has
been recognized and highly valued by the public. Important
use value of green and environmental protection design is
shown in Figure 2. In the circle of ecological design, pro-
duction, use, and reuse are the main links to achieve the goal
of reducing the environmental burden.

2.2. Ecological Concept and Advertising Visual
Communication. 'e design and production of the current
advertising and its design and production should be

integrated into the ecological concept, so as to produce huge
advertising utility. Advertising is a way of promoting in-
formation to users. 'e essential element of advertising is to
convey information. Contemporary advertising design and
production are in conveying the content and form of ad-
vertising, and we should pay more attention to the visual
effect communication and emotional communication,
resulting in the empathy of the audience. From the per-
spective of market sales, advertising has a certain guiding
role, but this guiding effect is based on the ability to grasp the
psychological state of the audience. Advertising interior
designers should predict and analyze the audience’s psy-
chological reaction after watching the advertisement and
capture this psychology reasonably, so as to guide the ad-
vertising design specifically. People pay more and more
attention to green ecology and health. If the ecological
concept is combined in advertising, the public will know that
the product is green and pollution-free, and can meet the
personal needs of users while improving environmental
awareness. 'e design content of advertising visual com-
munication under ecological concept is mainly shown in
Figure 3. 'e leaflets, catalogues, posters, business cards,
e-mails, advertising, and other methods involved in ad-
vertising communication under the ecological concept ob-
tained from the investigation.

In the process of modern advertising design and pro-
duction, it is very meaningful to combine the ecological
concept of advertising design. 'e subject of advertising
design is human, and the recipient of advertising is also
human. 'erefore, in the process of ecological advertising
design, we should also pay attention to the people-oriented
design principle and consider the inner appeal of the audi-
ence, so as to gain the audience’s recognition. At present, eco-
concept advertisements advocate the concept of green de-
velopment when displaying corresponding product contents,
aiming to provide the audience with better quality, and more
intuitive and more intelligent comprehensive media com-
munication services. Incorporating ecological civilization
design concept [5] into advertising design and production
process can not only effectively promote products, but also
effectively promote the concept of ecological civilization,
green development, environmental morality, environmental
rule of law, and environmental literacy of the whole people.

2.3.ComputerVisionTechnology. In the advertising design of
communication content through visual media design, the
publisher of information is the interior designer, and the
participant of information is the goal of information trans-
mission. 'e rapid development of multimedia not only af-
fects the traditional visual transmission method, but also adds
great challenges to visual transmission, from a single news
media to multimedia, from static data to dynamic, from the
surface tomulti-dimensional, from information virtualization
technology [6], dynamic integrated advertising design to the
comprehensive direction. With the improvement of adver-
tising forms, digital information advertising, multimedia
electronic device display, multimedia communication, and
other ways have been widely used in advertising.
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Computer vision technology refers to the whole process
of observing and analyzing images by using computers to
simulate human vision [7]. It stipulates that the electronic
computer has the image identification level of artificial in-
telligence technology process, simulates the whole process of
human vision effect, and completes the intelligent system of
related image processing.'e software system architecture is
shown in Figure 4. 'is paper describes the acquisition and
processing of image data, image characteristic positioning
and segmentation, and image professional knowledge
matching and learning.

Electronic computer technology is an artificial intelli-
gence technology that simulates the whole process of our
cognitive environment. 'erefore, the technology integrates
digital image processing, artificial intelligence technology,
data technology [8], and other disciplines and technologies.
'is technique is different from the machine vision

techniques, as shown in Table 1. Machine vision technology
is not only suitable for computer development and design,
but also has a certain application in mechanical automation
production. In the future automated machinery production,
this technology can obtain objective things for the detection
and control technology in production. Compared with the
traditional automatic control system, it can achieve rapid,
more information, and more manipulation of [9].

2.4. Computer Vision Technology Analysis. From Figure 5,
the relevant information of the object image is collected
first, and then the appropriate background photo object
image is selected, so that the background of all objects is
consistent and prevents the influence of background factors
in the later image processing. In image collection, a process
of printing out an image cannot be controlled, so it will also
be affected by external factors. 'e expression form is more
noisy, and the collected images should be effectively
denoised to prevent the follow-up work and the accuracy of
the test results.

'e perimeter is the length of the entire area around the
edge of the object in the image, which is the circumference of
the object. 'e contour information of the object in the
figure is extracted, all pixels of the object boundary are
calculated to obtain the sum of pixels, and the result of the
object’s perimeter feature can be obtained. Here, the pe-
rimeter should be calculated in accordance with

L � 
N−1

x�0


M−1

y�0
f(x, y). (1)

If the object has been through area information ex-
traction, it can be learned that the roundness of the object is
inversely proportional to its circumference. At this time,
after the area and circumference of the object are calculated,
the roundness of the object can be calculated to determine
which quality level the shape of the object is in. At this point,
the relationship between circumference and radius of the
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Figure 1: Proportion of industries involved in advertising visual communication.
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object can be calculated according to Formula (2) and
Formula (3).

L � 2πr1,

r1 �
L

2π
,

S � πr
2
2,

r
2

�

��
S

π



.

(2)

Because the actual shape of the object is not a standard
circle, there will be some difference between the calculated
value of the radius of the object in the above formula and the
actual value of the radius of the object. At this point, the ratio
of the two sets of radius solution results can be squared to
measure the roundness of the object itself. 'e closer the
ratio is to 1, the more standard the shape of the object itself
is. At this point, we can deduce formula (4) for calculating
the roundness of the object.

c �
r2

r1
 

2

�
S/π

L
2/ 4π2 

�
4πS

L
2 . (3)

'e size of the plane that the image of the object oc-
cupies, that is, the area we are talking about here, is the object
obtained by removing the background.

At the initial stage of the image binarization process, the
foreground of the image object has been processed as a white
part, and the background color has been processed as a black
part. To solve the object area here, we need to get the additive
income of all white pixels in the foreground, that is, to find
the solution within the boundaries of all pixels. In order to
calculate the number of maps f (x, y) = 1, the relationship
between the pixel points and the area is solved according to
the following formula:

S � 
N−1

x�0


M−1

y�0
F(x, y)|f(x,y)�1. (4)

Image processing operations, steps, and experimental
results are shown in Table 2.

'e specific process of image segmentation is shown in
Figure 6. 'e necessary defect characteristics should also be
obtained according to the calculation. Observe the object
image and understand the segmented image information
content of the difference in the normal area in the image.
According to the environment removal, observe the color
change of the object image, and find that many pixels are
different. At this point, the target image was tested to obtain
a modest threshold cut-off. 'e relationship between pixels
and threshold is resolved for all pixels in future gray-value
image resolution. If the pixel itself is below the threshold
value, use a specific pixel. 'e number is gray and black, and
the number is 255 in white. At this time, assigned from the
pixel to the defect, the white image on the surface is part of
the defect.

3. Modern Advertising Visual
Communication Solutions

3.1. Application of ComputerVision Technology. In the visual
communication of modern advertising, the application of
computer vision technology involves industries as shown in
Figure 7.

'e application of computer vision technology is mainly
divided into the following parts: this is also the basic content
of machine vision technology in image processing. 'is
technology is designed to achieve fast image resolution and
analysis.'is uses [10] to convert the image of a special space
into a linear function and shows it in different spaces and
ways. In addition, special computer optimization algo-
rithms, image processing, and image transformation are also
applied to convert the image into the initial image space, and
the processed and modified images can show specific actual
effects as shown in Figure 8.

3.1.1. Image Enhancement. Image enhancement refers to
the process of image processing and refers to modifying
and processing the original image with the help of a series
of algorithms, so as to change all kinds of information in
the original image and provide better visual effects for
human beings. 'e most common image enhancement
application is what people call beauty function, which is to
use a series of image enhancement means to continuously
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Figure 3: Main components of advertising visual communication.
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Table 1: Differences between computer vision and machine vision.

Computer vision contrasts machine vision with connection
Industrial machine vision (MV) Consumer computer vision (CV)

Category Artificial intelligence (AI)
Discipline Systems engineering Computer science
Constitute Hardware and software Software dominated

Perception Single sensor is the main and is moving to multi-sensor fusion Combined use of multiple types of sensors and fusion
technology

Application
focus

More emphasis on generalized image signal (laser, camera) and
automatic control (production line)

More attention is paid to the (2/3D) image-related
interdisciplinary research

Content Algorithms such as image acquisition, lens control, and image
processing. Image processing algorithms

Controllability More controllable 'e uncertainty is greater
Core Technology that allows robots to identify according to their tasks Techniques for how to perform image analysis
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Figure 5: Four steps of image processing.
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process the original image and then present a more
beautiful beauty effect for human beings.

3.1.2. Image Restoration. Also known as image link [11], this
technology is easily understood by people. It is to improve
image quality by means of image information processing
and restore the original high-definition image. In the specific
application process of image restoration, the corresponding
algorithm should be adopted to reduce the interference of
digital image in the acquisition process of relevant image
capture equipment and reduce the impurities caused by the
acquisition equipment itself.

3.1.3. Image Coding. A variety of technologies, also known
as image compression [12], occur because the image itself
has a large amount of data. In order to achieve the 3D
rendering and analysis of the image, less data are necessary
to achieve the detailed solution of the image, so some kind of

compression method should be used to reduce the image
data. When you compress an image, you first need to un-
derstand what data are redundant in the image. Below, use
multiple bits to represent such data [13]. 'is can effectively
compress the data in the image, and store and transmit the
image, An image digital recognition is shown in Table 3.

3.1.4. Image Recognition. Image recognition: 'is is also the
most common exposure to machine vision technology. It
refers to the use of relevant optimization algorithms and
recognition methods to screen and identify the image
content, and uses machine intelligence to replace the human
eyes to complete the image of real-time automatic moni-
toring [14]. 'e image classification and identification plan
scheme can better identify and process the content in the
image, which is the key content to promote the intelligent
measurement, as shown in Figure 9.

3.2. Advertising Visual Communication Design.
Advertising visual communication design is a modeling
activity that spreads information and emotion to the public
with visual media as the carrier. Visual communication
design covers a wide range, including all kinds of graphic
design, but also covers new communication media such as
network and video. 'rough the processing, design, and
innovation of layout, text, color, and other elements, it is
conveyed to the audience [15]. 'e traditional advertising
visual communication channels and characteristics are
mainly shown in Table 4. 'rough the above key technol-
ogies in computer vision processing, such as image recog-
nition, image coding, and image restoration, we can process
the visual communication effect of traditional advertising.

'emain characteristics of visual communication design
are reflected in three aspects: visual competitiveness; in-
teraction between communicator and audience; and glob-
alization of visual communication forms [16]. 'e
application of visual communication design in online ad-
vertising can not only enhance the display effect of adver-
tising and improve the communication rate of advertising
content, but also achieve better interaction between the
communicator and the audience, as shown in Figure 10.

3.2.1. -eme Elements. 'e success of online advertising
must be based on the realization of theme objectives, and the
accurate expression of theme ideas to the audience is

Table 2: Basic image processing operation table.

Serial number Operation Steps and results
1 'e original image grayscale 0 1 2 3 4 5 6 7
2 'e original histogram is each grayscale pixel 790 1023 850 656 329 245 122 81
3 Original histogram P (r) 0.19 0.25 0.21 0.16 0.08 0.06 0.03 0.02
4 Original cumulative histogram V1 0.19 0.44 0.65 0.81 0.89 0.95 0.98 1
5 Prescribe a histogram P (z) 0 0 0 0.15 0.2 0.3 0.2 0.15
6 Specifies the cumulative histogram V2 0 0 0 0.15 0.35 0.65 0.85 1
7 Minimal mapping |V2–V1| 3 4 5 6 6 7 7 7
8 Determine the mapping relationship 0⟶ 3 1⟶ 4 2⟶ 5 3, 4⟶ 6 5, 6, 7⟶ 7
9 Postswap histogram 0 0 0 0.19 0.25 0.21 0.24 0.11

Image segmentation 
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Figure 6: Image segmentation process.
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inseparable from the continuous pursuit of novelty and
creativity. Displaying creative visual language through un-
conventional ways can attract people's special attention, so

as to accurately achieve the dissemination of advertising
themes. In the visual communication design of online ad-
vertising, determining the theme content of the design is the
first and last step. 'e subsequent application of text ele-
ments, layout elements, and color elements is always carried
out around the theme content. 'erefore, the theme element
is the key to the visual communication design of online
advertising.

3.2.2. Text Element. Because of its unique expressive force,
text has irreplaceable importance in modern network ad-
vertising. 'e information of network advertisement often
needs a certain text description to appear fuller, and its
different visual expression forms, such as graphic text, bring
different emotional communications to the audience. In
online advertisements, the visual form of text generally has
two forms, namely, graphic text and text text [17].

3.2.3. Layout Elements. Successful layout design can
clearly convey the main idea, which is more convenient for
people to read and participate in. On the one hand, it is
necessary to arrange the visual elements that are easy to
attract the attention of the audience according to the
characteristics of the target of online advertising infor-
mation. On the other hand, controlling the proportion of
pictures and words in layout design, and displaying im-
portant words in striking fonts or colors can also ensure
better results. At the same time, adjust the proportion of
text and picture in network advertisement according to
the main content to ensure the harmony of web page
layout. Rich layout should pay special attention to the
reasonable guidance of the visual process, so as to catch
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innovation, 1% 
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Internet
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Figure 7: Computer vision application survey.
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people's sight from beginning to end, enhance people's
attention to the advertising information while strength-
ening the understanding, and better convey the adver-
tising information.

3.2.4. Color Elements. Whether the use of color is appro-
priate benefits will be directly related to the success or failure
of online advertising. Color has a strong expressive force,
and it can profoundly affect people’s emotional state. At the
same time, reasonable collocation of different colors can
create perfect artistic effects in line with the content and
theme of advertisements [18]. 'e effective use of color
elements in online advertising will greatly improve the visual
impact of the audience and arouse the emotional resonance
of the audience. 'erefore, designers must correctly un-
derstand the inner meaning, relationship, and law of

different colors, so as to flexibly use them in online ad-
vertising design.

4. Application Analysis and Results

4.1. Advertising Visual Communication Design Content.
With the development of diversified media based on elec-
tronics, print-oriented advertisements gradually extend to
the field of multimedia technology, and advertisements
gradually change from static signboards to electronic flip
boards, LED displays, and other new forms [19]. Modern
advertising composed of shop signs, curtain wall advertising,
light box advertising, dazzling lights advertising, wall ad-
vertising, banners, gas model advertising, etc. Due to the
variety and complexity of its contents, it is necessary to
design advertisements reasonably considering the envi-
ronment and visual impact. In advertising design, the

Table 3: Digital recognition record of an image.

Digital Number of intersections with Y Number of intersections with X1 Number of intersections with X2 Classification
0 2 2 2 A
1 1 1 1 B
2 3 1 1 C
3 3 1 1 C
4 2 2 1 D
5 3 1 1 C
6 3 1 2 E
7 2 1 1 F
8 3 2 2 G
9 3 2 1 H

Image acquisition Image
preprocessing Feature extraction Pattern matching Identify the results

Images to be
measured Feature library 

Figure 9: Image recognition process.

Table 4: Comparison of traditional advertising visual communication channel.

Project Merit Shortcoming

Newspaper

Short lead times for ad purchases Less impact on customers under the age of 18
Information can be passed over a certain area Reading is rushed

Ad sizes are flexible Too much advertising content
High acceptance and reading rates Poorly targeted

Free help is often available Poor ad quality

Magazine
Highly targeted Invalid ads

Reader acceptance is high Longer lead time for purchase
Low cost and good quality Circulation is not large

TV
Sound and image combined Poorly targeted

Many viewers Viewers spend a short time watching ads
Low cost per viewer High overall cost

Broadcast

Wide range Unable to pass image
Highly targeted Information is fleeting
Fast and flexible Not impressed

Good psychological effect Clutter and noise

8 Security and Communication Networks



RE
TR
AC
TE
D

audience’s visual instant perception, namely, the first im-
pression, is particularly important, which is one of the
conditions to determine the effectiveness of advertising. 'e
basic operation content is shown in Figure 11.

'e regionalization of spatial characteristics is influ-
enced by factors such as spacing, size, appearance, dynamics,
static data, and deep layers. Visual science research can avoid
the problems caused by visual cognitive ability in advertising
design. Visual science research can conduct [20] in both
psychology and physiology. Visual rate, visual acuity, and
visibility are suitable for functional measures of vision. 'e
form and proportion of advertising are related to the first
impression of the audience group. Sign color proportion,
appearance, size, and relative height must conform to the
scientific and reasonable proportion.

Advertising art creativity is a clever artistic creativity,
highlighting the characteristics and essential characteristics
of new products, with the support of multimedia technology,
to deliver the creative content that must be expressed to
consumers. Excellent advertising art creativity can arouse
consumers’ consumption awareness, promote consumers’
purchase willingness, and correctly guide consumers to
trade. Interior designers apply contemporary multimedia
technology to turn the advertising interface from static data
into dynamic, stimulate consumers’ visual experience,
promote consumer resonance points, promote consumer
behavior, and at the same time, improve the artistic beauty
and communication effect of advertising. 'e diversity of
electronic information and media has driven the rapid
development of the whole society. Visual delivery design
scheme has also undergone a change from traditional
methods to digital information.

4.2. Future Development of Advertising Visual
Communication. Nowadays, the development of electronic
information technology has brought new development op-
portunities for advertisers. More efficient and environmen-
tally friendly advertising equipment can save advertising

investment, improve the effect of advertising visual com-
munication, and meet the needs of modern city development
while realizing the maximization of interests. China advocates
the concept of “energy saving” and “environmental protec-
tion” [21]. 'e new technologies, such as energy saving and
environmental protection, ultraviolet shielding technology
used in display and flip screen, and data integrated manip-
ulation, have promoted the rapid development of advertising
visual communication design, and the construction and rapid
development of urban low-carbon environmental protection
construction and beautification. 'erefore, the visual com-
munication design of contemporary urban advertising has
made great contributions to the urban development and
urban image construction. In the economic development of
contemporary news media, the sharing economy mode is
dominant. It will become the future development trend to
complete the sharing of advertising resources and advertising
planning activities among news media. It is a trend to inte-
grate the data information of advertising websites, data
networks, and social media. Advertisers can know how
consumers respond to advertisements and publish themmore
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appropriately and scientifically. Advertising and marketing
according to the scenario are also very important, as con-
sumers have different understandings and experiences of the
product in different scenarios as shown in Figure 12.

'erefore, the visual effect of modern advertising con-
sists of frame and form of expression [22]. First, the ad-
vertising design renderings are composed of illustrations,
article title, text, registered trademark, boxes, and so on.
Because these factors can be placed in appropriate parts to
spread the actual effect of advertising, the advertising
composition interface must be improved. 'e expression of
the store recruitment Cheng advertising is simple and clear,
and the backlight and text picture billboard advertising will
be the store design style to show incisively and vividly, and
pedestrians at a glance. Similarly, the wall advertisements on
the roof are simple color matching, a single font way.
Targeted design according to color, illustration, text, etc. can
achieve better advertising visual effect. 'e size of adver-
tising illustrations, virtual reality technology, color, black
and white, appearance, etc. will affect the communication
effect. .

5. Conclusion

In a word, more and more people follow the harmony of the
ecosystem and realize the importance of protecting the
environment. 'e idea of green ecological design has pen-
etrated into all walks of life of social development and has
been recognized and highly valued by the public. Computer
vision technology is an extremely important technology, and
it is of great help to human work. In the development of
future work, computer vision technology will develop in a
more intelligent direction and help to various fields. With
the development of a variety of media with Internet media as
the main body, advertising creativity has gradually expanded
to the multimedia system technology industry, stimulating
the visual effect of customers, arousing customer resonance
points, promoting consumer behavior, and improving the
artistic beauty and communication effect of advertising.
With the rapid development of social development and the
continuous innovation of information network technology,

Internet advertising and visual communication professional
will inevitably dispute. As a new form of advertising, online
advertising has become a part of people’s online life. It is of
great significance to study the visual communication design
of modern online advertising under the ecological design
concept and use computer vision processing technology to
better perfect the configuration of online advertising and
create a more pleasant visual environment, which is of great
significance to promote the rapid development of online
advertising.
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Physical education is an important part of school’s physical education and practical teaching activity. )ere are many restricting
factors in physical education, such as the type of equipment and environmental conditions.)e standardization of volleyball teaching
technology has become the primary factor affecting teaching efficiency. Teachers demonstrate that the action is not standard and will
lead students to learn that the technical action is not in place, and teachers can show students standardized technical action through
multimedia technology, for example, through the video of athletes. )e spatiotemporal nature presented in volleyball technology
teaching affects students’ understanding and mastering of technology, using network multimedia system-assisted volleyball training
teaching, using the advantages of network multimedia, volleyball teaching students difficult to understand the technical action of the
intuitive display, improve students’ independent learning ability. )is thesis studies the application of multimedia technology in the
training and teaching of physical volleyball in colleges and universities. It analyzes the application of multimedia technology in the
training and teaching of physical volleyball in colleges and universities, so as to provide useful references for the teaching reform of
physical volleyball in colleges and universities.

1. Introduction

Multimedia has brought significant changes to the daily
working life of human beings, and in order to meet the needs
of educational modernization, the Ministry of Education
promulgated the Outline of Basic Education Curriculum
Reform, which proposes to vigorously promote the appli-
cation of multimedia technology in teaching, to achieve
changes in the presentation of teaching contents and
teachers’ teaching methods, and to play a rich nurturing
environment.)e teaching of physical education technology
is then based on the expression of the teacher [1]. In order to
achieve the goals taught at the beginning, teachers need to
repeat the performance. )e introduction of technology into
physical education has a great role in enhancing sports
volleyball practice and student learning [2].

Online multimedia skills teaching is a commonmethod of
teaching nowadays, which can reduce teachers’ class time and
make more of what they want to express presented in music

and sound. Some PPTs can be downloaded directly, but not all
of them are ready. )e professor’s arrangement should be
appropriate to the content taught [3]. )e use of multimedia
technology in volleyball is only taught to give students time to
follow the intense and exciting international games, to learn
the starting methods and tactics of different opponents
through those examples and data so that students understand
some regulations of volleyball and understand the necessary
skills. In volleyball competitions, teachers can use multimedia
technology to break down each step of the action. )e use
shows the advantages of technology in volleyball practice,
which plays a good role in the proliferation of volleyball
training. It is mainly reflected in the necessity of adapting to
the progress of generations, spreading and increasing the
amount of information for students.

Multimedia technology is slowly utilized through the
teaching of knowledge, teaching of techniques and tactics,
and other content.)e knowledge of volleyball is taught very
little, and the previous way of teaching is taught only by the
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teacher, which does not allow students to develop an interest
in volleyball [4]. Combined with multimedia teaching play
courseware, screen conversion sound is conducive to stu-
dents’ interest in learning, to achieve a good teaching effect.
In the teaching of volleyball theory, the knowledge, that is,
difficult to explain in words can be presented visually
through multimedia, for example, when explaining volley-
ball court, the volleyball court can be made into a multi effect
picture file and displayed through multimedia, and each area
of the court picture can be filled with different colors for
audio and video description. )e regularity of teacher
performance is tied to the effectiveness of student learning.
Teachers often show irregular movements to motivate
students to learn. If technical activities are not available,
teachers can use multimedia technology to present stan-
dardized technical activities for students. For example, the
teacher can show video instructions of the operation, which
can ensure the quality of teaching. )e application of
multimedia technology in volleyball teaching solves the
previous drawbacks [5].

It is also extremely important to establish volleyball
standards. A good volleyball standard is not only better for
learning the sport but also useful for improving skills and is
also the least harmful to your body.

In volleyball, there is a round-robin system, and the
number of rounds and games in a round-robin match is
calculated as one round after each team has participated in a
match. When the number of teams participating in a match
is odd, the number of rounds is equal to the number of
teams. If 7 teams participate in the game, the number of
rounds is 7: if the number of teams participating in the game
is even, the number of rounds is equal to the number of
teams minus 1. If 8 teams participate in the game, the
number of rounds is 8−1� 7 (rounds). )e number of
games in a single-round tournament can be calculated as
follows:

N � m∗
(m − 1)

2
, (1)

where N is the number of games and m is the number of
teams.

In terms of the single-round robin system and the
method of determining the ranking, each team will get 2
points for a win and 1 point for a loss, and the forfeit will
cancel all the results of the competition. If two or more
teams have equal points, the ranking will be decided by
equation:

A/B � C(value). (2)

)e team with the highest C value will be ranked first. A:
the total number of winning games, B: the total number of
losing games.

If the C values are equal, the ranking is determined by
equation:

X/Y � Z(value), (3)

where X is the total number of points scored and Y is the
total number of points lost.

If the Z-values of two teams are still equal, the ranking
should be decided according to the victory or defeat between
them. If three or more teams have equal Z-values, the
ranking shall be determined by the number of net wins
between them, as in equation:

D − E � F(value), (4)

where D is the total number of winning games and E is the
total number of losing games.

When it comes to the game, we have to talk about several
forms of lineups, as shown in Figure 1.

Advantages: the front row can always keep a second
passer and two attackers in each round, which makes it easy
to organize the middle one and two and side one and two
attacks, and the tactics are stable.

Disadvantage: the front row has relatively few attacking
points and poor concealment.

Pros: it strengthens the attacking power of blocking and
front row so that the whole team only needs to adapt to one-
second passer, which is conducive to cooperation and
unified command, and makes the tactics rich in changes [6].

Disadvantage: when the second passer takes the front
row’s turn, there are three rounds with only two attackers in
the front row, and the attacking point is too exposed, which
affects the attacking power of the front row.

In terms of the three-three equipment, as shown in
Figure 2.

In each round, there are 1 or 2 attackers and the second
passer, but the attack is not enough.

Multimedia computing is an advanced technology that
has emerged in recent years. Volleyball has only two main
parts: the basic techniques of passing, passing, pointing,
serving, and blocking, and the various tactical attacks under
the guise of fastball [7]. In a computer, textual explanations,
video displays and animations, and even musical explana-
tions and demonstrations of classical movements are needed
to clearly depict the process, store these on the computer for
use, and make them readily available for consultation and
printing. Secondly, the scientific description, analysis, and
management of the sport of volleyball, using its pedagogical
tools to effectively improve the effectiveness and level of
volleyball teaching [8].

2. State of the Art

First, the current situation of high school volleyball devel-
opment in Changchun city is taken as the research object.

Teachers are the foundation of education, and the
content and tasks of teaching must be accomplished with the
help of teachers. )e results in Figure 1 show that there is a
general lack of professional volleyball teachers in elementary
schools, resulting in a serious lack of high-level professional
volleyball teachers in many developing schools. )e devel-
opment of the sport of volleyball is greatly limited. Of the
168 physical education teachers in the 21 schools surveyed,
16 (9.5%) were professional volleyball teachers and 152
(90.5%) were other professional teachers; 53 (31.5%) par-
ticipated in volleyball practice (Figure 3); and 115 (68.5%)
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did not participate in training, which shows that volleyball
teachers in Changchun middle schools are truly profes-
sionally trained. Most were independent or ad hoc forma-
tions, usually with a low level of activity. Under such
circumstances, it is difficult to guarantee the quality of
teaching and training, especially for students, who love
volleyball and want to further improve their skills and tactics
at a certain technical level, which teachers nowadays often
cannot do. So all the work meets their needs, thus reducing
students’ motivation to learn [9].

As can be seen from the survey results, as shown in
Figure 4, as far as the actual situation of each school is
concerned, very few schools are able to conduct volleyball
classes, and even if they do, the teaching is very incomplete
and has a very lightweight in physical education [10].

Volleyball techniques are divided into preparatory
posture and movement, serving, matting, passing, dunking,
blocking, and other techniques; the teaching process of the
entire buckle is as follows Figure 5 it can be seen that all
volleyball schools have passing, matting, and serving as the
main teaching content, in order to help students improve
their physical quality.

After-school volleyball activities include various student-
initiated volleyball activities and various volleyball activities
organized with the participation of the school (as shown in
Figure 6).

Among the 21 high schools surveyed, 12 schools
(57.1%) participated in municipal competitions, 5 schools
(23.8%) participated in provincial competitions, and only
1 school (4.8%) participated in national competitions, see
Figure 7. It is clear that from an external competitive
standpoint, Evergreen High School volleyball is not nearly
enough. Competition is an important factor in promoting
sports, and tournaments greatly foster student interest.
We hope that the authorities in Changchun will pay great
attention to it. As more and more games are played, and

Second
pass

Main Second
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Vice Main

AttackAttack

Second
pass

Attack

Attack Attack

Four -two equipment Five –one Equipment

Figure 1: Four-two equipment and five-one equipment.
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Figure 2: )ree-three equipment.
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Figure 3: 21 high school sports teachers in Changchun city.
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more and more people pay attention, then the focus of the
school will be skewed and volleyball will be taken
seriously.

)e attitude of school leaders toward volleyball and the
organization of volleyball tournaments by the competent
authorities were analyzed in a graph (Figure 8). Tourna-
ments develop a sense of honor in children, and more
tournaments will result in more honor, which is necessary to
increase interest in volleyball.

In terms of equipment, 57.2% of schools have less than 10
volleyballs, 19.0% have between 10 and 20 volleyballs, and only
9.5% have more than 40 volleyballs; we found in some schools
that the volleyballs used by students are broken and have lost
their skins, and there are few intact volleyballs left. It is clear
thatmost of the volleyball equipment at EvergreenHigh School
does not meet the teaching needs. With the significant growth
of volleyball in schools, the demand for volleyball equipment
will increase. )e difficulty of meeting the needs of ordinary
schools for activities other than physical education has severely
hindered the development of volleyball courts for students.)e
development of school volleyball greatly limits students’ in-
terest in the sport as shown in Table 1.

Volleyball for beginners must have a learning and ad-
aptation process, especially the learning and comprehensive
application of several basic techniques of serving, passing,
pad, buckling, and blocking. Table 2 shows that the mastery
of the basic technique of snapping the ball is not as good as it
should be, let alone proficient in playing volleyball.

It plays an important function of orientation, initiation,
regulation, reinforcement, and maintenance of physical
learning and physical exercise behavior, and has an im-
portant influence on the effect of physical activity. For this
reason, after conducting a survey, the results are shown in
Table 3 (with multiple motivations).

)rough the survey of physical education teachers in
Changchun High School, leaders attach importance to the
degree of attention, teachers, influential competitions,
teachers’ training opportunities, venue equipment, etc.,
are the main factors of the high school in Changchun
High School at this stage. )e questionnaire survey found
that the main factors affecting high school students to
perform volleyball exercises are activity time, venue
equipment, technical guidance, etc. (see Table 4 (more
than one)).
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Some grades off
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Figure 4: Changchun high school opened the basic situation of volleyball lessons.
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Figure 5: Basic factor relationship diagram of the technical action structure.
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(1) Multimedia technology can strengthen students’
volleyball fundamentals. Due to the high academic
pressure of high school students, most of them do
not pay much attention to sports, which also
weakens their physical fitness and motor coordi-
nation. It is difficult to adapt to large, high-intensity
exercise programs [11]. )erefore, in high school
volleyball training, teachers should take a step-by-
step approach according to the actual situation of

the students by first explaining the theoretical
knowledge of volleyball to the students and then
training them in the corresponding motor skills.
)is provides more opportunities for students to
update and adapt while saving training time. When
teaching theoretical knowledge, teachers can ap-
propriately use multimedia technology to make
abstract theoretical knowledge more visual and
concrete to help students better understand and
master the theoretical knowledge [12]. For example,
when teaching front-end theoretical information,
teachers can use multimedia equipment to enhance
teaching.)e purpose of this lesson is to let students
understand and master the position of the point of
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impact correctly. )erefore, during the teaching
process, the teacher can use multimedia equipment
to show the students a picture of a ball on the leg
and let them observe the picture carefully and pay
attention to the position of the pillow. )e teacher
then explains in detail how to hit the ball with the
arm and teaches students the skill of catching the
ball when it bounces and lands in the correct po-
sition. Once students have learned this part of the
theory, the teacher can explain where to strike the
ball. Students can only master the correct form of
the punch to ensure the efficiency of the punch and
avoid injuries during practice. After the above-
mentioned theory learning, students basically
mastered the theory on the mat. Teachers can take
advantage of this situation and play cartoon videos
to students throughmultimedia equipment to guide
them to follow the whole forging process so that
students can deepen the theoretical knowledge they
have learned in practice and their understanding of

the theoretical knowledge. At the same time, it can
give students the opportunity to better understand
the beauty of volleyball, thus stimulating their in-
terest in playing volleyball.

(2) An important part of volleyball is the use of
multimedia equipment to improve students’ vol-
leyball tactics. )erefore, when teaching high
school volleyball drills, teachers should enhance
the practice of volleyball tactics for their students.
By using multimedia technology in teaching vol-
leyball tactics, you can watch and learn tactics
through video materials related to volleyball games,
making tactics clearer and more intuitive [13]. At
the same time, teachers can also use the demon-
stration function of multimedia equipment to in-
troduce volleyball tactics and coordination to help
students master volleyball tactics and improve their
volleyball skills. For example, when teaching the
tactics of one and two attacks, students do not have
practical experience, so if they only use theory, such

Table 1: Existing volleyball courts and number of volleyballs in 21 high schools in Changchun.

School (s) Site (pcs) Proportion (%) School (s) Volleyball (pcs) Proportion (%)
11 0 52.4 12 Less than 10 57.2
5 1 23.8 4 10–20 19.0
2 2 9.5 2 20–30 9.5
2 3 9.5 1 30–40 4.8
1 More than 3 4.8 2 More than 40 9.5

Table 2: Students’ mastery of volleyball techniques.

Content Male (pcs) Percentage (%) Female (pcs) Percentage (%)
Roughly mastered the passing and cushioning technique 132 54.3 103 45.4
Proficient in passing and cushioning technique 38 15.6 28 12.3
Roughly mastered the snapping technique 27 11.1 13 5.7
Proficient in snapping technique 18 7.4 6 2.6
More proficient in using various techniques for the game 47 19.3 36 15.9

Table 3: Survey on students’ motivation to participate in volleyball activities (there is more than one motive).

Content Indicator 1 (male) Percentage (%) Indicator 2 (female) Percentage (%)
Promote physical health 221 90.9 177 78.0
Improve physical function 152 62.6 112 49.3
Get in good shape 113 46.5 107 47.1
Recreation 103 42.4 96 42.3
Regulate emotions 112 46.1 89 39.2
Enrich life 121 49.8 89 39.2
Improving sports skills 140 57.6 84 37.0

Table 4: )e main factor affecting high school students for volleyball exercise (more than one).

Survey content Teacher Percentage (%) Survey content Students Percentage (%)
Leader attaches great importance 118 70.2 No time 352 74.9
Faculty 113 67.3 No venue equipment and facilities 258 54.9
Influential competition 96 57.1 No technical guidance 205 43.6
Teacher training 84 50.0 No activity habits 142 30.2
Venue 68 40.5 No sports atmosphere 138 29.4
Examination system 56 33.3 No exercise partner 132 28.1
School funds are tight 28 16.7 Inertia 89 18.9
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tactics will not appear in their minds, so the
teaching effect is very good but unable to connect.
To address this phenomenon, teachers can use
multimedia teaching equipment to help students
understand and master this tactical method more
intuitively. Schools that qualify can allow school
volleyball teams to demonstrate tactics and shoot
videos. In schools that do not, teachers can collect
tactical videos online and turn them into educa-
tional materials. In the classroom, teachers can use
multimedia devices to introduce the game to stu-
dents while explaining the game to them, such as
player positions and attack route variations. )e
main feature is that the teacher can use the media
device to perform functions such as pause, replay,
and rewind to allow students to better observe and
learn strategies and improve their understanding
and mastery of strategies [14].

(3) Innovative techniques and tactics with the help of
multimedia equipment volleyball is a sport with
dynamic continuity, and the techniques and tactics
in volleyball are not set in stone. Due to the dif-
ferent playing levels of teammates and the
attacking methods and tactics of opponents during
the game, volleyball players need to improvise,
update and innovate their techniques and tactics in
time so as to enhance the possibility of winning.
Although volleyball training in high school is not
comparable to professional volleyball training, and
the physical quality and coping ability of high
school students are not comparable to those of
professional volleyball players, the innovative
teaching of volleyball techniques and tactics in high
school sports volleyball is very beneficial to the
improvement of students’ physical quality and the
development of their innovative ability. )erefore,
in high school sports volleyball training teaching,
teachers should encourage students to participate
more in volleyball tactics training and to innovate
tactical strategies by means of free combinations
and splicing of volleyball movements. In order to
enhance students’ experience of different tactics,
teachers can use multimedia equipment to play
videos of volleyball games for students. For ex-
ample, teachers can show students the games of
China against the Netherlands, Italy, Serbia, and
other countries in the 2018 Women’s Volleyball
World Championships, and guide students to
analyze the success and failure of the tactics
adopted by China’s women’s volleyball team
against different countries, and find out the
strengths and weaknesses of the tactics adopted.
)e teacher then encourages the students to use the
theoretical knowledge they have learned to jointly
simulate and develop a set of tactics to counteract
them and start training. )rough this combination
of theory and practice, students will be able to
improve their knowledge of volleyball.

3. Methodology

3.1. Establishing Volleyball Movement Standards

(1) Collecting information: find relevant books, maga-
zines, and materials, and summarize and organize
the basic movements of volleyball [15].

(2) Expert opinion: the collected data were analyzed and
studied by sports experts to determine themovement
standards of volleyball techniques.

(3) Image and photo maintenance: images were cut into
video clip files and sorting of these files; graphic
transformation operations such as rotation and
translation were performed on the moving parts of
the images to make the movements conform to the
standards.

3.2. Preprocessing Work

(1) Image processing: collect the classic game clips of
excellent teams and athletes in the world tourna-
ment, and use them to show the action standards;
collect the nonstandard action clips in volleyball
teaching, and use them to demonstrate the action
that needs to be corrected; and collect the pictures
and scan them into a standard picture format [16].

(2) Edit text: organize various action points of the
standard, instructions, easy-to-make mistakes, and
correction methods, make the text material more
accurate and concise.

(3) Animation production: design the character shape
and design key frames according to the action pic-
ture. In terms of the amount of data in the image, the
calculation is shown in equation:

The · data · volume · of · image � image · resolution·

∗ · image · depth%8.
(5)

(4) Audio production: configure the music for the
volleyball action to form an audio file.

3.3. Establish Multimedia Network Database. Before build-
ing the database, we need to analyze the data (media files and
text files) requirements, create a conceptual model, and then
convert it into a system data model. )e process of estab-
lishing a database is shown in Figure 9.

We need to first clarify what we need through re-
quirements analysis, then conceptual structure design,
logical structure design, and physical structure design, to
build out the basic architecture of our database, all done after
the implementation of the database, and finally this oper-
ation and routine maintenance.

Establishment steps include the following:

(1) Define the structure of the database: the volleyball
event media database system needs to have basic and
control data.
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(2) Create a data dictionary: the technical indexes of
volleyball by category, name, and order of various
gymnastic movements unified code, stored in the
data dictionary, and organized into the database
according to the data table structure requirements
[17].

(3) Multimedia data entry [18]: the system has three
innovations: first, it does not perform any user en-
vironment maintenance; second, in addition to the
basic data (data describing the functions), control
data are added to the database. )e control data
describe the main data structure and functional
structure of the system, the control program oper-
ation, and the positioning control data. Information
about fitness technology or system functionality can
be easily added or removed from the system con-
taining control information, resulting in a highly
transparent and customizable system; third, media
information is organized using links. )is optimizes
the organization of data, increases the flexibility of
the system, and makes system queries more efficient.

For multimedia applications, the data transfer speed is as
in equation:

V � HZ∗Bit∗ n, (6)

where V is the data transfer speed, HZ is the sampling
frequency, bit is the number of quantization bits, and n is the
number of channels.

)e audio compression data ratio is solved as in
equation:

B �
m

n
, (7)

where B is the audio compression data ratio,m is the amount
of compressed audio data, and n is the amount of audio data
before compression.

Multimedia audio calculation formula as shown in
equation:

Data volume� seconds (audio time)∗number of chan-
nels (mono for 1, dual channels for (2)∗number of sampling
bits∗sampling frequency

(HZ)%8. (8)

3.4. System Design. )e most important thing is to deter-
mine the programming model.

(1) Programming approach: the system programming
emphasizes three features: first, it adopts a top-down
modular design approach, which is easy to maintain
and expand the system; second, it uses object-ori-
ented technology design, which is easy for users to
understand and use; third, it uses data visualization
techniques to design the program, which makes the
data more independent and the system more flexible
[19].

(2) Computer languages used: the UI design uses ASP,
multimedia data processing, and SQL Server 2000
database support, and the system works directly on
the server, which can be used in multimedia class-
rooms and classrooms. )e computer classroom is
flexible to respond to the needs of teachers and
students.

3.5. System Functions. User feedback: user feedback forms
are provided to collect user data and FTP file servers for
different upload services, and different data files can be sent
to understand user feedback [20].

Data maintenance: mainly updates the media files.
Systemmaintenance is server maintenance.)e user can use
the system by simply opening the browser and no customer
service is required.

Help: the system is designed with a standard Windows
help function that provides system description and opera-
tion, as well as sample queries and navigation methods [21].

demand analysis

Concept structure design Logical structure design Physical structure design

Database implementation

Database operation and
maintenance

Figure 9: Establish six steps for databases.
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4. Result, Analysis, and Discussion

Volleyball technical training methods can be summarized as
service technical training methods to improve accuracy,
stability, aggressiveness, and combat efficiency as pad
training methods techniques (individual training, collective
cooperation in catching the ball, dunk training), training
methods (general), passport, secondary education methods,
and technical methods of dunking training (step dunking,
techniques).

With its friendly interface, simple human-computer
interaction, and rich database information, users can find
the required training methods quickly by database query or
classification query, which improves the efficiency of lesson
preparation and indirectly improves the efficiency and
quality of volleyball technical training [21].

Also, the use of this technique with our daily volleyball, or
not only volleyball but also other sports, such as basketball,
badminton, table tennis, rugby, soccer, tennis, and even
running, contains great benefits for our daily learning of how
to exercise, which is a great help. For example, in learning to
run, we can use this technique to better learn the running
posture and running breathing pattern, simulating the kind of
breathing, the amplitude of the swing, and the starting posture.
)ere is a better specification, which can not only help us to
learn easily and increase certain efficiency but also reduce the
pressure on our body due to incorrect posture, which can
damage our body. We hope that with the development of
technology, we can do better and better in this area, and let our
learning style, or the way the teacher teaches tends to diversify,
in favor of our growth and become more powerful.

5. Conclusion

)e introduction of multimedia technology has had a
positive impact on teaching and will have an impact on other
teaching methods as well. )e reasonable use of multimedia
technology in high school sports volleyball training can
make the training methods more intuitive and feasible,
encourage students to better understand and master the
skills and requirements of volleyball, and further improve
their volleyball skills. )erefore, in high school volleyball
training and teaching, teachers should make reasonable use
of multimedia technology to support teaching according to
the actual situation of students, increase the effect of edu-
cation for volleyball coaches, and promote the development
of volleyball teaching in high school in China.

Applying basic stability training to youth sports routines
can be very helpful inmany ways. It not only helps to improve
athletic and technical performance but also reduces unnec-
essary energy expenditure and sports injuries in training and
sports competitions for young athletes. )erefore, coaches
should actively train young athletic students in basic stability
training, accumulate useful experience in basic stability
training, and build a solid foundation for professional growth
as young athletes through basic stability training.

In summary, we have great expectations for the future of
our teaching methods, regardless of the previous teaching
methods, our world is growing after all, whether it is

technology or something else, for teaching, teaching models,
etc., are constantly improving, we hope that this technology
can be used not only in this area but also to benefit other
areas. We are looking forward to the future, maybe one day,
we can use technology to realize the interaction of the unreal
world, that is, we can not only play volleyball and learn
volleyball on the court, but also learn in the unreal world, so
that there will be no more loss of body, and we can have
unlimited strength to learn, and we can even use the time to
sleep. )erefore, the use of network multimedia to build a
database is a great aid to our teaching, but also a big step
forward in our teaching breakthrough.
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)e progress of global economic integration has forced English learners to have an urgent need to improve their oral English.
College students’ oral English ability is currently the worst of the four abilities of listening, speaking, reading, and writing. )e
main reasons are internal and external. )e internal reason is that the pronunciation characteristics of Chinese students are
different from those of English. )e external cause is that the practice environment and tools of oral English are not ideal, which
affects the improvement of learners’ oral English. )is study proposes using a deep learning algorithm (DLA) English in the
evaluation of oral English quality to improve learners’ oral English level. )e quality of oral English can be comprehensively
evaluated in terms of pitch, speed of sound, and rhythm.)e standard of pronunciation is the foundation of oral English and is the
most critical factor. In many DLAs, the input unit of DNN at a certain moment and its upper and lower moment input units have
no relationship and are independent of each other, and the timing dependencies of adjacent units are not fully considered. )e
results are generally not very good on speech recognition tasks. )is study proposes a time-delay neural network (TDNN) and a
long short-term memory (LSTM) network to calculate the posterior probability of the model state to model context-dependent
features in order to solve this problem. )e fusion model TDNN-LSTM is applied in the English spoken pronunciation rec-
ognition task. To compare the accuracy of oral English pronunciation, several classic DLAs are introduced. )e experimental
results show that the method described in this study has a number of advantages. Although the performance improvement of this
method in terms of recognition accuracy is not large, a certain degree of improvement is also very important for the oral English
teaching assistant system.

1. Introduction

With the expansion of the global economy, economic and
cultural exchanges between countries are becoming more
common. At present, the international communication is
still in English.)erefore, learning English is very important.
Among the abilities of listening, speaking, reading, and
writing in English, reading and writing have always been the
strengths of Chinese students, but listening and speaking are
relatively weak. Among them, speaking ability is the most
difficult for the majority of students to overcome. )e
cultivation of oral expression ability plays a vital role in
English teaching. If you learn any language, if you cannot
speak it, you will not be able to achieve the expected
communication purpose. However, the level of oral English
of college students is generally low, and even many students

cannot express in English, and they have a sense of fear of
oral English.)ere are three main reasons why students’ oral
English is generally poor. First, there is no environment for
practicing oral English. Many schools do not have profes-
sional and large-scale oral English communication institu-
tions, and students have no place and object for practice.
Second, Chinese people are generally introverted, and most
students think that practicing oral English in public places
will be unusual or feel ashamed to say it wrong. )e third is
the environment where English is not used. In China, En-
glish is not required in other places, except for some foreign
companies that use English. Fourth, China has a large
population studying English, and the number of professional
oral English teaching staff is seriously insufficient. )e sit-
uation of students’ oral English learning cannot be quan-
titatively evaluated. )e above is the fundamental reason
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why the teaching effect of oral English has not been im-
proved. In such a big environment, teachers need to improve
students’ oral English, which has become the focus and
difficulty in English teaching. For the problems related to the
general environment in oral English teaching, ordinary
teachers have no ability to change, but for the fourth
problem, teachers can use some auxiliary tools for oral
English teaching to improve the teaching effect [1–3]. En-
glish speaking aids usually have the following functions. )e
first function is to score the oral audio uploaded by the
learners. Students can clearly understand their speaking level
according to the score. )e second function is to correct
mistakes in pronunciation. )e system is able to point out
the speaker’s mistakes in the audio and tell you the correct
pronunciation of a wrong word. )e third function is to
generate oral language learning reports for learners to un-
derstand and analyze their oral language learning status as a
whole.

)e birth of the English oral assistant system has im-
proved the oral level of oral learners to a certain extent.
Many scholars have also dedicated themselves to the design
and development of an oral English-assisted teaching sys-
tem. Reference [4] proposes a robot-assisted learner to
practice oral English for Japanese adults. )e characteristic
of this study is that it is mainly aimed at the adult population.
)e experimental results show that the robot developed in
this study can help adults improve their spoken English.
Reference [5] proposes a human-machine dialogue system
to increase learners’ interest and accuracy in oral English
practice. Reference [6] introduces a deep belief network to
recognize the pronunciation of spoken language and judge
whether it is correct or not. Reference [7] analyzes the
difficulties existing in oral English teaching through data
analysis tools and gives corresponding solutions. Reference
[8] proposes an intelligent technology for students with
visual impairment to guide their English learning. Reference
[9] used a supervised machine learning method to evaluate
the quality of students’ oral English, including pronuncia-
tion accuracy and fluency. Reference [10] uses a hierarchical
classification method to analyze the pronunciation cate-
gories of oral English, so as to judge whether the speaker’s
spoken language is standard. Reference [11] applies machine
learning to the assessment of oral English proficiency levels.
Experiments show that tone and intonation are key factors
affecting its evaluation. )e essence of oral English pro-
nunciation recognition based onmachine learning [12–14] is
to classify and recognize each word in the input audio. )e
essence of oral English pronunciation recognition based on
deep learning [15–17] is the same. )e difference is that the
process is different. DLAs incorporate both feature extrac-
tion of the data and final classification.

)e above studies used data analysis tools, machine
learning, and DLAs to identify oral English, including the
pronunciation of spoken language and whether the into-
nation is correct and fluent. By identifying the results and
guiding oral learners on how to pronounce correctly, the
quality of oral English teaching can be improved.)is idea of
improving oral English teaching is correct. )e premise is
that it is necessary to develop a method with high

recognition accuracy and fast recognition speed. )e
problem with machine learning-based pronunciation rec-
ognition methods is that the final recognition results are
generally not ideal, and the recognition results are easily
affected by noise, feature extraction methods, and final
classifiers. )e problem with deep learning-based pronun-
ciation recognition is that the model training event is too
long, making it difficult to meet the needs of real-time
recognition. Moreover, most deep models need to adjust
multiple parameters, so the model is easily affected by pa-
rameters, resulting in unstable final results. Aiming at these
problems, this study proposes an English speaking assisted
teaching system based on DLA. )e classic DLAs include
convolutional neural network (CNN) [18], deep neural
network (DNN) [19], and LSTM [20]. In this study, to
improve the pronunciation accuracy of the model for oral
English, a hybrid deep neural network is used. )ere is no
relationship between the input unit of DNN at a certain time
and its upper and lower time input units, and they are
independent of each other. )e timing dependencies of
adjacent units are not fully considered, so the results of the
fully connected feedforward DNN on speech recognition
tasks are generally average. Neither was good. To solve this
problem, this study first introduces TDNN and LSTM to
calculate the posterior probability of the model state to
model the context-dependent features. It will be applied to
the English spoken pronunciation recognition task.

2. Relevant Knowledge

2.1. *e Teaching System Assists the Learning Process of Oral
English. Using machines to help people improve their oral
English is the purpose of the auxiliary teaching system. )e
teaching system assists the oral English learning process as
shown in Figure 1. A complete auxiliary teaching system
mainly includes language input, language practice, and re-
sult output.

In the language input stage, both standard and test data
are entered. Correct pronunciation, standard speaking rate,
and rhythm are examples of standard data. Different stan-
dard data are put for different learners and situations. )e
test data are the user’s oral English audio data. During the
language practice phase, the assistance system acts as a
learning buddy, conversing in English with the learner. )e
auxiliary system can be configured to reflect the learner’s
preferred English style and play a role in the task situation.
)is method can pique the learner’s interest in communi-
cating in English. )e system can perform a variety of
functions during the language practice phase. According to
the user’s identity, practice topics of different topics are
imported. Exchanges on topics are practiced. Feedback
adjustments are made based on the results of the commu-
nication. At this stage, the user can not only actively
communicate with the system but also the system feedback
and communicate the results. )e system can also actively
push the content that users need. )e active push function is
mainly determined according to the personal identity and
hobbies and other tags set by the user. In the language output
stage, the system provides evaluation feedback tools for
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result evaluation. According to the evaluation results, users
can strengthen the weak items. After a period of study, the
learner can communicate with the auxiliary system again to
assess whether their oral proficiency has reached the goal. If
you do not reach your goal, keep learning. If the goal has
been achieved, the assistance system also completes the task
satisfactorily.

2.2. Auxiliary Oral English Teaching Design. Figure 2 depicts
the design process for auxiliary oral English teaching. )e
design of auxiliary speaking instruction must consider three
factors: teaching task analysis, teaching process, and
teaching evaluation and reflection. Teaching task analysis
mainly includes teaching objectives and teaching task
analysis. Before the specific implementation of the teaching
process, it is also necessary to understand the learner’s
situation, so there should also be participant analysis. )e
teaching process consists primarily of designing learning
situations, resource tools, and learning strategies. After the
learning process, it needs to be strengthened and consoli-
dated to form a result evaluation. )e evaluation link here
also needs to use the assistance of the teaching system. )e
teaching process can be optimized through the assistance
system. Finally, a summative evaluation is formed, and
teaching reflection is carried out.

2.3. Oral English Assessment Based on Speech Recognition.
Speech recognition is a technique for converting speech
signals into words [21]. For a long time, the basic speech
recognition framework depicted in Figure 3 has been the
most traditional framework in the field of speech recogni-
tion, that is, a speech recognition system composed of
acoustic models, pronunciation dictionaries, and language
models. Audio input, feature extraction, an acoustic model, a
pronunciation dictionary, and a language model are the
main components of the traditional speech recognition
framework. Mel-scale frequency cepstral coefficients
(MFCCs) [22], perceptual linear predictive (PLP) [23], and
other feature extraction methods for audio data are

commonly used. After feature extraction, the audio data are
fed into the trained admission model for scoring. )e
scoring result, pronunciation dictionary, and language
model together form a decoding network and finally output
the speech recognition result.

3. A Method for Identifying the Quality of
Oral English

3.1. Time-Delay Neural Network. Many DLAs are appro-
priate for processing continuous language data. )is study
employs the time-delay neural network (TDNN) [24]. When
TDNN is used instead of traditional feedforward neural
networks, the input of each hidden layer is increased. )e
input of each hidden layer not only keeps up with the output
of the previous layer at the current moment but also the
output of several moments before and after is combined into
the current input. TDNN is a context-sensitive model that is
designed to retrieve more historical information from the
previous layer at the same time. DNN cannot model longer
context temporal information and TDNN. )e network is
multilayered, with each layer having the ability to abstract
features. It has the ability to express the temporal rela-
tionship between speech features. )e learning process does
not necessitate exact temporal placement of the learned
labels. )e amount of computation is reduced by sharing
weights. Figure 4 depicts the TDNN structure.

)e node corresponding to a specific moment in the
hidden layer, as well as all the nodes corresponding to the
time span before and after it, forms the basic unit of TDNN,
which is known as time-delay neural network (TDN). As-
sume that TDN has a time span of Tand that the node has N
inputs (x1(t), x2(t), . . . , xN(t)) at time t. )e first T mo-
ments of each input xi(t) are input xi(t − n), n � 1, 2, . . . , T.
)e weight is (wi1, wi2, . . . , wiT), and the calculation formula
of the neuron output value h (t) is as follows:

h(t) � f 
N

i�1


T

n�1
win · xi(t − n) + bi

⎡⎣ ⎤⎦⎛⎝ ⎞⎠, (1)

where f(·) is the activation function and bi is the bias
coefficient.

3.2.LongShort-TermMemoryNetworks. On time-dependent
problems, recurrent neural network (RNN) [25] performs
well. RNN remembers the current output data and adds it to
the next input data. It is to add self-loop feedback infor-
mation to each neuron in the hidden layer in the time
domain; that is, the hidden layer’s input contains infor-
mation from the input layer and information from the
hidden layer at the previous moment. As a result, RNN can
highlight the strong modeling ability of time series-related
information tasks more effectively. Figure 5 depicts the RNN
structure.

Timing is represented by t-1, t, and t+ 1 in the diagram. x
represents the input data. )e memory at time t is repre-
sented by st. W represents the input’s weight. U represents
the current weight of the input parameter. V denotes the

Learning Material
Resources 

Cooperation and
exchange partners

Evaluation feedback
tool 

Scenario design

theme import

result evaluation

Oral input

oral practice

result output

Teaching
assistance

system

Figure 1: Teaching system to assist English learning process.
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output parameter’s weight. At time t� 1, input s0 is set to 0.
W, U, and V values are initialized at random. Equation (2)
calculates the h1 value, s1 value, and o1 value.

h1 � Ux1 + Ws0, (2)

s1 � f h1( , (3)

o1 � g Vs1( . (4)

f(·) and g(·) are both activation functions. f(·) can be
an activation function such as tanh, ReLU, and sigmoid,
while g(·) is typically a softmax function. )e state s1 at this
time is used as the memory state of the current moment,
according to the sequence. It will take part in the next
moment’s activities.

h2 � Ux2 + Ws1, (5)

s2 � f h2( , (6)

o2 � g Vs2( . (7)

By analogy, the final output is as follows:

ht � Uxt + Wst−1, (8)

st � f ht( , (9)

ot � g Vst( . (10)

RNN has a good effect on time-series problems. How-
ever, when the parameters are unchanged during the
training process, the gradient will be continuously multi-
plied during the backpropagation process, and the value will

Participant Analysis
Learning Situation

System Features

Teaching task analysis 
Analysis of teaching goals

Learning task analysis

Participant Analysis

Scenario design

Learning strategy design 

Resource tool design

Evaluation

Summarize

Teaching
assistance

system

Figure 2: Design process for auxiliary oral English instruction.
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Decoder

Text “Hello”

Acoustic model
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Figure 3: Classic framework of speech recognition.

4 Security and Communication Networks



RE
TR
AC
TE
D

become larger or smaller. )is can lead to problems such as
exploding gradients or vanishing gradients. LSTM is a
special kind of RNN that can solve the time dependence
problem very well. )erefore, LSTM is introduced to solve

the above problems. Compared with RNN, LSTM is cal-
culated based on the input and the output of the hidden layer
at the previous moment, but it changes the internal structure
of the RNN hidden layer. )e neurons of LSTM include
input gate i, forget gate f, output gate o, and internal memory
unit C. Figure 6 shows the LSTM structure.

)e forget gate is controlled by sigmoid. A ft value from 0
to 1 is generated based on the output ht-1 at the previous
moment and the current input xt.)is value is used to decide
whether to forget or forget part of the information Ct-1
learned at the last moment., where w represents the weight
matrix, b represents the bias vector, and σ represents the
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nonlinear activation function. )e formula for calculating
the ft value is shown as follows:

ft � σ wf · ht−1, xt  + bf . (11)

)e input gate uses sigmoid to decide which information
needs to be updated. )e tanh layer is to generate a new
candidate value Ct, which may be added to the internal
memory unit as a candidate value generated by the current
layer. Combining the values generated by the above two
parts, the model is updated as follows. First, the product
information of the internal memory unit of the previous
layer and ft is used to forget the unnecessary information
and then added with ii × Ct to obtain the candidate value Ct.
)e calculation formula is as follows:

it � σ Wi · ht−1, xt  + bi( , (12)

Ct � tanh WC · μt−1, xt  + bC( , (13)

Ct � ft × Ct−1 + it × Ct. (14)

)e model’s output is obtained by multiplying an initial
output through the sigmoid layer and scaling the Ct value to
a value between -1 and 1.

ot � σ Wo · ht−1, xt  + bo( , (15)

ht � ot × tanh Ct( . (16)

3.3. TDNN-LSTM Model. For tasks with strong timing in-
formation correlation, both TDNN and LSTM have superior
modeling capabilities. LSTM training is more difficult than
TDNN training. As a result, the TDNN-LSTM fusion model
of TDNN and LSTM is used in oral English speech rec-
ognition. )e model captures enough contextual informa-
tion while reducing computational complexity. )e TDNN-
LSTM structure is depicted in Figure 7. As shown in the
diagram, the network has six hidden layers. )e single layer
is known as TDNN, and the double layer is known as LSTM.
)e two models are arranged alternately. A unit module
consists of a TDNN and an LSTM.

4. Experimental Analysis

4.1. Evaluation Indicators of Oral English Pronunciation.
Many factors influence the quality of oral English output,
including intonation, pitch, rhythm, and duration. In most
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cases, intonation is used as the primary indicator of the
quality of oral English output, with other factors serving as
auxiliary indicators. Pitch is primarily used to determine
whether each word in the output sentence is correct and
understandable. Figure 8 depicts the pitch evaluation
principle.

Speaking rate is also a key indicator of oral evaluation.
)e number of words produced by the speaker per unit time
is referred to as the speech rate. If a student speaks 120 words
in one minute, his speech rate is 2 words per second. Re-
gardless of whether such a speech rate is fast or slow, it must
be compared to the standard speech rate. )e standard
speaking rate for the same 120 words is 80 seconds, but the
student only took 60 seconds, indicating that the student’s
speaking rate is too fast. Figure 9 depicts the sound speed
evaluation principle.

Speaking rhythm is also very important. )e difference
between heavy, light, long, and short sounds when speaking
a sentence is referred to as rhythm. )e content of spoken
language output differs, as does its rhythm. Many stressed
syllables characterize the rhythm of oral English. Unstressed
syllables between stressed syllables sound a little hazy.
Figure 10 depicts the oral rhythm evaluation principle.

Many of the above aspects should be able to be evaluated
by a good speaking assistance system. Furthermore, the
weight of each factor is not the same. )is study first val-
idates the method’s performance using the most funda-
mental and critical pitch indicator. )e main purpose of
pitch is to calculate the number of words recognized by the
speech recognition module. )e more correctly recognized
words there are, the better the intonation.

4.2. Experimental Data. )irty college students, 18 boys and
12 girls, were chosen for this study. In a quiet and com-
fortable classroom, students read prepared English sen-
tences. Some examples of English sentences are shown in
Table 1, with a total of 50 English sentences. At the same
time, Sonar recording software is used. )e sampling fre-
quency is set to 16KHz, and the encoding is 16 bit encoding.
30 students read out 50 sentences and recorded 1500 pieces
of audio data. 1050 sentences of 1500 sentences are selected
as training data and 450 sentences as test data.

4.3. Accuracy Recognition of Oral English. )e speech signal
must be preprocessed before it can be recognized as oral
English. )is preprocessing includes frame division

Test Voice Standard Voice

Extract MFCCC
feature parameters

speech classification
model Calculate similarity

intonation evaluation

Figure 8: Principle of pitch evaluation.
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Voice detection

Calculate statement
duration

Calculate statement
duration

Compare statement
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Figure 9: Principle of sound velocity evaluation.

Test Voice Standard Voice

Calculate short-term
energy

Calculate intensity
curve fit
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Figure 10: Principle of rhythm evaluation.
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windowing, fast Fourier transform (FFT), Mel cepstral co-
efficient feature extraction, and other processes. )e frame-
by-frame windowing technique is used to compress the
speech signal. When the length of the speech is between 10
and 30milliseconds, it is considered a quasi-stationary
signal. To divide the speech length into short segments, a
window function must be added to the speech signal. Table 2
displays the results of each model’s oral English recognition.

)e comparison algorithms used are all DLAs, and the
recognition rates of oral English pronunciation are all above
90%. )is fully demonstrates the superior performance of
DLAs. Compared with references [26–29], the proposed
algorithm improves the accuracy by 5.5%, 2.7%, 4%, and
1.7%, respectively. )e accuracy is improved by 6.3%, 2.1%,
5%, and 0.9%, respectively. )e recall rates are improved by
8.7%, 3.3%, 4.5%, and 1.8%, respectively. )e core model
used in [26] is DNN. )e core model used in [27] is LSTM.
)e core model used in [28] is BiLSTM.)e core model used
in [29] is CNN-BiRNN. )e experimental results obtained
by CNN-BiRNN in several models are relatively good. )is
method has a certain improvement on the basis of reference
[29], although the improvement is not very obvious. )e
method in this study is based on the fusion of TDNN and
LSTM model. In the classification of speech sequence data,
LSTM can play a very good role. For oral English, since only
the hidden state of the last time step is used in the LSTM
classification task, it is not enough to fully express the spoken
information. )e complete accent information not only
needs to obtain the pronunciation information of the past
time but also needs to obtain the pronunciation information
of the future time. )ere is a lot of prosody-related infor-
mation in the accent. )e prosody information is mostly
information that echoes before and after; that is to say, it is
necessary to determine the rhythm of the past moment. )e
rhythm of the future moment is also particularly important.
TDNN-LSTM can simultaneously extract the prosody in-
formation of the past moment and the prosody information
of the future moment to jointly determine the prosody
information of the current moment.

5. Conclusion

)e improvement of oral English learning demand has
promoted the birth of various English-assisted teaching
systems. )e more classic software packages mainly include
“talk to me” and “PhonePass Set”. )ese auxiliary software
packages for improving oral English are not completely
suitable for Chinese students to learn oral English. To study
an oral English-assisted teaching system suitable for Chinese
students, this study introduces a DLA and applies it to the
quality assessment and error correction of oral English. )e
improvement of oral English is mainly carried out from two
levels. One is to identify the overall quality of the learner’s
pronunciation and give a certain score. If the full score is
100, 90 to 100 is excellent, 80 to 90 is good, 70 to 80 is fair, 60
to 70 is pass, and below 60 is failed. In this way, learners have
an overall understanding of their oral English. Only when
learners clearly recognize their current level they can for-
mulate goals that can be achieved. )e second is to find out
which words have problems with pronunciation and tell
them the correct pronunciation. Words with completely
wrong pronunciation are marked in red, inaccurate words
are marked in yellow, and completely correct words are
marked in green. To achieve the above two points, it is
necessary to correctly recognize the input speech.)e speech
recognition model used in this study is a fusion model of
TDNN and LSTM. Firstly, a time-delay neural network and
a long short-term memory network are introduced suc-
cessively to calculate the posterior probability of the model
state, so as to model the context-dependent features. Finally,
according to the structural characteristics of the long short-
term memory network, the TDNN-LSTM hybrid network
structure is introduced, and it will be applied to the English
spoken pronunciation recognition task. )e simulation re-
sults show that the method in this study has advantages
compared with other deep learning methods and has certain
reference value. )ere are still some shortcomings in this
study. For example, the evaluation indicators used only use
the core pitch indicators, and the important indicators such

Table 1: Examples of English sentences.

(1) What’s happening?
(2) Nice to see you again
(3) I would like to talk to you for a minute
(4) )e meeting was scheduled for two hours, but it is now over yet
(5) It took years of hard work to speak good English
(6) Mama used to say that life was like a box of chocolates. You never know what you’ll get
(7) Do you think you’d be surprised if I changed into something more comfortable?
(8) Everything you see exists together in a delicate balance
(9) You know some birds are not meant to be caged; their feathers are just too bright
(10) Hope is a good thing, perhaps the best thing. And nothing good ever dies

Table 2: Recognition results of oral English by each model.

Index Reference [26] Reference [27] Reference [28] Reference [29] Proposed
Accuracy 90.84 93.35 92.18 94.24 95.87
Precision 89.17 92.81 90.23 93.92 94.75
Recall 87.35 91.92 90.86 93.26 94.92
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as sound speed and rhythm have not been experimentally
studied. In addition, the training of the used models is
relatively complex, and the process needs to be further
simplified. )is study is mainly devoted to optimizing the
English speaking assistant system from the technical level.
However, for teachers, it is also necessary to use these
auxiliary tools reasonably in the teaching process. )e
auxiliary system should be able to be applied to each link
before, during, and after class. )erefore, enriching the
functions of the auxiliary system is also the follow-up re-
search plan of this study.
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Garden art is the culture of generations since ancient times and is another spiritual carrier of people’s internal admiration for
natural landscape, culture, and art as well as their love for living in nature and landscape. *is article mainly studies the data
clustering algorithm and adopts a research methodology that progresses from simple to complex. It starts by establishing a spatial
data clustering model and then clustering the low-dimensional data, and then processing the high-dimensional spatial data in the
low-dimensional data set. *e original K-means clustering algorithm is then improved, and the new algorithm is created by
combining PSO with the K-means algorithm in the high-dimensional spatial data set. And the improved two algorithms are
applied to the study of data related to landscape conservation sites, and the powerful superiority of the improved K-means spatial
clustering algorithm in this article is verified through the comparison of the algorithms.

1. Introduction

Garden art is the culture of generations since ancient times.
It is another spiritual carrier of people’s internal reverence
for natural landscape and cultural art; sentiment in nature
and landscape life, culture, and art; and historical inheri-
tance in the traditional culture of our Chinese nation for five
thousand years. Oriental architecture culture has gradually
penetrated not only the entire human landscape industry
civilization development but also the most original historical
lineage. It renders the unique regional characteristics, dis-
tinctive style of garden art architecture, beautiful sculpture
production process, full of ancient oriental humanistic
wisdom charm of mysterious ancient folk religion philos-
ophy, complete and rich connotation of traditional folk
morality and ethics. *e world’s historical and cultural
landscape heritage of the garden art category is composed of
the sculptural craftsmanship, the mysterious ancient folk
religion and philosophy full of the charm of the ancient
Eastern human wisdom, the complete and rich traditional
folk morality and ethics, the excellent oriental poetry and

songs like the universe, and the profound and colorful
ancient folk language and script.

As one of the first countries in Asia to start building
large-scale modern urban garden projects, recognized in the
history of modern world architecture, Chinese garden
projects have long been known as the “mother of gardens” in
the world (Figure 1).

*e two core objectives of the work on the conservation
of the ecological diversity of the cultural landscape of gar-
dens are as follows: the sustainable conservation of land-
scape resources and their restoration methods; and the
sustainable development of landscape resources. Chinese
scholars are still in the stage of theoretical exploration of the
scientific conservation theory of natural resources in Chi-
nese gardens and cultural landscapes, and no relatively
systematic andmature research has been established at home
and abroad. *e scientific conservation of China’s key
cultural landscape environment still needs relevant aca-
demic methods and theories. *is article focuses on the use
of an improved and optimized K-means spatial clustering
algorithm model to explore the contemporary Chinese
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landscape conservation methods and theoretical systems
and then gradually realizes the effective and sustainable
scientific protection and restoration development of China’s
cultural landscape and the reasonable continuation of the
tourism industry development and operation mode. To
achieve the integration of resources and the homeland
landscape’s natural scenery, one must fully exploit the
traditional advantages of Chinese national culture.

1.1. Research Background. At present, various inappropriate
measures of conservation management methods and ex-
cessive use of various unreasonable means have caused the
conservation work to be stretched to the limit [1]. *e
current domestic professional laws and regulations on the
protection and management of historical and cultural
landscape resources are searched, and related technical re-
search and thesis materials are few and far between. *e
general lag in the development of laws and regulations and
the relative lack of technical means of protection and
management have also led to different degrees of damage to
the protection of each major cultural landscape in China [2].

*e current domestic government is not very optimistic
about the overall conservation status of traditional cultural
landscape protection, and a thousand cities are one-sided
and have lost their individuality.*e huge cultural gap in the
protection concept also makes the government of almost
every provincial capital city in the overall protection of the
cultural landscape share some similarities in thinking.
Unscientific cultural planning and construction have also
delayed the long-term natural evolution of urban cultural
landscape laws and operating mechanisms [3]. At the same
time, due to the basic judgment, concept overview, theo-
retical principles of protection and utilization, and the ap-
plication of management practice methods of important
cultural landscape resources in China, there are generally
some serious cross confusion in the scope of understanding
and lack of clear and complete systematic definition, and its
resource protection application problem will increasingly
evolve into an important realistic issue that restricts the
research of ecological and cultural tourism protection and
development [4].

Although there is a certain degree of commonality with
the professional national laws and regulations on the pro-
tection of cultural monuments and sites in terms of focusing
on the protection of cultural landscapes of the garden type,
they are significantly different in several aspects such as

assessment criteria, identification of heritage subjects, the
scope of areas involved, management requirements, and
socioeconomic roles. As a result, China’s current regulations
on the protection of ecological and cultural heritage are, to a
certain extent, not entirely theoretically relevant and legally
operable.

1.2. Concept Definition

1.2.1. Definition of Garden Landscape. Combined with the
national garden culture defined in the natural heritage
standard system of “nature and the joint action of man-
kind”-related definition, generally, believe that not all nat-
ural garden landscapes can be called national garden cultural
landscape heritage, only for those who do establish in the
natural mountains, rivers, lakes, and wetlands, such as the
room, after a long period of human landscape environment
maintenance management and appropriate decoration and
beautification. *e initial formation of some natural garden
relics can only be officially called natural landscape garden
architectural heritage (Section 1.1).

1.2.2. Characteristics of the Garden Landscape. *e land-
scape has three main characteristics: continuity, nonfixed-
ness, and nonmaterial culture [5] (Figure 2).

(1) Continuity. *e formation and development of a cultural
landscape, which is both a natural phenomenon and a type
of common artwork created by human society, must un-
dergo a lengthy, complex, and diverse integrated cultural
process. As a result, garden class cultural landscapes, which
have many parts and basic components, are more vivid and
full and also exhibit more typical characteristics, allowing
them to accurately reflect the cultural activities of a par-
ticular geographical era and long-term history [6]. It is based
on this historical era of the garden cultural accumulation
and landscape natural long-term interaction relationship, so
that the garden class cultural landscape widely become a
historical classic and the most easily appreciated by gen-
erations of future generation collection of the direct internal
reasons.

(2) Nonfixedness. *e natural landscape, cultural activity
relics, and artificial garden landscape are the three main
components of the garden-like cultural landscape. *e
natural landscape and the garden landscape serve as the two
main material carriers for this composition. *ese natural
landscapes have a more obvious relative nonfixed nature [7].

Jiangnan 
gardens Lingnan Gardens

Marsh gardens Northern 
landscape

Chinese Garden 
Landscape

Figure 1: Four categories of Chinese gardens and landscapes.

Characteristics 
of Landscape

Continuity

Non-fixedness

Non-material 
culture

Figure 2: Main characteristics of landscape gardening.
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First, the natural landscape is also a living landscape, climate
change, geological plate movement, plant growth and re-
production and evolutionary succession activities will
change a natural landscape A natural landscape will change
due to a variety of factors, including climatic change, geo-
logical plate movement, plant growth and reproduction, and
evolutionary succession. Second, all the green plant land-
scapes, garden constructions, paths, and other artificial
natural landscape environments in the garden landscape
environment will change or disappear accordingly with the
passage of time. Finally, the material cultural landscape is
always in some kind of dynamic change cycle, extinction,
reconstruction, alteration, and local new construction ac-
tivities are a major objective reason affecting the overall
formation and development of the cultural landscape of the
garden category [8]. *erefore, the content of the main
material carrier in the cultural landscape of the garden is not
completely fixed change. *is nonfixed nature is also
expressed in the dynamic change of the cultural landscape
space, on the one hand, and, on the other hand, in the
“historical landscape” and “existing landscape” of time
dislocation and space overlap.

(3) Nonmaterial Culture. *e nonmaterial cultural content
in the cultural landscape of the garden refers to the
cultural activities and historical events attached to the
material cultural landscape. *ese nonmaterial cultural
contents are the soul of the garden-like cultural landscape
and are very important. Intangible cultural content means
the important content that distinguishes the garden-type
cultural landscape from other categories of cultural her-
itage [9].

2. Literature Review

Relevant journal articles on garden conservation include:
“*e Conservation and Repair of Ancient Chinese Gardens,”
“*e History and Review of the Conservation and Repair of
Yu Garden in Shanghai,” “A Preliminary Study on the
Conservation and Utilization of Ming and Qing Historical
Gardens in Nanjing,” “*e Characteristics of the Giant Stone
Garden of Chongqing Jukui Academy and its Conservation
and Utilization,” “Research on the Conservation and De-
velopment Measures of Classical Gardens in Suzhou,” “An
Exploration of the Definition of the Scope of the Conser-
vation and Control of the Historical and Cultural Reserve of
Qing Dynasty Royal Gardens in the Western Suburbs of
Beijing,” “Classical Gardens Protection and Restoration
Should Be Based on the *eory of Garden Tradition,” “On
the Authenticity of Protecting Historical Garden Heritage,”
“Royal Garden Cultural Space and Cultural Heritage Pro-
tection,” etc [10]. In terms of regional cultural gardens, these
articles have undertaken some research on their protection,
usage, regeneration, and renewal; however, there are fewer
studies on the theoretical principles and methods for pro-
tection and regeneration [11].

Relevant master’s theses on garden conservation are
shown in the following.

In 2004, Zhang Yu’s article “A Preliminary Study on the
Conservation of Dunheyuan” recognized and analyzed the
history of the Summer Palace; the original purpose of
gardening, historical value, artistic value, cultural accumu-
lation, and technical connotation; and proposed conserva-
tion strategies and methods for the current state of
conservation of the Summer Palace; *e conservation
methods were refined through two levels of internal con-
servation and external control [12].

In 2005, Jin Hainan’s article “A Trial on the Conservation
and Renewal of Historic Gardens in the Shizhahai Area”
analyzed the landscape characteristics of historic gardens in
the Shizhahai area; made conservation suggestions for the
existing problems in the conservation of historic gardens in
the Shizhahai area; and made targeted conservation sug-
gestions in terms of water quality, gardens, new buildings,
environment, and night scenery. *e recommendations
were made for the preservation and utilization of the
Wangfu Garden from the internal and external environment
and the coordination area [13].

In 2006, Li Zaihui’s article “Tianjin Concession Gardens
and Conservation” studied the formation, development, and
style of Tianjin concession gardens and proposed three levels
of the legal system, implementation, and archival records to
protect concession gardens measures for the year [14].

In 2007, the thesis of Bian Ji’s “Research on the con-
servation planning of historical gardens” made a full ex-
planation of the concept, characteristics, and value system of
historical gardens and proposed methods to conserve his-
torical gardens from maintenance and protection, restora-
tion and reconstruction, prudent utilization, and public
participation through the content of relevant domestic and
foreign studies [15]. Cheng Li’s article “Conservation and
Utilization of Beijing Altar Gardens: *e Case of Zhongshan
Park” introduces the history and current situation of Beijing
Tiantan gardens and identifies the main problems and
contradictions of Zhongshan Park based on its history and
field survey and proposes conservation measures to improve
laws and regulations, foreign registration system, fund
management, camp management, and public participation
for Zhongshan Park. Team, experts and scholars, public
participation, cultural resources and other aspects of con-
servation [16].

In 2012, Wu Tao’s thesis on “Preservation and Heritage
of Yangzhou Historical Gardens Based on Regional Culture”
mainly analyzed the problems of conservation and resto-
ration of Yangzhou historical gardens by addressing the
current situation of their conservation and proposed an
overall strategy and framework for the conservation and
restoration of Yangzhou gardens in a targeted manner in
terms of specific means and methods of conservation and
restoration to establish the operational process of conser-
vation and restoration. It also proposes four aspects of the
conservation system in terms of establishing the operational
process of conservation and restoration, conservation and
restoration of space, developing evaluation standards and
technical specifications for conservation and restoration,
and determining the basic means and ways of conservation
and restoration [17].
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3. Brief Description of the Method

3.1. 1e Basic Idea of Clustering Algorithm. Among the
classification studies in the past, people mainly rely on the
experience generated by accumulation and learning to
master the expertise to solve some problems related to
clustering; the frequency of using mathematical methods is
very low. However, as the complexity of the actual problem
increases, it becomes more difficult to solve realistic and
complex problems by relying only on past experience and
expertise, so cluster analysis emerges.

In general, there may be different degrees of similarity
among the samples or indicator variables we study [18].
*en, according to the value of some observed indicators of
the sample, we find some statistics that can measure the
similarity between samples or indicators, and based on this,
the samples or indicators with greater similarity are clus-
tered into one category each. After the clustering is com-
pleted, the indicators that are closely related to each other
will have a greater degree of similarity and will be clustered
into one class; the indicators that are distant from each other
will have a smaller degree of similarity and will be clustered
into another class, so that after all the samples are measured,
the indicators will be divided into different classes according
to the degree of similarity.

In economic, social, and demographic development
research activities, there are new problems in research and
construction of new classifications involving a large number
of disciplines [19]. For example, in the practice of urban and
rural economic survey and research, in order to accurately
study the average income growth and actual consumption
level of urban and rural residents in the living standards of
urban and rural residents in different economic regions, it is
often necessary to scientifically divide them into several
different social types to analyze and study; however, due to
the oldest former traditional taxonomic research, one of the
main theoretical bases for the basis of classification is mainly
life. However, because one of the main theoretical bases of
the oldest traditional taxonomic research is the accumula-
tion of experience and some professional theoretical
knowledge, and because this foundation is rarely used to
treat the classification phenomenon inductively, this inev-
itably results in some subjective thinking and deliberateness
when doing the classification problem, and it is unable to
accurately and quantitatively fully reveal some essential
differences between law and logical connection of the in-
trinsic law of each objective form of things, especially in a
complex classification problem that involves more complex
factors [20]. *e problem of qualitative classification often
leads to a decrease in the overall accuracy of its classification
study.

It is possible to cluster both by clustering the sample
variables and also by clustering each of the other sample
variables that directly affect the sample results at the same
time. *e clustering of variables affecting the sample
function is generally referred to as variable Q-type cluster
analysis, while the clustering of variables affecting the sample
variables is referred to as function variable R-type cluster
analysis [21].

3.2. K-Means Clustering Algorithm. Traditional clustering
methods have various forms and different algorithms, and
their main classifications are shown in Figure 3.

K-means algorithm belongs to one of the common al-
gorithms in the division method, and its theory also belongs
to a basic category of iterative optimization algorithm
(optimization clustering), which generally requires the al-
gorithm to satisfy a certain equalization function, as a basic
criterion of the basic iterative optimization process, and
iterate continuously to get each optimal cluster clusters [22].
Although it is said that the K-means algorithm is relatively
easy and fast to implement, in fact, there are some limita-
tions in the process of cluster calculation, iteration, and
optimization: (1) the algorithm is sensitive to the initial
cluster centroid; (2) it is easy to fall into the local optimal
solution [23].

In order to solve the problems of K-means algorithm
clustering, scholars have proposed different improvement
methods, with the common purpose of avoiding clustering
sensitive to the initial centroid; the most traditional method
is to arbitrarily choose the initial point value, then calculate it
several times, and finally select the best result inside the
calculated result. Other algorithms use multiple sampling
methods to generate different clustering centers, and then
cluster the newly generated clustering centers to select the
better clustering result, with the initial center selected by that
clustering result as the optimal initial center. *e literature
uses the density method to calculate the density between
data objects among sample data points to generate the
sample initial points meritively. *e literature calculates the
density of the local area where each data sample point is
located, and then selects the points in the k high-density
areas that are farthest from each other as the initial center
points [24]. *e literature uses the method of estimating
class feature centers to improve the algorithm, and the es-
timated class feature centers are used to initialize the
K-means algorithm [25].*e literature proposes amethod to
select the initial cluster centers based on the data sample
distribution, constructs k compact data sets using the greedy
idea, and selects the mean value of the sample data in each
set as the initial cluster centroid.

Traditional K-Means algorithm is used to further solve
the current problem of selecting initial centroids when
constructing clustered data; so this article tries to start from
two aspects of how to solve the following problems, re-
spectively: (1) In the problem of selecting the initial cen-
troids, the main approach is to use greedy thinking to
construct the number of clusters according to the distri-
bution of samples. (2) Customizing a class function with
interclass and intraclass correlation for equalization. An
organic combination of these two is used for algorithm
improvement [26].

3.3. K-Means Algorithm Modeling. Let the sample
X � xi|i � 1, 2, . . . , n  data Cj(j � 1，2， . . .，k) set, for
the k classes that denote Cj(j � 1, 2, . . . , k) clustering, de-
note the clustering centers of each cj � (1/nj)x∈Cj

x class,
where nj denotes the number of samples of each data set, and
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*e K-means algorithm is mainly to find the objective

function after several calculations to classify the given dif-
ferent data into different categories of the minimum value,
which in turn maximizes the compactness and indepen-
dence of the generated clusters.

J(c, k) �
����������������������
W(c) × W(c) + b(c) × b(c)


. (1)

where

W(c) � 
k

i�1
W Ci(  � 

k

i�1


xi∈Ci

d x, Ci( 
2
.

b(c) � 
1≤ j≤ i≤ k

d cj, ci 
2
.

(2)

Here, W(c) denotes the difference of data points within a
class, which can be defined by a variety of distance functions,
the simplest being the calculation of the sum of squares of
the distances from each point within a class to the center of
the class to which it belongs; b(c) denotes the difference of
data sets between the classes, which is defined as the distance
between the centers of different clusters.

Algorithm 1is described as follows (Figure 4).

3.4. Initial Centroid Selection Algorithm for Data Samples.
*e K-means algorithm is characterized by its sensitivity to
initial values.*erefore, the selection of different initial points
may lead to different clustering results. Since the clustering
results depend on the initial centroids to a certain extent,
different choices of initial centroids can make the clustering
results veryunstable. If the initial clustering center startswith a
bad choice, itmay lead to the final result being difficult tomeet
the expectation.Toaddress thepossibledefectsof theK-means
algorithm that is too sensitive to the initial points, this article
uses a data sample distribution algorithm, which can make
improvements by selecting the initial clustering centers
according to the data distribution dynamics [29].

Suppose the full set of samples for clustering isS, the full set
S contains n sample data, the total number of clusters is k, and
there arem factors affecting each sample data, then eachdata x
can be expressed as x � (x1, x2, x3, x4, . . . , xm). *e distance
between data x and data y uses the Euclidean distance.

dist[x, y] �

����������������������������������

x1 − y1( 
2

+ x2 − y2( 
2

+ · · · + xm − ym( 
2



.

(3)

lim it is defined as the threshold value, which is the maxi-
mum spatial distance allowed to join a certain set. It is
expressed as

limit �
((max(dist[I, J]) − min(dist[I, J]))

k
. (4)

*e distance between data x and data set V is

dist[x,V] � min(dist[x, v], v ∈ V). (5)

*e farthest distance between data x and data set V is

Dist[x, V] � max(dist[x, v], v ∈ V). (6)

In the K-means algorithm, data samples that are dis-
tributed in dense local areas are considered to have clusters
at this point, so the average of these dense area data sets is
often chosen as the initial clustering center [30]. To find the
data set that is consistent with the data in terms of spatial
distribution and can represent k clusters, Figure 5 is given
(Algorithm 2).

3.5. Improved K-Means Algorithm for Initial Centroids and
Evaluation Functions. On the same data set, based on dif-
ferent input parameters, using the same clustering algorithm
may end up with different clustering results, and for these
different results generated, applying the already defined
validity function to make a judgment, the optimal division
can be finally obtained. According to such steps, this article
first uses the initial centroid selection algorithm of data
samples to precisely find out the initial clustering centroids
and then applies a new evaluation function—equalization
evaluation function—which can effectively find out the
optimal clustering.

3.5.1. Equalization Evaluation Function. When clustering,
the design of the evaluation function includes two main

Algorithm

Category

Classification Clustering 
algorithm

Based 
on 

hierarchy

CURE BIRCH

Division-
based

K-means

Grid-based

WAVED-
CLUSTER CLIQUE STING

Density-
based

DBSCAN

Model-
based

COBWEB

Fuzzy 
clustering

FCM

Figure 3: Classification of clustering methods.

Number of 
clusters k
Number of this 
set n

Inputs

k clusters, such 
that the objective 
function value is 
minimized

Output

Figure 4: K-means algorithm modeling.
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factors: the similarity between data in each class is large, and
the similarity between classes should be as small as possible.
To achieve these two points, it is necessary to know the
intraclass distance W(c) and the interclass distance b(c) of
the clustering class C. *e intraclass distance represents the
distance between data points in the same class, and the
interclass distance represents the distance between classes in
different classes. *e overall effect of clustering can be
expressed and measured by the combination of intraclass
and interclass distances. Based on this idea, the equalization
evaluation function is obtained.

*e equalization evaluation function is defined here as
the quadratic root of the sum of the squares of the intraclass
and interclass distances.*e criterion function for clustering
is the equalization evaluation function, and the equalization
evaluation function is composed of overall intraclass dis-
tance and interclass distance functions, specifying that the
algorithmic clustering effect is optimal when the value of the
equalization function is the smallest.

Min J(c, k){ }. (7)

3.5.2. Improved K-Means Algorithm. According to the re-
lated literature, it is known that the result of k generally does
not exceed

�
n

√
. In this article, we improve the K-means

algorithm, which does not need to give the value of k in
advance, k1 ∼

�
n

√
can be taken from (n is rounded), and the

K-means algorithm is executed cyclically, and the smallest
one is selected among the equalization function values, and

Input: *e number of clusters k and the number of sample sets n
Output: k clusters, so that the objective function value is minimized

(1) Choose any k clusters from the n sample sets as the initial cluster centers, i.e., the mean value of this class [27].
(2) Calculate the distance between the cluster center and each data in the sample set, and put the one with the smallest distance into

the class where the cluster center point is located.
(3) After new data points are added to each class, the mean value of the class is recalculated.
(4) Loop step (2) and step (3) until the objective function J does not change, then the algorithm ends [28].

ALGORITHM 1: K-clustering algorithm.

Total number of 
clusters k

Input

k data centers

Output

Number of data 
points in the data 
set

Figure 5: Initial centroid selection algorithm for data samples.

Input: Total number of clusters k and number of data points in the data set
Output: k data centers

(1) Calculate the distance matrix according to D � (dij) the formula, where dij � dist[i，j](1≤ i≤ n，1≤ j≤ n)

(2) Find the maximum and minimum values of the distance from the distance matrix D, and calculate the lim it threshold value.
(3) In the distance matrix D, find the two data a, b with the smallest distance, add the data a, b to the set, and Ci(i �

1, 2, 3, . . . , k)，Ci � a, b{ } at the same time remove the data a, b from the set S, and update the matrix D.
(4) Find the closest sample Cit in S. If Dist[t, Ci] is less lim it than the threshold, add tCt to the set, while removing t from the set S,

update the matrix D, and repeat step (4) using Eq. Otherwise, stop.
(5) If i< k，i � i + 1, repeat steps (3) and (4) until the k sets are completed.
(6) Take the Ci(1≤ i≤ k) average value of the data in the set noted as data center j, so that k data center points are selected.

ALGORITHM 2: K-mean space clustering algorithm.

The initial 
centroids obtained 

by the data 
distribution 

algorithm

Input

The k clusters that 
minimize the 

criterion value of 
the equalization 

function

Output

Figure 6: Improved K-means algorithm.
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the k value at this time is recorded, and this k value is the
optimal number of clustering results. In this article, we start
to select the initial centroid based on the data distribution
method as shown in Figure 6 (Algorithm 3).

3.6. Spatial Data Clustering. Spatial data clustering (spatial
clustering) is one of the important components of spatial
data mining. As a research direction in cluster analysis, it
refers to the grouping of each data object according to the
similarity between items so that the data in each cluster reach
a certain degree of similarity, while there are certain dis-
parities between data in different classes, and further, the
main distribution patterns of spatial data and related typical
patterns can be found. Spatial data clustering has been
widely used in urban planning, environmental monitoring,
earthquake forecasting, military, market analysis, and many
other fields, penetrating into many aspects of social life.

*e PSO-based K-means data clustering algorithm, as
the name implies, combines this PSO algorithm with the
K-means algorithm, so that it can well achieve the result of
correct classification of data by avoiding the defect that k
needs to be specified in the K-means algorithm. However, in
high-dimensional spatial data, the evaluation criterion
function of the K-means clustering algorithm is limited, and
if no improvement is made, then the results obtained are
bound to be unsatisfactory.

In this article, the evaluation criterion function of
K-means is improved so that it is related to both intraclass
and interclass distances, thus adding weights to the intraclass
and interclass distances that affect the evaluation criterion
function to make it more effective in clustering; the tests in
this article show that the improved algorithm has relatively
high convergence and a high correct rate, which strengthens
the effectiveness of the clustering effect.

In this article, the improved K-mean space clustering
algorithm is called the clustering algorithm Km,nPSO, and its
main process is shown in Figure 7.

4. Empirical Analysis

When there are many factors affecting the sample data, that
is, when the dimensionality of the data is high, a “dimen-
sional disaster” occurs, which refers to a situation where the
computational complexity of the clustering algorithm in-
creases exponentially as the number of dimensions

increases. Moreover, the higher the dimensionality, the more
difficult it is to define the distance function in the clustering
algorithm.

As it is more difficult to handle when clustering high-
dimensional data, in high-dimensional data space, dimen-
sional groups can be grouped by different types of dimen-
sions, and we call this method of handling data as
dimensional grouping method. In the relational spatial
database, attributes are divided into various types, for ex-
ample, they can be divided into spatial attributes and
nonspatial attributes, and among spatial attributes, they can
also be divided into geometric and nongeometric attributes
and many other cases. According to this method, the
number of dimensions is greatly reduced, and the original
high-dimensional spatial data set is split into multiple
groups of low-dimensional data sets, and improved algo-
rithms can be applied to the low-dimensional data sets, and
the clustering results obtained at this time are more accurate.
*e basis of dimensional grouping can be set according to
the characteristics of the actual database.

In this article, we selected the indicators and data related
to landscape conservation from 2000 to 2021 and obtained
the initial data set with 21 dimensions, which we divided into
three clustering influence factor groups, A1, A2, and A3,
according to the dimensional grouping method, and the
number of clustering influence factors in each group is 7
dimensions, and each clustering influence factor group is
divided into three classes of Km,nPSO each using the algo-
rithm in the previous chapter of this article, and then using
the index conversion method. *e conversion is then
performed.

First, for a high-dimensional data set, all samples are
clustered on the first spatial influence factor group obtained
by the clustering method, and some clusters are obtained;
then the results obtained by clustering on the first spatial
influence factor group are clustered on the second clustering
influence factor group by clustering Km,nPSO method, and
some other clusters are obtained, and this time the results
obtained in the second clustering influence factor group are
clustered on the third clustering. *e final clustering results
are obtained by applying the same method to the third
cluster of influencing factors until all clusters of influencing
factors have been processed.

For example, there are three clustering influence factor
groups, also called dimension groups, A1, A2, and A3, re-
spectively. First, two classes (1, 3, 5, 6, 10) and (0, 2, 4, 8, 9)

Input: Initial centroids obtained by the data distribution algorithm
Output: k clusters that minimize the criterion value of the equalization function

(1) Set the value of k so that it is 1，2， . . .，
�
n

√
equal to.

(2) Call the k objects determined by the initial centroid obtained by the data sample algorithm as the initial clustering centers.
(3) Calculate the mean value in the obtained classes and place each sample object in the nearest class.
(4) Update the mean value of each class.
(5) Calculate the evaluation function according J(c, k) to the formula, until it converges; otherwise, repeat step (3) and step (4).
(6) Select the minimum value of the equalization function according J(c, k) to the formula, and write down the corresponding k

value that is the optimal number of clusters, at which point the algorithm ends.

ALGORITHM 3: Improved K-means space clustering algorithm.
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1, 2, 3, 4, 5, 
6, 7, 8, 9, 10

1, 3, 5, 6, 10
3, 5 3, 5

1, 10 1, 10

0, 2, 4, 7, 8, 
9

0, 2, 8 2, 8

4, 9

Figure 8: Clustering results.
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Figure 7: Km,nPSO flow of clustering algorithm.
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Figure 9: Clustering results.
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are Km,nPSO obtained by clustering on the whole sample
data set using the clustering method on the A1 dimension
group, and then the same method is applied on the A2
dimension to first cluster (1, 3, 5, 6, 10) clustering to get two
classes (3, 5) and (1, 10), and similarly clustering (0, 2, 4, 8, 9)
in A2 dimension to get two more classes (0, 2, 8) and (4, 9),
followed by clustering (3, 5), (1, 10), (0, 2, 8), and (4, 9) in A3
dimension again to get the final clustering results (3, 5), (1,
10), and (2, 8). *e clustering process is shown in Figure 8.

*e given landscape conservation data are then divided
into two dimensional groups, namely A1 and A2. *ere are
24 groups of data to be grouped, and the 24 groups are
numbered as 1, 2, . . ., 24; first, the whole sample data set is
clustered on the A1 dimensional group using the clustering
method to obtain three classes of Km,nPSO (1, 4, 7, 10, 13, 16,
19, 22), (2, 5, 8, 11, 14, 17 20, 23), and (3, 6, 9, 12, 15, 18, 21,
24), and then apply the same method to cluster (1, 4, 7, 10,
13, 16, 19, 22) first in A2 dimension to obtain one class (1, 4,
7, 10, 13, 16, 19, 22) and cluster (2, 5, 8, 11, 14, 17, 20, 23) in
A2 dimension to obtain two classes (2, 5, 8, 11, 14, 17) and
(20, 23), and one class (3, 6, 9, 12, 15, 18, 21, 24) was obtained
by clustering on (3, 6, 9, 12, 15, 18, 21, 24) in A2 dimension.
*e clustering process is shown in Figure 9.

According to the dimensional grouping and dimen-
sionality reduction method, the national landscape con-
servation data are clustered with a total distance of four
classes, but our correct clustering should be three classes,
and the 20th and 23rd data should be clustered as the second
class, so the correct rate of clustering by this method is
91.7%. *e dimensional grouping and dimensionality re-
duction method does simplify the complexity of clustering
and solve the problem of “dimensional distress,” but at the
same time, it has a limited scope of use and can only be
applied to relational databases; moreover, the accuracy of
clustering obtained after dimensionality reduction by this
method is not high, and we can also improve this method
from these two aspects in the process of future research.

5. Conclusions and Recommendations

In this article, we mainly study the data clustering algorithm
and adopt the research method from simple to complex;
first, we establish the spatial data clustering model to cluster
the low-dimensional data, then process the high-dimen-
sional spatial data, improve the original K-means clustering
algorithm in the low-dimensional data set, and combine the
PSO with K-means algorithm in the high-dimensional
spatial data set to get the new algorithm. And the improved
two algorithms are applied to the corresponding data sets,
and the powerful superiority of the improved K-means
spatial clustering algorithm in this article is verified through
the comparison of the algorithms.

For landscape conservation, the following proposed
measures are put forward according to the research results.

5.1. Reconstructing the Protection System. It is necessary to
develop a protection system for the protection of cultural
landscape heritage of gardens according to the Convention

for the Protection of the World Cultural and Natural
Heritage and other national regulations to protect its “au-
thenticity” and “integrity.”

5.2. Extracting theValue Elements. Historical development of
literature on the past and present life of the garden landscape
for in-depth investigation and research, the site of its historical
and humanistic summary, will provide richer historical re-
sources for the cultural landscape. *e collection of books
related to humanities background can be a background un-
derstanding of how the landscape was formed and know what
kind of humanities background has forged the landscape.

5.3. Protecting the Internal Environment. Garden landscape
is largely derived from a good natural ecological environ-
ment, whether it is the internal natural vegetation or the
surrounding peripheral environment, the Feng Shui grass
movement will constitute a great impact on the environ-
ment. *e same good natural ecological environment is the
root of the landscape; mountains, water, flowers, and trees
are the bones, blood, and hair of the landscape; one cannot
be missing, and the natural ecological environment is
constituted by the dynamic springs and pools and the
flowers and trees in the four seasons. In addition, ancient
trees and trees file are important elements of the landscape,
are also a precious natural heritage of the landscape, and
should be established for the protection of these ancient trees
and trees file. Second, as a classical garden, the atmosphere of
its viewing and the creation of mood is particularly im-
portant. *e number of visitors per moment should be
limited, should not accept a large number of tourists, should
allow visitors to have a good viewing experience and spir-
itual perception, should be under the premise of controlling
the number of tourists in the scenic area, and then should be
limited through management measures to view the flow. In
the premise of landscape protection while ensuring the
visitor experience, can be controlled by receiving free tickets
and advance reservation and can stay in the peak time limit
and other ways to control the flow of people at all times to
ensure the environmental experience. In addition to ensure
the effect of water features, tap water can be introduced for
concealed treatment. Finally, if the main garden building is
relatively well protected, there is a risk of being damaged due
to unreasonable use, and the impact of natural weathering
requires good periodic inspection and maintenance. Com-
pared to the main building, the garden structures and some
of the miniatures are damaged by both natural and man-
made influences and need to be updated and protected in a
timely manner.

5.4. Controlling the External Environment. *is includes the
control of the external environment, the continuity of public
opinion propaganda, and the control of external traffic. *e
control of external environment includes reasonable de-
lineation of the external environment control area, adjust-
ment of the nature of some surrounding sites, and
reasonable organization of traffic environment. Public
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opinion propaganda can be carried out through on-site
display, thematic museum, network propaganda, publica-
tion propaganda, media propaganda, etc. External traffic
control is carried out through external diversion, selective
expansion, signal guidance, etc., to control and balance the
flow of people in each attraction.
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In order to further solve the problem of the application and auxiliary function of geometric prototypes in the process of complex
architectural structural form design, a method of architectural form design research based on the perspective of geometric logic is
proposed. Taking buildings as an example, combined with the requirements of architectural form design, the optimal design of
architectural structure form is studied with the help of genetic algorithm, focusing on the verification of building plane and space
optimization design under displacement constraints. (e results show that after 3257 iterations, the adaptive degree does not
change, the correspondingmaximum uniqueness is 0.1196mm, and the weight of the truss structure is 0.3585 t, indicating that the
structural design based on geometric logic and genetic algorithm can effectively satisfy the optimal form design of the building
form under the constraints. (e design method of geometric logic incorporates the whole process of building use, building site,
building system, and production and construction into the control scope of the design. In the design process, according to the real
environment, through the translation and logic construction of computer language simulation, the architectural concept scheme
is generated, and finally the building product is promoted. Complete with high precision.

1. Introduction

In recent years, with the continuous development of the
construction industry and the progress of science and
technology, the construction industry has undergone pro-
found changes based on the improvement of digital tech-
nology, artificial intelligence technology, and construction
technology [1]. Advanced parametric design tools and
powerful computing advantages of computer technology
provide a certain technical support for the innovative de-
velopment of the construction industry and the innovative
design of architectural forms. With the support of these
technologies, modern architecture even began to surpass the
traditional architectural form, and the connotation and
extension of modern architectural form design have been
extended to a certain extent. With the aid of parametric
design tools and geometric logic principles, more and more
complex buildings began to appear, and the innovation of
architectural form design was incisively and vividly reflected.

(e architectural industry has put forward higher require-
ments for the design, the rationality of the architectural
form, and the possibility of use and correlation. (e ar-
chitectural design is no longer subject to the constraints and
constraints of traditional geometric principles, and the
modern architectural form under the perspective of geo-
metric logic more and more meet people's demand for high-
quality buildings [2].

2. Literature Review

Architectural geometry emerges as architecture enters the
digital era. It is theoretically influenced by advanced ge-
ometry theories such as differential geometry, topology
geometry, fractal geometry, and cellular automata. It mainly
focuses on the design and analysis of complex public
building forms and the application research of construction
process. (e research content includes free-form surface
creation of architectural form, discrete generative design of
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surface, digital prototype manufacturing, and so on, which
mainly plays a role in the optimization control of archi-
tectural form and surface. With the development of society,
the emergence of complex buildings, the continuous
progress of parametric building technology, and the
emergence of digital virtual technology have narrowed the
distance between people and the future space [3]. However,
no matter how extensive such expansion is, it cannot change
the materiality of architecture as an object existing in space.
(is materiality carries the hard and intelligent work of
temperature technology from generation to generation. To
continue to adhere to it is to adhere to the belief that ar-
chitecture is the cultural foundation [4].

(e research on the application of geometric logic in ar-
chitectural design thinking and architectural form control in
China mainly focuses on the study of architectural form design
or construction methods based on geometry or advanced
geometry. (e main research directions are the application of
topology in contemporary architectural form and space cre-
ation; research on architectural geometric logic control based
on engineering practice; research on the generation and
construction of complex architectural forms based on ad-
vanced geometry; and complex architectural form control
based on geometric logic. (is part of the research is mainly
based on the use of geometric control system method, the
control and optimization method of architectural form is
discussed, and the research is based on engineering practice
and project practice, and has high research value [5]. In the
research of parametric design digital construction based on
geometric logic thinking, on the one hand, it is aimed at
parametric technology or digital construction technology, and
the geometric logic construction method of architectural form,
such as the geometric logic construction method of architec-
tural form based on parametric technology and research on
geometric construction strategy of contemporary digital ar-
chitecture [6]. On the other hand, the research on the appli-
cation of parametric method to the generation of architectural
design scheme also includes the research on the operation
process of digital technology based on a certain relationship [7].
After entering the twenty-first century, the geometric form of
architecture develops from linear geometric form tomore free-
stretching nonlinear geometric form. (e transformative ap-
pearance of parametric nonlinear design method makes the
geometric form of this period a comprehensive product based
on the analysis of the real environment and real performance
requirements of the building. (e geometric logic design
method brings the whole process of building site construction
system and production and construction into the control scope
of the design. In the design process, based on the real envi-
ronment, the architectural concept scheme is generated
through the translation and logical construction of computer
language simulation. In the deepening and construction links,
precise geometric modules are used to control the control
drawings and samples of each datum, and finally promote the
high-precision completion of architectural products. It is such
digital transformation that once again promotes the relation-
ship between architecture and geometry, thus triggering the
transformation of geometric logic thinking in architectural
design [8].

3. Architectural Structural Form Design
Based on Genetic Algorithm

As a typical algorithm in modern optimization algorithms,
genetic algorithm, compared with mathematical pro-
gramming method and optimal criterion method, has the
advantages of high efficiency, strong robustness, and strong
global optimization ability, and can more effectively search
for structural optimization by simulating the natural
evolution process. However, the traditional genetic algo-
rithm is prone to premature convergence in the iterative
process, oscillation around the optimal solution when it is
approaching the optimal solution, and large randomness.
(e factors that need to be considered in the design of
building structures are becoming more and more impor-
tant. (e more complex traditional genetic design methods
are often difficult to handle.(erefore, in order to avoid the
traditional genetic algorithm falling into the local optimal
solution prematurely, this paper improves the traditional
genetic algorithm from the two aspects of fitness value
function calibration and population diversification,
broadens the optimization space of the genetic algorithm,
and uses the improved genetic algorithm. (e algorithm
solves the optimization problem with discrete variables of
structural section size and stress constraints, which pro-
vides a new idea for scientific structural design
optimization.

3.1. Principle of Genetic Algorithm in Shape Design

3.1.1. Operating Principle. (e operation of genetic algo-
rithm is divided into three elements of coding fitness
function and genetic operation, which work alternately in
coding space and decoding space. (e genetic operation of
chromosomes is completed in the coding space, while the
discrimination and selection of solutions are carried out in
the solution space, as shown in Figure 1. (e whole genetic
algorithm is to use coding and decoding to connect the
coding space and solution space, work in a continuous cycle,
and finally search out the optimal results in the solution
space [9, 10].

Feasibility refers to whether the solution obtained after
chromosome decoding is contained in the range of the
solution. If the solution is within the range, it indicates that
the solution is feasible. If it is not within the range, the results
obtained are not feasible. Legitimacy refers to whether the
obtained chromosomes can represent the solution of the
problem, as shown in Figure 2.

3.1.2. Fitness Function. (e general fitness function has the
following three transformations:

(e first is to directly use the objective function as the
fitness function:

(e biggest problem with objective functions:

Fit(f(x)) � f(). (1)

Minimum objective function problem:
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Fit(f(x)) � −f(). (2)

(e advantage of this method is that it is more intuitive
and simple, and easy to understand, but the disadvantage is
that it cannot meet the non-negative conditions of some
selection methods, and when solving some function prob-
lems, the value difference is too large, which hinders the
average performance.

Second is boundary construction method.
To minimize the objective function:

Fit(f(x)) �
cmax − f(x), f(x)< cmax,

0, others,
 (3)

cmax is an estimated large number of f(x).
If we find the maximum problem of the objective

function,

Fit(f(x)) �
f(x) − cmim, f(x)> cmin,

0, others,
 (4)

cmin is an estimated decimal of f(x).
To minimize the objective function:

Fit(f(x)) �
1

1 + c + f(x)
, c≥ 0, c + f(x)≥ 0. (5)

If you want to maximize the objective function,

Fit(f(x)) �
1

1 + c − f(x)
, c≥ 0, c − f(x)≥ 0. (6)

(is method is an improvement of the second method,
and c estimates the bounds of the objective function.

3.1.3. Genetic Operator Operation. Among all crossover
operators, the most common is single-point crossover,
which means that there is only one crossover point. Genes at
the intersection of two paired chromosomes are exchanged
and recombined to form new chromosomes in three steps:

(1) Pairwise selection of the population operated by
crossover operator is generally random, but also can
be selected sequentially.

(2) After the pairing was completed, a random cross-
over point was formed for each pair of chromo-
somes, and the crossover point was located between
loci [11, 12].

(3) (e genes behind the intersection of two paired
chromosomes are swapped and recombined
according to the location of the intersection, so that
two new chromosomes are created such that one pair
of paired chromosomes in a population is

C1: 10011001|11,

C2: 01001111|00.
(7)

Including | for cross-position will be crossed off the gene
behind two chromosomes’ intersection after restructuring
and get two new chromosomes:

C1′: 10011001|11,

C2′: 01001111|11.
(8)

(e advantage of using single-point crossover is that if
individual traits or fitness is provided by continuous loci,
single-point crossover can greatly reduce the probability of
breaking such continuity, which is beneficial to the con-
vergence and efficiency of genetic algorithm. In the op-
eration of genetic algorithm, the main parameters mainly
include chromosome encoding length L, population size
M, crossover probability pc, mutation probability pm,
termination algebra T, and so on. Termination algebra is
only one of the termination conditions of genetic algo-
rithm. It can also determine whether to terminate genetic
algorithm according to the convergence after each iteration
[13, 14].

3.2. Procedure of Algorithm.
(1) (e total population of chromosomes was randomly

generated, and fitness calculation was carried out.
According to the selection probability, chromosomes
with better fitness were selected from the total
population as the parent of the first iteration, and
chromosomes with poor fitness were selected as the
backup pool, as shown in Figure 3.

(2) Parent generation pairs are paired to perform
crossover operator operation to generate offspring
chromosomes, and the fitness of offspring is calcu-
lated. Parent generation 1 is selected according to the
fitness to perform mutation operator operation, as
shown in Figure 4.

(3) Parent 1 operates the mutation operator according to
the coefficient of variation to generate offspring 1
and calculate the fitness. By comparing with parent 1
and backup pool 1, chromosomes with better fitness
are selected as the mother of the next iteration, as
shown in Figure 5.

Coding space
Solution space

Infeasible solution

Illegal
solution

Feasible solution
Feasible
region

Figure 2: (e feasibility and validity of the solution.

Coding space 
Genetic algorithms

Decoding

Coding

Solution space 
Evaluation of choice

Figure 1: How genetic algorithms work.
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(e operation of genetic algorithm is mainly ac-
complished by selection operator, crossover operator,
mutation operator, and fitness calculation. After the
completion of each genetic operation, the fitness was

calculated and sorted by comparison, and the individuals
with better fitness were retained for the next genetic
operation [15, 16]. Figure 6 shows the flow of genetic
algorithm.

Comparative 
fitness

Chromosome with good fitness

Chromosome with poor fitness

Maternal generation

Reserve pool

Figure 3: Selection operator operation.

Comparative 
fitness

Maternal generation 1

Reserve pool 1

Maternal generation 

Offspring

Reserve pool 

Crossover operator

Figure 4: Crossover operator.

Comparative 
fitness

Maternal generation 2

Reserve pool 2

Maternal generation 1 

Offspring 1

Reserve pool 1 

Mutation operator

Figure 5: Mutation operator operation.
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3.3. Function Evaluation. (e real solution x is converted to
a binary number, and the binary 0–1 string formed is used as
the chromosome 0–1 string for genetic algorithm.(e length
of the binary 0–1 string depends on the accuracy of the
function solution. For example, in the range [0, 1], the
precision is 0.001, then the binary 0–1 string length is 10
assuming that one of the solutions is 0.305, and then it is
represented by binary:

C: (0100110111). (9)

To convert the binary 0–1 string obtained after the
operation of the genetic algorithm into the corresponding
real number, the decimal value of the binary 0–1 string needs
to be calculated first. For example, the binary 0–1 string D in
[C, D] is as follows:

D: a1a2a3a4a5a6a7a8a9a10( . (10)

Convert it to a base 10 number:

x � 
9

i�0
ai · 2i⎛⎝ ⎞⎠

10

� a1a2a3a4a5a6a7a8a9a10( 2.

(11)

(en, x corresponds to the real numbers of [c, d]:

x1 + c + x ·
d − c

210 − 1
. (12)

For example, a code string C: (0011110110) with 0.001
precision in [0.1] represents a real number of 0.246.

Based on the accuracy, we can determine that the length
of chromosome coding string is 10 and randomly generate
50 binary coding strings to form the initial population,
minus Table 1 [17, 18]. After fitness comparison, 10 chro-
mosomes were selected proportionally for genetic algorithm
operation iteration process, as shown in Figure 7.

It can be seen from Figure 7 that the fitness increases
with the number of iterations and does not increase after
reaching a certain point. In this case, the optimal solution is

(0 1 1 1 1 1 0 1 000), which is converted into a real number
of 0.500, and the maximum value of the function is
−0.750000.

When the genetic algorithm iterates to the 118th gen-
eration, the result obtained is the optimal solution. Figure 8
shows the broken line of the relationship between fitness and
iteration times. It can be seen that fitness decreases with the
increase of iteration and does not decrease after reaching a
certain value[19, 20]. See Figure 8.

Perform the
selection

operator operation

Perform the
crossover

operator operation

Generate a new
population P (1)

Perform the
mutation

operator operation

i=T? �e or
convergence

Generate initial
population P (0)

�e end of the Specify the
results

No

Coding

i=i+1

Start

Yes

i=1

Figure 6: Genetic algorithm flowchart.

Table 1: Iterative process.

Iterations Binary coding X Fitness
Step 1 0 1 0 0 1 1 0 0 1 0 0.307 −0.786491
Step 3 1 0 0 1 1 1 1 1 1 0 0.506 −0.750033
Step 9 0 0 0 1 1 1 1 1 1 0 0.504 −0.750012
Step 10 1 1 1 0 1 1 1 1 1 0 0.502 −0.750008
Step 11 0 1 1 0 1 1 1 1 1 0 0.501 −0.750003
Step 16 0 1 1 1 1 1 0 1 0 0 0.500 −0.750001
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Figure 7: Fitness iteration polyline.
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3.4. AlgorithmExample. Taking truss structure optimization
as an example, the three variables that have great influence
on the mechanical properties of the truss structure, namely,
the topological form of the truss and the truss shape and the
cross-sectional area of the members, are operated by genetic
algorithm. (e problem can be expressed by the following
mathematical model:

min, fitness(x) �
1.0

Dmax ∗W
,

s.t,

s ∈ Ω,

A ∈ A0,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(13)

x is the topological relation of the structure, the cross-
sectional area, and the coordinates of the nodes and other
variables, Dmax is the maximum displacement of the
structure, W is the weight of the structure, s is the shape of
the structure, Ω is the spatial condition, indicating that the
node position should be within the spatial range of the
constraint, A is the cross-sectional area, and A0 is the cross-
sectional area condition indicating that the selected cross-
sectional area type should restrict the cross-sectional area
range.

(e shape design under constraint conditions is to meet
certain constraints such as displacement and internal force
and carry out topology and shape design of the structure
[21, 22]. (e research focuses on the optimization of truss
structure shape under displacement constraints, as shown in
Figure 9, where the precision instrument is placed on the
structure. (e structure produces vertical displacement due
to the weight of the precision instrument itself. In order to
ensure the accuracy of the measurement of the precision
instrument, the vertical displacement of the upper surface of
the structure is required to be equal.

(e three nodes in the middle of the lower chord in the
figure are taken as variables. It is required that all nodes of the
upper chord have the same vertical displacement under the
gravity of the precision instrument. (e following mathe-
matical model can be used to represent this kind of problem:

min fitness(x) �


n
i�1 Δyi − u( 

2

n
,

s.t s ∈ Ω.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(14)

As shown in Figure 10(a) and 10(b), the topological form
of the truss has been given, wherein the ordinate of node 6 is
changeable, and point 1 is used as the origin of the coor-
dinate, so the range of ordinate variation of point 6 is [0, 1],
with a precision of 0.001. Point 1 and point 5 are hinge
supports, and a vertical load of 1 KN is applied at points 2, 3,
and 4, respectively. (e cross-sectional area of the rods is
2.5 cm2, requiring that the vertical displacement of the joints
of the upper chord of the truss is basically the same. As the
vertical displacement of the nodes of the upper chord of the
truss is required to be equal, the fitness is selected as the
displacement variance, the initial population is 50 chro-
mosomes, the selection probability is 20%, and the mutation
probability is 0.01. After genetic algorithm iteration, the
results are as follows:

As can be seen from the figure above and Table 2, when
the genetic algorithm iterates to the 11th time, the ordinate
of point 6 is the optimal solution that meets the constraint
conditions, which is 0.486.

As the vertical displacements of the nodes of the upper
chord of the truss are required to be equal, the fitness is
selected as the variance of the vertical displacements of the
three nodes. (e initial population is 100 chromosomes, the
selection probability is 20%, and the mutation probability is
0.01. After genetic algorithm iteration, the results are shown
in Figure 11(a) and 11(b).

It can be seen from the figure that as the number of
iterations increases, the truss form obtained changes con-
stantly. When the iteration reaches the 1026 generation, the
optimal result is obtained, as shown in Tables 3 and 4.

It can be seen from the above table that when the genetic
algorithm iterates to the 1026 generation, the displacement
variance between points 3, 4, and 5 is the smallest, and it can
be considered that the vertical displacement of the three
nodes is equal. As the number of iterations increases, the
fitness also increases, and it stops changing when it reaches a
certain value. In the figure, when the iteration reaches the
3257 generation, the fitness does not change. (e maximum
displacement of the final truss form obtained by iteration is
0.1196mm, and the weight of the truss is 0.3585 t.

4. Architectural Form Design under
Geometric Logic

4.1. Factors Influencing the Formation of Complex Architec-
tural Structure Form. (ere are some complex form
buildings, the structure is separated from the external form,
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Figure 8: Fitness iteration polyline.
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Figure 9: Deformation diagram.
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but it is not that the structure does not conform to the logic
of building form generation, but because the building is a
very large and complicated system, sometimes in order to
achieve different purposes, the structure and form system
can also be divided into two corners, and the structure can
also be divided into different function systems. Some
buildings are complex in shape, but the internal function
layout is still in accordance with the traditional floor setting
room division. In this case, the structural system of the
building can be divided into several parts according to the
actual demand, and the structural part most closely related
to the shape is obtained by the shape generation logic. (e
more orderly part of the interior can adopt the simple
structure of the traditional beam, plate, and column system.
(e targeted scheme avoids unnecessary economic losses
caused by the complexity of simple problems. For example,
in the super high-rise China Respect Project, the central
square core tube is a simple part of the whole structural
system, while the periphery (the four corners of the square
plane) is a complex part of the structure, such as the giant
column system and the waist truss system, which change
with the change of the building form [23, 24].

4.1.1. Structural Mechanical Factor. (e safety, applicability,
and durability of structures are directly related to their
mechanical properties, so mechanical factors become the
primary consideration for the realization of structures.
Generally speaking, complex building structural systems
have unique mechanical characteristics to meet the reali-
zation of complex forms. It can distribute its load and stress
effectively to the whole structure system. From the principle
of structural mechanics, the structural system can evenly
transfer the load, which indicates that it has high efficiency.
(erefore, the complex structural system itself has quite high
mechanical rationality, which is more in line with the
construction logic than the traditional beam, plate, and
column system.

Optimization can be divided into two aspects, due to
structural optimization, take the form as the optimization
variable, adopt the appropriate optimization algorithm, and
get the optimal form, this method is also known as the
numerical method of creating form, because it involves a lot
of expertise in structural engineering.

On the other hand, the finite element software ANSYS
and structural design software PKPM are used to analyze
and optimize the structural component system after the
building surface shape is determined under the influence of
structural indicators. (e main aspects of the study are static
analysis, modal analysis, and buckling analysis, and the
secondary components of the structure are tested and an-
alyzed to obtain the optimal solution of its mechanical
properties.

4.1.2. Structural and Functional Factor. Under certain cir-
cumstances, the establishment of the structural system can
provide an interrelated dynamic system for the crowd
movement trend function configuration space characteris-
tics; for example, the linear setting of the structure can
determine the single path of the crowd flow line. (e scale
and transparency of the space established by the structure
can provide specific modes of behavior or spatial use. (is
correlation is not only limited to complex structure, but also
reflected in the traditional structure, but complex structure
can be deduced form the more thoroughly clear. Especially
after using the parameterized technology, integration of the
behavior of the feature space, and the intelligent pro-
gramming language through algorithm, such as demand,
structure of system becomesmore diversified, more relevant,
and functional use.

(e influence of function on the integration of structure
is also reflected in the direct integration of the two. In the
process of diversified development of architecture, the
boundary between the structural skin and the room has
become increasingly blurred. Sometimes, the structure is a
functional space, and the space is also reflected by the
structure. For example, Toyo ITO Sendai Media Center's
design concept is a completely free system of behavior, and
no room division, through the beamless floor and seaweed
light columns to reflect the structure.(ese hollow structural
columns are cleverly designed as stairwells, elevators,
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Figure 10: Truss optimization under constraint conditions. (a) Initial conditions. (b) Final shape.

Table 2: Iterative process.

Step Fitness Y 3

Step 1 2.513E-07 0.497
Step 5 2.049E-07 0.495
Step 11 3.891E-07 0.486
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equipment, pipes, and small rest spaces due to their ap-
propriate space accommodation, thus achieving a high
degree of integration of structure and function.

4.2. Geometric Logic in Architectural Structural Form Design

4.2.1. Selective Construction Starting Point. From the per-
spective of thinking method, parametric geometric logic
construction is guided by nonlinear thinking method,
which advocates flexibility and uncertainty of design
process and opposes solidification and stylization of
thinking activities. (erefore, parametric geometric logic
construction advocates constructors to enter the work of
geometric logic construction in different ways. In the
process of design, through updating and reconstruction,
they can deepen their knowledge and understanding of the

design environment and gradually reach a balance state
with the design constraints. However, there are many
complexities in architectural design. In the initial stage,
parameterized geometric logic construction should make
design objectives and thoroughly analyze the relationship
between various parameters and the environment. (us,
instead of the traditional top-down approach, the con-
struction starts with one or several distinct geometric
logics.

4.2.2. Select Parameters. In the process of constructing pa-
rameterized logic, it is very necessary to optimize the selection
of variables. Only by selecting the correct parameters, can the
parameterized geometric model be controlled in the best way.
Generally speaking, the parameters should be selected to meet

Table 4: Constrain the displacement of the node.

Iterations Fitness 4-point displacement 4-point displacement 5-point displacement
1 1.28E-11 −2.1775277E-04 −2.1879394E-04 −2.1367026E-04
3 6.37E-12 −1.9874904E-04 −1.9948945E-04 −1.9870909E-04
15 4.63E-13 −1.2137348E-04 −1.2191081E-04 −1.2137351E-04
74 4.43E-13 −1.1954922E-04 −1.2008521E-04 −1.1959555E-04
133 3.90E-15 −1.2437863E-04 −1.2442926E-04 −1.2439288E-04
218 5.46E-17 −1.2965421E-04 −1.2964772E-04 −1.2965318E-04
344 2.69E-19 −1.1929033E-04 −1.1929005E-04 −1.1929033E-04
548 2.51E-19 −1.1973768E-04 −1.19737798E-04 −1.1973766E-04
1026 2.12E-21 −1.1975644E-04 −1.1975644E-04 −1.1965744E-04

2 3 4 5 6

1 8 9 10 7

(a)

Step 1 Step 1026

(b)

Figure 11: Truss optimization under constraint conditions. (a) Initial conditions. (b) Final shape.

Table 3: Change the coordinates of the nodes.

Iterations Fitness 8-point ordinate Nine-point ordinate Ten-point ordinate
1 1.28E-11 0.59561 0.44943 0.57552
3 6.37E-12 1.24593 0.3582 1.24592
15 4.63E-13 1.0046 0.98342 1.0045
74 4.43E-13 0.85409 0.87443 0.85383
133 3.90E-15 0.40721 0.53047 0.40782
218 5.46E-17 1.21322 1.11779 1.21314
344 2.69E-19 0.82483 0.85166 0.82448
548 2.51E-19 0.91055 0.91117 0.91051
1026 2.12E-21 0.91256 0.91254 0.91224
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the requirements of architectural form control precision as
the basic conditions, and the number of parameters should be
set in accordance with the principle of less to more on this
basis and tries to set the parameters in the initial stage of
geometric logic construction and reduce the parameter ad-
justment in the construction process. In the design, the ar-
chitect first performs a logical analysis of the target geometry
and draws a logical framework on the computer, then writes a
script and debugs it. Debugging is an important part of
programming and is themost common solution architects use
when logical relationships are unclear. Debugging can not
only verify the correctness of the program function, but also
provide inspiration and enlightenment to the constructor in
the process of solving mistakes. It is a dynamic feedback
process. In addition, the geometric form of architectural form
usually has some relatively stable topological structure and
internal laws. Architects can also rely onmature algorithms or
functions to carry out parametric construction work, such as
using existing functions in MATLAB and Mathematica to
directly generate hyperboloid minimal surface. In a word, the
process of finding logical relations and establishing models in
parametric geometric logic construction can be illustrated in
Figure 12.

4.2.3. Output. (eoretically, the process of parametric
geometric logic construction is finished after the parametric
model is obtained, but in practical work, the parametric
model is not the real result required by architects, and it
needs to be further output as a solid model for subsequent
work such as rendering, animation, and 3D printing. For
projects that need to be built and implemented, parame-
terized software not only needs to provide the building
model to the manufacturer, but also needs to provide the
management database of all production components syn-
chronously, including naming rules, positioning parameters,
and material attributes. (e output of the result is the last
step of the construction of parametric geometric logic and
also the key link of transforming the construction of
parametric geometric logic from thinking consciousness to
material form. At present, the file output formats of various
parametric software and digital manufacturing software are
not unified. Architects often need to convert file formats
among various software. Generally speaking, file formats
with small storage space have good compatibility, but the
model accuracy is not enough, and it is easy to lose infor-
mation. File formats with high accuracy are perfect for the
storage of various information of parameter models, but
occupy a large space and process slowly. (erefore, archi-
tects need to consider the output of results in the initial
stage of geometric logic construction. Currently, the com-
monly used output formats are 3 ds file, igs file, obj file, and
so on.

4.2.4. 3e Combination of Parametric Design and Con-
struction Techniques. (e construction method of para-
metric geometric logic can be summarized as the following
six steps:

(5) (e combination of parametric design and local
construction techniques.

Parametric geometric logic construction method has
strong adaptability and can provide parametric solutions in
different regions and different ideologies. It is an effective
innovation approach for northern Xinjiang. But under the
strong and accurate control of parametric geometry con-
struction, to achieve a short time of fine construction requires
the cooperation of high-precision CNC equipment, which is
not consistent with the construction truth in Xinjiang [25].
(erefore, it is necessary to combine parametric geometric
construction with low-tech technical construction in the later
stage. At the beginning of the design, the convenience of
artificial construction and the use of low-tech strategy should
be considered, and local technologies and materials should be
used according to local conditions. Improve the readability of
drawings, and interpret the construction of each detail to
workers by using construction manuals with a large number
of 3D detail model disassembly at the construction site. At the
same time, we pay attention to the decomposition and
simplification of difficult problems, and give each project
participant the most simple and clear task, so as to achieve
comprehensive overall and efficient control.

5. Conclusion

In the context of nonlinear and complex architecture, ge-
ometry has become an indispensable tool in the design and
construction of buildings. On the one hand, the architecture
makes use of advanced geometry principles to generate rich
algorithms and mathematical models in the generative logic.
On the other hand, geometry, as a practical tool, deals with
the referential meaning of geometric symbols, the complex
relationship between geometric figures and the exact size. It
should be pointed out that in the whole process of realizing
the structural system of the base control surface and the skin
system, the architectural form control is in a process of
constant optimization considering many variables and
complex factors. (erefore, the construction of geometric
control system is a precise control of the architectural
system.More accurately, it is a process of finding the optimal
solution that is most suitable for the material and spiritual
context of the building in the process of constantly running

a) Find the internal law

b) Formation law

c) Using parametric tools to transform the law into computer program

d) Debugging program

e) Result feedback

f) Program optimization

g) ……

h) The ideal parameter model is obtained

Repeat cycle steps (d) - (g)

Figure 12:(e process of finding logical relationships and building
models.
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in with diversified systems such as culture, aesthetics, en-
vironment, ecological structure, and material structure.
From the perspective of architectural shape design re-
quirements, this study focuses on the key points of archi-
tectural structure shape design with the help of genetic
algorithm and geometric logic. (e results show that, after
3257 iterations, the fitness does not change, the corre-
sponding maximum is only 0.1196mm, and the weight of
truss structure is 0.3585t. It shows the structure design based
on geometric logic and genetic algorithm. It can effectively
meet the constraints of the architectural shape optimization
design. (e application of geometric logic should be the
stage of controlling the design from the whole system and
the whole construction system, which makes the realization
process of complex form architecture become an inter-
locking and efficient docking process. Because of the ma-
teriality of architecture, it is not a beautiful idea but a
functional space that needs to be put into practice.(erefore,
in the whole design and construction process, it is restricted
by the actual space construction technology, material
characteristics, structural means, and many other aspects.
(is paper first uses advanced geometric principles to
generate rich algorithms andmathematical models, and then
improves the traditional genetic algorithm in terms of fitness
value function calibration and population diversification.
Convergence, low precision, large randomness, and other
problems are applied to the optimization design of building
structures, the application of geometric logic can better meet
the actual needs of building structure optimization engi-
neering, the practicability has been greatly improved, and it
has scientific reference value.

Data Availability

(e labeled data set used to support the findings of this study
is available from the corresponding author upon request.

Conflicts of Interest

(e authors declare that there are no conflicts of interest.

Acknowledgments

(is work was supported by the Hebei University of Water
Resources and Electric Engineering.

References

[1] C. You, “Research on the architectural culture of jiarong
Tibetan in northwest sichuan from the perspective of archi-
tectural anthropology,” Open Access Library Journal, vol. 7,
no. 8, pp. 1–7, 2020.

[2] Y. Yang, “An analysis of hazel motes in wise blood from the
perspective of p,” Journal of Higher Education Research, vol. 3,
no. 2, pp. 188–190, 2022.

[3] X. Ren, C. Li, X. Ma et al., “Design of multi-information
fusion based intelligent electrical fire detection system for
green buildings,” Sustainability, vol. 13, no. 6, p. 3405, 2021.

[4] B. Olgen, “A literature review on the use of music in archi-
tectural design education,” International Journal of Technol-
ogy and Design Education, vol. 25, no. 2, pp. 74–88, 2020.

[5] W. X. Peng, M. K. Xu, Y. F. Chen, Z. H. Chen, and Z. Yang,
“Field experiment research of the polycystic aeration bolt:
model design and anchorage mechanism,” Advances in Civil
Engineering, vol. 2021, no. 6, 10 pages, Article ID 6669368,
2021.

[6] J. Jayakumar, B. Nagaraj, S. Chacko, and P. Ajay, “Conceptual
implementation of artificial intelligent based E-mobility
controller in smart city environment,” Wireless Communi-
cations and Mobile Computing, vol. 2021, Article ID 5325116,
8 pages, 2021.

[7] B. N. Sandaker, B. Kleven, and A. R. Wang, “Structural ty-
pologies and the architectural space-studies of the relation-
ship between structure and space by application of structural
types to multistory buildings,” Architecture, Structures and
Construction, vol. 2, no. 1, pp. 199–221, 2022.

[8] X. Liu, C. Ma, and C. Yang, “Power station flue gas desul-
furization system based on automatic online monitoring
platform,” Journal of Digital Information Management,
vol. 13, no. 6, pp. 480–488, 2015.

[9] S. Anu, K. Muthukkumaran, M. Punniyamoorthy,
S. A. Veerapandian, and G. Sangeetha, “A methodology for
the transformation of architectural forms into music and vice-
versa for the enhancement of the musical and architectural
libraries,” Multimedia Tools and Applications, vol. 80, no. 7,
Article ID 10901, 2021.

[10] K. Solanki, “Understanding the integration of construction
techniques in the architectural design process by assessing
Catalan vaulting structures,” Masonry International, vol. 33,
no. 1, pp. 15–26, 2020.

[11] R. Huang, S. Zhang, W. Zhang, and X. Yang, “Progress of zinc
oxide-based nanocomposites in the textile industry,” IET
Collaborative Intelligent Manufacturing, vol. 3, no. 3,
pp. 281–289, 2021.

[12] M. A. Kamal, A. Setya, and T. S. Brar, “Exploration of catenary
based ferrocement shell structures: form, design and archi-
tectural interventions,” Architecture Research, vol. 10, no. 4,
pp. 93–101, 2020.

[13] H. Zhao and H. Meng, “Research on the connotation and
development strategy of Chinese campus football culture
from the perspective of the integration of sports and edu-
cation,” Open Journal of Social Sciences, vol. 9, no. 3,
pp. 157–163, 2021.

[14] Z. Guo and Z. Xiao, “Research on online calibration of lidar
and camera for intelligent connected vehicles based on depth-
edge matching,” Nonlinear Engineering, vol. 10, no. 1,
pp. 469–476, 2021.

[15] Q. Wang and S. Liu, “Research on the development path of
domestic tourism characteristic towns from the perspective of
integration of culture and tourism,” Open Journal of Social
Sciences, vol. 9, no. 1, pp. 234–242, 2021.

[16] J. Zhang, Q. Zou, K. Zhang, and X. Gao, “Research on cross-
boundary invitational learning model for pre-service science
teachers: from the perspective of self-determination theory,”
Open Journal of Social Sciences, vol. 9, no. 4, pp. 1–15, 2021.

[17] X. Wei, “Research on the health of senior citizens from an
interdisciplinary perspective: framework, core topics, and
prospects,” China Population and Development Studies, vol. 5,
no. 4, pp. 345–362, 2021.

[18] T. Ma, Y. Liu, D. Yang, Z. Zhang, X. Wang, and S. Hao,
“Research on the design of smart morphing long-endurance
uavs,” Aeronautical Journal, vol. 125, no. 1283, pp. 22–41,
2020.

10 Security and Communication Networks



Retraction
Retracted: Data File Security Strategy and Implementation
Based on Fuzzy Control Algorithm

Security and Communication Networks

Received 26 December 2023; Accepted 26 December 2023; Published 29 December 2023

Copyright © 2023 Security andCommunicationNetworks.Tis is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in anymedium, provided the original work is
properly cited.

Tis article has been retracted by Hindawi, as publisher,
following an investigation undertaken by the publisher [1].
Tis investigation has uncovered evidence of systematic
manipulation of the publication and peer-review process.
We cannot, therefore, vouch for the reliability or integrity of
this article.

Please note that this notice is intended solely to alert
readers that the peer-review process of this article has been
compromised.

Wiley and Hindawi regret that the usual quality checks
did not identify these issues before publication and have
since put additional measures in place to safeguard research
integrity.

We wish to credit our Research Integrity and Research
Publishing teams and anonymous and named external re-
searchers and research integrity experts for contributing to
this investigation.

Te corresponding author, as the representative of all
authors, has been given the opportunity to register their
agreement or disagreement to this retraction. We have kept
a record of any response received.

References

[1] J. Ren, “Data File Security Strategy and Implementation Based
on Fuzzy Control Algorithm,” Security and Communication
Networks, vol. 2022, Article ID 2010419, 10 pages, 2022.

Hindawi
Security and Communication Networks
Volume 2023, Article ID 9796439, 1 page
https://doi.org/10.1155/2023/9796439

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/9796439


RE
TR
AC
TE
DResearch Article

Data File Security Strategy and Implementation Based on Fuzzy
Control Algorithm

Jin Ren

Department of Network Security, Henan Police College, Zhengzhou, Henan 450046, China

Correspondence should be addressed to Jin Ren; rj5730@hnp.edu.cn

Received 30 May 2022; Revised 28 June 2022; Accepted 11 July 2022; Published 29 August 2022

Academic Editor: Tao Cui

Copyright © 2022 Jin Ren. (is is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Today there are few studies on data file security strategies, but with the increase in information technology, themore the security of
data files cannot be ignored. In this paper, based on the research of data file security policy, a model of data file security interaction
based on a fuzzy control algorithm is proposed, and the correct rate of themodel proposed in this paper is improved by about 1.5%
under the traditional FTP server-based model.

1. Introduction

In today’s information era, the use of computers has
greatly facilitated people’s lives and changed their office
and communication methods. Computer data security
refers to the adoption of certain technical measures to
provide shelter and security protection for computer data
information to ensure that it will not be lost or stolen or
damaged due to negligence or accidental reasons. A data
file is a file that stores data information on a computer, and
there are many types of data files, including XML, DAT,
which are the two most common types of data files. DAT
data file format is a more general file format and can be
opened or used by any application, so it is the most widely
used. XML data file format is often used for code ex-
tensions by programmers and can therefore be called
Extensible Markup Language. XML data file format is
mainly used to store programming languages in the form
of JAVA, C, C++, etc. It is similar to HTML, but XML files
are used to store and transfer data and structures over the
Internet.

Also, in the era of “Internet+,” information security
and data security are getting more and more attention.
Data file security can be expressed in two ways: firstly, it
refers to the security of the data and the data file itself;
secondly, it refers to the protection of the data and the

data file. In today’s data, file security does not have a
precise definition but generally refers to the security of
data files on the computer and the risk of data leakage and
data packet loss due to threats to data files in the process of
transmission.

Essentially, a data file is a file that can store any data
information, generally using a binary file format. More-
over, data files should be system files created by computer
operating systems or application data files created by
applications, or human-created data files, including types
such as project files, libraries, or documents. However,
due to the development of science and technology now-
adays, information security is also threatened by people
with wrong intentions, and people are more and more
concerned about the security of data information. In order
to protect the security of data files, many scholars have
presented their insights and analysis. For example, Kun
Wang and Yanjun Lu proposed to put data file security
control technology, which is researched and implemented
mainly by imposing filters on the creation, use, and
editing of documents through file filtering-driven tech-
nology and protecting the contents of important docu-
ments by using transparent encryption and decryption
technology. (rough the study of various data file control
technologies, we provide users with technical support and
an overall data file security strategy [1].
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2. Security Risks of Data Files

2.1.DataFile Security Issues. With the advent of the era of big
data, technological advances, the complexity of today’s In-
ternet environment, and various types of data processing
activities, this paper will analyze the security of data files and
risky causes based on the scientific analysis of the threats and
security issues facing people’s computer data files at this stage,
and on this basis, put forward targeted data file security
governance strategies for the traditional data file security. (e
advantages and disadvantages of traditional data file security
technologies such as protection management and transmis-
sion risks are analyzed. Among them, the security of data files
is mainly caused by the following factors (Figure 1).

2.1.1. Data File Usage Environment. First of all, the security
of data files is analyzed in terms of the environment in which
they are used. (e environment of data files is mainly
composed of the production environment, development and
testing environment, office environment, and Internet en-
vironment [1]. When people in different environments use
the same data file, the data file needs to be transferred and
shared for processing, and data security risks will inevitably
arise when the data file is circulated in different environ-
ments. In the production environment, it refers to the
general running production system, business application
system with high concurrent access links, and the data file
contains a large amount of sensitive information, and the
main data security risks are the lack of active interception of
batch export and the lack of audit records [2]. In the de-
velopment and testing environment, the completion of a
system or a software and hardware development requires
different developers for data development, and the data for
development and testing are generally innovative and au-
thentic data, and all the testers involved in the development
can access the development data files, making the threat of
data security greatly increased [3]. In the office environment,
the main data security threats are the lack of active inter-
ception of batch export behavior and the inability to su-
pervise operation and maintenance operations. As most of
the data in the office environment are financial data, cus-
tomer information data, production plan data, and business
report data, illegal elements will do anything to get these
data, making the risk of data file security in the office en-
vironment much higher [4]. In the Internet environment,
due to a large number of branches of large enterprises, the
need to share data transmission makes illegal elements
frequently attack the transmission path of their data files or
directly intercept the network during transmission in order
to threaten such companies or to obtain important secrets of
such companies and sell them to others for profit. (erefore,
in the Internet environment, the threat to data security
cannot be ignored, and the slightest mistake may cause
irreparable damage to a company or group of companies.

2.1.2. Unauthorized Access and Data ,eft. In addition to
the threat to data file security posed by the data usage en-
vironment, unauthorized access is also an important threat

factor that cannot be ignored. Unauthorized access refers to
the bad behavior of copying, pasting, modifying, or
destroying data files of computers without the consent of
computer users [2]. In the era of big data today, the value of
data has attracted people’s attention, and most people think
that data is private and has its value and significance, es-
pecially for scientific research results, but there are some
unscrupulous people who have evil intentions to get the
computer data files, thus using some technical means to
cross the administrator’s management authority to delete,
modify, copy, and do other operations on other people’s
computer data files [5]. In order to get the computer data
files, some unscrupulous people use some technical means to
transgress the administrator’s management rights and de-
lete, modify, copy, and do other operations on other people’s
computer data files, thus causing the leakage of data and
theft of scientific research results [6]. Unauthorized access
generally has the following forms: the first is to impersonate
administrators or users, invade other people’s computers,
obtain access rights, and use illegal means to plagiarize other
people’s data files; the second is to control and enter other
people’s computers through network attacks, copy, delete,
and modify scientific research results or directly delete
important system data files inside computers. (e second is
to control and access other people’s computers through
network attacks, to copy, delete, modify scientific research
results, or directly delete important system data files inside
the computer, resulting in the leakage or theft of data files, as
well as direct virus invasion of the computer, resulting in the
computer no longer being used, and naturally, the data files
inside the computer cannot be accessed and modified,
copied, etc.

2.1.3. Data Corruption. Data corruption refers to the sub-
jective and malicious damage to the data itself, resulting in
the unavailability of computer data files or the loss of im-
portant files, which affects the use of the computer.(ere are
many reasons for data corruption, the most important of
which is the damage caused by virus infection to data files,
followed by “hacking” programs or software bundles,
software bugs, and other reasons to cause damage to data
files [7]. Some computer viruses are usually hidden,

Data usage 
environment

Unauthorized access 
and data theft

Data corruption Data Loss

Data 
Transfer

Improper operation
of the operator

Figure 1: Risk factors of data security.
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sometimes even through the security manager, and other
antivirus software cannot be detected. (is kind of hidden
computer viruses, after the invasion of the computer, can
get all the rights to use the computer, can manipulate the
computer’s data files at will, delete, copy, or modify at will.

2.1.4. Data Loss. For individuals, the loss of data can cause
many adverse consequences, such as the risk of privacy
exposure if the data files are lost; secondly, if the data files
related to personal preferences are lost or “targeted” by
businesses, it can greatly affect the quality of life of indi-
viduals, such as businesses to promote their products or
software to promote a certain product, always pushing some
promotional information or phone calls, SMS bombing,
seriously affecting life. For enterprises, the loss of critical
data will be incalculable. Relevant studies show that global
enterprises lose $1.7 trillion due to downtime or loss of
critical data files. (is is only the monetary loss; there is also
the loss of hidden assets, such as business processing,
business activity interruption, loss of customer loyalty, funds
for reallocation of resources, production suffers stagnation
and investor confidence, etc., which will have a long-term
impact on the company [8].

2.1.5. Operator Misconduct. Firstly, when using important
data files with passwords, due to the handover of data files to
multiple parties, it may cause the error of improper use of
passwords, which may lead to the phenomenon of data files
being locked after repeatedly entering wrong passwords;
secondly, some staff members are not familiar enough with
computers, improperly using antivirus software or directly
and unintentionally (e firewall is closed, and the computer
with insufficient protection is unable to prevent the invasion
of viruses, thus contaminating the data files of the computer;
thirdly, the intranet uses computers for illegal outreach.
Some scientific research institutions or enterprises with
strong confidentiality may require the use of an intranet to
test and develop data files, but if the operator does not
operate properly and mistakenly uses the external network,
it will lead to the risk of leakage of key data files; finally, the
use of bad email or data sharing by external operators does
not use the regular way, resulting in important confidential
data files being attacked and intercepted in the process of
data transmission, increasing the leakage of data files [9].(e
risk of data file leakage is increased by the use of bad emails
or the failure of the operator to use formal channels for data
sharing.

In summary, most of these five types of security issues
regarding data files are related to data transmission and data
sharing. (e security of data files during transmission and
download is also related to the packet loss rate, which may
cause data leakage.(e data loss rate is related to whether the
data buffer is overflowing or not. (erefore, in this paper, we
consider the use of a fuzzy control algorithm to set the cache
and propose a strategy and analysis for the security of data
files.

2.2. Data File Transfer Techniques and Problems

2.2.1. Data File Transmission Methods. In today’s era of
information explosion, it is more and more common to send
and receive data files over 1GB in size, such as images taken
by photographers using DSLR cameras can reach several
tens of MB, but the memory occupied by the video is almost
1 DB in size. For multinational companies, the transfer of
data files with large data volumes has become a daily re-
quirement, and now that data has become an important
production resource, the improvement and enhancement of
transmission methods and distribution technologies for
massive data have become a goal to be pursued [10].

So, how are large files transferred in daily life? What are
the common transmission technologies?

First of all, HTTP, i.e., Hypertext Transfer, is a classic
distribution transfer method that mainly uses the bandwidth
and storage of the server to transfer and distribute files, but
the HTTP link between the client and the server is a one-
time connection, i.e., the connection will be closed auto-
matically each time the server returns an answer to a request
[11].

As shown in Figure 2, the HTTP-based file transfer mode
has four main steps: first, the client establishes a connection
with the server; second, the client makes a request to the
server for data file transfer after the connection is estab-
lished; third, the server responds with an answer and returns
the data file; then the server and client automatically close
the connection, completing the entire process of the data file
transfer.

Next is FTP mode, that is, File Transfer Protocol, ab-
breviated as “File Protocol,” mainly used for two-way
transmission on the Internet, is a file distribution method
similar to HTTP [12]. FTP is an application layer protocol
based on C/S architecture, and the underlying application is
TCP/IP protocol to ensure the reliability of transmission.
(e block diagram of FTP mode in the process of data file
transfer is shown in Figure 3.

As can be seen from Figure 3, FTP makes it possible to
share data files between service hosts and between servers
and clients, which is essentially copying files back and forth
between two hosts [13]. (e basic process of FTP is firstly,
establishing a connection, secondly, transferring data and
releasing data, and finally, releasing the connection [14].
Observing Figure 3, we can see that there are two types of
connections in FTP mode, namely data connection and
control connection, so there are two ports between FTP
server and client, one for transferring commands and one for
transferring data. (is design method is mainly to solve the
problem that the FTP server has less control information but
a large amount of data.

Finally, there is the data file transfer method for software
classes such as QQ, mail, and Baidu.com. With a large
number of QQ users, the main function of QQ is to exchange
and communicate, so QQ is only suitable for transferring
data files less than 1GB. If it exceeds 1GB, then the transfer
rate will become particularly slow; even though QQ now
supports data file transfer in offline mode, it is always easy to
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cause data transfer interruption and other phenomena when
transferring large files for various reasons [15]. For emails, it
is also a common way to transfer data files, but it takes the
form of attachments for transferring, and the size of the
attachments is generally 10–30MB. If the emails are
transferred with larger attachments, the successful transfer
of the emails may not be guaranteed due to the other party’s
server and network stability, and if the other party does not
receive the files in time, the files will expire. (is is because
the file transfer station of emails has a certain time limit. For
this kind of software, the main function of Baidu.com is
cloud storage, which can also meet the needs of people in
daily life, such as document management, photo storage,
and data file transfer. It is because the main function of
Baidu.com is to store data, so it has a large storage space and
supports file classification and browsing and multiplatform
data sharing, but its shortcomings are also obvious, such as
downloading and uploading data files at a limited speed,
only a few dozen k a second if not open super members,
which is difficult to meet people’s requirements for timely
and lightweight data file transfer [16].

2.2.2. Analysis of Advantages and Disadvantages of HTTP
and FTP Transmission. In the previous subsection, three
data file transfer methods were discussed, and since the
software class belongs to the data file transfer method on the
application, this paper does not explore them [17]. But what
are the advantages and disadvantages of HTTP and FTP data
file transfer methods?

First is the HTTP mode. HTTP mode is mainly a
protocol way to transfer data through direct networking.
(ere are four common methods of the HTTP protocol,

namely GET method, POST method, PUT method, and
DELETE method. (e GETmethod is designed to obtain a
resource on the server and is one of the earliest methods
proposed by most HTTP protocols. GET method, after
requesting data information attached to the server’s inter-
face, will start with “?” splitting the URTand the transmitted
data, for multiple parameters will use “&” connection, but
the amount of data transmitted by this method is limited by
the length of the URL and is only suitable for small amounts
of data transmission [18]. However, for the POSTmethod, in
theory, the size of the transmitted data realized by this
method is not limited; for the PUT method, it is generally
used to modify the URL resource. If the URL resource does
not exist, the server will request the corresponding URL
resource according to the request. If the resource exists, it
will request to modify the original URL [6] resource. (e
DELETE method corresponds to the English “delete,” which
means requesting the server to delete a specific resource [19].

(e reliability of data file transfer based on HTTP
protocol is high because HTTP protocol is based on TCP
protocol for data transfer. However, because HTTP protocol
is a plaintext transmission protocol, there is no encryption in
the process of data file interaction, so the security of HTTP
protocol is poor. Its plaintext transmission protocol makes
data files in the transmission process with a risk of data file
exposure and leakage.

Next is the FTP protocol [20]. FTP has no limitation on
file size and is relatively simple to operate. However, when
the volume of data files is large, the speed will become slower
and the problem of data transmission interruption will easily
occur, resulting in data transmission errors. Moreover, the
FTP server also transmits data in clear text, which poses a
threat to security. In addition, FTP also lacks sufficient

Data files FTP server FTP Client Data filesEthernet

Control 
connections

Data 
Connection

Figure 3: Block diagram of FTP mode working principle.

Clients Servers

Close the 
connection

Send a request

Answer, return 
file

Establishing a 
connection

Figure 2: Typical HTTP transaction processing principle of operation.
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control functions, such as the lack of audit function, there is
no way to judge and guarantee the compliance of the sent
data, and the flow of data is also uncontrollable, which may
cause the risk of data leakage for the transmission of data
files [21]. What’s more, the use of an FTP server may lead to
problems such as poor traceability of data files. (is is due to
the characteristics of FTP, which is limited in its ability to
trace file transfers.

As we can see from the above discussion, both HTTP
protocol and FTP server exchange data in clear text form for
data file transfer, using the “request + response” model. Most
of websites nowadays use the less secure HTTP protocol,
which may cause packet loss due to the difference in the
acceptance rate of both computers’ file systems when the
data file transfer is too large. For this problem of FTP server,
it is necessary to set cache area between the client and server
of data file transfer to automatically deal with the problem of
packet loss when data files interact or the failure of saving
due to unknown data lines, etc. Based on this, a data file
security strategy based on a fuzzy control algorithm is
proposed and analyzed, and implemented through experi-
ments [22].

3. Fuzzy Control Algorithm

As we can see from chapters 1 and 2, the security risk of data
files is not only related to internal factors but also to external
factors, and data file sharing is inevitable regardless of in-
ternal and external factors. Since there is a demand for data
file sharing, data files are bound to be transferred [23]. In the
process of data transfer, both HTTP protocol and FTP
protocol used have certain security problems. (is paper
mainly focuses on the data file sharing and transmission
process by proposing the use of a fuzzy control algorithm to
increase the cache in the process of data file transfer in order
to reduce the packet loss of data files, and at the same time, in
order to increase the security and improve the reliability of
data files. After that, a data file transmission model is
constructed so as to realize the security policy scheme for
data files, and a data file security model based on a fuzzy
control algorithm is constructed, which has a certain ref-
erence value for subsequent research [24].

Next, the theoretical part of the fuzzy control algorithm
is described in terms of an overview of fuzzy control theory,
input and output variables of fuzzy controller, the estab-
lishment of fuzzy rules, and fuzzy relations and fuzzy rea-
soning. One of the general block diagrams of the fuzzy
control algorithm is shown in Figure 4 [25].

3.1. Overview of Fuzzy Control ,eory. In 1965, L.A. Zadeh
proposed the fuzzy set theory, which has been widely used
and developed since then; in 1973, in order tomake the fuzzy
set theory more perfect, he also proposed the use of fuzzy
linguistic variables to represent the control state of the
relevant control variables and achieve effective control of the
variables through fuzzy linguistic variables, and in the same
year, he also formally proposed the definition of fuzzy
control and (e theory related to fuzzy control [26].

Fuzzy control algorithm, a control strategy method that
uses language to generalize the operator, is an intelligent
control method based on fuzzy set theory, herding linguistic
variables, and fuzzy logic reasoning. (e method is based on
a priori knowledge, incorporating human experience in a
traditional nonlinear system and fuzzifying the obtained
rules to compile a set of rule base’s and complete fuzzy
inference, followed by fuzzy verdict and finally defuzzifi-
cation of the signal or data after the verdict is completed
using a defuzzifier. (is is the basic process of the whole
fuzzy control algorithm [27].

In the fuzzy control algorithm, the most important
feature is that there is no need to establish a precise
mathematical model of the controlled object but only to
require experts or related technical personnel to use pro-
fessional knowledge or a priori knowledge to summarize
experience and data into more perfect linguistic control
rules; therefore, in essence, fuzzy control can also be con-
sidered as a kind of expert control, which can fully reflect the
activities of human thinking and the process of thought. (e
core of the fuzzy control algorithm is the fuzzy controller
[28].

3.2. Input and Output Variables of the Fuzzy Controller.
As can be seen from Figure 4, the fuzzy controller needs to be
generated before it can be used. Generating fuzzy is actually
the input variable of the fuzzy controller, and removing
fuzzy is the output variable of the fuzzy controller. During
the control of the controlled object, three variables are
generally used for decision making: the deviation between
the set value and the controlled quantity, the deviation
change EC, and the rate of deviation change.

In fuzzy control, both input and output variables are
described in linguistic form, so an appropriate language is
selected for the description. (is collection of linguistic
forms describing the fuzzy can be called a fuzzy set. A
prerequisite for a fuzzy controller’s input to be used as
output is its fuzzification, which is essentially the conversion
of an exact input quantity into a corresponding fuzzy [10]
vector.

In the fuzzy quantity of a variable, the actual range of
variation of a variable becomes the fundamental domain
[29]. Obviously, the range of variation in the fundamental
domain is the real exact value of the variable, which is re-
quired in the fuzzy controller, so the exact quantity needs to
be fuzzified. Let the basic theoretical domain of deviation be
(−X, X), the basic theoretical domain of deviation change be
(−XC,XC), the basic theoretical domain of output variable of
fuzzy controller be (−Y, Y), the conversion formula from the
basic theoretical domain [a, b] to fuzzy subset theoretical
domain is as follows:

y �
2n

b − a
x −

a + b

2
 . (1)

In the vocabulary for describing input and output var-
iables, three levels of words are generally used, such as “fast,
medium, slow” for describing speed; however, in practical
applications, three words “large, medium, small” are
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generally chosen to describe the input and output variables
of a fuzzy controller [30]. However, in practical application,
we generally choose to use “large, medium, and small” to
describe the input and output variable states of the fuzzy

controller, plus positive, negative, and zero states, which can
be expressed in English and Chinese as shown in the fol-
lowing equations:

E �
negative large, negativemedium, negative small,

zero, positive small, positivemedium, positive large
 

� NB · NM · NS · ZEPSPMPM,

(2)

E �
negative large, negativemedium, negative small, positive zero,

negative zero, positive small, positivemedium, positive large
 

� NB · NM · NS · NO · PO · PS · PM · PB.

(3)

(e terms described in the above equations are not
necessarily chosen in full, but can also be chosen less; e.g., the
range of error variables expressed in equation (2) is one state
less than that of equation (3).

3.3. Affiliation Function and Fuzzification. As can be seen
from Figure 4, the knowledge base is the whole part framed
by dashed lines, including two parts, the database and the
rule base. (e rule base is another linguistic representation
of fuzzy reasoning, which is the a priori knowledge derived
from the long-term work of experts or other professionals;
the database is a collection composed of affiliation vectors.
Among them, the affiliation is to achieve fuzzification, i.e., to
establish a relationship between the exact quantities dis-
cretized in Section 3.2 and the fuzzy quantities representing
the fuzzy language, describing the degree to which a variable
belongs to the language of a fuzzy variable, which is called
the affiliation function in the case of a continuous domain of
the argument.

(e affiliation function, which is mainly designed to
reflect the fuzzy character of the fuzzy set, plays a key role in
the overall fuzzy [11] controller. When fuzzy control is
performed on variables, the first step is to fuzzify them,
mainly by applying the affiliation function to the input
variables to make the input variables themselves more ac-
curate, but the processed input variables are converted to

fuzzy vectors. (erefore, when constructing a fuzzy set, the
affiliation function should be selected appropriately so that
the variables can be fuzzified reasonably.

3.4. Fuzzy Relations and Fuzzy Inference. Fuzzy relationship
is a relatively common relationship in nature, except that
some fuzzy relationships are difficult to be detected. (e
fuzzy relationships that exist between things can be de-
scribed by the degree of association formed by fuzzy theory.
(is degree of association is usually expressed in the form of
a matrix.

In fuzzy reasoning, it refers to the process of formulating
fuzzy rules for the input variables of a fuzzy control system,
combined with the social experience or a priori knowledge of
experts or professionals, from which a fuzzy relational
equation can be formed, and the final fuzzy control output is
obtained. In computer language, it is similar to forming a
kind of if-else statement, i.e., if the expression in parentheses
is true, the statement is executed; if it is false, the content in
the else statement is executed. (e key in fuzzy reasoning is
to use the relation matrix obtained under fuzzy relations and
perform mathematical operations on it so that the fuzzy set
can be processed effectively to finally output the output
variables of the fuzzy controller.

Before the process of fuzzy inference, it is necessary to
first construct fuzzy sets and establish a meaningful and

Fuzzy 
generation Blurring Fuzzy 

reasoning Fuzzy verdict Eliminate blur

RulebaseFuzzy 
controller

Figure 4: Basic block diagram of fuzzy control system.
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complete rule base in the form of affiliation functions of
fuzzy sets or other linguistic descriptions of the input var-
iables that can drive the application of fuzzy inference.

3.5. Defuzzification. Defuzzification is the final step of a
fuzzy controller, which means that the fuzzy values obtained
from the previous fuzzy inference are converted to exact
values and used as inputs to another control system. (ere
are two commonly used methods in defuzzification, which
are the maximum affiliation method and the weighted av-
erage judgment method.

4. Fuzzy Control Based Data File Security
Policy Scheme

4.1. Basic Implementation of ftp Server. (ere are two ways to
connect FTP. One is the connection of control command,
i.e., the connection between client and server; one is the
connection of data transfer, and the FTP service program
generally supports two different working modes, which are
passive (passive) mode and active (port) mode. (e con-
nections in both of these modes are shown Figures 5 and 6.

In active mode, FTP runs on ports 20 and 21, where port
20 is mainly used for data flow transfer between the client
and the server, and port 21 is mainly used for transferring
commands for interaction between the client and the server.
In active mode, the client firstly requests a control con-
nection to port 21 of the server, secondly sends port com-
mands to the server through port 21 on the connection, and
finally, the FTP server transfers data files through the data
connection port indicated by the port command. Since port
mode has specified that port 20 and port 21 must be used, to
establish the development of FTP server data file transfer, the
passive mode must be used, which works as shown in
Figure 6.

In the passive mode, the biggest difference from the
active mode is that its server control port is 21, but the data
port is a random port larger than 1024. (erefore, in the
passive mode, the data port of the client has to actively
connect to the data port of the server, whose data port is
random.

4.2. General Framework of Data File Security Policy under
Fuzzy Control. First of all, the analysis of data security
problems shows that most data files have the risk of data
leakage problems related to the transmission or sharing of
data files, so this paper mainly focuses on the data security
problem when data files are transmitted and shared under
the study of data file security policy. Based on the analysis
and discussion in the previous section, data files are gen-
erally transmitted using software-based and protocol-based
methods. Since there is no specific research significance for
software-based data file transmission, this paper focuses on a
new model for the secure transmission of protocol-based
data files.

(e first 3 sections analyze the advantages and disad-
vantages of HTTP and FTP and get the conclusion that both
of them use plaintext transmission and have problems such

as poor security and confidentiality. Since HTTP protocol is
mostly a data file transfer on a browser, and an FTP server is
essentially a “copy” of data files between two computers, this
paper studies the construction of a security policy for data
file transfer using an FTP server.

However, if the FTP server is used only for simple
command operation of data files, it does not solve the
problem of security and reliability of data files, and it is
known from Section 3 that the path of data file transmission
can be controlled by using fuzzy control algorithm to achieve
the effect of “encryption.” Based on this, this paper proposes
a data file security policy model using a fuzzy control al-
gorithm, and its model block diagram is as follows (Fig-
ures 7, 8).

For Figure 7, traditional pasv mode, because the server
will open a port for the client to connect, but if the opening
of this port does not detect which client’s IP is connected,
then the security of the data file is naturally threatened and
affected when the interaction is carried out. Also, since many
FTP servers open data connections randomly, if the FTP
server does not determine whether the port requested by the
client is a legitimate login when receiving data, other illegal
users may attack it in order to get some critical data files [12].
In addition, the FTP server can also generate buffer overflow
when interacting with data files on the client side, which can
cause data file loss problems. In order to prevent such
problems, this paper introduces a fuzzy control algorithm to
set cache when the FTP server and client interact with each
other to reduce data file loss.

Client Server Side

Client application 
connection

The client sends the 
pasv command and 

opens the port

The server side connects 
directly to the port

Figure 6: Control connection and data connection in passive
mode.

Client Server Side

Send port 
command

Client application 
connection

Server-side feedback 
and connection

Figure 5: Control connection and data connection in port mode.

Security and Communication Networks 7



RE
TR
AC
TE
D

4.3. Experiment on Secure Data File Interaction under Fuzzy
Control. After the above analysis, in order to test whether
the new strategy proposed in this paper can guarantee the
security of data files and because the data cache conflict

phenomenon has randomness. In order to test whether the
[13]new strategy proposed in this paper can guarantee the
security of data files and because the data cache conflict
phenomenon has the characteristics of randomness and
instability, this paper will measure the loss of data file
transfer and download and the efficiency of transfer and
download under windows +VMware Workstation virtual
CentOS6.5 operating system for the data file transfer in-
teraction between traditional FTP server and FTP server
based on a fuzzy algorithm, and finally, the experimental
results are shown in Figures 9–11.

1 2 3 4 5 6

Loss of traditional data file interaction

0
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100
120
140

Number of files transferred
Number of downloaded files

Figure 9: Loss of the number of transferred files and downloaded
files for traditional FTP server data interaction.
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Loss of data file interaction based on fuzzy control
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Figure 10: Loss of the number of files transferred and downloaded
during FTP server data file interaction based on fuzzy control.
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Figure 11: Comparison of the correct rate of data file interaction
under two models.
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Figure 7: (e working process of data file interaction by ftp under
traditional passive mode.
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Figure 8: (e model of data file security interaction based on fuzzy
control algorithm constructed in this paper.
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Comparing Figures 9 and 10, it can be seen that the
average loss rate of data files under the traditional FTP server
model is about 4%, while after adding the fuzzy control
algorithm to intervene in the data file interaction, the av-
erage loss rate is reduced to about 2.5%, and the data file
interaction under the new model is about 1.5% lower than
the traditional loss rate; then observe Figure 11. (e com-
parison of the correct rate under the data file interaction
model shows that the correct rate of the traditional FTP
server number file decreases to more jittery with the increase
of data volume, and its accuracy rate is also lower than that
of the data file interaction model under the fuzzy control
algorithm based on the fuzzy control algorithm.

5. Conclusion

In this paper, through the analysis of the security risk of data
files, it is found that the security problems of data files are
essentially related to the interaction and sharing of data files,
while data files have data file loss and data buffer overflow
caused by data file security problems when passing HTTP or
FTP. After a detailed analysis of the advantages and dis-
advantages of HTTP and FTP, through the reading of related
literature, it is found that the fuzzy control algorithm can
change the transmission path of data files and make ap-
propriate corrections for incorrect file transmission paths
through fuzzy rules, thus improving the accuracy of data files
during data transmission and download interactions.
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(e labeled dataset used to support the findings of this study
is available from the corresponding author upon request.
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Because of the explosive development of the Internet today, network education resources are becoming more and more valuable,
and so is the rapid development of the information teaching environment. Let us pay more attention to the construction of
teaching resources. In order to help schools improve the quality of teaching and promote the reform of basic education in China,
the teaching resource bank must be enriched in connotation and perfect in function. However, the current teaching database is
still facing some difficulties in the construction process, such as insufficient information, and database content structure relative
disorder. In fact, the progress of computer technology is likely to help overcome the above difficulties, but there are still some
problems in the construction process of the current teaching resource database, such as the connotation of teaching resources is
not full, the organization structure of the content of the education resource database is relatively messy. +e development of
computer technology is likely to help solve the above problems. +erefore, the research on constructing the service system using
computer technology has become a very key and hot topic today. Based on the current situation of resource library construction
and the classification and summary of some technical problems, the author of this study puts forward a set of methods and
procedures for the construction of a multimedia English teaching resource library. An improved hybrid clustering algorithm
ISPO+K-means was proposed to integrate PSO and K-means. Compared with other algorithms, the algorithm clustering results
are better. Based on this process, this study can automatically sort and classify the collected learning resources, reduce the
consumption of manpower and material resources, and improve the service efficiency of the resource library. +e purpose of this
study is to find the methods that can use information technology to serve the construction of a multimedia English teaching
resource bank, hoping to provide a valuable reference for the related research on the construction of teaching resource bank.

1. The Introduction

With the in-depth development of the Internet information
technology era, social education has officially entered a new
era of highly informationized network education. +rough
the connection of mobile Internet, teaching and resources
have gone beyond the previous time and space scope, and
the range of access to knowledge information materials has
rapidly expanded from the existing classroom, laboratory,
and school library to other places covered by the Internet.
However, the network is only one of the information carriers
in the dissemination of knowledge and information re-
sources. How to efficiently absorb and share learning in-
formation resources is still the concern of the vast majority

of network users. Rich resources effective multimedia net-
work and education technology will be independently
personalized to guide students to the active learning process
of cooperative learning and creative key, is also help teachers
create interactive classroom interactive teaching, orientation
training, and other interactive educational activities neces-
sary foundation support and guarantee conditions for
success [1]. In the field of educational theory and infor-
mation computer science, many experts and scholars at
home and abroad have invested a lot of energy, time and
money, and material resources to study and discuss various
new network education information technology schemes,
education information platform construction and advanced
application of interactive virtual learning technology to
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create a new interactive teaching environment. However, it
is worth noting that no matter how valuable the program,
platform resources, and environment are, their value cannot
be separated from the support of quality educational re-
sources [2]. It can be seen that the government should pay
more attention to the construction of high-quality resources
for public education.+erefore, how to efficiently collect and
manage information and optimize the campus information
resource database has gradually become an increasingly
important practical subject for schools, especially to explore
how to make the school information technology directly
serve the optimization construction of campus education
resource database, which has been a long-term prominent
issue of concern in the field of university education and
technology [3].

At present, the rapid development of information
technology innovation involves a variety of information
resource data automatic collection, sorting and classifica-
tion, and rapid retrieval, including automatic network in-
formation crawler, automatic classification, information
batch extraction, automatic query questions, data mining,
natural language analysis, and processing functions. At the
same time, there are all kinds of intelligent data collection
and automatic retrieval of relevant information data system
tools, such as intelligent web crawler system tools and
various general intelligent search engines, such as Google,
Yahoo, Baidu search engine, and other application systems,
are specially equipped with their specific needs [4]. However,
because the network users in different information fields
have many special requirements of different levels, the
general database system can not fully meet the diversified
query needs of its users. Especially at present, with the
gradual enrichment of various types of network data
modules and the continuous in-depth development of the
next-generation network technology platform technology, a
large number of existing network multimedia resources
(image, audio, video, etc.) and access to database resources,
Single query technology can not effectively and timely obtain
and quickly discover semi-structured or even semi-non-fully
structured data. All these need to fully combine the existing
advanced technology, in order to fully meet the domestic
and foreign different aspects of enterprises and industry
users of the diversified service needs [5]. Currently, the
connectivity between the various technologies needed to
collect and classify resources is largely manual. You can see
that in this case, it is necessary to establish a set of automatic
resource collection and sorting templates for a specific
domain of multimedia English education resource databases
[6].

2. Research Status

At present, teachers at home and abroad are still gradually
committed to the establishment of educational resource
databases. +rough an extensive collection of high-quality
teaching materials, teaching plan information, and other
teaching data resources related to teacher training, and
further processing and sorting, the basic purpose of fully
integrating resources and reasonably sharing the content of

the existing digital teaching database resources is achieved.
In this regard, there are three foreign projects: GEM in the
United States, Edna in Australia, and Edusource in Canada.

At present, both at home and abroad are devoted to the
establishment of educational resource database [7]. +rough
collecting teachers’ teaching materials, teaching plans and
teaching resources, and further sorting, to achieve the
purpose of integrating and sharing the content of these
teaching resources. +ere are three foreign projects in this
regard: GEM in the United States, Edna in Australia, and
Edusource in Canada [8].

Gem is an American educational resource database de-
velopment and application project. One of the main ideas of
the initial system design proposed by him was to re-classify
the massive educational information integrated by online
communities and the rich and diverse resources of global
high-quality online education and learning projects through
systematic, effective, and rigorous organization and integra-
tion design. Further, help school teachers and ordinary young
students to choose and use these high-quality network re-
sources safely and efficiently. Its overall design and functions
are mature and complete, and the content level is reasonable
and rich. It is equipped with a simple and practical search
engine system and an interactive online question-and-answer
query system. Gem does not require deliberately collecting the
most abundant and reliable network information resources,
but it is still in essence to build a network information ed-
ucation resource directory system with larger-scale resources.
Gemcat, GemHarvest, and Browser Builders are the other
three main technology tools used by GEM to develop a
platform for building educational resource portals. Using
metadata tools from Gemcat standard, users can easily and
quickly automatically classify, sort out, query, and describe
information data of various education and training resources
according to Gemcat standard. It also allows each resource
directory creator to automatically generate metadata and
control the vocabulary for each resource tree. Metadata is a
web page inserted as a meta tag into a resource format.
Gemsearch data collection and analysis tool is a featured
search engine.+rough the adoption of this kind of similar to
the robot, the operationmode of the automatic search engines
can fast accurate reference to the local contains a large
number of gem formatmetadata resources page, directly from
the source web directory can automatically extract relevant
resources data, form for the index of local content, and at the
same time to realize automatic assembly and add the infor-
mation to the local portal directory list.+e file migration tool
effectively and conveniently helps customers to solve a series
of technical problems when they do not register address
information in the directory file list, or they cannot effectively
migrate the registered address directory list and resource file
directory.

+e second tool, Edna, mainly contains metadata collected
through the GemHarvest program to create a simple inter-
active HTML teaching page, Australia’s most famous online
education portal for a wide range of teachers. After searching
the required resource catalog on the website, the visitor will
connect to the website storing the information of these re-
sources through the name index of these resource catalogs.
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+e focus of the Canadian Education Project and its
development is to create a network of teaching and learning
resources based entirely on metadata standards as the main
framework by updating teaching and learning resources.
Another Careo project in Canada is an educational reference
site for multilingual subjects that can be accessed free of
charge at any time via the Internet. CAREO pays special
attention to modular use of learning resources, reuse of
resource content, and standardization of learning resource
metadata.

3. Method Research

3.1. Collecting and Sorting Models. In view of the problems
existing in the construction of the existing teaching re-
sources database and the specific needs of the existing
electronic teaching system, this chapter proposes a struc-
tured teaching resources collection and collation method
based on the focused crawler technology. It can realize
automatic online collection and collation of teaching re-
sources in specific fields on the Web.

+e main idea is as follows: first, the teaching resources
are trained by using the method of learning from the topic
classification structure table, and the characteristic items of
the teaching resources of each topic are extracted. At the
same time, the common sense and domain knowledge re-
lated to the theme are summarized. +en, using this
knowledge, the focused crawler is guided to search and
collect relevant thematic Web pages on the Web. After the
web page information containing structured teaching re-
source information is successfully captured by the search
engine, the technology of structured data extraction is ap-
plied to further extract and screen out all the structured web
page teaching subject resources actually containing infor-
mation content, and form a structured file. Finally, all of
these files are stored in subject and architecture categories.
+e index function such as the index table should be
established to facilitate query retrieval and retrieval. +e
model mainly consists of the following parts: focused crawler
based on ant colony algorithm, automatic clustering, data
extraction, and structured repository engine. A good au-
tomatic resource collection and organization model is the
basis for improving the quality of the teaching resource
library, and each part of the method will be introduced in
detail below in Figure 1.

3.2. Focused Crawler Based on Ant Colony Algorithm. +e
overall distribution of information resources in the Web
search space is unknown to focus on crawlers, so it is im-
possible to predict their creeping direction.

Ant colony algorithm technology, not only can simul-
taneously support a variety of intelligent algorithm search,
global performance and optimization, but also has its own
sets, positive feedback, distributed computing, and many
other features, easy to quickly combine with other advanced
algorithm technology. +e use of the positive feedback
principle can help further accelerate the overall speed of the
evolution of human-computer intelligence development;

distributed parallel computing system facilitates high-speed
parallel analysis and rapid execution between various
complex system algorithms, and it is easier to carry out high-
speed and continuous real-time exchange and sharing of
data between the members of the personal computer system,
which facilitates the user to quickly find and design the best
solution with higher overall performance. It is also easier to
fall into the misconception of optimizing the local perfor-
mance of the system; an easy combination of heuristic al-
gorithms can improve its performance; therefore, variations
based on the ant colony algorithm model can be used to
solve other problems.

+e literature points out that it is much more effective to
use topic classifiers to guide a website’s commitment to crawl
sliders.

In view of the above, we propose a focused crawler
module based on the ant colony algorithm using classifier
architecture by introducing the ant colony algorithm into
the focused crawler search strategy and using the “inspi-
ration” of the ant colony algorithm to guide the focused
crawler on the Web.

+e core of this module is the design of the focused
crawler and the classifier (subject feature item library and
knowledge base). +e classifier in the focused crawler is
mainly responsible for training the behavioral characteristics
of the crawl target, calculating the relevance of the target web
pages, and classifying the web pages. +is module actually
also enables the downloading of resources, the automatic
filtering of URL content (using heuristics to filter out un-
wanted URLs), and the automatic filtering of web page
content (it also enables the horizontal comparison of the
relevance value of the result obtained from the calculation
with the threshold value of the given automatic filtering, and
if the value is greater than the threshold value, the links are
retained and extracted, and the new links are continued to be
tracked, otherwise they are discarded). Otherwise, they are
discarded).

+e web crawling sub-module undertakes the task of
connecting the URL evaluation sub-module with the topic
relevance analysis sub-module. +is module first selects the
URLs with the highest hyperlink scores in the URL link seed

Internet

Focused 
crawler 

supporting 
classifier 
based on 

ant colony 
algorithm

Automatic
clustering 

based on k-
means and 

its 
improvement

Data 
extraction

Structured 
repository 

engine

Figure 1: +e process of building a multimedia English teaching
resource library.
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set discerned from the URL evaluation sub-module and
fetches the corresponding web pages. +e web pages are
divided into authoritative Hub pages and Content pages.
Hub pages, i.e., directory pages, provide users with topic-
related websites, and only extract URLs and anchor texts,
without entering the topic relevance analysis sub-module,
because it must contain many classes. Content pages are
entered into the analysis sub-module of topic relevance for
processing.

+e website subject relevance analysis subtype (sorting
module) crawl subproject is loaded, and the relevance to the
subject is determined by focusing on the crawler through the
subject relevance analysis subtype, thus guiding the subse-
quent crawler access process. After loading the page, if the
value exceeds the threshold of one or more classes, it will be
saved to the corresponding class, otherwise, it will be dis-
carded. Fast and accurate access to structured data and
metadata information on relevant topic websites is the basis
for assessing and classifying the meaning of a topic. +e so-
called structured data andmetadata are key information fields
extracted from information sources. +e specific approach
can be based on keywords (feature elements) or can be traced
back to the semantic and conceptual level [9]. +e main idea
of keyword-based thematic relevance analysis is, first, to
determine the structure of the thematic classification system,
with the participation of experts in the field; second, the
classification system focuses on the taxonomy in reptiles, i.e.,
the taxonomy of reptiles. E.Education prepared the sample
with the participation of experts in this field, identifying a set
of features with weight, reflecting the characteristics of a
specific field, identifying specific topics, and forming a feature
and knowledge base that provides the basis for a targeted
collection of information on reptiles. +is is followed by
linking to URL strings, text on anchors (the advantage of links
and web links is that links describe the text more accurately
than the page itself, and links describe the text linked to the
page, an operation that helps to search for non-textual in-
formation), or extracting the page text by keyword [10]. Fi-
nally, the page topic is calculated to derive the relevance of the
page content to the website topic and determine the threshold
value, which determines the page trade-off [11]. +e basic
principle of the vector space model algorithm is that by
converting a text space of a given form (article, query or
paragraph in an article, etc.) into a text vector of high spatial
dimensionality, and then using their corresponding operator
formulas, respectively, the degree of similarity in size between
any two of their text vector spaces is calculated, i.e., the
correlation in size between the text vector and the two text
vectors to which the corresponding operation is to be applied.

+e URLs evaluation submodule is used to evaluate the
relevancy of URLs parsed from topic-related pages and guide
the crawling process of focused crawlers using the ant colony
algorithm.

3.3. Automatic Clustering. Clustering is an important
analysis method in data mining, which has been widely used
in business intelligence, Web mining, and other fields. +e
clustering module can automatically sort the teaching

resources of specific topics collected by web crawlers, reduce
manual labor and improve sorting efficiency [12].

+e clustering algorithm is a classification process that
divides each population into several completely different
levels according to the differences in data characteristics
between different population levels by using computer
technology. +e main algorithm principle of clustering
analysis of individual data distribution is tomake the average
data distance between two categories of the same individual
population as small as possible, and to make the average data
distance between two categories as large as possible. +e
k-means algorithm and the recent neighbor algorithm are
the most flexible, stable, and reliable algorithms in the re-
search of clustering algorithm, and the most flexible and
widely applicable in the field [13]. In the K-means algorithm,
n target points are considered to be divided into K target
clusters. First, a representative target point with at least K
targets is selected, and according to the minimum relative
distance between it and other representative points, all target
clusters of other categories can be considered to be re-di-
vided into another target. +erefore, each class is repre-
sented by its center of gravity, and the other objects are re-
segmented. +is process is performed iteratively until
convergence occurs. K-means algorithm has a simple
structure and is easy to implement quickly, with higher
efficiency and linear time complexity. In addition, it can
always converge to the local optimal from the search to the
initial position of the object, but the number of cluster
centers at the specified position must be calculated in ad-
vance [14].+e initial location of cluster analysis center has a
great influence on the result of cluster analysis. +is is ac-
tually a deterministic local search algorithm.

PSO algorithm is a global optimization algorithm based
entirely on the characteristics of the population. Its inspi-
ration partly comes from the simulation of the foraging
behavior of the bird population. Although the algorithm has
a fast convergence speed, it can easily fall into the ap-
proximate local optimal solution [15]. When it converges
completely to a nearly global optimal solution, the overall
accuracy of the solution may be difficult to improve further
[16].+e intelligent single particle algorithm proposed in the
literature can not only ensure that a single particle can
randomly search each region in the search space but also can
effectively decompose the single search space into at least
several small areas, small particle size search space, so as to
better solve the problem of PSO algorithm. Combining k-
means algorithm with an intelligent single particle algo-
rithm, an improved ISPO+K-means hybrid clustering al-
gorithm is proposed [17]. +e basic processing flow of the
automatic clustering module is shown in Figure 2. See
Chapter 4 for details.

3.4. Data Extraction. After the access to the user-related
structured information content, according to customer’s
demand, also need to automatically extract calculate the
related structured web page information in the data, the user
information stored on that particular page specific content
of the page data, by automatically extracting method,
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page [18]. +e structured database is regarded as a relatively
small storage unit in the system, and these structured data
are stored and processed separately according to the data
classification principle of the information subject system and
the design of the information architecture. You also need to
build indexes and other functions for queries and recovery.
+erefore, the data extraction module came into being [19].
+e data extraction module is to extract and sort the theme-
related web pages collected by the crawler according to
format and category. In order to realize the fast and accurate
extraction of web content rules and the fast and effective
integration of various web data from various web resource
environment systems under different levels of use, we need a
specially constructed web wrapper library. +e main content
of the wrapper is to extract the extraction rule code base
from each page of website content and a computer program
code base that can effectively apply the extraction rule code
embedded in all websites. Wrappers should be able to re-
trieve relevant information from specific information
sources and integrate information from different informa-
tion sources into a database. Web page data extraction
system generally adopts the form of plug-in [20]. +rough
plug-in management services, different plug-ins are used to
process web pages with different structures.+e advantage of
this approach is that it is extensible: in the future, whenever a
new type appears, its processing methods can be trans-
formed into plug-ins and added to plug-in management
services [21].

+e classification module automatically classifies sub-
ject-related web pages, stores and maintains them according
to the classification structure, and serves as the input of the
data extraction module. +e data extraction module for-
mulates the corresponding extraction rules and modes
according to the characteristics of each discipline field and
the learning of the sample web pages marked by experts and
generates the corresponding wrapper library. +e data
extracted by the wrapper is stored as an entity file (Struc-
turalfile) according to a pre-set format, using XML to
represent it. It is then processed by the structured repository
engine module and stored in the structured repository. As
the new structured files are populated, the new feature items
are periodically or quantitatively retrained and added to the
feature item library of the classification sub-module. +is
makes the classifiers built in the classification sub-module
adaptive [22]. +e method of obtaining extraction rules and
patterns in the wrapper also has a self-learning function, and
the extraction rules and patterns are continuously improved
as new samples appear.

+ere are two kinds of extraction rules and patterns used
in the wrapper system design procedure. One main

approach is to use manual methods to prepare extraction
rules and procedures directly so that the wrapper system can
effectively deal with several specific types of knowledge
information extraction-related problems at the same time,
which is called the extraction knowledge engineering
method [23]. +e other one is to learn the extraction rules of
the marked corpus and then process the new text through
training or learning, this method is called the automatic
recognition pattern method, the advantage is fast, but the
disadvantage is the high requirement for training data. In
this study, we propose to use the two methods, knowledge
engineering and automatic recognition mode, together.

3.5. StructuredTeachingResourceLibrary. +e collection and
arrangement of network teaching resources is a continuous
and evolving process [24]. +e continuous updating of
teaching resource standards and requirements requires the
teaching resource library to be constantly supplemented and
updated timely and automatically; without unified teaching
material standards, the downloaded resources cannot be
effectively stored in a structured manner and cannot form an
effective utilization scheme, thus making it difficult to realize
the ease of use, sharing and It is difficult to realize the ease of
use, sharing and expandability of online teaching resources.
To address these problems, we propose the concept of
creating a structured teaching resource library [25].

+e structured teaching resource library is defined as a
teaching resource library that is built based on structured
metadata information related to the topic and pays more
attention to specialized application and structural analysis,
and these structured metadata have well-defined syntax and
clearly defined semantics, which can reflect the status and
characteristics of teaching resources in an integrated manner
[26].

+e structured teaching resource library is based on a
certain classification system structure. +e classification
system structure includes concepts, ontologies, knowledge
points, etc. At present, most structured teaching resource
libraries are built on the common classification system
structure of specific disciplines, which is usually a tree
structure. +e first-level directory is the main content within
the subject (usually corresponding to the chapter of the
textbook); the second-level directory is the main knowledge
points under this content; the third-level directory is the
common types of resources used under this knowledge point
(e.g., courseware, materials, exercises, extensions, lesson
preparation reference, etc.); the fourth-level directory is the
form of resource media presentation (text, pictures, sound,
images, etc.); and the fifth-level directory is the specific
resources [27]. +e nodes at each level of the directory

Focus on 
crawler 

grasping Web 
teaching 
resources 

pretreatment

ISPO+K-
means 

automatic 
clustering 

module

Clustering 
result 

generation 

Clustering 
content output

Figure 2: Processing flow of automatic clustering module.
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provide corresponding functions, for example, the functions
of adding, deleting, modifying, copying, moving up and
down, and exporting of nodes; the functions of limiting the
total amount of resources; and the functions of limiting the
types of applications of resources.

4. Algorithm Experiment

4.1. Particle SwarmAlgorithm. +e particle swarm algorithm
is a swarm intelligence optimization algorithm proposed by
Kennedy and Eberhart in 1995, inspired by the foraging
behavior of bird and fish flocks. In the particle swarm al-
gorithm, it is first initialized as a swarm of random particles,
the position of each particle represents a candidate solution,
and the degree of superiority of the solution is determined by
the fitness function. In each iteration, the particle updates
the velocity and position of that particle by dynamically
tracking the individual extremum pbest and the global ex-
tremum gbest. +e pbest represents the optimal solution
found by the particle itself, while the gbest represents the
optimal solution found so far by the whole population. +e
iterative search is terminated by reaching a specified number
of iterations, or by the positions searched so far satisfying a
specified error criterion.

In the PSO algorithm, the particle population is searched
in a D-dimensional space, and if a population is formed by n
particles, the position vector of the ith particle (i� 1, 2, . . ., n)
is noted zi � (zi1，zi2， . . .，zid， . . .，ziD) as. +e su-
periority of the particle position is calculated and measured
according to certain criteria [28]. +e velocity vector of
particle i is the distance moved by the particle in each it-
eration, vi � (vi1，vi2， . . .，vid， . . .，viD) denoted as,
the optimal position searched so far by the ith particle is
pbesti the optimal position searched so far by the whole
particle population as, gbesti then the update velocity of the
dth dimensional component of any particle i in the PSO
population at the k+ 1 th iteration is determined by equation
(1), [29].
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id � wv

k
id + c1r
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k
id − z
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k
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+e update speed of the particle is composed of three
components, the first term is the inertia weight term, which
remembers the effect of the particle’s previous movement
speed; the second term is the cognitive term, which rep-
resents the effect of the historical optimal position of the
particle population; and the third term is the social term,
which represents the effect of the optimal position once
possessed by the particle population.

+e position of the particle after moving is determined
by equation (2), i.e., the sum of the position and movement
at the previous moment is

z
k+1
id � z

k
id + v

k+1
id , (2)

where k is the number of iterations and r1 and r2 are random
numbers uniformly distributed between [0, 1]. c1 and c2 are
the learning factors. +e particles keep following the
guidance of local optimization and global optimization to

search in the search space until the number of iterations is
reached or the error threshold is satisfied [30].

4.2. Intelligent Single-Particle Algorithm. In the traditional
PSO algorithm, the overall quality of the solution vector is
often judged by changing the values of each dimension in the
whole solution vector simultaneously and getting an ad-
aptation value based on the updated solution vector.
However, this does not tell whether the partial dimension
moves in the optimal direction. To address this problem, the
literature proposes the solution of dividing the particle into
several small spaces of lower dimensions for searching while
ensuring that it can search the whole space. +e basic idea is
as follows.

+e algorithm uses a particle to search in the solution
space, and the position vector of the particle is divided into
several subvectors, and then the particle is updated by the
subvectors. In the process of subvector updating, a new
learning strategy is introduced by analyzing the previous
velocity updates, so that the particle can dynamically adjust
its velocity and position in the search space, thus
approaching the global optimum.

+e algorithm principle is described in detail as follows.
+e first is the subvector. Unlike the traditional particle

swarm algorithm, in the intelligent single-particle algorithm,
each particle represents the entire position vector, and when
updated, the entire D-dimensional space is divided into m
parts, i.e., the entire position vector is divided into m po-
sition subvectors, and each position subvector and its cor-
responding velocity subvector are denoted as and, j� 1, . . .,
zjm, vj respectively. For simplicity, assuming that D is
exactly divisible by m, each position subvector l(l � D/m)

includes a dimension.
+e second is the update process. +e update process of

the intelligent single-particle algorithm is that each position
subvector is updated cyclically from to z1 in zm sequential
order, and the iterations are executed N times, and the speed
and position adjustment equations at update are as follows:
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where the parameter L denotes the learning variable, r
denotes a random vector uniformly distributed on the in-
terval [−0.5, 0.5]; the constants a, ρ, b≥ 1s, and (b) denote the
diversity factor, descent factor, contraction factor, and ac-
celeration factor, respectively; and f() is the adaptation value
function.
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During the subvector update process, the velocity sub-
vector determines the position subvector, and each velocity
subvector consists of two parts: the learning part b × Lk

j and
the diversity (a/kp) × r part. +e diversity (a/kp) × r part
decreases with the increase of iterations, which will make the
particle dynamics gradually switch from global search to
local search.

+ird is the learning strategy. +e intelligence of the
ISPO algorithm is mainly reflected in its learning part. It
follows a new learning strategy that uses the learning part of
the velocity b × Lk

j subvector to intelligently adjust the ve-
locity subvector according to the previous velocity updates
of the particles so that the velocities of the particles have
greater diversity and thus avoid falling into local optima.

+e final intelligent single-particle algorithm pseudo-
code can be obtained.

4.3. K-Means Algorithm. So far, researchers have proposed
or designed a variety of classical document clustering al-
gorithms for this purpose, among which the K-means al-
gorithm is a classical algorithm that can really solve the
problems of clustering and analysis of complex documents
quickly. +e K-means clustering algorithm is based on the
distribution of the probability predictions of the category
categories of the most similar documents.

+e K-means clustering algorithm works as follows:
first, K clusters are selected as the initial center of mass,
where K is a pre-specified cluster parameter, i.e., the
number of cluster points expected by the user. Each point
is assigned to the initial center of the nearest cluster, and
each cluster assigned to the initial center is automatically
clustered into the next cluster. +en, the center of mass of
each cluster is updated according to the points assigned to
the cluster. +e two steps of assigning and updating are
repeated until the clusters do not change anymore, or are
almost identical, and the center of mass does not change.
+e specific steps are as follows.

Input: N documents to be clustered, number of clusters
K.
Output: K clusters and convergence of the criterion
function.

+e method is shown in Figure 3.
+e K-means algorithm is simple, effective, and fast

to process, especially for large document sets. However,
the traditional K-means classification algorithm has two
inherent drawbacks: (1) random initial value selection
may lead to different clustering results, and even the
existence of no solution and more sensitive to the initial
clustering center; (2) the algorithm is based on gradient
descent algorithm, so inevitably often fall into the local
optimum. +ese two major defects greatly limit its ap-
plication scope.

4.4. Improved K-Means AlgorithmBased on Intelligent Single-
Particle

4.4.1. ISPO+K-Means Algorithm Idea. To overcome the
above-mentioned shortcomings, many studies in recent
years have combined the Particle Swarm Optimization
(PSO) algorithm to improve the K-means algorithm. Omran
et al. first applied the particle swarm algorithm to cluster
analysis in 2002 and showed experimentally that the clus-
tering effect based on the particle swarm algorithm is better
than the simple K-means clustering algorithm. According to
the literature, k-means should be combined with particle
swarm for clustering, and it is proposed that in the ini-
tialization stage, the fast clustering results of K-means
should be used to initialize and assign values, and then the
clustering algorithm of particle swarm is used. In the lit-
erature, random functions were used to allocate the initial
positions of particles in the initialization process, and then
the k-means clustering algorithm was used for optimization
in the subsequent new generation of particles. A method of
spatial clustering analysis with obstacle constraints com-
bining PSO algorithm and partition is proposed in this
study. +is method makes good use of the global solution
searching ability of the particle swarm optimization algo-
rithm and fully considers the effect of real obstacles on the
clustering results so that the clustering results are more
practical. DKPSO, a dynamic clustering algorithm based on
particle swarm, is proposed in this study, which can auto-
matically determine the optimal number of clustering
centers when running. In the literature, k-means calculation
is performed on all particles in each PSO iteration to seek the
optimal solution. Although the clustering performance is
improved, the algorithm still fails to get rid of the dilemma
that the PSO algorithm falls into the local optimal solution,
but greatly increases the computational amount of the al-
gorithm, resulting in slow convergence. +e Adaptive par-
ticle swarm optimization (APSO) algorithm proposed in the
literature can estimate different evolutionary states of the
algorithm, and design an effective parameter Adaptive
control strategy according to the different evolutionary
states, so as to speed up the solution of the algorithm op-
timization problem.

+e clustering methods of combining the PSO algorithm
with theK-means algorithm described in the above literature
can be divided into three categories: k-means first followed
by particle swarm optimization can be simply written as
K-means + PSO; PSO first followed by k-means can be
written as PSO+K-means; +e recombination of the above
two types is abbreviated as K-means + PSO+K-means.
Literature has proved through experiments that the latter
two combination methods have better effects, and the
probability of obtaining the best solution is significantly
higher than the k-means method, basic PSOmethod, and K-
means + PSO method. +e study analyzes the problems
existing in the traditional PSO algorithm, proposes the

Security and Communication Networks 7
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intelligent single particle optimization algorithm, and proves
through experiments that the algorithm can overcome the
defects of the traditional PSO algorithm. In view of this, the
intelligent single particle optimization algorithm is intro-
duced into the clustering analysis, and an improved particle
swarm and K-means hybrid clustering algorithm ISPO+K-
means is proposed.

+e ISPO+K-means clustering algorithm proposed in
this study consists of two modules: the ISPOmodule and the
K-means module. First, the ISPO algorithm is used to find
the optimal m initial clustering centers, then the k-means
algorithm is used to find the clustering results, and finally,
the clustering results are output. +e m initial clustering
found by the ISPO algorithm means thatM initial clustering
centers are randomly given for the k-means algorithm. In the
subsequent execution steps of the algorithm, the optimal one
is selected from m kinds of clustering, so that the defect of
the k-means algorithm sensitive to the initial clustering
center can be significantly improved.

4.4.2. ISPO+K-Means Algorithm Coding and Fitness
Function. ISPO+K-means clustering algorithm adopts the
coding method based on clustering centers. Each particle is
encoded with location, velocity, and adaptive value. +e
dimension of the sample vector is D and the number of
clustering centers is M, so the location and velocity of
particles are m×D-dimensional variables and the adaptive
value function is F().

4.4.3. ISPO+K-Means Algorithm Description in Detail

(1) ISPO Module

Step 1: given data D � (x1，x2， . . .，xn) set, z0

represented as position vector of data set D. +e entire
position vector is divided into m position subvectors,
i.e., z0 � ( z1

0， z2
0， . . .，zm

0
) and the fitness is

f(z0) calculated.

Step 2: initial number of sub-vectors j� 1 and learn
L0

j � 0 variables.
Step 3: initial sub-vector iterations k= 1. If themaximum
number of iterations N is reached, skip to Step 4; oth-
erwise, continue. Update the speed of the JTH subvector
according to formulas (5-3) and (5-5). Update the po-
sition of the JTH subvector according to formula (5-4).
Step 4: perform the next subvector according to Step2
and Step3. If all the m subvectors are updated, skip to
step 5. Otherwise, continue the execution.
Step 5: output the center point values of m clusters.

(2) K Means the Module

Step 1: take the values from I xi ∈ D � 1 to n respec-
tively, and then find the center point from them cluster
centers selected by ISPO module according to Oj the
nearest xj neighbor rule, and Cj add clustering.
Step 2: recalculate the center points of each new cluster,
j� 1,2, ..., M, Oj that is, calculate the average value of
the members of the new cluster and use this average
value as the center point of the new cluster.
Step 3: repeat Step2 and Step3 until there is no change
in each clustering center, that is, the algorithm con-
verges, and the final clustering result is output.

4.5. ISPO+K-Means Algorithm Experimental Design. All
experiments were carried out on a PC with CPU2.0GHz and
1G memory, operating systemWindows XP and Matlab 6.5.
+e experiment evaluates the clustering performance of low-
dimensional data, high-dimensional data, and multidi-
mensional sample high-dimensional data sets, respectively.
We compared the experimental results of ISPO+ k-means
with those of PSO+K-means and K-means.

+ree kinds of data sets commonly used in similar
studies were used for experimental data: +e low-di-
mensional feature data set was the Iris plant sample data

Step 1: 
Select K 

documents 
as the initial 

clustering 
centroids

Step 2: 
Iterate step 
3 and step 4

Step 3: 
Calculate 

the similarity 
of the 

documents 
in the 

document 
set to each 

cluster 
center and 
assign it to 

the 
corresponding

class according to 
the principle 
of maximum 

similarity

Step 4: 
Calculate 
the new 
cluster 
centers

Step 5: 
Repeat 

steps 2 and 
3 until the 
division of 
clusters or 

the criterion 
function no 

longer 
changes

Figure 3: k-means algorithm flow.
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set, which was divided into three categories with four
attributes for each data object and a total of 150 samples.
+e high-dimensional feature data set adopts the Wine
data set, which is divided into three categories. Each data
object has 13 attributes and 178 samples in total. +e
WisconsinBreastCancer dataset was used for the multiple
high-dimensional data, which was divided into two classes
with nine attributes for each data sample, a total of 663
samples.

In the experiment, the value of the adaptive function f()
is the function value corresponding to the current position.
Parameter Settings of the K-means algorithm and PSO+K-
means algorithm are referenced. Table 1 describes the pa-
rameters of the ISPO+K-means algorithm.

4.6. ISPO+K-Means Algorithm Experimental Results
Analysis. +e clustering experiment results are shown in

Table 2and Figures 4–6. It can be seen from Figures 4–6 that
the k-means algorithm has the fastest convergence speed, but
it is easy to fall into local optimal. By combining PSO+K-
means clustering algorithm with the traditional particle
swarm optimization algorithm, the global optimal solution
searching ability of the algorithm is improved. However, as
the number of iterations increases and the effect of k-mean
decreases, the particle swarm focuses and converges grad-
ually, and then falls into the local optimum. Different from
the above two methods, the ISPO+K-means algorithm
proposed in this study does not update the whole velocity
vector or position vector at the same time as the traditional
PSO at the ISPO stage. Instead, it divides the whole vector
into several sub-vectors and updates the sub-vectors at the
same time. By introducing a new learning strategy, the
particle can make an intelligent analysis of its previous
velocity update and determine the velocity of the next it-
eration, thus increasing the velocity diversity and making it

Table 1: Parameter Settings of is PO+K-means algorithm.

+e data set a b p l s ε
Iris 15 2 40 1 4 1.00e+ 00
Winc 300 2 3 1 4 1.00e+ 00
Cancer 2000 2 40 1 4 1.00e+ 00

COMPARISON OF IRIS CLUSTERING 
PERFORMANCE 
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Figure 4: Comparison of IRIS clustering performance.

Table 2: Comparison of stability of three k-means clustering results.

Data set
Iris Winc Cancer

Mean Variance Mean Variance Mean Variance
k-means 33.1022 9.5668 140.1022 38.5623 701.1236 331.1211
PSO+ k-means 12.9673 4.0006 71.1389 5.1363 271.8983 44.9673
IPSP+ k-means 11.7652 3.9362 62.4187 3.1364 206.3255 16.2147
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easy to jump out of the local optimal and approach to the
global optimal.

+e comparison results of data clustering stability of the
three algorithms are shown in Table 2. It can be clearly seen
from the sub-variance value and mean difference of the
above algorithms that the stability of the k-means algorithm
is often extremely poor due to the large influence range of
the initial solution, and it is very easy to cause the calculation
results to fall into local optimal. +e PSO+K-means hybrid
clustering algorithm system is a k-means operation intro-
duced at least once in each iteration of the algorithm, which
makes the system algorithm in the initial stage of the entire
iteration can always have a good and stable processing ability

of distribution search results of global initial solutions.
+erefore, the algorithm architecture itself greatly reduces
the dependence of the algorithm on the global initial so-
lution distribution search results, and the stability of the
overall structure of the algorithm is relatively good. +e
proposed algorithm ISPO+K-means has no obvious ad-
vantage in processing low-dimensional feature data. How-
ever, in fact, it is difficult for the traditional PSO algorithm to
take into account all the optimization directions of low-
dimensional space when dealing with the problem of high-
dimensional and diverse particle feature data. +e ISPO+K-
means algorithm proposed in this study decomposes the
large particle search space into several low-dimensional

COMPARISON OF WINE CLUSTERING 
PERFORMANCE

0
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Figure 5: Comparison of clustering performance for WINE.
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Figure 6: Comparison of clustering performance for CANCER.
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small Spaces in an ISPO module. And updated throughout
the particles in the process of iteration, the introduction of
some new learning optimization strategy, through the
analysis of the real-time particle velocity and the update of
the before, intelligent quickly achieve the real-time dynamic
optimization to solve the speed adjustment, enhance to
improve the global solutions for computing performance in
the field of space exploration, making global algorithm
significantly less dynamic dependence on initial solution
speed, +e dynamic stability of the algorithm is greatly
improved. As can be seen from the mean and variance values
shown in Table 2, the algorithm proposed in this study has
obvious advantages in processing high-dimensional feature
data, especially for complex and diverse high-dimensional
feature data, and its performance is greatly improved
compared with other algorithms.

Compared with the other two algorithms, the ISPO+K-
means algorithm has the highest efficiency in terms of time,
because K-means does not perform PSO optimization and
clustering directly. Compared with PSO+K-means clus-
tering algorithm, ISPO+K-means algorithm does not up-
date all spatial dimensions at the same time, which greatly
reduces the iteration time of the algorithm, especially in
processing high-dimensional data.

In this chapter, the automatic clustering based on the
previously proposed method is studied. Based on a full
understanding of the clustering technology, the analysis of
the classical clustering algorithm K-means algorithm and
particle swarm algorithm, the hybrid clustering algorithm
combining intelligent single particle and K-means algorithm
is proposed for the problem that the particle swarm algo-
rithm is prone to fall into the local optimum and the two
inherent defects of K-means algorithm--ISPO+K-means
clustering algorithm, including two modules: ISPO module
andK-means module.+e ISPO algorithm is used to find the
optimal m initial clustering centroids; the K-Means algo-
rithm is used to find the clustering results, and finally, the
clustering results are output. +e experimental results show
that the proposed algorithm overcomes the problems of the
above algorithms better, especially for the clustering of high-
dimensional data.

5. Summary and Prospect

+is thesis summarizes the current situation and problems
of multimedia English teaching resource library construc-
tion, and the main content is to focus on the use of existing
information technology as a means to carry out research
related to the construction of the resource library. +is
chapter concludes the thesis with a specific summary of the
main work and innovation points of the previous study, and
also makes the corresponding construction and outlook for
the next work and research direction.

5.1. Summary. +e research content and main innovations
of this study are mainly as follows: in view of the defects and
shortcomings of some current teaching resources con-
struction, a model is proposed to collect and automatically

organize the rich teaching resources on the network by using
existing information technology. +e overall architecture of
the model and the design ideas of each module are also
described. In addition, this study proposes a hybrid auto-
matic clustering algorithm ISPO+K-means and K-means
clustering algorithm and compares it with the traditional
particle swarm K-means-based hybrid algorithm.+e results
show that the proposed algorithm can effectively overcome
the problem that other algorithms tend to fall into local
optimality, and verify that the algorithm has obvious ad-
vantages in processing multi-dimensional data sets.

5.2. Prospect. In the process of resource construction and
management in the teaching field, we need tools for col-
lecting, organizing, and retrieving various subject-specific
resources, how to collect, organize and store the resources by
using existing IT technologies? +is requires us to integrate
various technologies to form an automatic structured
teaching resource collection (collection) and organization
(process) method. +is study mainly starts from the per-
spective of the current situation of teaching resources, and
puts forward the corresponding collecting and organizing
methods for the shortcomings and deficiencies in the current
process of constructing multimedia English teaching re-
sources library, due to the limitation of time, objective
conditions, and our own ability, the study only does relevant
research on part of the method, and the follow-up work can
be carried out from the following aspects.

First, the other parts of the proposed automatic col-
lection and collation method will continue to be studied.
+is includes data extraction, formation of structured re-
sources, and development of a structured repository engine.

Second, optimize the proposed ISPO+K-means auto-
matic clustering algorithm and try to further successfully
improve the execution efficiency of the algorithm as well as
the accuracy of the final clustering results.

+ird, the model can be continuously improved and
enhanced for this model, and a prototype system can be
developed to make it more widely used in the field of re-
source search and organization.
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Security in MANETs is a highly contentious topic in the field of network management. (e availability and functionality of a
MANETmight be compromised by a variety of attacks. One of the most prevalent active attacks used to degrade network speed
and reliability is the black hole attack, which leads the compromised agent to discard all data packets. (e purpose of a black hole
node is to trick other access points into thinking that theymust use their node as their route to a certain destination.(e black hole
node in a cable network cannot be detected or eliminated in an AODV network. We improved AODV in this study by utilizing a
lighter-weight technique based on timing and baiting for detecting and separating single and collaboration black hole attacks.
MANETs have a dynamic topology, an open medium, and a lack of a highly centralized monitoring point, all of which offer
security problems. Attacks on security are one of the sorts of attacks. In MANETs, it has no central administration, and mobile
devices link to other devices wirelessly. Black holes, insider attacks, gray holes, parallel universes, faulty nodes, and packet drops
are all threats that can cause considerable disruption in secure communication. Simulation findings demonstrate that the
proposed method significantly outperforms previous techniques in terms of end-to-end delay, throughput, packet delivery ratio,
and average energy. A multipath methodology is used in our proposed method to mitigate the black hole attack in MANET. (e
proposed technique is tested in a simulation reality to see how stable it is in the face of an attack. When the proposed method’s
results are compared to those of existing state-of-the-art approaches, it is discovered that the acquired results are satisfactory.

1. Introduction

MANET is a self-contained system in which nodes/stations
connect with one another using wireless networks.(e ability
of nodes to connect to or leave the system is unfettered; hence,
node connectors may depart at whim. MANET design is
dynamic and may change fast with impact on the nodes’
capacity to transmit freely and order them arbitrarily. Because

of this attribute of the nodes, the MANETs are unpredictable
in terms of durability and topology.

MANETis aWi-Fi ad hoc network, wherein the nodes are
permitted to move around at will and mobile nodes can send
and receive data. Also, because wireless routers are multiple
hop devices, wireless routers are operated by mobile nodes by
forwarding traffic from other nearby nodes to the location
node shown in Figure 1. MANET does not require wired

Hindawi
Security and Communication Networks
Volume 2022, Article ID 8067447, 13 pages
https://doi.org/10.1155/2022/8067447

mailto:dhanagopal.phd@gmail.com
mailto:uma@kdu.edu.et
https://orcid.org/0000-0002-1403-9702
https://orcid.org/0000-0001-9732-3268
https://orcid.org/0000-0002-5304-0730
https://orcid.org/0000-0003-0598-4048
https://orcid.org/0000-0002-3299-3903
https://orcid.org/0000-0003-1870-5124
https://orcid.org/0000-0003-0787-1506
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/8067447


RE
TR
AC
TE
D

facility platform channels. Network clients of Wi-Fi will
connect mobile nodes with a self-organized network.Without
any established infrastructure or central control, the mobile
nodes instantaneously produce a network.

Wireless sensor networks (WSNs) are a major topic in
communications research right now. Tiny-structured sensors
with limited resources are getting easier to improve. In ad-
dition, they appear to be able to perceive the environment’s
parameters, gather important data, and communicate this
knowledge to the user. When it comes to implementing the
4.0 industrial revolution, intensive research is needed to
ensure that the Internet of (ings (IoT) works properly [1].
Ad hoc networks do not have a central access point, but
infrastructure-based networks have. Due to its wireless na-
ture, a mobile ad hoc network (MANET) can be established as
a multihop packet network with no fixed infrastructure [2].
(e packet sizes, data rates, transmission ranges, and speeds
of these nodes and devices might vary widely. Autonomous,
multihop, and dynamic topology are just a few of the
MANET’s distinctive features. Other issues such as packet
loss, security, and QoS are also present in these networks.(e
establishment of basic connection among distinct nodes
necessitates the use of routing mechanisms.

Even if the attacker node does not truly have the quickest
path to any targeted network node, all packets will still travel
through it, giving the black hole node the ability to forward or
reject packets while the data transmission is still in process. An
active attack type is black hole attack.(e black hole node takes
advantage of the fact that every response from an ordinary
node is taken for granted by acting as though it has a shorter
path to any requests it gets. Nodes typically start the discovery
phase to find a route to the end node of interest. Whenever a
node receives a request from a source node, it checks to see if it
has a new route to the destination node. As soon as the
broadcaster requests this information, the black hole node
responds by saying that it has the most recent and shortest
route to the destination node. (e source node accepts the
response as fact since there is no way to determine if the
request was sent by a regular node or a black hole node. To
ensure that packets are sent to their intended destination,
source servers begin sending them to the black hole node,
which subsequently begins dropping the packets they received.
Based on the number of attacker nodes, black hole attacks may
be divided into single and cooperative attacks. A single attacker
node is involved in a single black hole assault, as opposed to a

cooperative black hole attack, which involves many attacker
nodes cooperating to undermine network stability [3].

In addition to denial-of-service (DoS) attacks, which
consume the most energy, the lack of an infrastructure
exposes MANETs to a wide range of other threats [4–6].
Premature convergence increases the algorithm’s capacity to
discover the best value for the local minimum. Premature
divergence can be ignored because it deems significant
mutations to be normal, resulting in greater genetic variety
among children. (ere was a significant improvement in
energy efficiency and a consequent extension of network
lifetime using QB’s proposed algorithm over GA.(e goal is
to find a dominant collection of nodes by combining the
weight matrices of table-driven and on-demand routing.
Using the node’s relative degree and the link expiration time,
the LMANETwas interconnected. We measured delay, total
cluster head rounds, cluster head duration, overhead, and
PDR to arrive at our conclusions. (e proposed HCAL
protocol outperforms in terms of performance. Clustering
algorithms such as dynamic link duration, signal characteristic-
based, dynamic Doppler velocity, and mobility-based algo-
rithms are compared with each other. (ere is a well-defined
organizational structure in place for these pieces, and it serves
to emphasize their value by bringing attention to what was
omitted and by posing important concerns that need additional
investigation. After a thorough examination, specific obser-
vations are collected in order to assist in determiningwhich risk
reduction techniques are most suitable for a particular envi-
ronment and then to communicate those strategies with the
relevant parties [7].

Problem Statement: MANET security is critical in order
to prevent many forms of attacks. An attack known as a
“black hole” aims to break up all network connections and is
one of the most widely used methods of doing so. In the
event that two network nodes need to interact, the AODV
routing protocol strives to find the shortest possible path
between them. (is attack cannot be detected or prevented
by the AODV protocol because it does not include an al-
gorithm for that. (is research presents the method for
identifying and differentiating between single and collabo-
rative black hole attacks.

Contribution of the work is as follows:

(a) Taking care of low latency while maintaining high
throughput is the contribution of this study.

(b) Above both are planned to achieve using new algorithm,
which is called as multipath technique to overcome the
black hole attack in mobile ad hoc (MTBD).

(c) (e paper suggests a pseudo-code algorithm that is
distributed randomly for energy-efficient time syn-
chronization in two-way packet delivery scenarios,
where the clock offset and the propagation delay are
factors to consider when sending the packet beacon
message to the destination vehicles.

(e paper is organized as follows. Section 2 discusses
related work. Section 3 introduces the existing mobile ad hoc
network model and shows the role of the network identity.
Section 4 presents the algorithms for formation/joining a
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Figure 1: MANET.
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network and how split and merge are managed. Sections 5
and 6 show the experimental setup and experimental results,
respectively, and, finally, Section 6 concludes the paper.

2. Related Work

2.1. BlackHoleAttack. DoS is a kind of black hole attack that
is considered as one of the more attractive attacks. In
MANETs, it is also referred as a full average packet attack.
With changeable protocols and free communications in
MANETs, a black hole component can easily and quietly
move inside the network. Route discovery is the exact sit-
uation which is suitable for black hole creations. (ere is no
valid path from the originating point to the destination at
first. For route discovery, the source node sends a RREQ
packet to the works by interfering.When a real sendermoves
an RREQ packet from a sender, it transfers it to the next
node in the chain if it is not a cluster head; however,
whenever a black hole node receives an RREQ, it transfers a
fraudulent route reply with a high timestamp in order which
is going to win the route request. (e hash function is being
utilized in assessing where frequently the route is updated, or
how fresh it is. (e black hole node manipulates the base
station into thinking it has a legal, short, and refreshing route
toward destination when it actually does not. (e black hole
node delivers a signal to the intermediate host and joins the
program’s route between both the initial point and the final
node in this approach. (e source node begins transmitting
packets of data to the black hole nodes after the path has
been created, and the black hole node gradually destroys all
data packets before passing them on to the destination’s
node [8, 9]. Figure 2 shows black hole attack.

Each node in a MANET maintains a routing table, and
each routing table maintains a sequence number, which is
used to keep current routing information. (e source node
sends data packets to the destination node via neighbor
nodes, which contain sequence numbers that are used to
determine the proper path connection to the link. More
update information equals a higher sequence number. (e
value of the sequence number is 216-1. It wraps around after
the end of the sequence number value and returns to the
original value. In a mobile ad hoc network, black hole nodes
are mobile nodes that present more updated information by
displaying a higher sequence number value (a higher se-
quence number indicates more updated information, whereas
a lower sequence number indicates less updated information
in the routing table). Because the sequence number of the
black hole node is higher than the current flack sequence
number, the node maintains its course through the black hole
node. Neighbor nodes send data packets through the black
hole, which the black hole node drops.

(e method’s strength comes in its ability to pinpoint
optimal values for such variables as detection probability and
throughput. (is approach aids in both the detection and
prevention of black hole attacks in MANET [10]. When
malicious nodes misinterpret routing for dissemination,
only the least diverted packets eventually make it to the
target hub, and a route layer vulnerability known as a black
hole assault is launched. (rough simulations, [11]

demonstrated that an NHBADI approach for identifying
attackers in MANET reduced network inefficiency, PDR,
and the normalized routing cost. Not only was the attack
discovered, but the suggested method also isolated vulner-
able nodes for black holes in the MANET. Proximity set
method was developed by [12] to identify malicious nodes in
MANET (PSM). Simulation findings show that the proposed
AODVwith PSM is superior to the current ad hoc on request
distance vector direction methodology for discovering black
holes. However, the E2E delay was subpar. (e IDS method
was proposed for black hole detection in [13]. Selecting the
node with the greatest sequence number leads to improved
QoS and, following analysis, a 60% boost in PDR. One
potential drawback is that it is not very effective against
intrusion attempts.

(e benefit point of this approach is that a comparative
approach for the protocols is helpful for the determination of
black holes. IoT is a critical constituent of the industrial
revolution 4.0, and its operation necessitates intensive study
to guarantee that it functions properly [14]. AODV, DSR
DSDV, reverse-AODV (RAODV), AOMDV, and tempo-
rally order routing algorithm (TORA) are some of the
MANETprotocols [14]. Packet networks are a type of packet
network. Because of its mobility, it is a wireless system with a
self-motivated topology [15]. Furthermore, with no per-
manent infrastructure, each node is operating as a bridge,
source, or a destination in order to pass data packets to
nodes outside the transmission range [16, 17].(is approach
uses a digital signature-based IDS for identification of at-
tacks on black holes.

3. Existing Work

3.1. FIDS. Handout of this approach lies in the smooth
detection of black holes. It uses NS-2 simulators for better
results. (is approach is shown to be efficient than the
normal AODV protocols. For AODV, [18] developed a
mechanism for detecting black holes. Reference [19] pre-
sented a fuzzy-based genetic algorithm that uses beginning
rules depending on fuzzy algorithm and final rules
depending on GA. Reference [20] suggested a TCP/IP
network based on genetic-based IDS. Reference [21] in-
vestigated RREQ flooding attacks and devised a new strategy
based on next node monitoring to counter RREQ flooding
attacks. Pitfall lies with its limitation of working with only
one kind of attack along with low jitter values.

Malicious node

Source Packet drop

Destination

F

D

EC

A

M

Fake RREP

RREQ

RREP

RR
EQ

Figure 2: Black hole attack.
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3.2. GABFO. Beneficence of this approach is that one can
make a clear black hole attack analysis.(is approach uses GA
with a combination of BFO using which the black hole attacks
are defended. (e obstacle for this approach is that it is
limited to few protocols and does not work in AODV pro-
tocol. MANETs are defined by their lack of housing, dy-
namical topology, and usage of the open wireless medium
[22]. A black hole assault poses a significant threat to such
networks. (ere are two purposes to this study. To begin, we
will go through a comprehensive list of known black hole
countermeasure methods. Reference [23] suggested a method
for analyzing AODV’s vulnerability to assaults, particularly
the most prevalent network layer hazard, the black hole at-
tack, and developing a conditional-based IDS using the GA
method. (e suggested arrangement uses a GA to assess each
node’s behavior and provide information about the attack.
GAC is a collection of rules based on AODV’s key features,
such as request forwarding rate and reply receive rate.

3.3. NSABO. High packet delivery with minimum packet
loss is one of the features of the proposed method. A
proposed framework with the help of a simulator NS-2
works. Reference [24] presented a dynamic training method
for anomaly detection where the supervised learning is
restructured at regular intervals of time. Reference [25]
proposed a technique in which the source verifies the reply a
packet arriving from various nearby nodes, and then waits
and checks the responses from all cluster heads to choose the
finest and most protected route. (e highlight of this ap-
proach lies in the detection of a secured receiver and senders’
path; the pitfall of this approach is that it is limited to a few
and general attacks. Reference [26] presented a system in
which network nodes are divided into two categories:
trustworthy nodes and regular nodes. Trusted nodes are
nodes that are present in the network when it is created.
Ordinary nodes are nodes which join the network at a later
time. Ordinary nodes must demonstrate their reliability to
be designated as trusted nodes.

3.4. SAODV. (e plus point of this approach is that it is
helpful in the discovery of black as well as gray hole attacks.
Numerous DoS attacks have been launched. (e black hole
attack is the one where the attacker announces that it has the
best path to the node whose packets it intends to discard or
intercept using the routing protocol [27]. RREQ packets are
broadcasted, whereas destination network receives data
packets sent from source nodes which shows the black hole
attack working nature. (e black hole cluster with a higher
sequence number and fewer hop counts, on the other hand,
delivers RREP to the originating node right away [28]. (is
approach is helpful for the detection and prevention of
malicious selfish nodes.(e downfall of this approach is that
it is limited to work with only one kind of protocol.

3.5.TBBTD. Contribution lies in isolating the detected black
hole nodes. A timer-based baited technique is used. MANET
practices a wireless link to attach nodes; therefore,

throughput is considered a significant network feature.
Wireless links have a substantially lower bandwidth than
conventional lines.(e signal of a wireless link can be harmed
by noise, interfering from that other source, or fading [2].
According to [29], AODV has superior performance features
than additional routing protocols underneath various per-
formance statistics; (e AODV protocol is superior to other
routing protocols because it combines the principles of
mutually DSR and DSDV and reaps both benefits [30].
(ey devised a method based on the CBDS.(e three steps of
CBDS′ black hole detection are bait, counter trace, and re-
sponsive defense. During the bait stage, the source node
chooses one out of its neighbors at random and submits a bait
request with that node’s id. (e RREP of the bait RREQ is
used to construct a group of suspicious nodes in the reverse
trace phase, after which the neighbor nodes translate to
unrestrained mode to identify the presence of an assailant
node within the path. A black hole alarm is broadcast to
neighbor nodes for a piece black hole node found in the
specific network. In reference [31], the proposed method
relies on a specific type of node known as guard nodes, which
aid in the detection of network black hole nodes. Guard nodes
are promiscuous nodes that keep an eye on the activity of
other devices in the system. (e activity of the devices in the
network is recorded in tables on guard nodes. Each network
has a link quality that is calculated based on its network
activity, and it drops because here the node is only the one
which transmits no RREQ but only RREP. Few systems
advanced to employ a trust-built methodology, in which
apiece network device has trustworthiness that is established
by the node’s behavior. If the node’s value is too less, it is
classified as a node with black hole nature, as described in
[32]. (e disadvantage of this strategy is that the obtained
parameter values are low and must be improved. (e com-
parisons of existing methods are given in Table 1.

In [40], the authors suggested a trust-based multipath
routing protocol called TBSMR to boost the MANET’s
overall performance. (e key feature of the suggested
protocol is that it incorporates numerous elements such as
packet loss reduction, congestion management, secure data
transfer, and malicious node identification to improve the
MANET’s QoS.(e effectiveness of the suggested protocol is
examined by the simulator in NS-2. Ensemble models based
on machine learning were constructed [41]. While all of the
attacks were labeled as anomalies and regular traffic, binary
and multiclass classifications were performed on the KDD99
and NSLKDD datasets. Class designations included the five
most common types of attacks: DoS probe, user-to-root,
root-to-local, and normal. To predict the amount of vehicle
crashes in a heavily trafficked challenging zone, researchers
employ an artificial spider-monkey approach to probe sybil
assault techniques on VANETs [42].

4. Proposed Approach

An MTBD algorithm is supposed to be transmitted to all
CHs to tackle the sinkhole problem. However, before going
into detail about the method, a variant of the routing
protocols is provided to ensure disjoint routes: to ensure
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discontinuous control message paths, AODV is changed as
follows: after the source broadcasts the RREQ, each inter-
mediary node that receives it adds its location to the requests
and broadcasts it to its neighbors again. Until the author
utilized the sink node, this procedure is repeated. As a re-
sponse to the source node’s request to deliver data over the
selected paths, the sink node creates discontinuous paths.

(e following is a description of the suggested attack
recognition and protection system, MTBD:

Phase 1: the network is organized into clusters, with a
CH for each cluster.
Phase 2: when the data Msg is available, the CH creates
an RREQ as a cluster head. In the new version of the
AODV protocol, the reply Msg comprises two distinct
pathways to the sink node, as previously indicated. (e
CH transmits the data message over one of the re-
ceiving routes and generates the Ctrl message on the
other. (e sender ID, size, controlling route infor-
mation, established written route, and checksum are all
included in the Ctrl message.
Phase 3: after receiving the transmitted signal and both
are said, the sink node begins comparing the control
message to the received message. (e sink node will
determine if the highly considered has been altered or if
it has not been changed by evaluating the control
messages. Furthermore, if the sinkhole discards mul-
tiple emails, the sink node will notice when it receives
control messages.
Phase 4: the sink node analyzes the histories of the same
route to determine which CH is targeting the traffic
because it records all of the routes.
Phase 5: if the sink node senses an incursion, it sends
out an alarm to all of the CHs, warning them to stay
away from the compromised one.

In Algorithm 1, there are supposed to be S nodes, a
subset of a cluster head H, and one or more sink nodes SN.
When a sensor sends the RREQ message to the CHj at-
tached to it, it is prepared to submit its sensed data.
Neighbor CHj transmits a message to its neighbors using
the approach described in step 2 above. It sends an RREP
message to si with an address to send after receiving the two
disjoint pathways. CHj receives the message and sends the
received message (data Msg) over one of the routes it
received—send (Msg)—while also forming a Ctrl message
to send through the other route send (Ctrl). Both data and
control messages arrive at the sink node via distinct paths.
(e sink verifies the data it receives to the information in
the Ctrl message. (e sender ID, message size, packet in-
formation path, and checksum are all compared. (e
established written route is double-checked to ensure that it
has not been tampered with and that the routes are disjoint.
If the description in the Ctrl message does not match the
data, the route and its history are reviewed. When a large
amount of messages are sent to the same CH, it is referred
to as a sinkhole node. (e detailed flowchart for the
proposed method is shown in Figure 3.

Following IDS′ disposal of status packets, all remaining
nodes should receive them. A check should be done to
determine whether packets have been dropped or not, and
the right explanation for the dropped packets must be
recognized. If a particular node drops whole packets, which
is designated as a BH node, we must add it to the blacklist.

5. Experimental Setup

OPNET from Riverbed Technology is used to simulate the
methods discussed in this work. OPNET supports state-of-
the-art network simulation support with a huge stack of
inbuilt network node types, protocols, and topologies. (e

Table 1: (e comparison of existing methods.

Author Contribution Methodology Advantage Limitations
CBHDAP
Vijayakumar and
Somasundaram [33]

Sleuthing and circumventing
black hole attacks in

MANET
CBHDAP

Optimum results for
throughput and detection

probability

Does not work for security
attacks

DSIDS
Talukdar et al. [34]

BHAODV and DBHAODV
protocols

IDS and digital
signature

QoS, PDR, overhead is
detected

Works well with a limited
number of packets and

nodes

FIDS
Balan et al. [35] Black hole node detection NS-2 simulator

(is approach is efficient
than the normal AODV

protocol

Limited to only one kind of
attack, low jitter values

GABFO
KanikaBawa [36] Analysis of black hole attack GA, BFO Black hole attack effects are

detected
Does not work with AODV

protocols

NSABO
Jaisankar et al. [37]

Finding a safe path between
receiver and sender

Proposed framework
with the NS-2
simulator

High packet delivery with
less packet loss Limited to two attacks

SAODV
Dhende et al. [38]

Black, gray hole attack
removal SAODV, NS-2

Detection and prevention
of malicious and selfish

nodes

Works with only one
protocol

TBBTD
Yasin and Abu Zant
[39]

Detection and isolation of
black hole node

Timer-based baited
technique

(roughput, PDR, and
end-to-end delay are

obtained

(roughput, PDR, and end-
to-end delay need to be

enhanced
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freedom to design any kind of protocols and network ar-
chitecture is provided by the scripting provision and
graphical interface of OPNET. OPNET allows user to script
user-defined network components, protocols, and

architectures using C++. Visual Studio IDE is used to de-
velop a dedicated user interface to load the input scripts to
OPNET and to present results received from OPNET. Ta-
ble 2 shows simulations parameters considered for study.

Stop

Blacklist that node

Black hole node

Node is
dropping

full
packets?

Check the reason for
packet dropping

Check
node is

dropping
packets?

Node is normal, so
continue Normal

All nodes receive status
packet

IDS nodes send status
packet

Start

Figure 3: Flowchart for the proposed method.

s1, s2, , s3, . . . . . . . . . . . . . . . . . . sn ∈ S

sn1, sn2,sn3, . . . . . . . . . . . . . . . . . . snn ∈ SN

CH1, CH2, CH3, . . . . . . . . . . . . . . . . . . CH1 ∈ H

Repeat
if(CHjready to send)

sending devices⟶R REQ ClusterHeadj

ClusterHeadj⟶R REQ Neighbour(ClusterHeadj)

ClusterHeadj ←
RREQ

Neighbour(ClusterHeadj)

Si ⟶ Pass information(Data)ClusterHeadj

Send(message)
Send(control)

End if
∀Sni ∈ SN

Receive(Message(information))

Receive(Message(Control))
if((compare(message(information),Message(control)) � true)

Alert
End if
Until the transmission process is completed

End

ALGORITHM 1: Proposed MTBD algorithm.
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Table 2: Simulation parameters.

S. no. Entity Details
1 Frequency band Mixed mode 2G, 3G, 4G, and VoLTE
2 RF range Based on the type of 100 to 1000 meters
3 Network density Typical real world
4 No. of nodes 100 to 1000 in steps of 100
5 No. of routers Automatic selection
6 Node placement Random distribution
7 Node types Typical MANET nodes
8 Simulation area 10000 sq. meters
9 Simulation time 168 real-world hours

Table 3: (roughput.

Parameter: throughput (kbps)
Nodes FIDS [34] CBHDAP [32] GABFO [35] DSIDS [33] TBBTBD [38] NSABO [36] MTBD [proposed method]
100 1200235 3498826 3996522 3149617 3660561 999622 3800366
200 1199316 3473081 3932599 3110567 3634051 974376 3792175
300 1198934 3441395 3859589 3068492 3606896 944088 3782606
400 1197893 3406603 3774152 3017808 3572176 908121 3769580
500 1197117 3366522 3678542 2962879 3534194 868428 3756476
600 1192534 3324746 3570724 2899399 3491403 821793 3742181
700 1192253 3274350 3451660 2826766 3446190 774666 3726018
800 1188402 3220755 3321135 2750391 3393795 719839 3708827
900 1185600 3161586 3178877 2669088 3339483 662409 3691235
1000 1181402 3096771 3024765 2577946 3280624 596816 3670213

Figure 4: (roughput graph for various methods.
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6. Experiment Results

To show the importance of proposed method, the following
parameters were considered as throughput, latency, packet
delivery ratio, and average energy.

4roughput: the pace of data flow for a specific
communication channel is referred to as throughput.
During environmental monitoring, throughput is a
critical aspect that necessitates constant data collecting.
(e higher the throughput quality, the greater the value of
the network in question. (e observed throughput values
obtained from the regression results are presented in
Table 3. (e throughputs of different networks are shown
in Figure 4.

Latency: it is a measure of reaction time; a shorter re-
sponse time indicates better network quality. (e latency
numbers produced concerning different times for com-
paring techniques with simulation results are shown in
Table 4 and Figure 5. Network performance is inversely
proportional to latency. Milliseconds are used to measure it
(ms).

End-to-End Delay: it is the sum of all latency issues, such
as jitter, system postponement, and IP delay. It is taken into
account how long it takes a data packet to move from source
to destination. (e worse the network traffic, the shorter the
packet delay time. By established approach, Table 5 illus-
trates several end-to-end delay times. (e end-to-end delays
of different networks are shown in Table 5 and Figure 6.

Table 4: Latency.

Parameter: latency (ms)
Nodes FIDS [34] CBHDAP [32] GABFO [35] DSIDS [33] TBBTBD [38] NSABO [36] MTBD [proposed method]
100 250 222 171 230 220 202 190
200 250 221 178 233 221 205 194
300 252 223 186 235 223 205 196
400 253 225 193 234 222 207 196
500 253 223 199 236 223 209 196
600 254 224 209 238 226 213 201
700 254 227 216 237 226 213 202
800 257 225 221 241 227 217 201
900 255 227 231 240 226 219 203
1000 259 228 238 243 227 219 205

Figure 5: Latency.
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Table 5: End-to-end delay.

Parameter: E2ED (ms)
Nodes FIDS [34] CBHDAP [32] GABFO [35] DSIDS [33] TBBTBD [38] NSABO [36] MTBD [proposed method]
100 418 378 326 391 338 283 258
200 418 380 338 400 342 280 265
300 424 384 339 399 346 284 259
400 429 386 356 397 353 290 265
500 433 389 360 400 352 294 265
600 434 399 373 402 357 300 264
700 439 394 379 407 357 297 271
800 437 404 386 413 368 301 270
900 438 407 398 410 371 306 274
1000 442 408 406 417 373 304 276

Figure 6: End-to-end delay graph.

Table 6: Packet delivery ratio.

Parameter: PDR (%)
Nodes FIDS [34] CBHDAP [32] GABFO [35] DSIDS [33] TBBTBD [38] NSABO [36] MTBD [proposed method]
100 90 94 90 90 95 87 98
200 89 93 90 88 94 85 96
300 89 92 89 87 94 84 96
400 87 92 87 86 93 84 94
500 87 90 87 86 92 82 94
600 85 90 86 85 91 81 92
700 84 90 85 84 89 81 92
800 84 88 83 83 88 80 91
900 82 87 83 82 88 79 90
1000 82 86 82 81 87 78 89

Security and Communication Networks 9
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Packet Delivery Ration (PDR): it is measured as the sum
of themass of packets sent from the sources to the number of
packets received at the destination; larger values indicate less
data loss, implying a network design with a robust

architecture. (e packet delivery ratio values are presented
in Table 6 and Figure 7.

Average Energy: it specifies how much energy the
proposed method uses to get the outcomes in the

Figure 7: PDR.

Table 7: Average energy.

Parameter: avg. energy (μJ)
Nodes FIDS [34] CBHDAP [32] GABFO [35] DSIDS [33] TBBTBD [38] NSABO [36] MTBD [proposed method]
100 804 1014 1116 806 1031 827 803
200 797 1002 1108 810 1037 833 815
300 808 1027 1128 817 1044 840 828
400 817 1037 1136 822 1062 845 827
500 816 1040 1133 835 1049 895 829
600 813 1039 1149 871 1064 910 815
700 829 1055 1160 883 1086 939 829
800 841 1086 1162 881 1101 981 830
900 860 1079 1168 902 1103 1012 832
1000 875 1120 1213 931 1127 1043 811
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simulated environment. (e system’s effectiveness will in-
crease as the amount of energy spent decreases. (e average
energy values are presented in Table 7 and Figure 8.

7. Conclusion

(e black hole attack is regarded as one of the most
dangerous threats to MANET’s operations. Detecting and
isolating any network black hole nodes is considered a
critical task for preventing network collapse. We developed
a smart black hole identification technique in this study,
which should be taken into account while designing and
emerging any black hole combat protocols or practices.
Block-hole detection of the proposed method is improved.
It is measured based on the parameters like throughput,
end-to-end delay, latency, packet delivery ratio, and av-
erage energy. (e proposed MTBT incorporates both
timers and baiting approaches. (e obtained average values
of all the considered parameters are throughput
(3743967.7 kbs), end-to-end delay (266.7ms), latency
(198.4ms), packet delivery ratio (93.2%), and average en-
ergy (821.9 μJ). (e suggested technique’s simulation re-
sults show that the end-to-end delay, throughput, PDR, and
average energy are far better than existing state-of-the-art
approaches. In the future, we intend to develop the pro-
posed model to enhance throughput and packet delivery
ratio while reducing end-to-end delay and average energy
consumption.
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Aiming at the problems that students in the traditional music teaching system seldom participate in the system interaction and the
relatively few types of system transportable files, this research designs and researches the music teaching system in school through
artificial intelligence technology, streaming media technology, and webcast technology. %e systemmainly designs specific online
classroom teaching modules according to the main characteristics of college music teaching. %e system mainly adopts the b/s
framework. %rough the system performance test, the system response time is less than 2.5 when 200 people visit. Even when 500
people visit, the response time exceeds 3S, but it also maintains a certain performance level.

1. Introduction

In recent years, with the infiltration and development of
quality education, generalist education, and other concepts,
as well as the introduction of the spirit of the National
Education Department on strengthening the public art
education in colleges and universities, colleges and uni-
versities are paying more and more attention to the de-
velopment of art education. Affected by this, the direction
of music teaching management in some colleges and
universities has also begun to change. Modern college
music teaching management is gradually moving towards a
more standardized and standardized direction. As for
music teaching management, scientific and efficient
teaching management systems are closely related to the
improvement of teaching quality. How to use modern
science and technology and network technology to serve
the improvement of teaching quality in colleges and uni-
versities is an important issue in front of teaching inno-
vation reform in colleges and universities [1, 2]. %is
research takes music online education as the object, with
the help of the integration of artificial intelligence tech-
nology, and uses ant colony hybrid algorithm to build an
intelligent composite system to serve the construction of
music online education information system.

%ere are few special systems for music teaching in
school, mainly comprehensive teaching systems. %erefore,
there is no special system using music related technology.
Information technology started early, and streaming media
technology under the Internet environment has also de-
veloped rapidly. Many companies have started to develop
many streaming media technologies for a long time. For
example, a company applied streaming media technology to
the Internet for the first time. Subsequently, they succes-
sively exited RealAudio, a media software system based on
C/S architecture. A company further developed related
technologies and launched RealPlayer series products.
China’s online education has begun to be applied to school
teaching, but it is mainly aimed at Chinese and appreciation
courses. Generally, audio tapes are simply played in music
classes. With the continuous development of Internet
technology, music has been able to spread through the
network and has successfully achieved nondestructive
quality. People also begin to use the Internet to appreciate
music more and more. Under this background, there are
more and more music training institutions. With the rapid
development of Internet technology, many new online
music education institutions are also slowly developing.
%rough the timeliness and locality of Internet technology,
develop and build an online music education platform,
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provide learning resources, promote students’ autonomous
learning ability, and improve the quality of education to a
certain extent [3, 4].

On the basis of this research, this paper proposes a
research method for the online music education system in
colleges and universities based on artificial intelligence. First,
we design according to design principles and design re-
quirements; secondly, we realize the connection between the
main interface of the system and other interfaces through
design. %en, the design of the system function is realized;
finally, the design of the database is realized. Using
streaming media and live broadcast technology, a set of
online teaching system specially designed for music teaching
is designed to realize the special functions of live broadcast
classroom, performance appreciation, and so on. %rough
information technology, improving teaching quality and
improving the overall teaching level is one of the steps of the
corresponding information reform in contemporary times.

2. Intelligent Teaching System Based on Ant
Colony Hybrid Genetic Algorithm

2.1. Algorithm Principle. %e overall operation of genetic
algorithm and ant colony algorithm in the whole optimi-
zation process is shown in Figure 1.

Because the hybrid algorithm combines the common
characteristics of the two algorithms, it avoids the defects of
the two algorithms to a great extent and gives full play to the
advantages of the two algorithms in the process of solving
the optimal solution. Using the Gaussian mutation method,
all gene sequences are replaced by random numbers σ and μ
normally distributed with the mean and variance of the
corresponding mutation process. In the evolution strategy, it
mainly includes two elements (X, σ), where X represents the
next access node and σ represents variance [5]. Its node
descendant generation formula is as follows:

σ′ � σeN(0,Δσ)

x′ � x + N 0,Δσ′( .
(1)

%emean value of N(0,Δσ′) is 0 and the variance is σ, which
are independent and Gaussian random number vectors.

For ant colony algorithm, the calculation here refers to
the method of solving TSP, and the specific process is shown
in Figure 2.

2.2.HybridAlgorithmDesign andProcess. %e binary coding
method is adopted in the algorithm implementation, and the
codes of the same type of questions in the question bank are
collected together. Suppose that the test paper requires m

types of questions, each of which needs to contain ni, i �

1, 2, . . . , t questions. %e corresponding code length is



m

i�1
ni. (2)

%e coding form is

b11b12 . . . b1nb21 . . . b2n . . . bmn, (3)

where

bij, i � 1, 2, . . . , t, j � 1, 2, . . . , t, (4)

ni is for the questions in the examination question bank.%e
coding table is shown in Table 1.

During the design and implementation of hybrid algo-
rithm, the same fitness function shall be used for genetic
algorithm and ant colony algorithm, as follows:

F � maxf + minf − f. (5)

%e evolution rate is the difference between the objective
function of offspring and the average value of incidental
objective function f. %e selection operator adopts the offset
roulette selection mode [6]. %e crossover operator adopts
the improved single point crossover method, and the mu-
tation operator adopts the 0, 1 simultaneous mutation
method. %e flowchart of hybrid algorithm is shown in
Figure 3.

In the hybrid algorithm, the evolution rate is defined as
the absolute value of the difference between the average
values of the parent and child populations. When the
evolution rate of the parent and child is less than Q (set as a
constant), it indicates that the genetic algorithm enters the
invalid redundant iterative calculation stage after this time
point and then enters the ant colony algorithm. %at is,

ffu − fzi



<Q. (6)

%e optimal solution of genetic algorithm is trans-
formed into the pheromone of ACA. Suppose that the
genetic algorithm obtains a group of optimal solutions
with the number of m, and assume that the pheromone on
the i-th test question in the test question bank at a certain
time is

τij, j � 1, 2, . . . , t. (7)

%en the initial pheromone settings are as follows:

a
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c

t0 t1 t2 t3 t4

v4

v3
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Number of iterations
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Genetic algorithm
Ant colony

Figure 1: Optimal value iteration times curve.
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τ0 � 1 + 
m

n�1
An, An �

1
fn

0

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

τ1 � 1 + 

m

n�1

An, An �

1
fn

0

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(8)

%e pheromone updating method uses the max-min
rule. In the traversal process of ant colony algorithm,
pheromones are added only to the ant traversal path with the
highest fitness. %e relationship between the years of in-
formation concentration changes is expressed by intro-
ducing the binary (A, T).

A � a11a12...a1n1a21...a2n2...amnm ,

T � Γ aij, c |Γ aij, c  ∈ R, i � 1, 2, ...m, j � 1, 2, ..., n ,
(9)

where aij represents a test question. T is the set of phero-
mone trajectories, and c is 0 or 1. Γ(aij, c) refers to the
pheromone with or without test question aij selected. T can
be expressed as a 13-dimensional matrix:

2∗ 

m

i�1
ni

Γ a11, 1(  Γ a12, 1(  . . . Γ a1n1, 1(  . . . Γ amnm, 1( 

Γ a11, 0(  Γ a12, 0(  . . . Γ a1n1, 0(  . . . Γ amnm, 0( 
 

2∗
m

i�1

ni

.

(10)

Update the visited node list, the unvisited node
list, and the allowed access node list, and

recalculate the node access degree

Check if the unvisited
list is empty

Update information number concentration
matrix

Record the paths searched by the ants

Compare feasible solutions and output optimal
solutions

Determine the starting point of ant foraging
path, list of visited nodes, list of unreached

nodes and list of allowed nodes. Select nodes
using the next node selection policy

Set the accessed node list to null, initialize the
node list accessed by ants, set the node list to

the full set, and initialize the accessible list

Using ant colony algorithm to obtain feasible
solution

Convert the information about the chemical
population into ants

�e pheromone concentration matrix of
Chunxing foraging

Y

N

Figure 2: Algorithm mixing steps.

Table 1: Coding table.

b ij
1 If bij is selected
0 If bij is not selected

Start

Binary encoding of individuals

Initialize the population, set selection rules,
crossover rules, mutation, and maximum

evolutionary generation

Calculate the individual fitness of the current
population, the value of the objective function f

and the evolution rate

Selection, crossover, mutation operations

End

Meet end condition

End condition
not met

Figure 3: Flowchart of genetic algorithm in hybrid algorithm.
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%e search ability and convergence speed of the algo-
rithm are closely related to the number of ants in the al-
gorithm. %e search ability of the algorithm is positively
related to the robustness and the number of ants, while the
convergence speed of the algorithm is negatively related to
the number of ants. Due to this special situation, if there is
no special requirement, the selection range of individual ants
is [30, 60]. %e path selection of the individual ant is based
on the transition probability. When the signal is transmitted
to the i of the ant, the individual ant determines the tran-
sition direction according to the transition probability pi0 or
pi1. %e algorithm terminates when the chromosomes that
meet the test paper generation requirements and the
maximum number of iterations are reached [7–9].

3. Summary Design of the CollegeMusic Online
Education System Based on
Artificial Intelligence

3.1. System FunctionModule. %e online intelligent learning
system is mainly divided into three roles, administrator,
teacher, and student. %e example of role module is shown
in Figure 4.

%e main user role in the management of the online
intelligent learning system is the administrator of the system,
who has the right to add, delete, and modify specific basic
information. %e system adopts unified identity authenti-
cation. When users log in to the system with different
identities, they can only see the functions corresponding to
the identity. System management: %e main task of this
module is to maintain the normal operation of the college
music education and teaching management system and
important data security settings, including adding new users,
modifying login passwords, and relogin. In addition, system
management includes basic information management in
education and teaching management, mainly including
adding, modifying, deleting, and querying basic information
such as departments, majors, etc., which is the basic module
used by system administrators. %e department, class, and
data dictionary information of the college music education
teaching management system are described.

%e administrator role is divided into four submodules:
teacher management, administrative class management,
student management, and school course viewing. %e ex-
ample of the administrator submodule is shown in Figure 5.

%e teacher’s role is divided into four submodules:
curriculum management, topic selection management,
student learning module management, and personal basic
information management. %e example of the teacher
submodule is shown in Figure 6.

%e student role is divided into 4 submodules, including
optional course viewing, my topic selection, my learning
module, and personal basic information management. %e
example of the teacher submodule is shown in Figure 7.

3.2. System Flowchart. %e sample flowchart of topic se-
lection of students in the system is shown in Figure 8.

In this system, teachers first set up their own courses
and edit the relevant materials of the courses, such as
course overview, course setting cycle, corresponding
chapters of the courses, courseware under the chapters,
and standardized test questions. After editing, they choose
to publish the courses. After the teacher publishes the
course, students can log in to the system to query the
course information available for selection and view the
course overview and course outline. If students are in-
terested in selecting the course, they can select the course
to be reviewed by the opening teacher. After receiving a
student’s course selection application, the teacher can view
the basic personal information and previous learning of
the student. If the teacher agrees with the students to
choose their own courses, then the topic selection is
successful, and the students can start learning the courses
[10, 11].

%e system database includes the following three
modules, a total of 12 tables:

(1) Basic information related modules: school and
school system maintainer table SchoolList, college
table CollegeList, teacher table TeacherList, admin-
istrative class table NatureClassList, student infor-
mation table StudentList

(2) Course information related modules: course list,
course chapter list CourseListt, courseware list
CoursewareList, and test topic list ContentTestList

(3) Modules related to students’ questions: Stu-
CourseList, StuAnswer, and StuScore

Course List is used to store information about courses
offered by teachers in the system. %e data structure of table
Course List is shown in Table 2.

%e Course Chapter table ChapterList is used to store
the relevant information of the course chapters in the
system. %e data structure of table ChapterList is shown in
Table 3.

%e test question table ContentTestList is used to store
the standardized test question information under the cor-
responding chapter of the course in the system.%eremay be
multiple standardized test questions under a chapter. %ere
are three types of test questions: single choice questions,

Administrator Role

Teacher's role

�e student role

Online intelligent
learning system

Adm

�

Online intelligent
learning system

Figure 4: Schematic diagram of the online intelligent learning role
module.
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multiple choice questions, and judgment questions.%e data
structure of table ContentTestList is shown in Table 4.

%e student course selection table StuCourseList is used to
store relevant information about student course selection in the
system. %e data structure of table StuCourseList is shown in
Table 5.

3.3. Database Design. %e design of system database can
greatly affect the performance of the system. Reasonable
database design can make the system speed up the search in
the process of related business processing. Before the da-
tabase form design, it is necessary to design the database
form in strict accordance with the actual needs of users and

Admin
module

Teacher
management

Administrative
Class

Management

Student
management

School curriculum
view

View basic
course

information

View the
students' topic

selection

Student Score
Analysis View

Figure 5: Schematic diagram of online intelligent learning system—administrator role—submodule.

Teacher module

Course
management

Check the
learning
progress

Student learning
management

Check the learning
progress Student analysis

Student performance
analysis

Personal information
management

Figure 6: Schematic diagram of online intelligent learning system: teacher role submodule.

Optional
course

My topic

Personal
Information
Management

�e student
module

My study
module

Courseware
Viewing

Students
problem

Analysis of
my grades

Figure 7: Schematic diagram of online intelligent learning system: student role submodule.
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New courses for teachers

Teachers publish topics

Students start topic selection
(View topic selection)

Whether to select
this course

Teachers' review of students'
topics

Approved or not

Successful topic selection

N Audit failed

Audit succeeded

Figure 8: Online intelligent learning system: schematic diagram of topic selection process.

Table 2: Structure of CourseList.

Number Field name Data type Explain
1 COURSE_ID CHAR (36) Course ID, primary key, null string allowed (no)
2 TEACHERID CHAR (36) ID of the teacher to which the course belongs. Foreign key, allow empty string (no)
3 COURSE_NAME VARCHAR (100) Course name, required field (yes), null string allowed (no)
4 COURSE_START VARCHAR (20) Start time, required field (yes), null string allowed (no)
5 COURSE_END VARCHAR (20) End time, required field (yes), null string allowed (no)

6 STATUS CHAR (1) Status, the default value is 0
0-course valid, 1-course invalid

7 COURSE_MEMO VARCHAR (5000) Course introduction

Table 3: Structure of Course Chapter table ChapterList.

Number Field name Data type Explain
1 Nodeld CHAR (30) Node ID, primary key, null string allowed
2 COURSE_ID CHAR (30) Teacher ID of the node, foreign key, null string allowed (no)
3 Node order CHAR (2) Node sort number

4 NodeName VARCHAR
(20) Node name, required field (yes), null string allowed (no)

5 IsChapter CHAR (2) Chapter or not, the default value is 0
0-section, 1-chapter

6 ChapterlD CHAR (30) Parent chapter ID, which is null by default. When isChapte is 0, the column needs to fill in the
NodeID of the parent chapter

Table 4: Structure of test topic table ContentTestList.

Number Field name Data type Explain
1 ContentTestID CHAR (30) Courseware ID, primary key, null string allowed (no)
2 Nodeld CHAR (30) Courseware node ID, foreign key, null string allowed (no)
3 ContentTestName VARCHAR (20) Back dot name, required field (yes), null string allowed (no)
4 Order CHAR (2) Courseware sorting number

5 Type CHAR (2) Test question type. %e default value is 0
0-single choice, 1-multiple choice, 2-judgment

6 TaskContent VARCHAR (5000) Title content, required field (yes), null string allowed (no)
7 RightAnswer CHAR (10) Title answer, required field (yes), null string allowed (no)
8 ScorePoinet Char (2) Title score, required field (yes) allow empty string (no)
9 CREATE_DATE VARCHAR (20) Creation date in the format of yyyymmdd. Empty string is allowed (no)
10 CREATE_USER CHAR (36) Created by allow empty strings (no)
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amount of time to improve the database. According to the
requirement analysis, the fields and forms in the database are
designed strictly, and the database design is realized
according to the normative design style. According to the
actual situation, the functional modules of the system are
mainly divided into virtual classroom management, music
appreciation function, course live teaching function, and
streaming media resource management function. Corre-
sponding to these functional modules, they have their own
corresponding database forms. %e following is a specific
introduction to the important forms [12].

3.3.1. Student Information Form. %e student information
form mainly stores some basic information of students. It
mainly includes the storage of students’ Student ID, name,
password, nickname, contact information, and other per-
sonal information.%e student ID is used as the primary key
for storage. %e student ID is automatically generated by the
system. Each student user has a unique student ID corre-
sponding to it. Other basic information of students can be
accessed and called through the student ID. %e details are
shown in Table 6.

3.3.2. Teacher Information Form. %e teacher information
form mainly stores the basic personal information of the
teacher user, focusing on the storage of basic personal in-
formation such as the teacher user’s number, name, pass-
word, and contact information. %e teacher number is used
as the primary key for storage. %e teacher number is au-
tomatically generated by the system. Each teacher user has a
unique number corresponding to it. You can access the
information of other fields in the form by numbering. Ta-
ble 7 shows the specific teacher user form information [13].

3.3.3. Administrator Information Form. In order to ensure
the system security, the relevant information logged in by
the system administrator is generated into the system log.
See Table 8 for details.

3.3.4. Virtual Classroom Information Form. %e virtual
classroom information form is mainly used to store some
basic information of the virtual classroom. %e main fields
include classroom number, classroom size, and creation time.
%e creator is the foreign key of the teacher name in the
teacher form. Table 9 shows the specific information of the
virtual classroom form.

3.3.5. Electronic Courseware Table. %eelectronic courseware
information form is created for the course management
function in the system. It is used to record the courseware
information uploaded by teachers,mainly including the storage
of visible number, producer, applicable courses, number of
people, and other basic information. Table 10 shows the specific
contents of the courseware form [14].

3.4. Realization of theMusic EducationTeachingManagement
Information System

3.4.1. System Implementation Ideas. %e implementation
and development of this system will use the standard MVC
development architecture, use vs 2010 under Windows
environment as the development platform, and use https://
asp.net technology to realize each functional module of the
system. %e system database uses SQL Server 2008 to store
data.%e following aspects should be paid attention to in the
realization of system functions.

(1) Accuracy. %e accuracy of system functions means that
the functions corresponding to the modules divided in the
system need to be clear so that users can use the system
functions more conveniently. In the process of developing
and implementing this system, we also need to pay great
attention to the fact that developers need to closely follow
the user needs to design, so as to avoid the occurrence of the
discrepancy between the developed and designed functions
and requirements. %e adjustment of some functional
modules of the system due to unclear functions or re-
quirements is very resource-consuming. %erefore, in the
process of development, attention should be paid to the
accuracy of functions.

(2) Stability. System stability refers to the ability of the system
to operate normally under various conditions and to bear a
certain amount of heavy load access. Attention should be paid
to the configuration of the server on the hardware and to the
handling of some exceptions on the software. For example,
when operating on the web client, try to avoid the occurrence
of error pages. For some wrong operations, more humanized
prompts can be used. %e stability of the system can be
guaranteed after the preliminary pressure test of the system.

(3) Compatibility and Scalability. Compatibility and ex-
pansibility means that the system needs a certain develop-
ment space. %e needs of users may change with the passage

Table 5: Structure of StuCourseList.

Number Field name Data type Explain

1 COURSE_STUDENTS_ID CHAR (36) Student course selection ID, unique keyword, primary key, null string allowed
(no)

2 STUDENT_ID CHAR (36) Student ID
3 COURSE_ID CHAR (36) Course ID

4 STATUS CHAR (1) Status, the default value is 0
0- course selection is valid, 1- invalid course selection

5 CREATE_DATE VARCHAR (20) Creation date in the format of yyyymmdd. Null string is allowed (no)

Security and Communication Networks 7
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Table 6: Student user table.

Field name Type Primary key Foreign key Can it be blank Explain
StudentID Int Y N N Student ID
Name Varchar (50) N N N Full name
Password Varchar (50) N N N Password
Nickname Varchar (50) N N N Nickname
Sex Varchar (5) N N N Gender
Age Int N N N Age
E-mail Varchar (50) N N Y E-mail
Address Varchar (50) N N Y Contact address
Telephone Varchar (20) N N Y Contact number
PicPath Varchar (100) N N Y Photo path
Balanced Int N N N Card balance
Grade Int N N N User level
RegTime Date N N N Registration time
Comments Varchar (200) N N Y Remarks

Table 7: Teacher user table.

Field name Type Primary key Foreign key Can it be blank Explain
TeacherID Int Y N N Teacher ID
Name Varchar(10) N N N Full name
Password Varchar(20) N N N Password
Age Int N N N Age
Sex Varchar(5) N N N Gender
E-mail Varchar(50) N N Y E-mail
Address Varchar(50) N N Y Contact address
Telephone Varchar(20) N N Y Contact number
Grade Int N N Qualification level
PicPath Varchar(100) N N N Photo path
RegTime Date N N N Registration time
Comments Varchar(200) N N Y Remarks

Table 8: System administrator table.

Field name Type Primary key Foreign key Can it be blank Explain
AdminID Int Y N N Administrator number
AdmType Varchar (20) N N N Accounts
Password Int N Y N Password
Name Data N N N Full name
LastTime Date N N N Last login time
LastIP Date N N N Last login IP
Comments Varchar (200) N N Y Remarks

Table 9: Table of virtual classroom.

Field name Type Primary key Foreign key Can it be blank Explain
ClassID Int Y N N Classroom no
ClassType Varchar (20) N N N Classroom type
Creator Int N Y N Creator
CreTime Data N N N Creation time
CourseNum Date N N N Number of courses
StudentNum Date N N N Number of students
Comments Varchar (200) N N Y Remarks

8 Security and Communication Networks
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of time. %erefore, some program interfaces need to be
added in the process of development and design to facilitate
the further improvement of system functions in the sub-
sequent process. Compatibility means that the system can be
compatible with a variety of operating environments. Since
the system adopts b/s network application architecture, it is
necessary to ensure the stability of system functions for
different browser versions; that is, the compatibility ability
must be guaranteed [15, 16].

(4) Code Reusability. In the development process, it is
necessary to develop according to the standard develop-
ment mode. And it should be noted that, for some repeated
code fragments, code reuse technology can be used to
reduce the development cost and shorten the development
cycle, so as to improve the development efficiency, and
code reuse can ensure the stability of the system code to a
certain extent.

4. System Performance Test

4.1. Test Method

4.1.1. Module Test. Module test is mainly to test the function
of each functional module in the system. During the test of the
system, the black box test method will be adopted, mainly
aiming at whether the relevant functional logic of the system
is tight, whether some data inputs can be correctly responded
to, and whether some illegal inputs can be intercepted [17].
For example, in the form input of the page, if you enter a
blank value or somemeaningless value, the system canmake a
correct response. For some fields, specific data type definitions
are given in the system code.

4.1.2. Function Test. %e function test is mainly to test the
overall operation logic of the system, which is mainly divided
into three aspects, including specific function test, logic
effectiveness test, and system load test. %e function test
mainly aims at whether the operation logic in the system is
normal and whether it can make correct response to various
requests of users. %e specific function test ensures the
practicability of the system to a certain extent. Logical
validity test refers to whether the system can meet the most
basic needs of users, whether the system can work in dif-
ferent environments, and whether the text display infor-
mation is correct. System load test refers to whether the

system can operate normally and display effect and system
response time when the number of visits is very large.

4.1.3. Assembly Test. Assembly testing refers to testing the
interfaces of the modules that have been implemented in the
system by assembling them into a whole. %e specific
content is to check whether the output result is correct by
entering different data. %rough the combination of dif-
ferent modules, input and output tests are carried out to
make the system more functional.

4.1.4. Safety Test. Security test is the guarantee of system
security. In this system, the security vulnerability that needs
attention is mainly the input detection of some forms. %e
system automatically filters out the illegal input in the table
to prevent the attack in the form of SQL injection that affects
the system security [18].

4.2. Test Cases and Results. %e table used for the test is as
follows: %e virtual classroom test case is represented by the
creation function. %e virtual classroom is created by the
teacher user. %e teacher clicks the “create” button and fills in
the corresponding form information. After that, the system
creates a virtual classroom according to the data entered by the
user. Table 11 shows the specific virtual classroom test case table.

%e test of students’ application to join the virtual
classroom is mainly aimed at the students’ correct login to
the system. After searching and browsing the virtual
classroom information, click the “apply to join” button, the
system will respond successfully, and the student infor-
mation will be entered into the system database. After re-
ceiving the relevant notification information, the old teacher
can view the information of the new students in the student
information list [19]. Table 12 shows the functional test case
table of the specific student virtual classroom.

%e music playing function test is for all users of the
system. After entering the system, click the corresponding
module to enter the music playing interface, select the music
you want to play, click play, and the system successfully
responds and starts playing. And the fluency of the music in
the playback process is also one of the test content indicators.
Table 13 shows the specific music playing test cases.

%e live teaching function test of the system is aimed at
the teachers and students in the system. %e teachers and
students have different permissions and need to be tested

Table 10: Electronic courseware table.

Field name Type Primary key Foreign key Can it be blank Explain
VideoNum Int Y Y N Courseware no
VideoType Int N N N Courseware type
Author Int N Y N Producer
CourselD Varchar (20) Y N N Course
CourseCN Varchar (200) N N Y Courseware content
Time Time N N N Courseware duration
PlayCount Int N N Y Audience
Comments Varchar (200) N N Y Remarks
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separately. Student users can normally watch the live
broadcast content of the teacher, and the quality and fluency
of the live video are within the controllable range. Teacher
users can normally apply to the system for live broadcast,
and the system correctly responds to broadcast the live
broadcast content of teachers to student users. Table 14
shows the test cases of live video broadcasting.

%e course management function refers to the course
management module of the teacher in the system, which can
normally add, delete, modify, and edit courses. %e users are
teachers. Teachers can create new courses, delete existing
courses, and operate the system database accordingly. Ta-
ble 15 shows the course management test case table.

%e system security test aims at the detection when users
need to input forms in the system. In these places, the system
needs to detect some illegal input from users to prevent
malicious attacks. %e system can automatically identify
malicious codes and filter them out. Table 16 shows the
security test cases of the system.

4.3. Performance Test Analysis. For system performance
analysis, a very mature simulation test system that has been
developed at present can be used for system detection. %e
load capacity of the system is tested by automatic test
method. %rough the load function test, we can intuitively
see how the performance parameters of the system are under
different loads. In addition, the critical value of the traffic
that the system can withstand can be obtained through the
stress test method. %rough the understanding of this point,
the system performance can be further improved. %e
system performance analysis ensures the stability of the
system to a certain extent, enabling the system to adapt to a
variety of environments and operate normally [20].

Mercury’s load runner tool can be used to test the
scalability of the system and the load capacity of the system.
During the test, the response time of the website application
under massive access is mainly simulated. Before the system
is formally put into operation, the stability of the system can
be guaranteed through certain performance tests. As many
unexpected situations may be encountered in real situations,
it is very necessary to adopt highly integrated and excellent
performance test software. %e load runner software can
analyze the functions of the system layer by layer and can
simulate many users to use the system. Testing with this
software can ensure the normal operation of the system in a
variety of complex situations to a certain extent.

Mercury load runner is a test software often used in the
industry. It can accurately test the system performance
before it is launched and provide a detailed and specific
system performance analysis report. At the same time, it can
also analyze the scalability of the system, generate the
corresponding report files, and visually express the scal-
ability of the information system, preventing many mistakes
in the formal operation of the system. Load runner can

Table 11: Creating the classroom test case table.

Test plan Specific description
Product name Online music teaching system
Function module name Virtual classroom management module
Test function point Create virtual classroom
User oriented Teacher users
Test purpose Verify whether the teacher user can create the virtual classroom normally

Testing procedure
(1) Teacher user login system
(2) Set basic information of virtual classroom
(3) Click the create button

Expected results %e virtual classroom was successfully created and assigned to the classroom number

Table 12: Test cases for applying to join the classroom.

Test plan Specific description
Product name Online music teaching system
Function module name Virtual classroom management module
Test function point Apply to join the virtual classroom
User oriented Student users

Testing procedure
(1) Student users log in to the system
(2) View the list of virtual classrooms and select the virtual classroom you want to join
(3) Click the “apply to join” button

Expected results %e system sends the student user’s request to the teacher user

Table 13: Test cases of playing music.

Test plan Specific description
Product name Online music teaching system
Function module
name Performance appreciation module

Test function point Play song
User oriented Teachers, students, and tourists

Testing procedure

(1) Enter the performance appreciation
module
(2) View the system song library list
(3) Select a favorite song to play

Expected results %e selected song can be played smoothly
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measure the performance indicators of the main business
in the system. And this test software is now able to test the
performance of the system in real time with the continuous
development of information technology. It can collect
more system operation data. By capturing these details,
load runner can analyze these data in detail through its own
algorithm logic and obtain accurate performance analysis
reports.

Load runner enjoys a high reputation in the industry. It
supports convenient tests including system performance and
scalability for all kinds of information systems in all walks of
life. It is also a performance testing tool tailored to the ERP/
CRM environment of Oracle and Siebel. %e software itself
adopts J2EE platform, including Microsoft’s. Net platform
integrated in the software, so it covers a wide range of fields.
%rough these tools, it is more convenient to test the in-
formation system accurately in all aspects.

%rough the use of a series of test tools, the online music
education system is tested under 200, 400, and 800 user
visits. By determining the system response time and other
data as index parameters, these index parameters are tested

to realize the detection of the overall function of the system
and finally get an accurate analysis section report.%e results
of the pressure test on the system through the tool consist of
the following aspects:

(1) User visits: 200, 400, 800.
(2) Pacing: 60 seconds.
(3) %e user successfully accesses the system and stays

in the system for 20 minutes for continuous
operation.

(4) User scheduling: 30 virtual users/s. From Figure 9,
we can see the response time curve of the system
under different user visits. From this curve, we can
conclude that the system is in good condition when
200 people visit the system within 2.5 s. However,
with 300 or 500 visitors, the system performance
exceeds 3 s, which will bring bad experience to
users. When the system cannot access a large
number of users, it will maintain a certain per-
formance level, and the system load capacity needs
to be improved.

Table 14: Test cases of live video broadcasting.

Test plan Specific description
Product name Online music teaching system
Function module name Live classroom module
Test function point Live video
User oriented Teacher user

Testing procedure
(1) Start online live broadcast service
(2) Capture video signal with digital video camera
(3) %e video signal is transmitted to the live broadcast server

Expected results %e live broadcast server outputs streaming video signals

Table 15: Course management test case table.

Test plan Specific description
Product name Online music teaching system
Function module name Management panel module
Test function point Course management
User oriented Teacher users

Testing procedure
(1) Teacher user enters the management panel module
(2) Show all courses created by this teacher
(3) Select a course to edit

Expected results Can add, delete, and edit courses

Table 16: Table of safety test cases.

Test plan Specific description
Product name Online music teaching system
Function module name Any module
Test function point Security management
User oriented Teachers and students

Testing procedure
(1) Teachers or students log in to the system
(2) Select any module and enter malicious query code
(3) Click submit

Expected results Malicious query code is blocked by the system

Security and Communication Networks 11
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%rough the test of all aspects of the initially completed
system, the specific content is to briefly introduce the test
methods, and to apply each method, a specific test case table
is given. %e results show that the system works well in
performance, but the performance under heavy load needs
to be improved.

5. Conclusion

%is paper mainly describes the management of related
knowledge and working technology of online network
teaching system, as well as two model technologies (b/s and
c/s), as well as the application of security and network
technology and database technology. %rough the above
technical learning, our project researches and designs a set of
special online music teaching system. Main contents of this
article are as follows:

(1) First of all, this paper investigated many teaching
related institutions and made a questionnaire survey
on some teachers and students to determine the
subject. %en, through going to the library to learn
relevant knowledge and obtaining information on
the Internet, we can learn and understand relevant
technologies. We have a deep understanding of the
current teaching system, especially the online music
teaching system. In addition, in order to realize the
development of the system, the author studied Visual
Studio 2010, https://ASP.NET, and SQL Server 2008.

(2) For the design and implementation of the system, we
mainly have the following four aspects. First, we
design according to the design principles and design
requirements. Secondly, we designed and realized
the connection between the main interface and other
interfaces of the system. %en, the design of system
function is realized. Finally, the design of database is

realized. Using streaming media and live broadcast
technology, an online teaching system for music
teaching is designed to realize the characteristic
functions of live broadcast classroom and perfor-
mance appreciation.

(3) After the system is improved, it needs to be tested.
%e system functions are determined by analyzing
the system implementation. We generally use the
black box test method when testing the system.
When testing the system, we are based on the test
plan and design, which can better achieve the pur-
pose of testing. %ere are still unsolved problems in
the security design of our system. For example, if we
only rely on the user’s account name and password to
log in to our system, we cannot achieve the security
label. Because there are still many places in the
system with high security requirements, simple se-
curity settings cannot play a protective role.
%erefore, there are many places in the system that
need to be improved. Some problems can be exposed
through the later use of the system, and then we can
improve and perfect it.

Due to the rapid development of information network
and its penetration and application in all walks of life, the
informatization of education industry is also the trend of the
times. %erefore, we need to actively apply informatization
to education. Improving teaching quality and overall
teaching level through information technology is one of the
steps of contemporary corresponding information reform.
At present, there have been many information-based edu-
cation systems, all of which are striving to build a better
education quality.%e advantage of information education is
that teaching can be carried out at any time and anywhere
and the richness of resources, which is lacking in traditional
education. %is paper is an attempt to develop a courseware
making system based on education, hoping to exchange and
learn from each other. In the future research work, we will
continue to learn to make the system more perfect.
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With the development of modern piano and the increasing demand of people for music hobbies, the traditional piano teaching
mode had exposed more and more problems. Artificial intelligence accelerated the development of music education to a certain
extent and effectively improved the teaching effect of teachers to piano lovers. If artificial intelligence and machine learning were
organically integrated, the application of intelligent piano can be more wide. &erefore, this paper proposed a piano teaching
model based on machine learning and artificial intelligence, which aimed to provide support for improving the quality of piano
teaching. Firstly, based on the analysis of machine learning-related theories, this paper expounded the characteristics of neural
network in data processing and gave the process of the integration of machine learning and artificial intelligence and its ap-
plication advantages in music teaching. Secondly, according to the interactive needs between intelligent piano and learners, this
paper put forward intelligent piano teaching assistance methods and constructed an intelligent piano teaching service man-
agement system by improving the teaching information resource base. Finally, it analyzed the influence of artificial intelligence on
piano teaching from different angles. In order to test the effectiveness of the piano teachingmode proposed in this paper, the piano
learners under different teaching modes were investigated and counted. From the piano teaching effect and the evaluation results
of the piano practitioners on the teaching mode, it was known that compared with the traditional piano teaching mode, the piano
teaching mode proposed in this paper had achieved remarkable results in both theoretical teaching and practical operation. It can
significantly improve the quality of piano teaching and promote the enthusiasm of learners.

1. Introduction

In recent years, with the continuous deepening of the ap-
plication of deep learning technology, artificial intelligence
has ushered in new development opportunities in some
fields. In addition to being able to deal with some specific
daily things, artificial intelligence has gradually demon-
strated the wisdom of helping human beings jointly solve
many problems [1]. &erefore, artificial intelligence has
attracted extensive attention in more and more application
fields. For example, in the field of medical application, in
order to accurately diagnose the patient’s condition, doctors
mainly rely on long-term accumulated clinical experience,
while artificial intelligence doctors can use deep learning
algorithm to determine the condition in a short time by
retrieving the case database and formulate specific treatment

plans at the same time [2]. &e research shows that deep
learning technology promotes the application of natural
language recognition to a certain extent, and produces some
well-known virtual assistants. For example, people can
distinguish language information from different users in
indoor places. Combined with the increasingly mature In-
ternet of things technology, users can effectively control
household appliances through virtual assistants, which not
only greatly facilitates people’s lives, but also meets the
various needs of different users.

It is known from the existing research that artificial
intelligence is mainly to transplant human’s ability to rec-
ognize and process things to different machines and
equipment, so that machines can provide some services for
human beings [3]. With the rapid development of electronic
technology, communication technology, and computer
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technology in the field of music education, piano education
has gradually got rid of the shackles of the traditional
teaching mode. By constantly improving the relevant fa-
cilities and using artificial intelligence technology to meet
the various needs of piano lovers, intelligent piano has
emerged. Intelligent piano not only follows the basic
characteristics of traditional piano, but also uses advanced
machine learning and artificial intelligence technology to
change the playing mode. By adding some auxiliary
equipment and auxiliary teaching system, the intelligent
piano not only has the function of tuning and mute, but also
can switch between the traditional piano pronunciation and
electroacoustic pronunciation, thus providing a hardware
foundation for the realization of intelligent music score,
online piano practice, piano distance teaching, and com-
munication interaction [4].

With the development of artificial intelligence tech-
nology, intelligent piano has had a certain impact on music
education. Although artificial intelligence has promoted the
development of music education and replaced part of human
work to a certain extent, it still needs to be continuously
improved due to the integration of artificial intelligence and
other technologies [5], for example, how to give play to the
auxiliary function of artificial intelligence in piano teaching,
stimulate the interest and enthusiasm of piano practitioners,
and provide services for teachers to better improve teaching
quality. At present, intelligent piano teaching only allows
practitioners to complete some basic learning independently
through the separation of teaching and learning, lacking
some interactive functions, thus affecting the popularity of
intelligent piano. However, there are still many problems to
be solved for the details and in-depth learning in the process
of piano practice. &erefore, based on the theory of machine
learning and artificial intelligence, combined with the needs
and characteristics of piano teaching, this paper puts for-
ward an intelligent piano auxiliary teaching and manage-
ment method, which provides a certain reference for
modern piano teaching.

2. Related Works

According to the research results obtained in recent years,
the application of machine learning, computer vision, and
artificial intelligence in various fields has achieved good
results. With the increasing demand of people for spiritual
life, some researchers began to apply artificial intelligence
technology to the entertainment field and achieved some
results [6]. For example, game AI enables game lovers to play
different roles by interacting with players, which not only
enriches game content, but also enhances people’s awareness
and experience of entertainment. In recent years, game
designers have begun to use artificial intelligence technology
to develop some highly intelligent game software in order to
attract more game lovers to participate in the interactive
experience of the game [7]. Generally, the methods of ap-
plying artificial intelligence to game design mainly include
finite state machine and behavior tree, but the workload of
using these methods to design intelligent game software is
large and difficult to maintain. For this reason, people adopt

the organic integration of artificial intelligence and machine
learning, for example, using machine learning methods to
train game software that meets the needs of users and has
strong adaptability.

With the popularization of artificial intelligence tech-
nology in the entertainment industry, the traditional way of
entertainment has been greatly impacted. For example,
intelligent piano has been favored by many piano lovers
because of its integration into artificial intelligence tech-
nology, which has also changed the traditional piano
teaching mode [8]. Intelligent piano is not only the inte-
gration of new electroacoustic technology, artificial intelli-
gence technology, automatic control technology, and
network communication technology, but also the product of
the development of traditional piano. It effectively solves the
problems of traditional piano in terms of education mode,
class time, and space. &erefore, intelligent piano can meet
the needs of modern music education. For example, the
intelligent piano can use the live video to accompany the
piano practice. In particular, there is no need to make an
appointment in advance for the intelligent piano practice.
Learners can interact with the instructor through the in-
telligent piano practice system at any time and report their
daily piano practice to the teacher [9]. &e piano teacher can
view the learners’ learning duration, training content, and
existing problems in the background, and solve the learners’
shortcomings in the process of practicing the piano in real
time through the intelligent sparring system.

&e research shows that the application potential of
artificial intelligence in the field of music teaching has not
been brought into full play due to the influence of people’s
different levels of music cognition. Artificial intelligence can
help people analyze complex data and make it logical by
integrating data resources. For example, after inputting
some basic music theory knowledge into the machine da-
tabase, the use of artificial intelligence technology to analyze
and process the basic knowledge in the database can provide
regular guidance for learners [10]. By constantly adding
learners’ thinking and emotional element words to the
machine database, the machine can provide intuitive
guidance for learners through multi-level thinking. Using
artificial intelligence technology, the tunes and notes in
music works can be generated into virtual scenes, so that
practitioners can intuitively feel the emotional charm of
music, so as to stimulate students’ enthusiasm and interest in
music. At present, in the teaching process of basic music
courses, artificial intelligence can enable students to master
basic knowledge and improve their music literacy through
basic learning [11]. However, due to the lack of due
knowledge background and cognitive ability, artificial in-
telligence technology can still not be applied to piano
teaching in the advanced stage.

However, restricted by different software and hardware
technologies and their applications, the development of
intelligent piano is still in the trial stage, with both great
opportunities and challenges [12]. Although the smart piano
integrates relevant artificial intelligence and Internet of
things technologies, the traditional piano teaching mode and
offline training institutions still have a great impact on most
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to be recognized by piano lovers by continuously increasing
the user base and enriching the course content. In addition,
most of the existing intelligent pianos have some problems,
such as imperfect functions, immature curriculum system,
and single teaching methods. &erefore, it is necessary to
promote the development of piano education from the
perspective of perfecting the function of intelligent piano
and improving teaching methods.

3. Machine Learning Theory

3.1. ArtificialNeural NetworkMethod. In order to obtain the
best piano performance effect, we need to optimize various
parameters that affect the performance. As the most basic
artificial neural network model of machine learning, it is a
nonlinear dynamic system that can deal with complex
problems. It can take various external variable factors as
training samples and extract relevant features through the
training of neural network model, so as to obtain the optimal
parameter combination. As a frontier field formed by in-
terdisciplinary research in the twentieth century, artificial
neural network is a complex nonlinear system. Artificial
neural network contains several different neurons, and the
system formed by a large number of neurons and networks is
more complex. Similar to the general nonlinear system,
artificial neural network has the characteristics of high di-
mension, continuity, and adaptability between different
neurons.

Neuron is actually a mathematical model constructed by
simulating biological neurons [13]. Its function is similar to
biological neurons. &e input-output structure model of
neurons is shown in Figure 1.

In the artificial neural network model, each neuron can
obtain a group of signals from other neurons in the network,
in which each input signal has a weight corresponding to it,
and the activation state of neurons is determined by the
weighted sum of this group of input signals.

Suppose n inputs are represented as x1, x2, . . . , xn, and
the corresponding weights are expressed as w1, w2, . . . , wn,
which, respectively, constitute the input vector X and the
weight vector W of the neuron, then the processing result of
the neuron on the input signal can be expressed as

Y � 
n

i�1
xiwi. (1)

Before the application of artificial neural network, it is
necessary to train the neural network model. &e sample set

is used as the input value of the neural network model to
train the network model, and the weight values between
neurons are dynamically adjusted, so that the neural net-
work model can get the corresponding output results when
receiving data input.

&e training methods of artificial neural network are
mainly divided into unsupervised training and supervised
training.&e unsupervised trainingmethod does not need to
set targets, its training set contains some input signals, and
for any input value, the weight value can be modified to
make the network model get the corresponding output
results. When training the network, the unsupervised
training method can extract the relevant feature information
from the training sample set, store it in the neural network,
and then classify the input objects according to the similarity
of the samples. Because the unsupervised training method is
difficult to effectively predict the output results, it is limited
in application.

When using the supervised training method to train the
model, the input vectors of all samples are required to have
corresponding output vectors. When the output of the
neural network model is different from the predetermined
output vector, the weight vector of the network needs to be
adjusted according to the difference between the two. When
using the supervised training method, first, take a sample
(Pi, Qi) from the sample set, where P is the input vector and
Q is the predetermined output vector [14]. Secondly, the
actual output Oi of the neural network model is calculated,
and the error of the network model is calculated as follows:

Er �
1
2



n

i�1
Qi − Oi( 

2
. (2)

Finally, the weight vector of the network is adjusted
according to the error value Er. Repeat the above operation

n

i=1
Σ xiwi
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Y = XW

Figure 1: Working diagram of artificial neuron.

Input layer

Hidden layer

Output layer

Figure 2: Structure diagram of BP neural network model.
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process for each sample until the error of all samples in the
sample set does not exceed the specified value.

In order to avoid describing the mapping relationship
between the input and output of training samples through
mathematical equations in advance, BP neural network can be
used [15]. As one of the widely used neural network models,
BP network can learn and store the mapping relationship
between input and output of samples. &e steepest descent
method and back propagation are used to dynamically adjust
the weight value of the networkmodel until the sum of square
errors of the network reaches the minimum. As shown in
Figure 2, the topology of BP neural network model includes
input layer, output layer, and hidden layer.

Similar to the neurons of other network models, BP
neural network has the functions of weighting, calculating,
and transferring input samples. As shown in Figure 3,
[x1, x2, . . . , xn] represents the sample input from different
neurons, and [w1j, w2j, . . . , wnj] indicates the connection
strength between different neurons and the j-th neuron, that
is, the weight vector. yj is the threshold, g(y) is the transfer
function, and zj is the output of the j-th neuron.

&e net input value yj of the j-th neuron can be
expressed as

yj � 
n

i�1
xiwij + sj,

yj � WjX + sj,

(3)

where the sample input from different neurons can be
expressed as X � [x1, x2, . . . , xn]T and the connection
strength between different neurons and the j-th neuron is
represented by Wj � [w1j, w2j, . . . , wnj].

After the net input yj is processed by the transfer
function g(y), the output zj of the j-th neuron can be
obtained. Its calculation formula is as follows:

zj � g yj  � g 
n

i�0
wij · xi

⎛⎝ ⎞⎠ � g WjX , (4)

where g(y) is a monotonically increasing function. Since the
signals transmitted by neurons are limited, g(y) is a
bounded function; that is, there is a maximum value.

BP algorithm includes two processes: forward propa-
gation of data and back propagation of error. &e direction
of forward propagation is from the input layer to the hidden
layer, and then to the output layer. &e processing results of
neurons in each layer directly affect the neurons in the next
layer. If the output result of the output layer is different from
the expected value, it is necessary to go to the back prop-
agation process of the error. &rough the continuous al-
ternating processing of the two processes, the network error
is minimized, and the feature extraction and storage are
completed.

3.2. Machine Learning Category. As an important branch in
the field of artificial intelligence, machine learning mainly
obtains an applicable model from data through learning.
Machine learning mainly includes three kinds of algorithms:
unsupervised learning, supervised learning, and reinforce-
ment learning. Each algorithm learns according to different
types of data [16].

Unsupervised learning mainly uses clustering method to
group similar objects in the data set, as shown in Figure 4.
For example, smart piano can classify users according to
learners’ participation and divide learners into two

n

i=1
Σ xiwij

x1
w1j

Sj

yj
Zj

w2j

wnj

x2

xn

g(y)

Figure 3: Working diagram of BP neuron.
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x1

Figure 4: Schematic diagram of unsupervised learning and
training.
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categories: high enthusiasm and low enthusiasm. On the
basis of defining the relevant attributes of intelligent piano
learners, different types of attribute information are
weighted. &en, the input data of all learners are used as a
data set for unsupervised learning algorithm. &e algorithm
can further divide the data of learners into two categories:
one represents learners with high enthusiasm, and the other
represents learners with low enthusiasm. Because the initial
learner data set contains only basic attribute information,
the initial learner data set is also called unlabeled data set.
For the initial data set, unsupervised learning method can
generate different types of tags in order to provide a basis for
further data analysis. By using unsupervised learning al-
gorithm, two types of tags with high enthusiasm and low
enthusiasm can be mined [17].

Unlike unsupervised learning, supervised learning
mainly learns each object and assigns it to different cate-
gories according to the results, as shown in Figure 5. Taking
the above classification of intelligent piano learners as an
example, in order to predict which learners will no longer
participate in piano learning in the future, first of all, it is
necessary to create a data set that contains not only the basic
attribute information of learners, but also a label reflecting
whether learners have given up piano practice. &en, taking
this data set as the input of the supervised learning algo-
rithm, the supervised learning algorithm processes the basic
attributes of the learner and whether the learner will give up
piano learning, and learns which attributes the learner will
give up practicing the piano more easily, thus creating a
learner prediction model. &erefore, according to the
characteristics of new learners, the prediction model is used
to output corresponding prediction labels to help piano
teachers adjust the teaching methods of new learners. When
using machine learning model to process and analyze data,
whether supervised learning or unsupervised learning, it is
necessary to select the attribute information of the input
object and the corresponding model, so that the machine
learning model can process data pertinently. Among them,
the attribute information of the selected input object can
reflect the expected label, and the selection model will affect
the prediction ability of the new input data [18]. In addition,
in practical applications, supervised learning and unsu-
pervised learning usually needmany iterations to achieve the
desired results.

Reinforcement learning mainly adopts the method of
sequential decision-making to learn the data set. Generally,
it cooperates with the control robot and can be well applied
in many fields. Taking the hand fingering in piano practice as
an example, the CNN model can be used to detect and
recognize the hand fingering features, and the common
wrong gestures in performance can be used as a data set to
strengthen the learning of the model [19]. According to the
collected gesture information, the video hand recognition
algorithm based on convolutional neural network is adopted
to recognize the hands of the practitioners, and the CNN
model is used to dynamically adjust the hands of the piano
learners during practice [14]. By using the neural network of
hand recognition, we can not only find the learners’ in-
correct hand fingering in time and feed back relevant

information, but also compare the learners’ performance
with the standard repertoire and analyze the possible
problems through the difference comparison.

Reinforcement learning belongs to a machine learning
strategy, which mainly forms several related actions by
observing objects and processing models. &e process of
observing objects is mainly to collect data by controlling
sensors, while the process of action formation is to ma-
nipulate robot components or output results. Reinforcement
learning model usually introduces reward mechanism to
maximize the training effect. When training an intelligent
piano practitioner, you can set the correct practice as a
positive reward, and each error will give a negative reward,
which will be given to the piano practitioner during the
performance of the track [20]. By adopting the reward
mechanism and the maximum reward strategy, piano
practitioners can improve the performance effect through
repeated training. Figure 6 shows the working process of
reinforcement learning.

4. Piano Teaching Mode Based on
Artificial Intelligence

4.1. Intelligent Piano Teaching Assistant Method. At present,
the intelligent piano teaching method cannot be separated
from the corresponding equipment support. &e equipment
can be built into the piano or connected to the piano as an
independent accessory. No matter which method is adopted,
the piano player depends on the contact detection of the keys
when judging the specific keys. For example, the micro-
switch of the piano can be used to detect the piano key.
When the player presses the piano key, the switch will be
turned on and the key signal will be transmitted to the
sensing system. Although this method is very simple, it has a
certain impact on the hand feel of players. Moreover, these
external devices with independent accessories may affect the
player due to their strict installation requirements.

In order to enable players to practice the piano and
practice the piano well, an intelligent platform integrating
different system resources can be adopted [21]. &e

x2

x1

Figure 5: Schematic diagram of supervised learning and training.
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intelligent piano is generally composed of the intelligent
system of the Internet of things and the piano. It not only
maintains the traditional physical string strikingmethod and
sound production, but also uses the Internet of things
technology to cross the space-time limit and realize human-
computer interaction through the connection between
pianos. &e intelligent piano teaching assistant system can
not only provide learners with various guidance services and
high-quality resources, but also form a closed loop between
piano learning and practicing, teaching and counseling, in
class and out of class. It can not only improve the efficiency
of teaching and learning, but also promote the reform of
piano teaching.

&rough the intelligent system of the Internet of things,
the smart piano can not only collect and restore the playing
sound, but also achieve the same playing strength and
rhythm. At the same time, playing by imitating real people
can achieve better results. With the associated function of
the intelligent system of the Internet of things, learners can
practice piano at home under the guidance of teachers
through remote means. Teachers can not only conduct re-
mote teaching, but also demonstrate for learners through
video and piano keys at the same time, so as to restore the
playing sound in real time. &rough close interaction and
experience, smart piano can not only improve the efficiency
and enthusiasm of learners’ piano practice, but also solve the
problems of learners’ inattention or difficulty in practicing.
In addition, in the process of intelligent piano teaching,
learners can truly feel the sound of piano body resonance
rather than the sound of video transmission. From this, it
can be seen that the intelligent piano teaching method is
difficult to achieve in terms of accuracy and the sense of
rhythm and rhythm of music. As shown in Figure 7, it shows
the interactive process between intelligent piano and
learners.

&e traditional demonstration teaching method is that
the teacher shows the material objects to the students in the
teaching process, and obtains the required knowledge
through actual observation or experience. &is method of
imparting knowledge can enable students to acquire intu-
itive perceptual knowledge to a certain extent and have a

deep grasp of the knowledge learned, so as to effectively link
theory with practice. In the process of piano teaching,
teachers’ fingering, skills, and the use of pedals when playing
the piano need to be shown to learners. However, due to the
limitations of the piano itself, some display contents have
limitations. &erefore, we can use artificial intelligence
technology to establish an intelligent piano teaching assis-
tant system. &e system receives the signals from teachers’
piano demonstrations from different angles and converts
these signals into images or audio-visual output to terminal
equipment. &rough this “one to many” teaching mode, we
can achieve real-time teaching for all students and then
improve students’ learning efficiency.

With the increasing number and demand of piano
learners, the intelligent piano teaching assistant system can
better meet the requirements of modern piano education
only by integrating artificial intelligence technology with
multimedia means and forming an interactive teaching
mode. First of all, the intelligent piano-assisted teaching
method needs to provide teachers with a teaching obser-
vation system. By installing a high-definition observation
camera in the classroom, the teacher can control the

Intelligent terminal

Control center

Intelligent
control

Control
feedbackReward Evaluate

Figure 6: &e working process of reinforcement learning and its application.

Piano learner

Intelligent piano terminal

Piano key
playing

Error
feedback

Performance
data input

Guide
performance

Figure 7: &e interactive process between intelligent piano and
learners.
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interactive teaching observation system and realize the
movement of the camera in the teaching process. It can not
only observe the performance of all students, but also correct
errors and supervise the learning status of students in time.
Secondly, the use of intelligent piano-assisted teaching
method needs to provide students with an online consul-
tation system. According to the signal sent by the student
requesting the teacher, the teacher can control the obser-
vation camera, move it above the requester, and accept the
student’s online request, so as to realize the online guidance
function. Using the function of online consultation system
can avoid affecting other students’ piano practice and dis-
tracting their attention.

4.2. Intelligent Piano Management System. &e traditional
piano teaching management usually has the problem of
separation between teaching and learning, and the intelli-
gent management system based on artificial intelligence
technology can avoid the shortage of manual management.
When piano learners practice independently in their spare
time, students can view the homework tracks assigned by the
teacher through the client of the intelligent management
system [22]. At this time, the intelligent piano teaching
service system can automatically detect the time and times
students practice the piano and the interval between stops,
and use the intelligent evaluation system to analyze and
evaluate students’ performance and performance effect
when playing the piano, so as to track and manage students’
playing process in real time. In the intelligent management
system, teachers can track students’ feedback in the learning
process in real time and guide students to complete piano
learning and practice.

&e intelligent piano management system mainly in-
cludes the management of teaching information resources
and teaching activities. &e intelligent piano management
system contains a large number of learning resources, which

provide a guarantee for the intelligent piano teaching ac-
tivities. Teaching resources can not only provide informa-
tion technology support for teachers to formulate teaching
plans and design teaching plans, but also provide learning
resources for students’ preview, classroom practice, and
after-school review. &e teaching resource database not only
expands the information of traditional piano teaching
materials, but also digitizes the music score, teaching ma-
terials, and other information resources, so as to provide the
retrieval function of resources and information for students
and teachers. In addition, the teaching resource library in the
intelligent piano management system also includes video,
audio, music games, and other resource modules, which
provides rich information resources for piano teaching. As
shown in Figure 8, it is composed of the teaching infor-
mation resource library included in the intelligent piano
management system.

With the increasing function of artificial intelligence in
data collection, analysis, and prediction, the application of
artificial intelligence technology in piano teaching can im-
prove the piano learners’ practicing efficiency and level.
According to the piano course evaluation requirements, the
intelligent piano auxiliary teaching system can be developed
by using artificial intelligence technology, and then the user’s
PC terminal can be connected with the cloud service ter-
minal of the intelligent system through the cloud computing
center, so as to build an intelligent management service
platform for teaching activities [23]. Teachers use this service
platform to set up piano course evaluation standards.
&rough this platform, students can automatically match the
played tracks with the evaluation standards, mark the wrong
music symbols, and feed back to students in the form of
evaluation reports, so as to achieve personalized guidance
and targeted evaluation of piano learning. As shown in
Figure 9, the intelligent management service platform for
teaching activities built through the cloud computing center
can not only provide users with teaching information

Intelligent piano
teaching information

resource database
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Animation library

Music games

Electronic music
score

Network resource
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Animation

Piano games Rhythm games
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Figure 8: Intelligent piano teaching information resource database.
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resources, but also effectively connect learner terminals and
instructor terminals together.

&rough the intelligent management service platform of
teaching activities, learners can not only timely detect their
own playing effects, but also accurately master the learning
methods and contents of piano courses. At the same time,
teachers can effectively reduce the workload and improve
work efficiency through the intelligent management service
platform of teaching activities. In addition, the system can
also integrate the data of all students’ playing results and
further systematically analyze the teachers’ teaching effec-
tiveness, which not only helps teachers to fully understand
the teaching process, but also helps teachers to reflect and
improve the teaching content and methods.&e analysis and
evaluation results of the system can not only provide ref-
erence for teachers to further process management and
comprehensive evaluation of students, but also stimulate the
enthusiasm of piano learners.

4.3. .e Influence of Artificial Intelligence on Piano Teaching.
Artificial intelligence technology has not only changed the
traditional piano teaching mode, but also had a far-reaching
impact on piano education to a certain extent. Among them,
the objects that artificial intelligence has a greater impact on
piano teaching are students and instructors.

In the traditional piano teaching process, students often
make some basic mistakes such as wrong pronunciation or
are not proficient in the content they have learned. &ere-
fore, teachers often become machines to correct mistakes in
class, from imparting knowledge to students’ sparring
practice, thus affecting the normal teaching progress and
effect [13]. &rough the intelligent piano teaching service
platform, students can automatically detect the music they
play during practice. &ey can not only find their own errors
in playing in time, but also use the auxiliary functions of the
service platform to solve some conventional errors by
themselves. &erefore, by using the auxiliary functions
provided by the intelligent piano teaching service platform,
students can improve the piano practice efficiency and class
quality.

Although the intelligent piano teaching assistant system
can bring some help to learners, it may also have some
negative effects. Because the intelligent piano teaching
system is different from human beings in emotional reso-
nance, if learners rely on the auxiliary functions provided by
the intelligent piano teaching system for a long time when
practicing, for example, blindly pursuing the score of playing
music evaluation when practicing, the music they play will
be boring due to the lack of detail processing and music
emotion [19]. &erefore, learners should take the intelligent
piano teaching system as an auxiliary tool for piano teaching,
which cannot be completely replaced by it. Only when the
intelligent piano teaching system is organically combined
with the teaching process, can the function of the intelligent
piano teaching assistant system be brought into play.

In view of the impact of the intelligent piano teaching
service system on teachers, compared with the traditional
piano teaching mode, the working efficiency of piano
teachers has been significantly improved, and the quality of
learners’ piano practice has also been greatly improved.
Although the level of students’ piano practice mainly de-
pends on teachers’ teaching ability, the traditional piano
teaching methods are usually not ideal for learners’ piano
practice level and learning efficiency. With the help of the
intelligent piano teaching service system, teachers’ teaching
pressure has been relieved, and learners’ piano practice level
has been significantly improved. For example, learners can
use the intelligent piano teaching service system to directly
correct some basic problems such as notes and rhythms that
often go wrong when practicing the piano. Teachers can use
more time to pay attention to the processing of music details
and the expression of music emotions when students are in
class.

Although the intelligent piano teaching system alleviates
the teaching burden of teachers to a great extent, artificial
intelligence brings new pressure to piano teachers. Using the
traditional piano teachingmode, teachers can often carry out
teaching discussion, teaching experience exchange, and
other activities, and continuously improve their teaching
level by learning some successful teaching methods. How-
ever, after adopting the intelligent piano teaching mode,
teachers can only continuously improve their teaching
ability and teaching quality to meet the requirements of
modern teaching design and the various needs of learners.
At the same time, through the teaching resources provided
by the intelligent piano teaching service platform, they can
continuously integrate their own teaching ability, so as to
continuously improve their teaching level. With the con-
tinuous development of artificial intelligence technology and
other related technologies, in the future piano teaching,
teachers should constantly adapt to the changes of the new
teaching mode.

5. Analysis and Evaluation of Teaching Effect

In order to test the feasibility and effectiveness of the piano
teaching model based on machine learning and artificial
intelligence in practical teaching application, two different
classes were randomly selected from some piano learners as
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Figure 9: Composition and structure diagram of intelligent piano.
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experimental teaching objects. According to the existing
piano teaching plan, under the condition of not affecting
students’ normal piano practice, random tests were con-
ducted on the learners, and the learners with no significant
difference between the two classes were taken as the ex-
perimental group and the control group, respectively.
Suppose class 1 is the control group and class 2 is the ex-
perimental group, with 20 students in each class.&e control
group used the traditional piano teaching mode, and the
experimental group used the intelligent piano teaching
mode. &rough the piano teaching experiment, under the
same examination method, content, and evaluation stan-
dard, the students’ piano theoretical knowledge and playing
effect of the two classes were tested.

5.1. Piano Teaching Effect Test. From the comparison of the
assessment results of piano theoretical knowledge, it was
known that the two groups of students had better ability to
master piano theoretical knowledge.&e average score of the
control group was 83.5, and the average score of the ex-
perimental group was 87.4. After examination and test, there
was no significant difference between the two groups. From
the comparison of the results of piano hand type test, it was
found that although different piano teaching modes had
certain effects on learners’ hand type, there was no signif-
icant difference between the two groups. However, from the
comparison results of the piano touch mode, spectrum
recognition, and rhythm control ability test results, the
average scores of the students in the experimental group
were 92.6, 91.5, and 88.6, respectively, and the average scores
were higher than those in the control group. After exami-
nation and test, there was a certain significant difference
between the two groups. It can be seen that the piano
teaching mode proposed in this paper mainly focused on the
learning of piano key touching mode and optimized the
ability of spectrum recognition and rhythm control, so that
learners can participate in the whole process of piano
teaching in real time. &erefore, when learners improved
their ability to master the details of piano practice and
emotions to a certain extent, they will soon be recognized by
everyone. &e self-confidence gained in the process of piano

practice had also improved the enthusiasm of learners in
training, and the teaching effect had been significantly
improved. &e comparison results of piano teaching effects
between the two groups are shown in Table 1.

5.2. Evaluation and Comparison of Piano Teaching Mode by
Piano Practitioners. In order to facilitate the research object
to objectively evaluate the intelligent piano teaching mode
proposed in this paper, this experiment uses the form of
questionnaire and interview to investigate the impact of the
intelligent piano teaching mode on the experimenter.
Among them, it mainly evaluates the students’ performance
from three aspects: learning enthusiasm, emotion of prac-
ticing piano, and learning effect. All evaluation indexes are
expressed by mean and standard deviation, and the later data
are processed by statistical software. From the score results
of the experimental group in various items, the scores of the
experimental group are about 5 points higher than those of
the control group, especially in terms of learning effect.
&erefore, the evaluation results of students in the

Table 1: Comparison of piano teaching effect between two groups of learners.

Item &eoretical knowledge test Hand test Key touch mode test Spectrum identification test Rhythm control test
Control group 83.5 85.1 85.2 84.7 81.3
Experimental group 87.4 86.4 92.6 91.5 88.6
P >0.05 >0.05 <0.05 <0.05 <0.05

Table 2: Comparison of evaluation results of the impact of piano teaching mode on learners.

Item Practice enthusiasm Playing emotion Learning effect
Control group 19.26± 2.13 38.24± 3.35 84.37± 7.25
Experimental group 23.41± 2.59 42.46± 3.85 90.36± 7.38
T 2.215 2.362 3.583
P <0.05 <0.05 <0.05
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experimental group in practice enthusiasm, game emotion,
learning effect, and so on are significantly higher than those
in the control group, as shown in Table 2. It can be seen that
the intelligent piano teaching mode proposed in this paper
can effectively stimulate the students’ enthusiasm to practice
the piano, give full play to the students’ personality, meet the
actual needs of piano lovers to a certain extent, and enhance
the learners’ learning motivation.

According to the statistical results of the questionnaire
survey conducted by each group on the evaluation of dif-
ferent piano teaching modes, the students in the experi-
mental group evaluated the teaching methods, learning
enthusiasm, and other indicators above the good level, as
shown in Figure 10. &erefore, students are generally sat-
isfied with the intelligent piano teaching mode proposed in
this paper.

6. Conclusion

Artificial intelligence accelerated the development of music
education to a certain extent and changed the traditional
piano teaching mode. However, there were many problems
in the integration of artificial intelligence with other tech-
nologies, which affected the application of artificial intelli-
gence in piano teaching. In order to effectively improve the
quality of piano teaching, this paper proposed a piano
teaching model based on machine learning and artificial
intelligence. By analyzing the relevant theory of machine
learning and its application characteristics to music teach-
ing, this paper put forward the auxiliary method of intel-
ligent piano teaching, constructed an intelligent piano
teaching service management system, and analyzed the
various effects of artificial intelligence on piano teaching.
Finally, taking piano learners under different teaching
modes as the object, this paper made an investigation and
analysis from the aspects of piano teaching effect and the
evaluation of piano practitioners on the teaching mode.
According to the results of statistics and comparison, the
piano teaching mode proposed in this paper had achieved
better results in theoretical teaching and practical operation
than the traditional teaching mode, which was conducive to
promoting the quality of piano teaching and the enthusiasm
of learners.&is study can provide a reference for the further
development of intelligent piano teaching application.
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In order to further improve the problems of poor rationality and weak antinoise ability of existing image processing algorithms
and technical algorithms, an image processing research method based on fuzzy mathematical theory is proposed. First, aiming at
the ill-posed problem of the PFCM algorithm, the neutrality and rejection degree are used to construct a regular term and embed
the algorithm objective function to enhance the correlation between the attribute parameters of the fuzzy set of the sample graph,
so as to solve the ill-posed problem of the PFCM algorithm. Secondly, in view of the same noise sensitivity problem of PFCM
algorithm as a traditional fuzzy clustering algorithm, combined with the robust ideas of FCM_S1 and FCM_S2 algorithms, the
objective function of robust segmentation algorithm for graph fuzzy clustering (RPFCM_s) is constructed. (e misclassification
rate of the clustering algorithm proposed in this study in image segmentation is reduced by 38%–76%, and the misclassification
rate of the corresponding segmentation result of the ATPFCA algorithm is reduced by 5%–77%.(erefore, the algorithm not only
improves the effective segmentation efficiency of the fuzzy mathematical theory algorithm for the processing of uneven grayscale
images but also enhances the anti-noise robustness of the algorithm.

1. Introduction

Since it was put forward in 1965, fuzzy mathematics
theory has played a key role in studying and dealing with
fuzzy phenomena.(e basic concept of fuzzy mathematics
theory is a fuzzy set. In recent years, scholars have
deepened their research on fuzzy mathematics theory, and
fuzzy mathematics theory has been widely used in many
industries and fields. Specifically, fuzzy mathematics
theory accurately defines fuzzy phenomena through the
in-depth analysis and research method application of
fuzzy phenomena. In fact, there are many fuzzy phe-
nomena in our work and life. (e help of fuzzy mathe-
matics theory can help us analyze and solve these
problems. Computer image processing technology is to
better recognize and calculate the image with the help of
computer technology. (e purpose of the integration of
the two is to further improve the accuracy and accuracy of
image processing [1]. Figure 1 shows an image fusion
method based on fuzzy mathematics theory.

2. Literature Review

Image segmentation is an important pre-processing step of
pattern recognition, machine vision, image understanding,
and analysis. After decades of research, it still receives wide
attention from many scholars [2]. (ere are currently many
methods for image segmentation, which can be broadly
divided into four types: threshold-based segmentation
methods, edge detection-based segmentation methods, re-
gion-based segmentation methods, and theory-based seg-
mentation methods. In recent 10 years, with the proposal of
new theories in various disciplines, image segmentation
algorithms based on these theories are also emerging, and
the theoretical system of image segmentation algorithms is
being further developed. (e image segmentation algorithm
based on edge detection will focus on the edge part of the
image. (e boundaries between different homogeneous
regions in the image have unique properties, and the gray
value will jump along the direction perpendicular to the
edge. Using this characteristic, the jumping pixel points in
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these points is the boundary to distinguish different ho-
mogeneous targets and backgrounds. (e method of edge
detection is to use the difference operator of gray mutation
in the pixel neighborhood and the change of the first or
second derivative of the edge to judge whether the sample
points are boundary pixels and finally realize image seg-
mentation. (e theoretical system of image segmentation
algorithms is being further developed. Classical edge de-
tection operators include the Roberts operator, Prewitt
operator, Sobel operator, Laplacian operator, Canny oper-
ator, and so on. Since this kind of algorithm is based on the
principle of gray value jump in pixel neighborhood, this kind
of algorithm is more sensitive to noise, especially the second
derivative. (erefore, for noisy images, false edges may
appear, resulting in unreasonable boundary contour. If the
noise resistance of the algorithm is improved, the actual edge
area will be weakened, resulting in edgemissing detection. In
both cases, the detected edge will deviate from the actual
edge, resulting in unreasonable segmentation results [3–5].

For the image itself, the pixels in the same region have
the same or similar features, the feature distribution in
different regions is inconsistent, and the pixel features be-
tween different regions are abrupt and uncertain. At the
same time, the influence of some external factors on the
drawing process also affects the drawing, such as angle of
view, illumination, shadow, spatial position, and so on, the
target area and background area have a certain similarity,
and the boundary between the target and background is
uncertain. (ese pseudo similarity and uncertainty can be
called fuzziness, which makes image segmentation become a
typical ill-structured problem, resulting in that most clus-
tering segmentation methods are only suitable for one or
several types of image segmentation [6]. In order to obtain
more satisfactory segmentation results and make full use of
the uncertainty and fuzziness of image pixels, fuzzy clus-
tering was once pushed to the forefront of the research of
image clustering and segmentation algorithm, the use of dim
cluster technology to address image segmentation is a new
trend and is also one of the hot topics in the image seg-
mentation industry.

Based on this research, this study proposes image
processing research based on fuzzy mathematical theory.
By closely correlating neutrality and rejection degree, the
correlation between various attribute parameters is im-
proved, and the misclassification and misclassification of
the original graph fuzzy clustering algorithm due to ill-
posed problems are solved. According to the

characteristics of the proposed algorithm’s objective
function, the convergence of the algorithm is deduced and
proved by the idea of divide and conquer, and the con-
vergence of the algorithm’s objective function is verified
by using standard grayscale images and noise interference
images. (e test results show that the improved algorithm
RPFCM has faster convergence performance than FCM,
IFCM, FC-PFS and PFCM, and other algorithms; the
RPFCM algorithm has better segmentation performance
than the existing PFCM algorithm.

3. 3D Model Construction Based on
Image Processing

In recent decades, the problem of restoring structure 3D
models from multiple two-dimensional plane images has
been widely and deeply studied. In particular, the 3D scene
structure can be restored and reconstructed (structure from
motion, SFM) during camera movement, so that feature
points can be detected from uncalibrated images or image
sequences, feature point matching can be performed, and the
3D structure model of the scene can be established.(e basic
idea is shown in Figure 2.

In machine learning and image processing, data is
usually represented as vectors. (e complexity of many
machine learning algorithms is exponentially related to the
dimensional nature of the data. (e larger the dimension,
the greater the complexity of data processing and the more
time it takes. In order to reduce time consumption and avoid
the waste of machine resources, data dimensionality must be
reduced. Dimensionality reduction of data means the loss of
data, but the actual data are often related. On this basis, the
loss of data can be reduced during dimensionality reduction.
Basic Component Analysis (PCA) is a widely usedmethod of
reducing the size of data based on solid data. (e main idea
of PCA is to reduce the n-dimensional nature of the data to
k-scale (k< n). In this way, the purpose of data reduction and
feature extraction is realized [7–9]. (e specific process of
the PCA algorithm is as follows: suppose there is a data set s,
includingm samples, and the dimension of each sample is n,
that is:

S � x1, x2, x3, x4, . . . , xm( ,

xi � xi1, xi2, xi3, xi4, . . . , xim( .
(1)

(e data set S is represented in the form of a matrix, and
then each row of the matrix is a sample, and each column is a
dimension, that is:

Image B Wavelet
decomposition

Fusion
processing

�e wavelet
Inverse transformation

�e fused
image

Image A

�e image a�er
registration

Figure 1: An image fusion method based on fuzzy mathematics theory.
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m×n
. (2)

Zero the average value of each row of S, that is, subtract
the average value of this row:

xi � xi − x,

x �
1
m



m

i�1
xi.

(3)

(e matrix consisting of xi is recorded as:

S ∈ R
m×n

. (4)

(en calculate the covariance matrix C of matrix S:

C �
1
m

S
TS

�
1
m



m

i

x
T
i xi,

(5)

where C ∈ Rm×n calculate the eigenvalues of the covariance
matrix C and the corresponding eigenvectors, place the
eigenvectors as a matrix from top to bottom according to
their respective eigenvalues, and take the first k-line to form
a P-matrix. PCA matrix. (en, after reducing the size, the
matrix is:

s � sp. (6)

In summary, PCA, by its very nature, takes the direction
of greatest variability and “correlates” the data in each or-
thogonal direction, i.e., independent of the different or-
thogonal directions, and can be used well for image
compression according to PCA characteristics.

In order to apply the PCA algorithm to 3D model re-
construction and process images faster and better, it is
necessary to deform the PCA algorithm or segment large-
resolution images [10]. From the singular value decompo-
sition, the PCA algorithm is a variant of the singular value
decomposition algorithm (SVD). (e singular value de-
composition algorithm can decompose any matrix. (e
formula is as follows:

A � U  V
T
. (7)

A is an m× nmatrix, U is an m×mmatrix, V is an n× n
matrix, and  is anm× nmatrix. Where u and V are the left
singular vector and right singular vector of A, respectively,
and  is the singular value of A. Multiply both ends of the
equal sign of formula (7) by UT to obtain:

U
T
A � U

T
U  V

T
. (8)

According to the above requirements and steps of al-
gorithm time, we use the PCA algorithm to compress the
concrete test block. (e resolution of the image of the test
block is 768×1024. (e flow of compression processing is as
follows.

Step 1. Decompose the image into n sub-images, and the
size of each sub-image is K. With the different value of K, the
number n of sub-images changes accordingly. In the
compression experiment, the K value is arranged from small
to large, and the values are K� 2, K� 3 and K� 4, respec-
tively. (e number of corresponding sub-images n is:
N� 196608, N� 87495, N� 49216

Step 2. Calculate the average value of N sub-images:

IMG �
IMG1 + IMG2 + · · · + IMGN

N
. (9)

(e above formula represents the average of N sub-
images, then subtracts the average of the images from these
N sub-images and takes N new sub-images.

Step 3. Calculate the covariance matrix R of the new sub-
image, which is defined as:

R(i, j, t, l) �
1
N



N

S�1
IMGS(i, j)IMGS(t, l). (10)

In the above formula, i, j, t, l , respectively, represent the
positions of elements in the image.

Step 4. Calculate the eigenvalue and eigenvector of R, and
calculate the inner product and maximum eigenvector of
each sub-image to obtain the compressed image [11, 12].

In order to further verify that the image compression will
not affect the image modeling effect, it is necessary to scale
the model. And it is compared with the conversion results of
the original picture model. After the dense point cloud
reconstruction, the reconstructed model is scaled according
to the actual size of the shear wall structure to obtain the
transformation relationship. After reconstruction, verify the
size of the model through the pre-calibration points on the
shear wall. In order to further prove the feasibility and
applicability of the algorithm in practical engineering, this
chapter selects a rainbow bridge as an engineering example
for modeling. (e original Rainbow Bridge image modeling
time is 118398.108 s, about 32 hours, 53 minutes, and 18
seconds.(emodeling time of the picture compressed by the

Image
acquisition

Image
compression

Feature
extraction

Image
matching

Dense point
cloud

Surface
reconstruction

Texture
mapping

Figure 2: Flow chart of image-based 3D reconstruction method.

Security and Communication Networks 3



RE
TR
AC
TE
D

PCA algorithm is 41057.931 s, about 11 hours, 23 minutes,
and 17 seconds. In order to make the comparison result
more intuitive, this example only intercepts the picture of
the rainbow bridge model and does not add the recon-
structed useless information to the comparison. It can be
seen from the time comparison that this method is still
applicable when the target is a large structure, which can
greatly reduce the modeling time [13, 14].

4. Graph Fuzzy Clustering and Robust
Segmentation Algorithm

4.1. Regularized Graph Fuzzy Clustering Algorithm. (e
objective function of the graph fuzzy clustering (PFCM)
algorithm can be described as:

min Jm(μ, η, ξ, V) � 
c

k�1


n

i�1
μik 2 − ξik( ( 

m
xi − vk

����
����
2

+ 
c

k�1


n

i�1
ηik logηik

+ ξik . (11)

(e expression of the optimization objective function
corresponding to the improved graph fuzzy clustering al-
gorithm is:

min Jm(μ, η, ξ, V) � 
c

k�1


n

i�1

μik

1 − ηik − ξik

 

m

xi − vk

����
����
2

+ 
c

k�1


n

i�1
η2ikξik + ηikξ

2
ik. (12)

(e constraints are as follows:

0≤ μik, ξik, ηik ≤ 1, 0≤ μik + ξik + ηik ≤ 1, i � 1, 2, . . . , n, k � 1, 2, . . . , c,



c

k�1

μik

1 − ηik − ξik

� 1, i � 1, 2, . . . , n,



c

k�1
ηik −

1
c
ξik  � 1, i � 1, 2, . . . , n,

(13)

where n represents the number of clustering samples; c

represents the number of cluster categories; μik, ηik, ξik

represent the membership degree, neutrality degree, and
rejection degree of the ith sample belonging to class k,

respectively; vk represents the clustering center of class k; m

represents the fuzzy index.
(e objective function of unconstrained optimization is

obtained by the Lagrange multiplier method, and its ex-
pression is:

L � 
c

k�1


n

i�1

μik

1 − ηik − ξik

 

m

xi − vk

����
����
2

+ 
c

k�1


n

i�1
η2ikξik + ηikξ

2
ik 

+ 
n

i�1
λi 1 − 

c

k�1

μik

1 − ηik − ξik

⎛⎝ ⎞⎠

m

+ 
n

i�1
βi 1 − 

c

k�1
ηik +

1
c
ξik ⎛⎝ ⎞⎠.

(14)

(e expression of the rejection index can be obtained by
using the Yager complement operator (combined with
constraints) as follows:

ξik � 1 − μik + ηik(  − 1 − μik + ηik( 
α

( 
(1/α)

. (15)
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4.2.Experimental SimulationandResultAnalysis. In order to
verify the effectiveness and anti-noise of the improved
regularized graph fuzzy clustering robust segmentation al-
gorithm, the segmentation tests are carried out on different
images and images with different intensity types of noise. In
order to arrange the layout neatly, images of different sizes
are displayed as the same size, and the layout of other
chapters is also the same. (e test running environment is
Matlab 2014a. Set the test parameter fuzzy index m � 2.0,
iteration termination error ε � 1 × 10−4, and maximum
iteration times tmax � 103.

4.2.1. Segmentation Test and Result Analysis of Noise-Free
Image. (ree gray images of brain CT image, coin image,
and water cup image with the size of 256× 256 are selected.
FCM algorithm, IFCM algorithm, FC-PFS algorithm, PFCM
algorithm, PRFCM algorithm, and PFCM_s algorithm are
used for the segmentation test, respectively. (e corre-
sponding error rates as a result of the segmentation of the
various algorithms are shown in Table 1.

From the above results, the segmentation results ob-
tained by the FCM algorithm, IFCM algorithm, FC-PFS
algorithm, and RPFCM algorithm cannot store image de-
tails, but only a rough outline of the image can be obtained,
but the PFCM algorithm can store image details but image
sound contains noisy dots. From the incorrect classification
of the results of the segmentation of the six algorithms
shown in Table 1, it can be seen that the level of incorrect
classification of the PRFCM_s algorithm is lower than that of
the other five algorithms. (e results of brain CT and water
cup map were particularly obvious, and the misclassification
rate decreased by 0.42%∼25.66%; For the more complex
water cup graph, the misclassification rate of the PRFCM_s
algorithm is also reduced. (erefore, in contrast, the reg-
ularized graph fuzzy clustering robust segmentation algo-
rithm has certain segmentation advantages [15, 16].

4.2.2. Segmentation Test and Result Analysis of Gaussian
Noise Interference Image. (e 256× 256 brain CT images,
gear images, and photographer images were selected as the
raw image data for the anti-Gaussian noise performance test
of the RPFCM_s algorithm. Using the FCM algorithm, the
IFCM algorithm, the FC-PFS algorithm, the PFCM, and the
PFCM algorithm, add the Gaussian noise with an average
value of 0, the variance 57, 81, 81 (normalized variance of
0.05, 0.1, and 0.1) on the three images. (e RPFCM_s al-
gorithms are used for segmentation experiments, and the
values of the peak signal-to-noise ratios corresponding to the
segmentation results obtained by different algorithms are
shown in Table 2.

Out of the segmentation results obtained by the six
segmentation algorithms, the segmentation results obtained
by the FCM algorithm, IFCM algorithm, FC-PFS algorithm,
PFCM algorithm, and RPFCM algorithm all contain more
noisy points, and the details are blurred; Contains the results
of segmentation obtained by the RPFCM_s algorithm. (e
number of noise points is relatively rare, and the segmen-
tation effect is better than the other five algorithms.(e peak

signal and noise ratios of the anti-Gaussian noise shown in
Table 2 show that the FCM, IFCM, FC-PFS, PFCM, and
RPFCM algorithms are not significantly different as a result
of segmentation, but the peak signal-to-noise ratio is a
segmentation of the RPFCM_s algorithm. agrees. (e value
of the noise ratio is much larger than the first five algorithms.
(e improved algorithm of RPFCM_s shows that it is strong
against Gaussian noise interference [17].

4.2.3. Segmental Testing and Analysis of the Results of Salt
and Pepper Noise Interference. (e RPFCM_s algorithm
selected a 256× 256 square shape, a gear shape, and a pepper
shape as the initial drawing data for the salt and pepper anti-
noise performance test. (e three images were added with a
salt and pepper noise of 0.2 probability, and the FCM al-
gorithm, IFCM algorithm, FC-PFS algorithm, PFCM al-
gorithm, RPFCM, and RPFCM_s algorithms were used for
segmentation testing. (e values of the ratios obtained as a
result of the segmentation obtained by the various algo-
rithms are shown in Table 3.

From the results of the above segmentation, it can be
seen that the segmentation results of the three images ob-
tained by the RPFCM_s algorithm are more detailed and
complete, with only a small amount of noise, while the
segmentation results obtained by the other five algorithms
are blurred. and a lot of noise. In addition, the peak signal-
to-noise ratios of the six algorithms shown in Table 3 are
significantly higher than the values of the corresponding
peak-to-noise ratios obtained by the RPFCM_s enhanced
algorithm. from the peak signal-to-noise ratio corre-
sponding to the other five algorithms. (erefore, the
RPFCM_s algorithm has a strong ability to resist salt and
pepper noise [18].

4.2.4. Segmentation Test and Result Analysis of Mixed Noise
Interference Image. (e cell image, pepper image, and gear
image with the size of 256× 256 were selected as RPFCM_s
algorithm anti mixed noise performance test of the original
image data. AddGaussian noise with themean value of 0, the
variance of 0.05, and salt and pepper noise with a probability
of 0.1 to the cell diagram and pepper diagram, add Gaussian
noise with the mean value of 0, the variance of 0.1, and salt
and pepper noise with the probability of 0.1 to the gear
diagram, and use FCM algorithm, IFCM algorithm, fc-pfs
algorithm, PFCM algorithm, rpfcm and rpfcm_S algorithm
for segmentation test. (e peak signal-to-noise ratio cor-
responding to the segmentation results obtained by different
algorithms is shown in Table 4.

From the results obtained by the six segmentation al-
gorithms, the segmentation results obtained by the FCM
algorithm, the IFCM algorithm, the FC-PFS algorithm, the
PFCM algorithm, and the RPFCM algorithm all contain a
large number of noise points. Reduced and more detailed.
Compared to the other five algorithms, the RPFCM_s al-
gorithm has better segmentation performance. In addition,
the peak values of the signal-to-noise ratios corresponding to
the segmentation results of each algorithm shown in Table 4
can be seen. (e RPFCM_s algorithm is much larger than
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the other five algorithms, which effectively demonstrates
that RPFCM_s has a strong resistance to mixed noise in-
terference. Add neighborhood means information to tra-
ditional FCM algorithm, IFCM algorithm, FC-PFS
algorithm, and PFCM algorithm, respectively, to obtain
FCM_s algorithm, IFCM_s algorithm, FC-PFS_s, and FC-
PFS_s algorithm is combined with the idea of fuzzy c-means
robust clustering algorithm to obtain FC-PFS_s algorithm
and FC-PFS_s algorithm. Test the robustness of different
gray images and compare them with the PRFCM_s algo-
rithm [19].

4.2.5. Test and Analysis of Robust Segmentation of Image
Disturbed by Gaussian Noise. A basketball court remote
sensing image, a river remote sensing image, and a 256× 256
brain CT image were selected, with a mean value of 0 and a
variance of 44, 81, and 81 (normalized variance 0.03, 0.1, and
0.1, respectively) of Gaussian noise. (e results of the seg-
mentation experiment are shown in Table 5.

From the above results, the IFCM_s algorithm has the
worst segmentation result and serious noise point pollution.
Among them, the segmentation result of brain CT image
shows that the IFCM_s algorithm blurs the details; FCM_s
algorithm, FC-PFS_s algorithm, and PFCM_s algorithm
have the same segmentation results; and the segmentation
results obtained by the RPFCM_s algorithm are much better
than the IFCM_s algorithm and better than the other three
algorithms. From the values of the peak signal-to-noise
ratios corresponding to the five segmentation algorithms

shown in Table 5, the values of the peak signal-to-noise ratios
corresponding to the segmentation results of the IFCM_s
algorithm are the lowest; As a result of the segmentation of
the FC-PFS_s algorithm, the values of the corresponding
peak signal and noise ratios are compared. (e FCM_s
algorithm is slightly larger; As a result of the segmentation of
the PFCM_s algorithm, the values of the corresponding peak
signal-noise ratios are those of the FCM_s algorithm and the
FC-PFS_s algorithm; As a result of the segmentation of the
RPFCM_s algorithm, the value of the corresponding peak
signal-to-noise ratio is relatively high, indicating that the
improved RPFCM_s algorithm performs better noise in-
terference [20].

4.2.6. Test and Analysis of Robust Segmentation of Salt and
Pepper Noise Interference Image. (ree images of the Chi-
nese character Shu map, river remote sensing map, and
photographer map with the size of 256× 256 are selected to
segment salt and pepper noise with the additional proba-
bility of 0.1, 0.15, and 0.15, respectively. (e results are
shown in Table 6.

From the peak values of the signal-to-noise ratio
corresponding to the six segmentation algorithms shown
in Table 6, it can be seen that the peak signal-to-noise
ratio of the RPFCM_s enhanced algorithm is much higher
than that of the IFCM_s and PFCM_s algorithms, FCM_s
and FC-PFS_s, which further shows that PRFCM_s al-
gorithm has strong anti-salt and pepper noise interfer-
ence ability.

Table 4: Peak signal-to-noise ratio of segmentation results of different algorithms (unit: dB).

Noisy image FCM algorithm IFCM algorithm FC-PFS algorithm PFCM algorithm PRFCM algorithm PFCM_s algorithm
Cell image 5.8425 5.6187 5.7260 5.6721 5.7521 13.3024
Pepper image 5.6821 5.6625 5.6536 5.6655 5.6705 12.3366
Gear image 6.8876 9.7536 7.0003 6.7241 7.0003 14.5505

Table 1: Error rate corresponding to segmentation results of different algorithms (unit: %).

Image FCM algorithm IFCM algorithm FC-PFS algorithm PFCM algorithm PRFCM algorithm PFCM_S algorithm
Brain CT image 13.57 15.85 13.57 2.76 13.57 2.34
Coin image 5.01 6.54 5.01 5.33 5.01 3.71
Cup image 18.61 26.31 18.61 12.46 18.61 1.64

Table 2: Peak signal-to-noise ratio of segmentation results of different algorithms (unit: dB).

Noisy image FCM algorithm IFCM algorithm FC-PFS algorithm PFCM algorithm PRFCM algorithm PFCM_s algorithm
Brain CT image 10.3371 8.3440 10.3706 10.6576 10.2634 17.3565
Gear image 9.0641 9.0851 9.1087 9.0061 9.0380 16.1811
Photographer image 5.2004 5.2466 5.2403 5.1053 5.2363 9.5621

Table 3: Peak signal-to-noise ratio of segmentation results of different algorithms (unit: dB).

Noisy image FCM algorithm IFCM algorithm FC-PFS algorithm PFCM algorithm PRFCM algorithm PFCM_s algorithm
Block image 10.0007 9.7353 10.0172 8.7658 9.8760 19.0008
Gear image 9.7376 9.8761 9.7723 9.6867 9.8230 17.7851
Pepper image 9.0285 9.0430 9.0387 9.0055 9.0350 11.6010
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4.2.7. Test and Analysis of Robust Image Segmentation with
Mixed Noise Interference. (ree grayscale images of a river
remote sensing map, a Chinese character and a block map
with the size of 256× 256 are selected. Add 0 averages for
remote sensing maps and Chinese characters, Gaussian
noise with 57 variances (normalized variance 0.05), salt and
pepper noise with a probability of 0.1, and add an average of
0 to the variable block map. 72 (0.08 normalized variance)
Gaussian noise and salt and pepper noise with a probability
of 0.1, the results are shown in Table 7.

For remote sensing image and Chinese character space
image, IFCM_s algorithm has the worst segmentation re-
sults, and there is little difference among FCM_s algorithm,
FC-PFS_s algorithm, PFCM_s algorithm and improved
algorithm PRFCM_s; For the block diagram, the segmen-
tation results of the five algorithms are equivalent. As a result
of the segmentation shown in Table 7, the peak signal-to-
noise ratio of the corresponding PPFCM_s algorithm shows
that the peak signal-to-noise ratio is higher than the other
four algorithms. (e improved algorithm has a relatively
strong ability to counteract mixed noise interference. To test
the integrity of the enhanced RPFCM algorithm, select a
barrel map (size 215× 300) and a photographer map (size
256× 256) and add Gaussian noise, salt and pepper noise,
Gaussian and salt and pepper mixed noise, respectively. (e
PRFCM algorithm is used for clustering and segmentation
test. In order to better observe the convergence curve of the
algorithm, the parameters ɑ and ω are 0.38 and 2 respec-
tively. (e results are shown in Figure 3.

As shown in Figure 3(a)–3(d), the clustering objective
function obtained by the regularized graph fuzzy clustering
algorithm for segmenting the original image and the image
interfered by Gaussian, salt and pepper and mixed noise
decreases monotonically and tends to be stable with the
change of iteration times T. Indicating that the clustering
model is reasonable and the algorithm is convergent.

In order to study the convergence speed of PRFCM
algorithm, FCM, IFCM, FC-PFS, PFCM, PRFCM, and
PRFCM_s algorithms are used to test the convergence of rice
grain map (size 256× 256), photographer map (size
256× 256), river remote sensing map (size 306× 342) and
wheel map (size 232× 205). (e number of convergence
iterations and time cost measured by the segmentation
results of each algorithm are shown in Table 8.

It can be seen from the test results in Table 8 that the
number of convergence iterations decreases in the order of
FCM, IFCM, FC-PFS, PFCM, PRFCM, and PRFCM_s; At
the same time, the number of convergence iterations of
PRFCM and PRFCM_s algorithm proposed in this study is
more significantly reduced than PFCM algorithm. Although
FCM algorithm converges more slowly than PRFCM al-
gorithm, the time cost of FCM algorithm is significantly less
than PRFCM algorithm because of its low computational
complexity. From the test results, the PRFCM algorithm
proposed in this study has certain potential advantages over
FCM, IFCM, FC-PFS, and PFCM algorithms. (e robust
algorithm PRFCM_s of PRFCMhas very obvious advantages
over other algorithms in terms of convergence iteration
times and time overhead.

For three images (all 256× 256 in size), salt and pepper
noise with probability of 0.3, 0.1 and 0.2 is added to them
respectively. FCM, FC-PFS, TPFCA, FCM_s, FLICM, FC-
PFS_s and the algorithm ATPFCA proposed in this chapter
are used for segmentation test. (e test results are shown in
Table 9.

Experimental results show that the total stubbornness-
based graphic blur clustering (TPFCA) algorithm can ef-
fectively segment different types of images with uneven gray
distribution, resulting in a high error rate (maximum signal-
to-noise ratio). traditional dimmer C-Medium cluster and
graphical dimmer cluster algorithms decreased from ap-
proximately 30% to 55% (increased by approximately 19%–
33%). (e introduction of total divergence improves the
effective segmentation of uneven images to a certain extent.
Compared with traditional fuzzy c-means clustering,
graphic fuzzy clustering, robust fuzzy c-means clustering,
fuzzy local information c-means clustering and robust
graphic fuzzy clustering, the adaptive robust graphic fuzzy
clustering (ATPFCA) algorithm based on total divergence
has a stronger ability to segment gray uneven images. (e
misclassification rate (peak signal-to-noise ratio) of the
segmentation result is reduced by about 38%∼76% (in-
creased by about 21%∼67%) compared with the above
clustering algorithm. Compared with the TPFCA algorithm,
the effective segmentation degree of uneven images is further
improved. For noisy images, the error rate (peak signal-to-
noise ratio) of the ATPFCA algorithm corresponding to the
segmentation results is reduced by about 5%∼77%

Table 5: Peak signal-to-noise ratio of segmentation results of different algorithms (unit: dB).

Noisy image FCM_s IFCM_s FC-PFS_s PFCM_s PFCM_s algorithm
Remote sensing map of basketball court 17.7437 7.2047 17.7843 17.0811 18.2856
River remote sensing map 14.5630 7.3170 14.6632 14.1162 14.6283
Brain CT 15.6738 10.7040 14.6663 14.8166 16.3224

Table 6: Peak signal-to-noise ratio of segmentation results of different algorithms (unit: dB).

Noisy image FCM_s IFCM_s FC-PFS_s PFCM_s PFCM_s algorithm
Han Zishu 13.0804 9.0026 13.0005 11.8381 13.7060
River remote sensing map 16.7610 8.2306 17.8418 14.8110 18.5745
Photographer 11.8502 8.7006 13.0820 11.7160 13.2305

Security and Communication Networks 7
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(increased by about 6%∼230%, especially up to 230% relative
to FCM) compared with FCM, FC-PFS, TPFCA, FCM_s,
FLICM, literature algorithm and FC-PFS_s. (e embedding

of adaptive pixel spatial neighborhood information not only
improves the effective segmentation degree of the algorithm
for gray uneven images but also enhances the anti-noise

Table 7: Mixed noise interference block image and segmentation results.

Noisy image FCM_s IFCM_s FC-PFS_s PFCM_s PFCM_s algorithm
Han Zishu 14.1110 7.1681 14.1701 13.5605 15.0066
River remote sensing map 23.0870 8.8004 23.1885 20.8580 24.1303
Photographer 18.3008 18.7328 19.4553 18.1001 20.11034
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Figure 3: Clustering segmentation test curve of barrel diagram and its noise interference diagram. (a) No noise interference. (b) Gaussian
noise interference. (c) Salt and pepper noise interference. (d) Mixed noise interference.

Table 8: Convergence iteration times of different algorithms.

Noisy image FCM algorithm IFCM algorithm FC-PFS algorithm PFCM algorithm PRFCM algorithm PFCM_s algorithm
Rice grain 8 19 8 7 4 2
Photographer 10 14 7 5 3 1
River remote sensing 8 13 6 6 4 2
Wheel 12 19 8 10 7 2
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pixel spatial neighborhood information not only improves
the effective segmentation degree of the algorithm for gray
uneven images but also enhances the anti-noise robustness
of the algorithm.

5. Conclusion

(is study modifies and improves the existing graphic fuzzy
clustering algorithm. First, aiming at the ill-posed problem
of the PFCM algorithm, this study uses neutrality and re-
jection to construct regular terms and embed the objective
function of the algorithm to enhance the correlation between
the attribute parameters of fuzzy sets of sample graphics, so
as to solve the ill-posed problem of PFCM algorithm.
Second, aiming at the noise sensitivity of the PFCM algo-
rithm, which is the same as the traditional fuzzy clustering
algorithm, combined with the robust idea of FCM_s1 and
FCM_s2 algorithms, the objective function of a reliable
segmentation algorithm for a graphical blur cluster
(RPFCM_s) was developed. Experiments have shown that
the RPFCM_s algorithm achieves better segmentation re-
sults and effectively suppresses noise interference in images
through several standard images, Gaussian noise, salt and
pepper noise, and mixed noise segmentation.

Image segmentation algorithms based on fuzzy set
theory belong to the uncontrolled iteration algorithm, and
the ambiguous C-means clustering algorithm is widely used
in various fields due to its simple structure, ease of imple-
mentation, and scalability. In Zade’s obscure set theory,
there is only one dependent variable of an attribute pa-
rameter. (e theory of graphic fuzzy set makes the attri-
bution description of pixels in the image more reasonable.
However, there are some problems in the current graphic
fuzzy clustering algorithm. (is study mainly makes sys-
tematic research on the problems of the existing graphic
fuzzy clustering algorithm. (e main research results are as
follows:

(1) Aiming at the ill-posed problem in the existing graph
fuzzy clustering algorithm, this study improves the
correlation between various attribute parameters by
closely associating the neutrality and rejection de-
gree, and solves the phenomenon of misclassification
and misclassification in the original graph fuzzy
clustering algorithm due to the ill-posed problem.
According to the nature of the objective function of
the proposed algorithm, the unity of the algorithm
was developed and proved with the idea of division

and victory, and the unity of the objective function of
the algorithm was confirmed using standard gray
images and noise interference images.

(2) Experimental results under the same hardware
conditions show that the improved RPFCM algo-
rithm performs faster merging performance than
other algorithms such as FCM, IFCM, FC-PFS, and
PFCM. (e RPFCM algorithm shows better seg-
mentation performance than existing PFCM
algorithms.

(3) Like other fuzzy clustering algorithms, the PRFCM
algorithm still has the defect of being sensitive to
noise. (erefore, the pixel gray spatial neighborhood
information is integrated into the objective function
of the clustering segmentation algorithm to obtain the
PRFCM_s algorithm. From the test results, it can be
seen that the algorithm has a stronger noise sup-
pression ability. Because the neighborhood infor-
mation weight factor in the PRFCM_s algorithm is an
artificial parameter, which is not conducive to its
further promotion, the artificial parameter needs to be
optimized in the next step to facilitate the successful
promotion and application of the algorithm.

Image-based 3D reconstruction technology is a math-
ematical process and calculation technology that uses 2D
projection to restore 3D information about an object.
Among them, the vision-based three-dimensional recon-
struction technology uses a camera as a sensor to obtain two-
dimensional images, and comprehensively uses image
processing, visual computing and other technologies to
reconstruct the three-dimensional information of objects
with computer programs to complete the scene reproduc-
tion of the real environment, so that humans can better
perceive external information. At present, due to the con-
tinuous improvement of 3D reconstruction algorithms, the
increasingly automated modeling process, the lighter labor
intensity, and the reduction of equipment costs, 3D re-
construction based on computer vision is suitable for re-
construction of any scene.

Data Availability

(e labeled data set used to support the findings of this study
is available from the author upon request.
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Table 9: Error rate and peak signal-to-noise ratio of salt and pepper noise image segmentation results.

Noisy image Evaluating indicator FCM IFCM_s TPFCA FCM_s FLICM FC-PFS_s ATPFCA

Synthetic diagram Misclassification rate (%) 38.06 38.01 38.07 34.27 35.30 34.31 23.26
Signal-to-noise ratio (dB) 9.1328 9.1461 9.1327 16.3671 14.7200 16.4256 30.2343

Airport remote sensing map Misclassification rate (%) 10.67 10.23 11.60 6.30 6.76 6.12 4.15
Signal-to-noise ratio (dB) 9.1776 9.3444 8.8514 10.8285 10.5206 10.8607 12.6045

Industrial remote sensing map Misclassification rate (%) 30.18 28.41 25.10 20.73 21.37 21.16 10.80
Signal-to-noise ratio (dB) 10.458 10.5523 10.7501 14.6770 14.3500 14.6004 17.5355
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As an independent sport, aerobics is a popular and highly popular sport that integrates group gymnastics, dance, music, fitness, and
entertainment.With the continuous development of global fitness fever and happy sports in recent years, the classification of aerobics
has become more and more extensive. )e development of fitness aerobics and competitive aerobics conforms to the trend of the
times. In the course of aerobics teaching, action structure analysis is essential, and the performance of decomposing action image
recognition has a direct impact on the effect of aerobics teaching.)erefore, it is important to study an effective aerobics complete set
of action structure analysis method. In order to solve the problem that the traditional method is easily affected by the movement rate,
lighting conditions, occlusion, complex background, etc., resulting in poor robustness of the recognition results, this paper takes the
complete set of aerobics movements as the initial population and then designs the adaptation of the aerobics movements.)e degree
function is used to realize the structural analysis of aerobics complete sets of movements through the genetic algorithm. First, the
video sequence is divided into several segments by using the time energy pyramid, and the human body target for aerobics exercise is
extracted by the background subtraction method, and the decomposition actions of aerobics are obtained. By calculating the fitness
of different actions, the fitness of the complete set of actions is obtained and then realize the analysis of aerobics complete sets of
movements. )e structural analysis of aerobics complete sets of movements can not only improve the choreography efficiency of
complete sets of movements, but also promote the improvement of the training level of aerobics athletes, and help coaches make
relative adjustments and changes in teaching on the basis of the original training of athletes.

1. Introduction

Aerobics originated in the United States. It was first created
by the American Dr. Nice Cooper in the 1960s to create a
set of exercise systems with cardiopulmonary function
training as the main purpose. Since then, it has been
promoted to people in all fields of society [1]. Aerobics is
highly sought after by aerobics enthusiasts and gradually
matures. )is is mainly because aerobics has physical fit-
ness, regardless of the age level, suitable for old and young,
rich and novel, with a wide range of mass and rich in a
distinct sense of rhythm and rhythm characteristics. With
the improvement of the project, according to different
purposes and tasks and according to the needs of different

groups, aerobics can be divided into three categories: fit-
ness aerobics, competitive aerobics, and performance
aerobics [2].

Among them, competitive aerobics is the most repre-
sentative kind of aerobics, competitive aerobics is highly
performative and has strong viewing and fitness value.
According to the theory of item groups, it belongs to the
skill-led category of difficult and beautiful performances. It is
one of the competitive sports, and its main purpose is to
“compete and win”. Competitive aerobics is a sport that can
perform continuous, complex, and high-intensity complete
sets of movements under the accompaniment of music. It is a
combination of continuous movements to show athletes
“health, strength and beauty”. Competitive aerobics
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originated from Traditional fitness aerobics is developed
from a series of strict requirements on body flexibility,
muscle strength, and endurance, as well as a perfect com-
bination of complex arm movements and seven basic steps
under the feet [3]. )ey completed beautiful, changeable,
and smooth sets of movements on a specified 5-square-
meter field within a specified time of 1.5 to 2minutes. A large
number of freehandmovements were also added to the set of
movements at that time. And dance moves and simple
technical movement elements have appeared [4].

)e necessary condition for competitive aerobics to
obtain excellent sports performance is the innovative ar-
rangement of complete sets of movements, and a set of novel
complete sets of movements will directly attract the attention
of the audience and the referees. Arrange a complete set of
competitive aerobics routines, the content must include
calisthenic movements, difficult movements, transition and
connection movements, lifting and cooperating movements;
the content process of the arrangement should reflect a
complete set of dynamic and smooth, especially transition
and connection movements. )e variety of choices and the
complex innovation of the movements; the content of the
complete set of movements should be taken into account in
the balanced and effective use of various areas of the vertical
space and the plane space, that is, the ground, standing,
vacated and the entire horizontal area, and the time sequence
of the complete set of movements. Reasonable adjustments
should also be made according to the orchestration re-
quirements [5]. Action choreography has the highest score
in the final value judgment of the entire set [6]. )erefore, it
is particularly important to analyze the structure of aerobics
complete sets of movements, which can not only improve
the choreography efficiency of complete sets of movements,
but also promote the training level of aerobics athletes, and
help coaches make relative teaching based on the original
training of athletes. Adjustments and changes. Based on this,
this paper takes the complete set of aerobics as the initial
population and then designs the fitness function of the
aerobics action.

2. State of the Art

Without rules, no circle can be formed. Rules play a decisive
role in the development of grading projects. )e promul-
gation of the new cycle of competitive aerobics rules will
inevitably promote the development of this project. Only
after in-depth research on the rules of competitive aerobics
by members has the project developed rapidly in China.
According to the rules formulated by aerobics, the action
structure of competitive aerobics decomposition is condu-
cive to our understanding of aerobics.

Competitive aerobics complete sets of movements include
calisthenic movements, difficult movements, transition/con-
nection movements, formation/position, lift movements, and
dynamic coordination [7]. It mainly includes the technical
content of the system as shown in Figure 1.

)e choreography of the complete set of competitive
aerobics movements is gradually becoming more artistic. )e
high-level artistic expression of competitive aerobics is the

perfect combination of technical beauty and innovative
beauty of the complete sets of movements. )is development
trend is becomingmore andmore obvious. Difficulty, novelty,
and oddity in the choreography of complete sets of actions are
the keys to winning.)erefore, the choreography of complete
sets of actions is not only the process of arranging simple
single actions, but also the organic combination of actions in
modeling and music and changing the combination of pre-
vious actions. )e model, combined with the laws of human
body structure, perfectly appears in another innovative form
[8]. To create a basic combination of ingenious, increase the
effect of the action, make the action strong and powerful, and
make the referee impressed and unforgettable after watching
it. )is is the creative process of tactical adjustment and
placement of the main content of the complete set of actions
through artistic means. Transition and connection move-
ments are the necessarymovements to connect the basic steps,
calisthenic movements, difficult movements, lifts, and shapes
of aerobics in a set, as well as to achieve space conversion, and
are one of the leading factors to make the set seamless and
smooth [9]. Transition and connection actions can increase
the sense of space in the complete set and act as a bridge and
link in the set in terms of adjusting and adjusting and mo-
bilizing physical strength and assisting difficult movements
and one of the main criteria for artistry.

Creation technology is an important constituent element
of the technical system of competitive aerobics. To improve
the creation technique, we must first broaden our creation
ideas ideologically. Xianxiong conducted a detailed analysis
of the transition and connection movements of the top eight
men’s singles athletes in the World Championships, ana-
lyzed the proportion of transition and connection move-
ments in the complete set of movements, and found that 80%
of the men’s singles players’ transition and connection
movements accounted for nearly one-third of the total
proportion of the complete set [10]. Xia conducted a ten-
tative study on the creation and editing of competitive
aerobics assisted by computer three-dimensional animation
technology. Zhang Hong introduced the art term “mutation
composition” into the field of aerobics creation, raised the
unconscious mutation creation phenomenon in actual
creation to the height of theory, and carried out theoretical
positioning [11]. Huijun introduced the idea of connection
into the creation of competitive aerobics, providing more
information and a broader selection space for the creation
and creation of jazz dance, Latin dance, and hip-hop in
competitive aerobics. Yu pointed out that the use of the
visual expression to design aerobics choreography can cause
visual impact and infection and can achieve a good cho-
reography effect. Finally, Chunying proposed to explore and
analyze the conditions for aerobics complete sets of
movements to be protected by copyright law, and thus
arouse the creators of aerobics to establish the awareness of
intellectual property protection and guide the project to
develop better [12]. )rough the research of the above
scholars, we can find that if athletes want to achieve excellent
results in competitive aerobics, they must innovate in the
movement structure and have innovative consciousness in
the process of aerobics choreography.
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In most cases, the number of transition and connection
movements used in a set is affected by difficult movements.
On the other hand, the new rules advocate the use of multi-
dimensional space movements, highlighting the orna-
mental nature of the set, so that the whole set of movements
is not only a single movement surface, a single movement
)e axes and actions are concentrated in a complete set of
spatial levels. )e combination of transitions and con-
necting actions should be used to demonstrate the spatial
three-dimensionality of the routine. Generally speaking, a
single transition action needs 2–6 shots to complete, and
the transition and action take up the shot. In the past
routines, most of the knots appeared in a single form [13].
In the development cycle of transition and connection
movements, the difficulty of movements gradually in-
creases, the structure becomes more complex and novel,
and appears in the routine in the form of combination or
superposition, and the action rhythm also increases
without reducing the frequency of individual move-
ments.)e emergence of this combination of transition and
connection movements, on the one hand, increases the
viewing value of the movements and the number of
movement space transitions, on the other hand, it also
requires more time and physical fitness, and requires
higher overall quality of the athletes themselves.”

3. Methodology

3.1. Competitive Aerobics Movement Technical System and
Scoring Rules. )rough understanding the technical system
of competitive aerobics action, it is conducive to our
technical decomposition of competitive aerobics, so as to

promote the training level of aerobics athletes. )e move-
ment technique system of competitive aerobics is the core
part of the main technical system of the material level of
competitive aerobics, and it is also the most important el-
ement of the main technical system of the material level of
competitive aerobics [14]. According to the division of
complete sets of competitive aerobics and the technical
characteristics of competitive aerobics in the competition
rules of FIG2 009.2012, the technical system of competitive
aerobics movements is divided into basic technology, dif-
ficulty technology, connection technology (transition con-
nection technology), coordination technology, modeling
technology, and control technology are studied in six aspects
(see Figure 2).

3.1.1. Basic Technology. Basic technique is the most basic
and essential element that constitutes the movement tech-
nique system of competitive aerobics. Bouncing technology,
posture technology, and exercise technology reflect the es-
sential characteristics of competitive aerobics technology,
are the basis of competitive aerobics technology, are the
symbol of competitive aerobics that distinguishes it from
other sports, and are the thing of competitive aerobics. )e
performance of the fundamental features we call the basic
technique [15].

3.1.2. Difficulty Technology. Difficulty technique is an
important component of the action technique system of
competitive aerobics. Without difficulty, there is no
competition. )ere are 359 difficult movements listed in
the rules of competitive aerobics. According to whether
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Figure 1: Competitive aerobics technical system and its relationship.
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there is flying in the difficult movements, the difficult
movements can be divided into aerial difficult movements
and nonaerial difficult movements. )e classification is
based on the contact between the foot and the ground
(impact), i.e., the presence of aerials (using the ground as
a frame of reference), and by analogy, the following
classification table is derived, and the difficulty and the
amount of impact can be judged as large, medium, or
small according to the impact of the movement on the
ground. Difficulty movements can be divided into swivel
movements and non-swivel movements (see Table 1). It
can be seen that the swivel technique and the prancing
technique are the main techniques of the difficulty
technique of competitive aerobics. )e jumping tech-
nology includes take-off technology, aerial technology,
and landing technology.

3.1.3. Connection Technology. )e connection technology
includes transition connection technology, which is an
important component of the competitive aerobics move-
ment technology system, an important component of the
subsystem, and organically connects the competitive aero-
bics movements and the movements or the elements within
the movement technology system to ensure the competitive
aerobics.

3.1.4. Matching Technology. Coordination technique is an
important “member” in the action technique system of
competitive aerobics, and it is the main technical element of
the collective project of competitive aerobics. Co-ordination
technique refers to the general term for the methods in
which individuals and groups cooperate with each other to
complete movements, form formation patterns, complete
lifts, and create shapes. )e coordination techniques include
eye coordination technology, movement consistency coor-
dination technology, dynamic coordination technology and
lift coordination technology, body position, and formation
change coordination technology.

3.1.5. Control Technology. )e control technology is not
only a constituent element in the technical system of
competitive aerobics movements, but also the main line
running through the technical system of competitive aer-
obics movements, a complete unity.

Scoring rules are the legal basis for competitive events,
and competitive aerobics scoring rules guide the develop-
ment direction of competitive aerobics. )erefore, to discuss
the special characteristics of competitive aerobics, it is
necessary to understand the requirements of the scoring
rules. “2013–2016 Cycle International Gymnastics Federa-
tion Aerobics Scoring Rules” is provided by the International
Gymnastics Federation (FIG) Executive Committee and has
been officially implemented since January 1, 2013. )e re-
quirements of the new rules for competitive aerobics are
shown in Table 2.

3.2. Human Gesture Recognition Method. In the structural
analysis of aerobics complete sets of movements, the first
and foremost is to predict the movement trajectory and
movement trend of the athlete’s movements according to the
information such as the position and shape of the body parts,
and judge whether there are errors or irregular movements
in the aerobics movements [16]. )erefore, it requires that
the number of keyframe sets should be as few as possible,
and the local topological structure of human actions should
be expressed more accurately. Embedding the spatiotem-
poral features of human body parts in the flexible hybrid
articulated human body model can effectively improve the
robustness of the human body and action recognition, and
use human body pose parameters and action features to
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Figure 2: Competitive aerobics movement technique system and its relationship.

Table 1: Classification and quantity of difficult movements.

Action category Subdivision category Quantity

Flying class Swivel class 163
Non-swivel 49

Nonflying class Swivel class 81
Non-swivel 66
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“robustnessm” refers to the control system in a certain
(structure, size) parameter perturbation, to maintain some
other performance characteristics. )at is, the robustness of
the system is the key to the system survival in abnormal and
dangerous situations. For example, whether the computer
software in the input error, disk failure, network overload, or
intentional attack, can not crash, is the robustness of the
software.

According to the definition of the flexible hybrid ar-
ticulated human body model, the problem pose p a cost
minimization problem, and its cost function C(I, p) is:

C(I, p)∝ 
u∈V

φ I, p
u

(  + 
(u,v)∈E

ψu,v p
u

− p
v

( . (1)

When the FMP model is calculated by using the optical
flow difference between before and after

θ pt, pt+1, It, It+1(  � 
u∈V

p
u
t+1 − p

u
t − f p

u
t( 

����
����
2
2. (2)

Assuming that the frame image set of a section of motion
video is I, and the estimated pose parameter sequence is P,
then the cost of obtaining P from I by using the model is:

C(I, p) + 
T−1

t�1
C(I, p) + λθ pt, pt+1, It, It+1( . (3)

When using FMP pose viewed. First, without consid-
ering the spatiotemporal continuity constraints of human
poses, a set of K human poses is generated from a single
frame image. Due to motion blur and self-occlusion, some
human body parts in Kb, such as the elbows (le, re), wrists
(lw, rw), knees (lk, rk) identified by the eight white dots in
Figure 3, and ankle joints (la, ra). (called nondeterministic
parts), it is difficult to estimate accurately [18]. With the help
of the local temporal continuity of human body parts
(represented by four dashed edges in Figure 3 to improve the
accuracy of human body pose estimation, (3) is modified as:

C(I, p) + 
T−1

t�1
C(I, p) + λ1 

u∈V
p

u
t+1 − p

u
t − f p

u
t( 

����
����
2
2. (4)

When the K attitude parameters of each frame image are
obtained, the optimal is determined by minimizing formula
(3), namely:

min
pt∈Pt,∀t

C(I, p) + 
T−1

t�1
C(I, p) + λθ pt, pt+1, It, It+1( . (5)

3.3. Analysis of Aerobics Movement Based on Genetic
Algorithm

3.3.1. Traditional Genetic Algorithm. Genetic Algorithm,
referred to as GA, is a computational model that combines
biological evolution and genetics. It can simulate the process
of natural biological evolution through mathematical
methods, the process of problem-solving, and the selection
and crossover of chromosomal genes in the process of bi-
ological evolution mutation, etc. [19].

)e algorithm steps of the traditional genetic algorithm
(GA) are as follows:

Step 1: Initialization: first set a counter i� 0 (i≤ t), used
for statistics of evolutionary algebra, set the most large
evolutionary algebra t (t> 0), followed by the initiali-
zation of the population P(0), the population contains
M (M> 0).
Step 2: Individual evaluation: calculate the fitness of
each individual included in the population P(i), and
count the calculation results.
Step 3: Selection operation: perform selection operation
on the individuals of the population. Sorting is per-
formed according to the individual fitness of step (2),
and then select the optimized individuals that meet the
conditions to perform direct genetic operations or
generate offspring individuals through pairing and
crossover to complete the genetic operations.
Step 4: Crossover operation: perform crossover oper-
ation on the individuals of the population. )is is the
core step of the genetic algorithm. )e crossover op-
erator is controlled by the crossover probability to
complete the crossover operation on the population,
thereby generating a new population.
Step 5: Mutation operation: perform mutation operation
on the individuals of the population. Complete the
changes to the gene values of individuals in the population
after crossover. When a population P(i) has undergone
selection, crossover, and mutation operations, a new
generation of population P(i+1) will be obtained.

Table 2: Major adjustments in the new cycle scoring rules.

Content Require

Fucking )ere are clear requirements for the number
and route of operation units

Transition link
action

Clarified the concept and specific types of
violation actions

Skill action Clarified the concept, type, quantity and
connection of skill movements

la la

COM COM

dcog
dcog

dcop dcop

ground reaction

ankle joint
ground reaction

ankle joint

Figure 3: Commonly used human body models.
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Step 6: Judgment of termination condition: if i≤ t, it
means that the population has not reached the maxi-
mum evolutionary algebra, then i� i+ 1 to perform
step 2; if i� t, it means that the population has reached
the maximum evolutionary algebra. )e optimal so-
lution is output, and the optimal solution is the indi-
vidual with the maximum fitness, and finally the
algorithm is terminated.

)e specific flow chart of the traditional is shown in
Figure 4.

3.3.2. Improved Genetic Algorithm. )e fitness of a single
action can be set according to the technical system of
competitive aerobics movements and the scoring rules, and
punishment items can be set according to the deduction
item.

)e selection operator used [20] by the traditional ge-
netic algorithm has a large error in the actual selection
process [21]. In response to this problem, this study uses the
sorting method to improve it and redefines the probability P
of the i-th individual being selected after sorting as follows:

b �
q0

1 − 1 − q0( α
,

P � b 1 − q0( β − 1.

(6)

In the formula, α is the number of the population; q0 is
the probability that the optimal individual is selected; b is the
normalized value of q0; β is the position of the i-th individual
in the entire population after sorting.

)e diversity of calisthenics movements mainly depends
on the crossover probability, and the global optimization
ability of the genetic algorithm is also directly affected by the
crossover probability. Whether the genetic algorithm can
avoid the local extreme value is mainly determined by the
mutation probability, which are the core factors of the ge-
netic algorithm.

In the calculation of individual similarity, the method of
information entropy is used to obtain the specific calculation
formula of population information entropy as follows:

H(M) � −
1
N



N

i�1


S

j�1
Pijlog Pij. (7)

Among them, M is the number of individuals, N is the
number of individual genes, and S is the number of alleles
that can be selected. )erefore, the specific calculation
formula of similarity A between individual P and individual
Q is as follows:

APQ �
1

1 + H(2)
. (8)

In the traditional genetic algorithm, the value of the
crossover probability Pj is a constant, generally set as
0.3≤Pj≤ 0.8. If the selected value of the crossover proba-
bility is too large, the global search ability of the genetic
algorithm will become stronger, but at the same time, the

original high adaptability of the chromosome will be
destroyed. On the contrary, if the selected crossover prob-
ability value is too small, the global search ability and
convergence speed of the genetic algorithm will decrease.
)erefore, in the evolution process of the genetic algorithm,
it is necessary to continuously adjust the crossover proba-
bility according to the current individual fitness and the
number of evolution iterations. )e improved crossover
probability is

Pj �

Pjmax, Fmax <Fmean,

Pjmax −
n

nmax
Pjmax − Pjmim , Fmax ≥Fmean.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(9)

Similarly, the improved mutation probability can be
expressed as:

Pb �

Pbmin, F<Fmean,

Pbmin −
n

nmax
Pbmin − Pbmin( , F≥Fmean.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(10)

Among them, F is the fitness value of the parent
chromosome in the population.

4. Result Analysis and Discussion

4.1. Effectiveness of Human Action Recognition in Aerobics.
Test the body part embedded in the spatiotemporal feature
of the non-deterministic part. For comparison experiments,
the results are shown in Figure 5.

start

Initialize the
population

meet 
termination 
conditions

output
result Finish

Calculate the
fitness function

value

selection
operator

crossover
operator

mutation
operator

generate 
new species

Yes

no

M/2
times

Figure 4: Flowchart of genetic algorithm.
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When using the ST-FMP to estimate the human body
pose in the motion video, the accuracy of the non-deter-
ministic parts within a certain pixel error range is signifi-
cantly improved. Table 3 shows the results.

In order to further verify the recognition accuracy of the
method in this paper, the leave-one-out cross-validation
method is used for testing during the experiment, that is,
some accurate actions of individuals are selected as test data
in each round of experiments, and the remaining actions are
used as training data.)e leave-one cross-validation method
is to divide a large data set into k small data sets, with k-1 as
training set, the remaining one as test set, then select the next
as test set, the remaining k-1 as training set, and so on.
Identify the confusion matrix. )e identification results are
shown in Table 4. Analysis of Table 4 shows that the method
in this paper is used to identify the decomposition move-
ments of aerobics. Only the two decomposition movements
of the chest cross and the step have certain recognition
errors, resulting in confusion, and the recognition results of
the other movements are relatively accurate.

4.2. Analysis of Aerobics Movement Structure Based on Im-
proved Genetic Algorithm. On the basis of the aforemen-
tioned experiments, we use a single action of aerobics to
form a set of actions and use different sets of actions as
groups. )e parameter information that needs to be set is
shown in Table 5.

In the experiment, aerobics decomposition action da-
tabase and single aerobics decomposition action database
are selected as research databases, which are turn, there are
10 aerobics movements in the videos, which are realized by
12 aerobics athletes in turn. )e dataset was shot in the
actual environment, contains lighting information, and is
partially occluded. Database B contains 15 types of move-
ments of 1 aerobics.

)e two designed aerobics databases are used as the basis
for the structural analysis of the designed set ofmovements and
based on the algorithm designed in the previous section, the
body posture recognition of aerobics is realized. According to
the movements in database B, a set of aerobics movements is
formed, and then database A and the newly formed set of
movements are used as the initial population of the function is
designed using the evaluation criteria of aerobics, and the
complete set of movements is iterated to generate the set of
movements with the best evaluation quality.)emethod of this
paper, the dictionary learningmethod and the hierarchical time
memorymethod are used to analyze the decomposition actions
of the choreographed aerobics complete sets of movements,
and the analysis and judgment accuracy of the threemethods in
different scenarios are compared (see Table 6).

It can be seen from the results that among the three
methods, the average recognition accuracy of the method
studied in this paper is 91.1%, which is higher than the other
two methods. Especially in the indoor environment, the
accuracy of themethod can reach 95.23%. In other scenarios,
the accuracy of the method studied in this paper is relatively
the highest, which further verifies the accuracy of the
method. )e structural analysis of aerobics complete set of
movements is helpful to the coaches to help athletes opti-
mize the combination of movements, improve the efficiency
of aerobics choreography, and is conducive to the im-
provement of athletes’ level.

ST-FMP
ST-FMP (Indeterminate upper extremity only)
ST-FMP (Indeterminate_lower extremities only)
FMP

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8
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cu
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5 10 15 20 25 30 35 40 45 500
Error threshold (pixel)

Figure 5: Elbow recognition results of aerobics movements.

Table 3: Performance comparison of different key frame extraction
algorithms.

Algorithm Accuracy Recall
ST-FMP algorithm 0.99 0.94
KFE algorithm 0.86 0.78
Motion block algorithm 0.76 0.82
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5. Conclusion

In recent years, the practice of competitive aerobics in our
country has developed rapidly, while the theoretical devel-
opment is relatively lagging behind, especially the lack of
research on the technical system of competitive aerobics
affects the further development of the practice of competitive
aerobics. It is necessary to systematically study the technical
system of competitive aerobics in theory, identify and sort out
its internal elements and their interrelationships, improve a
comprehensive understanding of the technical system of
competitive aerobics, and promote the development of aer-
obics discipline. )e technical system of competitive aerobics
is a complex system composed of the technical system at the
material level and the technical system at the spiritual level
and their interrelationships. )e evaluation of aerobics is
highly subjective. Based on this background, this paper
proposes a complete set of action structure analysis algorithm
for aerobics based on genetic algorithm. First, the video se-
quence is divided into several segments by using the time
energy pyramid, and the background subtraction method is
used. )e human body target for aerobics exercise is
extracted, and the decomposition action of aerobics is ob-
tained. By calculating the fitness of different actions, the
fitness of the complete set of actions is obtained, and then the
analysis of the aerobics complete set of actions is realized.)e
experimental results show that the method proposed in this
paper can realize the structural analysis of aerobics complete
sets of movements, not only can improve the choreography
efficiency of complete sets of movements, but also promote
the improvement of the training level of aerobics athletes, and
help coaches in the original training foundation of athletes. It
has strong guiding and reference significance to make relative
adjustments and changes in teaching.
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Step 0 0 0 0 0 0 100
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-e traditional marketing model can no longer meet the needs of users and can not addmore benefits to the enterprise, and digital
marketing came into being. At present, most of the marketing focus of various enterprises is still mainly on products, and the
reflection arc to market changes is long. -erefore, the formulation of marketing activities should always pay attention to changes
in user needs and combine corresponding activity planning, product planning, brand building, etc., according to Changes in the
target market adjust the content of marketing activities and products in real-time and, at the same time, pay attention to user
feedback on products in order to iteratively update products in time, improve product market competitiveness, and optimize the
user experience. In this paper, through the study and research of the traditional random forest method and some data processing
algorithms, the feature selection and class imbalance problems of random forest are improved, respectively. -rough the study of
feature selection methods, we canmaintain a balance between feature strength and relevance during feature selection and improve
the final model classification effect. And through the research and experiment of the imbalanced data classification problem and
the random forest algorithm, the method of the random forest model to deal with the imbalanced problem has been improved.
After experimental calculation and analysis, it is found that for the effect of the minimum number of samples required for node
splitting with different numbers, the best results are obtained when 2 samples are taken as the minimum number of samples
required for node splitting, and the average value of the F1 evaluation is 0.1038; for different specifications, the effect of the random
forest is the best using the Gini index, and the average value of its F1 evaluation is 0.1033; for the effect analysis of random forests
with different numbers of trees, 7 to 10 decision trees are the best, and the F1 evaluation is the best. -e average is 0.10175.

1. Introduction

Today is an era of information explosion. Compared with the
previous situation of lack of information, massive data re-
sources present a colorful Internet world for users, but a
large amount of data presents a severe test to users’ screening
ability. Faced with the massive amount of information data
at this stage, the selection and filtering of information have
become a priority target to weigh the pros and cons of a
system. A platform with excellent user experience will op-
timize a large amount of information in various ways and
present the information that users need and are most in-
terested in their search results [1]. Recommender systems and
search engines can play complementary roles in terms of users’

information retrieval needs. When the user’s information needs
are clear, the search engine can meet the user’s goal, and when
the user does not have a clear goal, the recommender system can
provide some information for the user to use. A good rec-
ommender system can not only provide users with personalized
information service needs, but also allow users to have a high
degree of trust in it and improve user stickiness.Whenever users
cannot clarify their needs, they think of the recommender
system [2]. Recommender systems have been widely used in
many fields, among which the most typical and promising
application field is digital marketing. At the same time, the
research enthusiasm for recommender systems has always been
high in academia and has gradually formed an independent
discipline [3].
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-edigital marketing recommendation system solves the
problem of information overload by recommending new
items that the user has little contact with for digital mar-
keting, and these new items are related to the current needs
of the user. -e digital marketing recommendation system
utilizes the data about users, available items, existing
transactions, and various types of other data stored in the
existing database environment for digital marketing rec-
ommendations. Users may or may not accept content rec-
ommended by digital marketing, or may provide explicit or
implicit feedback over a period of time, which is very
valuable to digital marketing recommendation systems [4].
-erefore, all the feedback information of users can be
stored in the corresponding database of digital marketing
recommendations, so that by using these feedbacks infor-
mation, the digital marketing recommendation system can
generate new digital marketing recommendation when the
user has relevant behavior next time.-e random forest used
at this stage is purely random in feature selection, using a
combination of multiple classifiers, each individual classifier
votes, and the combined classifier makes predictions based
on the returned class label of the vote. -e benefit of the
combined classifier is that it is more accurate than the in-
dividual classifiers in it [5]. Here, decision trees are used as
individual classifiers, which are assembled into a forest.
Individual decision trees use random selection features to
decide the partition at each node. Each tree relies on in-
dependent sampling and has the same distribution of ran-
dom vector values as all trees in the forest.

-e problem of classification is a common problem in
digital marketing. -e so-called classification is to find a set
of models that can describe the common characteristics of all
the data from the known data, so as to be able to identify the
category of the unknown data. When solving a classification
problem, a classification algorithm is usually used to build a
classification model, which represents a collection of clas-
sification knowledge. To solve the classification problem,
researchers have proposed hundreds of classification algo-
rithms, which come from different fields and have different
functions [6]. Various classification problems in digital
marketing can be solved by these classification algorithms.
-is article will introduce several commonly used classifi-
cation algorithms in detail and explain the use and feasibility
of classification algorithms in digital marketing in combi-
nation with marketing cases in actual work. Digital mar-
keting theory is the basic theoretical framework, and the
focus of marketing activities is to effectively analyze mar-
keting data and how to use random forests to improve data
analysis capabilities. Taking the common classification
problem in digital marketing as an example, this paper
introduces the principle and definition of the classification
problem in detail and the classification problem in digital
marketing and uses a random forest algorithm to solve the
classification problem.

Chapter arrangement of this paper: Chapter 1 introduces
the related scholars’ research on random forest algorithm
and recommendation system; Chapter 2 introduces random
forest algorithm technology; Chapter 3 classifies users based
on the actual situation of digital marketing design; Chapter 4

conducts experiments on the optimal value range of each
specification of the proposed random forest algorithm for
recommendation model and draws the results; and Chapter
5 summarizes the full text.

-e innovation of this paper: -rough the study and
research of the traditional random forest method and some
data processing algorithms, the feature selection and class
imbalance problems of random forest are improved, re-
spectively. -rough the study of feature selection methods,
we can maintain a balance between feature strength and
relevance during feature selection and improve the final
model classification effect. And through the research and
experiment of the imbalanced data classification problem
and the random forest algorithm, the method of the random
forest model to deal with the imbalanced problem has been
improved.

2. Related Work

Whether a recommendation system can be accepted by users
depends on whether the recommendation algorithm it
adopts is accurate and efficient. At present, in the field of
mainstream recommendation systems, the random forest
algorithm is mainly used. Due to the excellent characteristics
of the random forest algorithm, it has been widely used in
many fields.

Rumı́n introduced the Hough transform into the voting
mechanism of random forest and obtained the Hough forest
algorithm, which is widely used in various target tracking
and behavior recognition. Hough forest optimizes and
improves the voting process of random forest and uses
Hough voting to replace the majority voting mechanism. In
addition to the category test, the leaf nodes of the Hough
forest also use the generalized Hough transform to estimate
the maximum posterior probability in the Hough space to
detect the impurity of the offset [7]. Liu et al introduced the
concept of the survival tree, improved the random forest
construction process, and obtained the random survival
forest algorithm. -e algorithm also uses the bootstrap
resamplingmethod to selectN training sets during sampling.
-e difference is that a generative analysis tree is built for
each training set. When voting, the survival function of each
tree is calculated. -e combined value is the mean survival
function, which combines the content of the resulting parse
tree and the predictions. When calculating the survival
function, the algorithm adopts the method of KM estimation
[8]. Hasanat et al. also theoretically proved the consistency of
random survival forest and believed that random survival
forest (RSF) is significantly better than other survival
analysis methods when dealing with high-dimensional data
[9]. Ohtake, Seki, and Kodaka proposed to introduce NCL
technology into the random forest algorithm, mainly for the
unbalanced training set, perform NCL technology pro-
cessing on the data, and then classify the processed data with
the random forest algorithm. -e test results show that the
improved random forest algorithm. -e forest algorithm
classification effect is better [10]. Prabhu developed a new
cost-sensitive random forest algorithm from the perspective
of applying cost-sensitive learning algorithm to solve the
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problem of unbalanced dataset classification. -e cost-
sensitive random forest algorithm first forms multiple bags
by performing an alternative random sampling method on
the original training set; then randomly selects some attri-
butes in each bag to prune, thereby generating a cost-sen-
sitive decision tree. -e bags are combined to form an
ensemble algorithm [11]. Mathai and Jeswani proposed a
new random forest feature selection algorithm by analyzing
the relationship between the strength and correlation co-
efficient of each tree in random forest. -e main idea of the
algorithm is to find out through the analysis of the upper
bound of the generalization error of random forest: when
building a random forest, increasing the strength of the
decision tree in the forest can achieve the goal of reducing
the generalization error of random forest. But they also
found that while increasing the strength, the correlation
between decision trees should beminimized [12]. Xiang et al.
proposed a method of generating multiple attributes at each
node of the decision tree in view of the fact that each node of
the traditional decision tree algorithm has only one attribute,
and the process of generation and decision-making is
complicated. Random forest algorithm uses fewer and tar-
geted attributes to randomly select each data clustering heap
to generate multiple multivariate decision trees. Finally, a
random forest is formed according to the multiple multi-
variate decision trees constructed by each clustering heap to
carry out the weighted integration of the classifiers, thus
trying to cover all the concepts in the dataset and further
ensuring the classification accuracy of the random forest
algorithm [13]. Feng et al. focused on the relationship be-
tween the strength and correlation of each sub-classifier in
the RF algorithm, but cannot effectively predict the strength
and correlation of the forest before constructing a subtree
[14]. Rewade adopts the backward selection method of se-
quence and generalized sequence for feature selection and
proposes an encapsulated feature selection algorithm based
on random forest, but this algorithm cannot determine the
generalized backward search method in high-dimensional
data sets L value [15]. In order to reduce the generalization
error of the balanced sample set, the error is reduced by
about 15% by changing the sample size of the training set
and the sample sampling method, but this method fails to
obtain the quantitative relationship between the degree of
balance and the sampling interval[16].

From the above aspects of optimization, the im-
provement of the classification performance of the random
forest algorithm mainly focuses on the combination re-
search of various algorithms. -e research of these com-
binations is generally applied in a specific field; the second
aspect focuses on the special data set in application opti-
mization in random forest; and the optimization method of
the third aspect is mainly through the improvement of the
algorithm itself, so that it has certain versatility and can be
applied in different fields. -is paper intends to start from
the second and third aspects to optimize the random forest
algorithm to build a digital marketing recommendation
model.

3. Introduction to Random Forest Algorithm

3.1. Decision Tree. Before understanding random forest, we
must first understand decision tree. Decision tree is a tree
structure classification from top to bottom. Its core idea is to
find purity classification. Purity means that the target var-
iables can be completely separated, that is, y can only be
equal to 0 during classification. or 1. Decision tree is one of
the most classic data mining algorithms. It shows the de-
cision-making and classification process in a tree structure,
which is simple, intuitive, and highly interpretable. In this
article, classification trees are used. In the decision-making
process, when the root node is split into leaf nodes according
to the characteristic attributes, how to judge the quality of
the leaf nodes obtained by splitting? Usually, the Gini index
(Gini impurity) is used to judge. Gini index (Gini impurity):
indicates that in the sample -e probability that a randomly
selected sample in the set is wrongly classified, so the smaller
the Gini index, the smaller the probability that the selected
sample in the set is wrongly classified, that is to say, the
higher the purity of the set, the more impure the set is, the
more -at is, the more impure the split leaf node is [17, 18].
Its mathematical formula is shown as follows:

Gini(p) � 
K

p�1
pk pk − 1(  + p

2
k. (1)

Among them, p represents the probability that the
randomly selected sample belongs to the k category. After
the root node is split into two leaf nodes, the purity of the
Gini index is calculated. If the purity is small enough and the
Gini value is small enough, the two leaf nodes can be
regarded as leaves. -e nodes are no longer classified. If the
purity is high, the above two leaf nodes will be used as a new
set and continue to be split until the purity is small enough to
meet the standard [19].

Random forest is to create a forest by random method.
-e forest consists of many decision trees and each decision
tree is not correlated. -e result is shown in Figure 1.

After the random forest is established, when a new
sample enters the forest, each decision tree in the forest
performs decision classification to see which class is selected
the most to predict which class the new sample belongs to.
Since the random forest will randomly sample the input data
set with the replacement of rows and columns, the phe-
nomenon of repeated sampling may occur [20]. Assuming
that there are m decision trees, m sample sets are required to
train each tree. It is not advisable to use full samples to
train m trees, because the full samples will ignore the local
sample rules, resulting in a weaker generalization ability of
the model. With replacement, n samples are extracted,
and m decision trees are trained with these n samples, and
finally, the prediction classification is obtained. Multiple
random variables are usually calculated using the chain rule,
as shown in equation (2).

p x1, x2 . . . xn(  � p x1( ∪px xi|x1 . . . xi−1( . (2)

Security and Communication Networks 3



RE
TR
AC
TE
D

Random forest has high operating efficiency, simple
implementation, and easy to understand, and users do not
need too much mathematical or statistical knowledge to
operate. In addition to the advantages mentioned above,
random forest has a strong anti-overfitting ability and can be
applied at the same time to the advantages of classification
and regression problems. However, the application effect of
random forest in the regression problem is not as good as the
classification problem. Because it cannot give a continuous
output, it cannot give predictions beyond the data range of
the training sample set when solving the regression problem.
Data are prone to overfitting. For low-dimensional data sets,
the effect will be reduced when predicting, because the
advantage of random forest is to deal with high-dimensional
and imbalanced data sets.

3.2. Random Forest Generalization Error Estimation.
Generalization ability refers to the ability of the trained
model to predict unknown data, that is, the ability of the
model to correctly reflect fresh samples. -e purpose of the
machine learning trainingmodel is to obtain the laws behind
the data that are not easy to find. For new data other than the
learning samples with the same laws (same distribution), the
model can also give better classification results [21]. If the
generalization error is large, the learning performance of the
model will be worse, and vice versa, the performance will be
better. -e generalization error is defined in the following
equation:

Rexp(f) � Ep[L(Y, f(X)p(x, y)dxdy]. (3)

From the formula, it can be concluded that the gener-
alization error is the loss function expectation of the model.
In theory, the generalization error of random forest can be
calculated by the above formula, but in practical scenarios,
some indicators cannot be calculated directly by calculating
the generalization error. Assess the generalization ability of
the model, such as the distribution of samples and the ex-
pected output are generally unknown.

From the inside, it can be considered from the number of
features, the maximum depth of each decision tree, the

minimum number of samples required for internal node
subdivision, the classification strength of the tree, the cor-
relation between trees, and the minimum impurity of node
division. From the perspective of external factors, it is mainly
affected by the imbalance of the data of the sample itself, the
size of the training sample, the number of features, and the
type of features. Generally speaking, the higher the sepa-
ration accuracy, the better the classification of the algorithm,
and its verification index formula is shown in thefollowing
equation:

J yi, yi(  �
yi ∩yi( 

yi ∪yi



. (4)

-e overall performance of the algorithm on the test set
is obtained through the sample prediction situation. If the
actual situation is completely consistent with the predicted
result, the coefficient is 1. On the contrary, if it does not
match, the coefficient is 0. -e data binary classification
matrix is shown in Table 1.

Suppose there are two categories in the data set, in which
the row represents the required predicted value for pre-
diction, and the column represents the true classification
label value, which is called positive and negative classes,
respectively. -e classification evaluation index is shown in
the following formula:

ACC �
TP + TN

TP + TN + FP + FN
. (5)

-is indicator is used to evaluate the correct ratio of
random forests to the overall classification of the test set.-e
closer the prediction results are to the real situation, the
closer to 1. Generally speaking, the higher the separation
accuracy, the better the classification of the algorithm.

4. Construction of User Classification Model
Based on Digital Marketing

4.1. Classification of User Behavior. User behaviors are
generally divided into two types in personalized recom-
mendation systems, namely, explicit feedback behaviors and

Random forest

......

Decision Tree 1 Decision Tree 2 Decision Tree n

Forecast result

Figure 1: Schematic diagram of the principle structure of decision tree.
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are those behaviors that clearly show how much the user
likes or dislikes the item. -e most commonly used
explicit feedback method is the user’s rating or intuitive
feedback on a product. -e user’s rating results are often
at the extremes of the highest score and the lowest score,
and other options are rarely clicked by users.

Corresponding to explicit feedback is implicit feed-
back. Implicit feedback also reflects the user’s behavior
habits, but it refers to those behaviors that cannot clearly
reflect the user’s preferences. -e most representative
invisible feedback behavior is the website visit data.
When a user is visiting, browsing a page of an item does
not mean that the user must like the item displayed on
this page. Compared with explicit feedback, although
implicit feedback cannot clearly show the user’s pref-
erences and interests, the amount of implicit feedback
data is very large, and at the same time, it has a great
impact on the smoothness of analysis and modeling. And
in many platforms, many users even only have implicit
feedback data, but no explicit feedback data. For example, it may
be because the product link is displayed on the home page, and
the user is more likely to click it.himself. -e difference between
explicit feedback and invisible feedback behavior is that explicit
behavior can more intuitively express the user’s liking or dislike
for a product, thereby generating interactive behavior, while
invisible behavior relies on a larger amount of data to count
users’ in-depth behaviors, habits, and the differences between
them are shown in Table 2.

User interests are constantly changing over time, and
the changes in user interests mentioned here are active
factors generated by the user’s own reasons. -e most
common example is that as users grow older, they like to
watch cartoons when they are young and like to watch
action movies when they grow up. Another R & D staff
gradually transitioned from reading entry books to
reading professional books with the increase in working
years. Another person has graduated and started
working, and his interests after work have changed
compared with those of his student days.

-e other is the item life cycle. Like movie predictions, a
movie’s popularity is affected by its life cycle andwill soon: out of
people’s sight. Affected by this, when the recommendation
system decides to recommend an item to a user at a certain
moment, it needs to consider whether the item is out of date at
that moment. For example, the recommendation result for a
football fan in the news recommendation includes the news of a
certain team ten years ago, which obviously lacks consideration
of the time factor. Items in different industries have different life
cycles. For example, the life cycle of news is very short, while the
life cycle of movies is relatively long and other factors must be
considered comprehensively.

4.2. Analysis of Cold Start and Long Tail Effect. -e rec-
ommender system builds a model based on the user’s
historical behavior data and then obtains the possible
behavior or interest points of the user in the future
through the model. -erefore, the historical behavior data
become an important part and prerequisite of the rec-
ommender system. However, many websites or scholars
from research institutions research the performance of
recommender systems. For those platforms that hope to
have personalized recommendation applications in the
operation stage, how to design a personalized recom-
mendation system without a large amount of behavioral
data are the content that needs to be researched in the
problem of cold and late action. In general cold start,
problems fall into the following categories. -e first is the
user-level cold start. -e user’s cold start problem is
mainly aimed at new users. -is problem exists on both
new and old platforms. When a user enters the system, the
user’s behavior data do not exist in the data set, and there
is no way to model the user. -e second is the cold start of
items.-e cold start of items is the same as the cold start of
users, and it is also for recent items. -e last is the cold
start of the system. -e cold start of the system mainly
occurs when the new platform starts to provide person-
alized recommendation services.

When conducting multi-attribute decision-making
analysis, first, the specific problem to be solved should be put
forward by the decision-maker, and it should be analyzed
whether the problem belongs to this range; second, the
possible solutions to the problem should be listed; then, the
attribute values of each solution should be listed information
and the relationship information between attributes and
attributes; then all schemes are sorted and the best scheme is
selected; finally, the decision maker selects one or more
schemes according to objective conditions, as shown in
Figure 2.

Generally speaking, non-personalized recommendations
can be provided for cold start. -e simplest example of non-
personalized recommendations is the popular rankings. -e
recommendation system can recommend popular rankings
to users, and then wait until a certain amount of user data is
collected before switching for personalized recommenda-
tions. For the cold start of users, the age, gender, and other
data provided by the user during registration can be used to
personalize the user portrait. In addition, with the autho-
rization of the social network, the user’s friend information
and related knowledge on the social networking site can be
introduced, and then the recommendation can be made
according to his friend’s hobbies. -e other is the user’s
point of interest feedback, which allows users to select their
own points of interest when entering the system, and then
make recommendations based on the points of interest. For
newly added items, we can make relevant recommendations
based on the attribute information of the items. In the face of
the system cold start problem, the best method is expert
recommendation, and expert knowledge can be used to
display the results. -e above schemes also have good ap-
plications in the later data to meet the personalized
recommendation.

Table 1: Confusion matrix for binary data.

C1assification of data sets Classified
positive C1assified negative

Positive TP FN
Negative FP TN
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4.3. Iterative Fusion of Classified Data and Data Feature
Selection. In feature selection, select intuitive features such
as the number of clicks, the number of favorites, the number
of shopping carts, and the number of purchases. Calculation
of interactive behavior between users and brands, such as
click-to-purchase ratio, purchase days, and distance variance
of purchase days. Based on in-depth mining of user be-
havior, combined with collaborative filtering and feature
selection of solid theory algorithm results, such as brand
popularity, user behavior similarity, and other related fea-
tures. Finally, the selection of features is based on for-
getting time. -rough data aggregation, this paper found
that some users have millions of clicks but they have any
purchase behavior. -erefore, this paper thinks that these
users should be dealt with separately. Later, after anal-
ysis, it is found that these users may use crawler pro-
grams to automatically visit the target website.
Recommendation results have a big impact. In this paper,
noise removal is carried out. In this paper, the user’s
behavior is regarded as noise data, and the user’s be-
havior data are removed from the data set.

-is paper uses OPSD cluster and conducts three ex-
periments. Compared with a single algorithm, the bosting-
based algorithm has obtained good results in the experiment,
while the random forest has poor robustness at some times,
as shown in Figure 3.

In this paper, the fusion algorithm model based on
random forest and boosting ideas has been tested many

times on the big data platform, and the algorithm has also
achieved stable results. -e experimental results are shown
in Figure 4.

Figure 4 shows the distribution diagram of the results of
the 9 tests. It is found that the F1 score results are all stable at
about 5%. A very important algorithm validity test under big
data is the random sampling result. During the tuning
process, in the sixth result, because the median TOPN used
is smaller, the recall rate is reduced and the accuracy rate is
higher, but the overall result remains at 5%.

Overfitting is the process of model parameter fitting.
Since the training data contain sampling error, the complex
model during training also takes the sampling error into
account, and the sampling error is also well fitted, resulting
in the model performing well on the training set. But the
effect is poor when applied in practice. -e generalization
ability of the model is weak. Generalization ability refers to
the predictive ability of the model learned by the algorithm
to unknown data. -e number of sample sets is too small,
and the main reason for overfitting occurs when there is a
large amount of noisy data in the sample training set. -ere
are usually three solutions to overfitting. Because the sample
data dimension is too small, it is easy to cause overfitting.
-erefore, according to the independent and identical dis-
tribution assumption, more data tend to be more accurate in
estimating the overall distribution of the sample space.
However, in practical applications, due to various reasons, it
is not always possible to obtain enough data. -e popular

Table 2: -e difference between explicit feedback and implicit feedback.

Explicit feedback data Implicit feedback data
User interest response Clear Unclear
Amount of data Smaller Huge
Real-time Real time With delay
Positive and negative feedback Both include Only positive feedback

Cold start
problem

Select
properties Build scheme

Determining
Attribute Simple

Relationships

Determine the attribute
value of each scheme
under each attribute

Scenario SortingSensitivity analysis Decision criteria

Program
implementation

Figure 2: Cold start decision analysis.
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understanding of data expansion is to add data with the same
characteristics or similar characteristics according to the
characteristics of the existing sample training set on the basis
of the existing sample training set. You can collect more data
from the data source or copy the original sample data set and
randomly add a small amount of noise data, etc.

5. Recommended Model Experimental Analysis

5.1. Classification Indicators Based on Digital Marketing
Commodities. For random forest models, the decision trees
in each ensemble model are sampled from the training set
using Bootstrap’s method. When a node is split, it does not
need to consider all the features, but extracts a part of all the
features as a subset, and finds the best splitting feature and
the best splitting point from the feature subset. Due to the
randomness of random forests, the bias of random forests
tends to increase slightly than that of a single decision tree,
and due to the combined averaging of multiple trees, the
variance of random forests tends to decrease and is sufficient
to compensate for the decrease in bias, so we can get a better
model.

-e classic random forest method uses the combined
voting method of decision trees to predict the results. Here,
multiple decision trees are used to predict the average of the

probability of the results. As the final result, the default
probability of 50% will be used as the two categories
demarcation line. Usually, the implementation of ran-
dom forest is based on decision tree, using chaotic
combination technology. When the model is built, a
series of classifiers are composed of randomly extracted
data and features, and the results of multiple classifiers
are averaged as the final result output. -e input to the
random forest classifier consists of two arrays, which
together form the training set. In addition, for a random
forest classifier, it also saves some parameters required
for the establishment of the entire model, including the
number of trees used, the feature dimension randomly
extracted from each node, and the child nodes after the
decision tree are split.

In the first stage, predict which sessions have bribe
behaviors, use the extracted session-related features, use the
default parameters of the random forest model, and set the
number of trees to 5. Since in the problem of the recom-
mender system, the purchase proportion of behaviors is
generally very small, so it is an imbalance problem. Here,
other indicators need to be used to judge the quality of the
model. Parameter optimization is carried out for the model
that predicts whether there is a purchase behavior in a
session, and the features used include session features and
date features, and the number of features is 10. First, adjust
the number of the most important parameter trees, as shown
in Figure 5.

It can be found from Figure 5 that for this problem, the
best effect is obtained when the number of trees is con-
trolled at about 7–10 of the number of features. -ere are
many different implementation algorithms for decision
trees in random forests, and CART uses the Gini index to
complete the generation of decision trees. In random
forests, you can also compare and choose a better decision
tree to use to complete model training. -e results are
shown in Figure 6.

It can be seen from Figure 6 that the effect of using the
Gini index is the best. -rough the research and im-
provement of the random forest class imbalance problem,
the accuracy of the model can be improved to a certain
extent. By combining the balanced random forest and the
weighted random forest, the loss and redundancy of data
information caused by resampling can be solved, the data of
all rare classes can be selected, and the accuracy of the model
can be guaranteed by weighting. Furthermore, the difference
between decision trees is guaranteed.

5.2. Recommendation Improvement Experiment Based on
Feature Index. Random forests also come in different forms,
including normal random forests and random forests that
include additional trees. In the latter, the tree does one more
random step when it splits. When selecting split points, a
series of random feature subsets are used. However, instead
of finding the most discriminative threshold, a threshold is
randomly selected for each candidate feature, and then
selected from these randomly generated thresholds. -e
optimal threshold is used as the split judgment condition.
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Figure 4: Results of multiple algorithms.
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Doing so usually reduces the variance of the model while
slightly increasing the bias of the model.

In a decision tree, when finding the best split point, it is
necessary to use the relevant indicators of the calculated
features to select appropriate features, and the quantification
of the selected features will affect the final result. Commonly
used selection methods include the square root of the total
number of features, the logarithm value, and the number of
samples required for splitting all feature extraction nodes,
which determine the degree of splitting of a tree and also
affect the height of the tree.-e selection of different nodes is
experimentally analyzed. -e experiments are shown in
Figure 7.

It can be seen from the results in Figure 7 that the
minimum number of samples that needs to be included
when a new leaf node is created affects the purity of each
node of the tree. If the node obtained after splitting contains
samples smaller than this value, it will be discarded. If the
value is too large, it will result in a lack of discrimination
between nodes.-e best results are obtained when 2 samples
are taken as the minimum number of samples required for
node splitting, which ensures that the decision tree is
completely split.

6. Conclusions

With the development of modern e-commerce websites,
recommender systems have become the core business of
many companies in the modern Internet industry, and
combinatorial models in machine random forest algorithms
are often used in recommender systems. As an ensemble
learning method, the random forest algorithm votes through
the combined prediction results of multiple decision trees to
improve the prediction effect. -e random forest algorithm
has many advantages over other linear classifiers, not only
the accuracy of the result prediction is improved, but the
generalization error is also smaller, and the processing of
high-dimensional data is also efficient, the training process is
fast, and can be parallelized accomplish. -erefore, it is
necessary to study the optimization and application of
random forests in recommender systems, in which feature
selection and imbalanced classification are both problems
that data mining often encounters in real big data. -rough
experimental analysis, this paper finds the effect of the digital
marketing recommendation model on the minimum
number of samples required for node splitting with different
numbers of nodes. -e best results are obtained when 2
samples are taken as the minimum number of samples
required for node splitting, and the average value of the F1
evaluation is 0.1038. For the effect of random forests with
different specifications, the effect of using Gini index is the
best, and the average value of its F1 evaluation is 0.1033; for
the effect analysis of random forests with different numbers
of trees, 7 to 10 decision trees are the best, and its average
value is 0.1033. -e mean value of the F1 assessment was
0.10175.

At present, for the application of random forest in the
recommendation system, more in-depth and broader re-
search can be carried out. In terms of feature selection, this
paper only studies the feature selection scheme of random
selection and linear combination. -e removal of infor-
mation redundancy and information overlap between trees
is also a direction that can be researched; for the balanced
classification problem, this paper combines the algorithms of
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Figure 6: -e effect of random forests with different norms.
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In order to solve the problem of green urban garden landscape design, a green urban garden landscape design method based on
GIS system is proposed. ,is method introduces component GIS and compares three AO-based GIS secondary development
modes. Based on the developed solution, comprehensively considering the index evaluation of urban landscaping and its
influencing factors, the functional structure of the GIS-based landscaping management information system is designed, and the
system requirements are analyzed in detail. It solves the problem that the cost of traditional green urban garden landscape design
is too high, and the experiment proves that improving the landscape environment of urban public space has practical value for the
research of urban landscape system. Combined with practical application, it is found that the intervention of rainwater landscape
can effectively improve the aesthetics and artistry of urban rainwater public facilities. At the same time, the development of GIS
and its related technologies (such as database technology and network technology) has also promoted the construction and
development of urban landscaping system, which has a great effect on the beautification of the environment, which verifies the
validity of the experiment.

1. Introduction

An important index tomeasure the level of urban greening is
the urban green space rate (public green space, residential
green space, unit affiliated green space, protective green
space, production green space, and scenic forest land) and
the green time coefficient. An important indicator for
evaluating the level of urban greening is the urban green
space rate. In the comprehensive aerial remote sensing
survey, through the combination of remote sensing image
interpretation and field measurement, the relationship be-
tween remote sensing image characteristics and plant height
and DBH is found out, and the “three-dimensional greening
index” or “green quantity” index is proposed to replace the
original “greening coverage” index to evaluate the urban
greening level [1]. ,e study points out that the grassland,
shrub, and tree in the same area have the same green
coverage, but have different green amount. Under the
condition of the same area, the order of its ecological
functions (oxygen production and CO2 absorption) is:

tree> shrub> ground cover or lawn, and the ecological
function of trees is ten times that of lawn or ground cover.
Tall trees are the main elements for the selection of scenery
in the residential area. To improve the level of urban
greening, we should not only improve the greening coverage,
but also improve the “three-dimensional greening index,”
that is, to improve the quality of greening. Geographic in-
formation system (GIS) has been widely used in agriculture,
forestry, and other industries in various countries. In
China’s urban landscaping management, some cities have
developed urban landscaping management information
systems in line with their actual conditions. Using geo-
graphic information system (GIS), we can timely and ac-
curately understand the current situation and changes of
urban green space resources and establish a landscaping
system with the help of GIS and its spatial analysis function,
which can improve the efficiency of urban landscaping
management. ,erefore, combined with the actual situation,
the development of a set of local urban landscaping man-
agement information system with the help of ArcGIS Engine
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can not only improve the greening management efficiency
and realize scientific management, but also provide data
statistics and other functions for the landscaping depart-
ment, so as to improve the work efficiency and data accuracy,
which is of great significance to improve the management of
urban ecological construction [2]. As shown in Figure 1,
ArcObject component set is a series of COM component set
developed by C++ and based onMicrosoft COM technology.
It is the development platform for the applications like
ArcMap, ArcCatalog, and ArcScene in the ArcGIS family.

2. Literature Review

Gu and Wei, in the middle of the last century, began the
theoretical research on the application of information
management to specific work [3]. Americans first invented
computer-integrated manufacturing system in the early
stage, and then, further evolved into management infor-
mation system, which is widely used in all walks of life.
Wang believes that in the following decades, information
technology has developed greatly, and in the 1990s, it has
made a qualitative leap [4]. Shan et al. found that the def-
inition of the so-called enterprise information management
is to adopt digital processing for all steps in the operation of
the enterprise and use the current computer information
technology for integrated processing, which is conducive to
improving the work efficiency of the enterprise, the devel-
opment of the global economy, and the core competitiveness
of the enterprise [5]. Hu and Gong found that since the
twenty-first century, most of the European and American
countries led by the United States and Britain have realized
enterprise information management, which can increase the
competitive strength of enterprises [6]. Deng et al. believe
that China has experienced more than 30 years of reform,

opening up andmodernization, and has made great progress
in informationmanagement [7]. Not only are enterprises the
first to accept information management, but most relevant
parts of the government also adopt information manage-
ment, which is conducive to improving the work efficiency
of the government. Although China’s information man-
agement is not long, it has made great achievements in the
past. Nevertheless, Xu found that compared with most of the
European and American countries led by the United States
and Britain, China’s level of government information
management is still relatively low [8]. At the same time, Gao
et al. found that the economic development of various parts
of China is different, which leads to the unbalanced de-
velopment of government and enterprise informatization.
,e main performance is that emerging high-efficiency
enterprises, export-oriented enterprises with the ability to
explore the international market and large- and medium-
sized state-owned enterprises are developing rapidly, while
small- and medium-sized enterprises and some old enter-
prises without competitive strength and poor efficiency are
developing very slowly [9]. In addition, He and Zhu found
that enterprises are more and more aware of the importance
of informatization. ,ey clearly know that if they want to
survive and develop well, they must move towards infor-
matization. Only in this way can they improve the com-
petitive strength of enterprises [10]. Yonghui et al. believe
that the landscaping information management system in-
tegrates modern management theory, database technology,
network communication technology, and computer tech-
nology to maximize the development and sharing of land-
scaping information management resources [11]. Huang
et al. said that at this stage, China’s landscaping information
management has not reached a high degree of informati-
zation [12]. ,e following are examples:
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Figure 1: Block diagram of construction organization.
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(1) ,e overall level is not high. Compared with other
industries, China’s overall level of information
management in the construction of landscaping is
still not high, there is an imbalance in development
among regions, and the investment is not high, there
is no popularization, and there is a lack of corre-
sponding standards.

(2) Management and informatization are not fully in-
tegrated, and there is a certain disconnection. When
using computers to deal with work and business, it is
impossible to deal with it completely according to the
actual work process. ,ere is no good cooperation
and a certain disconnection. It is difficult to correctly
reflect the management and service situation. At the
same time, the landscaping information manage-
ment system with the characteristics of informati-
zation still has many imperfections. First, a single
system function has no way to meet the current
needs of landscaping information management.
Second, the landscaping information management
system used in other provinces and cities is lack of
universality, and there is no way to use it in every
region. In addition, some information of the system
cannot be shared. However, at present, the land-
scaping information management has begun to
move towards networking, integration, and intelli-
gence, which is conducive to improve the infor-
mation level of landscaping. In the research of
landscaping information management system, it has
achieved certain results. But there are still many
problems. ,erefore, we study the design of land-
scaping information management system, grasp the
dynamics of advanced management system at any
time, absorb useful experience, and apply it in
landscaping information management system in
time.

3. Method

3.1. ArcObject Component Set. ArcObject component set is a
series of COM component sets developed by C + + and built
based on Microsoft COM technology [13]. It is the devel-
opment platform of ArcMap, ArcCatalog, and ArcScene in
ArcGIS family. It has an independent platform, supports
obese- and thin-skinned users, and supports GIS desktop
applications. Developers can design powerful and flexible
applications based on ArcObject devices to meet a wide
range of user needs.

In ArcGIS8.3, ArcObject is not an independent appli-
cation product, but a software development package bun-
dled in ArcGIS desktop purchased by users. In ArcGIS9.0,
ESRI launched ArcGIS Engine, which enables ArcObject to
be published and used as a separate product [14], as shown in
Table 1.

3.2. Comparison of Secondary Development Modes Based on
AO. ,ere are many secondary development modes based

on AO, and various development modes have different
characteristics, as shown in Table 2.

UML (unified modeling language) is an industrial
graphics standard for object-oriented analysis and design.
ArcObject’s object model diagram uses UML notation.

Abstract class: cannot be used to create objects. But a
description of subclasses. For example, “line” can be an
abstract class of “main line” and “secondary line” [15].

Class that can be created: refers to the object that can be
directly created in the development environment with object
definition syntax. For example, it can be written as dim as
new < Object > and CreateObject < Object > in VB.

Instantiable class: new objects cannot be created directly.
However, objects of this kind can be created as properties of
other classes or through the use of other classes.

In these three categories, there are several possible types
of class relationship.

Associations: indicates that there is some semantic
connection between two classes. Diversity is defined at both
ends. For example, one field can have multiple owners, and
one owner can also ownmultiple fields, as shown in Figure 2.

Type inheritance: defines a special class, which shares
attributes and methods with its parent class and has its own
additional attributes and methods [16]. For example, a
primary line and a secondary line (both classes can be
created) are the types of a line (abstract class), as shown in
Figure 3.

Instance: describes the object of a class. One of its
methods can be used to create objects of other classes. For
example, an “electrode” object may have amethod to create a
“transformer” object, as shown in Figure 4.

Aggregation: it is an asymmetric connection, in which
objects from one class are considered as a whole and objects
from another class are considered as local [17]. If there are
three transformers in a “transformer” bank, “transformers”
and “transformer bank” are related, but after the “trans-
former bank” is removed, “transformers” may still exist.

Composition: a stronger form of aggregation in which
objects from the overall class control the lifetime of objects
from some classes. If an “electrode” object contains one or
more “crossbar” objects, in this design, if the “electrode” is
removed, the “crossbar” can no longer be used. ,e “elec-
trode” object controls the life of the “crossbar” object, as
shown in Figures 5 and 6 [18].

For the tedious GIS development work, the ideal solution is
the practicability of a component-based development frame-
work, which allows solution providers or internal developers to
quickly build industry-specific GIS application software. ,e
GIS development base should provide the necessary spatial
analysis work that software applications need to complete and
allow software developers to focus on the specific design needs
of the software. ArcGIS Engine of ESRI company is such a GIS
framework. It is created in response to the request of ESRI
users. It can classify rich ArcGIS technologies by products and
embed its spatial analysis function into new or existing ap-
plication software [19].

ArcGIS is a group of integrated family GIS software
products, which can be used to publish perfect and up-
gradeable GIS systems in single projects, working groups,
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shareable GIS component ArcObject [20]. ArcGIS includes
the following main components, as shown in Figure 7.

System management is the command and control center
of the whole system platform. System management is the
basis for the operation of the accounting information sys-
tem. It provides public account sets, annual accounts, and
other related basic data for other subsystems. ,e operators
of each subsystem also need to set and assign functional
rights in the system management. Application objects are
divided into system managers and application managers.
,e functional structure of system management is shown in
Figure 8.

Greening management is divided into query of greening
object information, input of new greening information, and
browsing of specific information of greening object. Among
them, the query of greening object information is divided
into query according to greening type information, query
according to the location of greening area, query of greening
object creation time cycle, and query of greening object
existing maintenance status [21], as shown in Figure 9.

3.3. Measure the Accessibility Index of the Whole Network.
,e average accessibility index represents the average value
of the accessibility of each node in the network, which is
usually used to evaluate the overall accessibility level of the
traffic network, as shown in formula (1).

A �
1
n



n

i�1
Ai. (1)

Network connectivity reflects the average number of
lines connected by each node, which is the ratio of the
number of lines in the network to the number of nodes in the
network, as shown in formula (2).

β �
ω
]

. (2)

Network stretch is mainly reflected by network di-
ameter and network stretch index, as shown in formulas
(3) and (4).

D � MAX Sij , (3)

η � 
i


j

Sij. (4)

Yang Tao and others defined the accessibility of trans-
portation network as shown in formula (5). M is the
network.

S � 
n

i



n

j

Lij × Mij 

n

i



n

j

Mij. (5)

Spatial barrier model is based on graph theory to analyze
the reachability of nodes in the network. ,e model defines
reachability as the difficulty of overcoming barriers in space.
,e model is shown in formula (6).

Ai � 
j

Lij. (6)

,emodel is simple in form and takes the spatial barrier
between two nodes as a numerical index to evaluate ac-
cessibility. ,e calculation is convenient and the results are
easy to explain, the location information of the node can be
well reflected. ,e model is widely used in traffic network
research. ,e disadvantage is that all nodes are treated
equally and lack of consideration of accessibility factors such
as land use, so it cannot accurately reflect the actual ac-
cessibility of nodes [22].

,e cumulative opportunity model focuses on the dif-
ficulty of nodes approaching opportunities. Accessibility
refers to the number of opportunities that can be accessed
from a node using a specific mode of transportation within a
certain threshold. ,rough a given threshold, the number of
all opportunities (shopping, medical treatment, school, etc.,)
exposed within the threshold range is defined as the ac-
cessibility of a specific node [23]. ,e more the opportu-
nities, the better the accessibility. Cumulative opportunity
model is usually used to evaluate the accessibility of service
facilities, as shown in formula (7).

Ai � 
j

Ojt. (7)

,e equilibrium coefficient model is the most general
spatial interaction model. Proposed the calculation
method of reachability by using the direct maximum law
of statistical method and gave four representative models:
production constraint model, attraction constraint model,
double constraint model, and unconstrained model.
Among them, the most commonly used in accessibility is
the double constraint model, and the formula is shown in
formula (8).

Tij � AiBjOiDjF dij , (8)

where, Tij is the travel volume from traffic area i to j, Oi and
Dj are the number of activities in traffic areas i and j, F(dij) is
the distance attenuation function, Ai and Bj are the equi-
librium coefficients, and their forms are shown in formulas
(9) and (10).

Ai � 

n

j�1
BjDjF dij ⎛⎝ ⎞⎠

−1

, (9)

Bj � 
n

i�1
AiOiF dij ⎛⎝ ⎞⎠

−1

. (10)

Table 1: ArcGIS Engine components.

Developer components
Map presentation
Map analysis
Data access
Base services
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Potential energy model, also known as potential model
and gravity model, comes from Newton’s law of universal
gravitation. Hansen proposed it in 1959. It mainly uses
potential index to evaluate accessibility. ,e general ex-
pression of the model is shown in formula (11).

Ai � 
j

SjF dij . (11)

Ai indicates the accessibility from zone i to all oppor-
tunity points; Sj represents the attraction of opportunity
point j; F(dij) represents the distance attenuation function,
which is generally expressed by negative power function, as
shown in formula (12).

Ai � 
j

Sj

d
β
ij

. (12)

,e potential energy model in formula (12) only con-
siders the attraction point, but does not consider the demand
point (the competition between demand points for services).
By introducing the supply-demand ratio index, the different
attraction points are treated in a hierarchical manner,
considering the interaction between them. ,e improved
model is shown in formula (13).

Ai � 
n

j�1

Sjd
−β
ij

Vj

, (13)

where, Ai is gravitational accessibility, n is the total number
of attraction points, Sj is the attraction of point j, and Vj is
the competition intensity of service demand, as shown in
formula (14).

Vj � 
n

k�1
Dkd

−β
kj . (14)

Jin Fengjun (2004) puts forward the concept of acces-
sibility coefficient, which is defined as the total cost distance
D of each node; compare the average value of the total cost
distance of all nodes in the system, as shown in formula (15).

Adj �
Di

 Di/n( 
. (15)

Later, we uniformly expressed the accessibility coeffi-
cient, as shown in formula (16).

RA �
Ai

B
. (16)

,e accessibility coefficient indicates the relative ac-
cessibility level of each node in the network. Ease of access is
inversely proportional to the number of access coefficients,
with the average network having the lowest coefficient.

Table 2: Comparison of AO secondary development modes.

Comparison items Customize on ArcMap VBA development Using VB and other
development tools

Degree of difficulty Easily Secondary More difficult
Code workload Small Secondary Large
Flexibility Small Secondary Large
Program dependency It is inseparable from application software It is inseparable from application software Independent program
Code existence form Stored in MXD Save text in MXD Standalone EXE file
Licensing mode Need Need Need

Land parcelOwner

1..* 1..*

Figure 2: Associations.

Line

Primary
Line

Secondary 
Line

Figure 3: Type inheritance.

Pole Transformer

Figure 4: Instantiation.

TransfomerTransfomer
Bank

3

Figure 5: Aggregation.

Pole Crossarm
1..*

Figure 6: Composition.

AueObjects

ArcGIS Server ArcGIS Desktop ArcGIS Engine

Figure 7: ArcObject is the basic component technology of ArcGIS
products.
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Relative accessibility can better reflect the change trend
of node accessibility and the position of nodes in the net-
work. Relative accessibility can be expressed as shown in
formula (17).

RCi �
Ai − Amin

Amax − Amin
 , (17)

where, RCi is the relative accessibility value of node i, and the
smaller the value, the easier it is for the node to contact with
the other nodes, Ai is the accessibility value of node i, Amax
is the maximum value of node accessibility in the network
and the minimum value of node accessibility in Amin
network. Accessibility coefficient and relative accessibility
are usually used to standardize the calculated accessibility
value, so as to eliminate the influence of dimension on
accessibility evaluation.

Accessibility coefficient and relative accessibility index
are mainly used to indicate the position of nodes in the
whole traffic network.

Spatial accessibility measurement is carried out between
the starting point and the target point. Before the mea-
surement, the target point data should be obtained. ,e
target point data is usually obtained by land use status map
or remote sensing land use interpretation and classification.
Data acquisition refers to the use of a device that auto-
matically collects data from various data sources into one
device.,e collected data are various physical quantities that
have been converted into electrical signals, such as tem-
perature, water level, wind speed, pressure, etc., which can be
analog or digital. ,e acquisition is generally a sampling

method, that is, the same point data is repeatedly collected at
a certain time interval (called a sampling period). Most of the
collected data are instantaneous values, but also a charac-
teristic value within a certain period of time. Accurate data
measurement is the foundation of data collection, such as
Baidu map point of interest (POIs) data [24]. When using
the spatial interaction model to measure accessibility, we
should also consider the attraction of the target point. ,e
selection of attraction index should be defined according to
the actual problems and the characteristics of supply and
demand points. ,e common attraction points in accessi-
bility evaluation are social service facilities, transportation
stations, urban nodes, etc., according to the investigation of
urban residents’ daily travel behavior, residents’ visit
questionnaire, etc., ,e attraction reference indexes of
common attraction points are shown in Tables 3 and 4.

After system performance inspection, when there are
more than 100 users on the platform at the same time, the
response time of most of the platform operations is less than
2.5 seconds, and the resource utilization rate in the platform
is less than 60%. In addition, the throughput of the platform
was tested, and as the number of users of the platform
increased, so did the response time of the platform. All
businesses of refined urban management focus on pop-
ulation, housing, events, and other information, so pop-
ulation, housing, and events are the basic information of all
work. Business development is based on these basic infor-
mation, and these businesses themselves are the focus of
urban integrated service management [25].

Generally speaking, the organizational structure of
government departments with different functions will be
adjusted with the change of management system and the
revolution of management mode, but their functions
(business areas) in social life are relatively stable [26]. Due to
such characteristics, when building data resources, from the
perspective of stability and independence, the concept of a
data environment called the “subject domain model” is
introduced from the standpoint of stability and
independence.

,e subject domain model is different from the business
system domain model. ,ey are relatively stable and ori-
ented to the business domain. ,e business system domain
model is a data environment for business management.
With the change of management mode and process system,
the definition of data resources may be adjusted, and this
adjustment may occur frequently.

According to the above data analysis, the data classifi-
cation and relationship of the subject domain model are
shown in Figure 10.

4. Results and Analysis

,e rainwater in the city will eventually enter the rainwater
collection “surface” of the city, that is, the final storage site of
rainwater, after the retention and absorption of the source
link, the dredging, purification and peak control of the
process link [27]. For the design of urban rainwater col-
lection surface, the technical measures of urban rainwater
landscape include ecological wetland, multi-functional
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regulation and storage tank, landscape rainwater pond, etc.,
As the terminal hub of urban rainwater collection, landscape
design is more important.,e rainwater collection surface in
the city can be reasonably set according to the distribution of
“rainwater community” and the rainwater runoff in the
community. As the end link of rainwater runoff, the storage
function of rainwater and the surrounding landscape effect
have become the key of ecological landscape design.

,e collection surface control of urban rainwater mainly
includes the design of rainwater wetland and rainwater lake
in rainwater landscape measures [28]. When the rainwater
passes through the process link of rainwater dredging, it is
preliminarily purified, while the storage tank in the terminal
link can purify the rainwater twice. After precipitation and
purification, the rainwater in the terminal link can not only
be directly used for landscape greening around the urban
rainwater collection surface, but also be purified by puri-
fication equipment for domestic and sanitary water in the
city.

,e concept of “rainwater community” is of a great
significance not only in the collection and utilization of
urban rainwater, but also in the design of urban public
landscape. Firstly, through the application of GIS system, we
can have a more detailed and in-depth understanding of the
geographical and geomorphic characteristics of the city.
According to the geographical characteristics of the city,
scientifically divide the “rainwater community” to make the
urban rainwater landscape planning and design more tar-
geted. Secondly, the concept of “rainwater community” puts

forward a new theoretical method for urban rainwater
landscape design and provides a scientific basis for the
construction of sponge city in China. In addition, in terms of
building an ecological city, through the exploration of
“rainwater community,” it can effectively control urban rain
and flood disasters, reduce the waste of urban rainwater
resources, improve the landscape environment of urban
public space, and have practical value for the research of
urban landscape system. Finally, the intervention of rain-
water landscape can effectively improve the aesthetics and
artistry of urban rainwater public facilities.

,e overall terrain of the city is high in the southeast and
low in the northwest, with an average altitude of about 410m.
It faces the Weihe River and the Loess Plateau in the north
and the Qinling Mountains in the south. Its unique geo-
graphical location has created a semi-humid continental
monsoon climate with rich precipitation. ,e city is one of
the earliest cities in human history. Its climate belongs to the
semi-humid monsoon climate area in the warm temperate
zone. It has moderate rainfall and four distinct seasons. ,e
average frost-free period is 219–233 days per year. ,e
temperature in January is the lowest, with an average of -
0.5°C–1.3°C; the temperature is the highest in August, with
an average of 26.4°C–26.9°C; the annual average temperature
is 13.3°C. ,e average annual precipitation is
507.7mm–719.8mm.,e annual average humidity is 69.6%.
,e average annual snowfall day is 13.8 days. Figure 11
shows quarterly average precipitation and percent annual
precipitation.

Table 3: Common attraction point data and attraction index a.

Attraction type Attractiveness index
School Teachers, school area, school hardware quality, etc.,
Hospital Strength of doctors, number of hospital beds, etc.,
Market Mall scale, number of employees, average annual profit, etc.,
Bus station Bus station scale, average daily passenger flow of bus station, etc.,

Table 4: Common attraction point data and attraction index b.

Attraction type Attractiveness index
Park Park area, daily average number of tourists, etc.,
Enterprise Enterprise employees, etc.,
Train station Station scale, daily average passenger flow of railway station, etc.,
Town node GDP, number of registered residences, etc.,

Business
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information

Demographic 
data Figure data Event data

Mesh encoding Figure coding Directory 
information

To
pi
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Figure 10: Classification diagram of subject domain model.
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,e urban construction has brought serious damage to
the urban green space system. ,e massive application of
impervious pavement materials has cut off the natural
circulation system of urban rainwater resources and
brought a series of urban rainwater problems to the city.
Many economically developed countries and regions have
made a lot of efforts and contributions in the design and
research of rainwater landscape, and achieved certain
landscape and ecological benefits. But this is far from
enough. Where cities want to retain rainwater is a key issue.
In the sense of ecology, the infrastructure construction of
urban rainwater management and control should be in-
tegrated with the urban landscape design.,e management
and control of rainwater through the way of ecological
landscape can not only make effective use of rainwater
resources, but also play an important role in the optimi-
zation of urban environmental landscape. Scientific and

reasonable restoration of rainwater infiltration should be
based on the fine analysis and cognition of urban geo-
graphic information.

With the analysis of ArcGIS software, we can find out the
main catchment routes and catchment low points with dif-
ferent height differences in a city. Based on the elevation data
analysis of a city’s road system, we can also simulate the
geographical characteristics of a city’s road system, analyze its
hydrological characteristics and draw a conclusion. According
to the analysis of road elevation data, combined with the
rainwater collection area in the surrounding terrain, a trian-
gular core area in the figure is formed. ,is area is the main
catchment area in the road system of a city, that is, the
“rainwater community” analyzed in the article. By linear
representation of the data, we can clearly see the distribution of
rainwater collection lines of themain road system of a city, that
is, the core area of linear rainwater landscape distribution.

,e performance and function test process of the plat-
form are different. During testing, the instrument measures
performance and issues data recovery requests. After doing
data multiple times, you can get multiple sets of performance
files, allowing you to conduct scientific analysis of the
platform. Because the test performance is related to many
resources in the platform, it is necessary to monitor and
analyze the platform through some tools, so as to meet the
needs of optimizing the platform. When testing, we should
also analyze the application in detail, which can help analyze
the difficult problems in the code and deal with the per-
formance defects in the platform. At the end of the per-
formance, write a report on the test performance. Use the
analysis report to write the performance status of the
platform, and use it to explain and briefly explain the
performance test results.

After the pressure test, the performance test results of the
system are shown in Figure 12.

Concurrent testing and stress testing are two important
tests of system performance testing. ,e number of threads
mainly used ranges from 10 to 100, and the number of
request cycles is 50. After testing, it is found that the per-
formance of the system can meet the requirements of the
initial design.

After testing the system performance, when the con-
current users in the platform were more than 100, the
operation response time of most of the platforms was less
than 2.5 seconds, and the utilization ratio of resources in the
platform was less than 60%. In addition, the throughput of
the platform was also tested. When the number of users in
the platform increases, the response time of the platform will
also increase. ,e performance test scenarios and test results
are shown in Table 5.

,rough the above tests, the management system can
basically meet the basic functions and main requirements
expected by the design, and the stability of the system op-
eration has been fully guaranteed. Each function can be
realized normally, and the relevant data can reach the hands
of the manager in real time. Moreover, the system is easy to
operate and has little difficulty in getting started. ,e re-
quirements expected in advance are basically completed, and
the development of the system will be completed.
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It is proved that the three secondary development modes of
GIS based on AO are compared, and the proposed devel-
opment solution can effectively solve the problem of
landscape design of green city, meet people’s demand for
green city, make up for the shortcomings of traditional
urban landscape system, and improve people’s living stan-
dards. Urban landscaping system is an important part of
urban ecosystem and the main body of natural components
in urban ecosystem. It has ecological benefits, social benefits,
and economic benefits and has a great impact on urban
living environment. ,erefore, green space construction has
become one of the important contents of urban construction
in China. At the same time, the development of GIS and its
related technologies (such as database technology and
network technology) also promotes the construction and
development of urban landscaping system.
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,rough
transaction CPU utilization Maximum
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Average response

time (s)
Concurrent operation of 10 users 0 1680 Normal 9 1.8
Concurrent operation of 50 users 1 5954 Normal 18 4.9
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Agriculture is the basic industry of the national economy, and the transformation of agricultural economic growth mode is of
great significance to ensure the supply of agricultural products and improve the quality of agricultural products.)erefore, it is the
only way to solve this problem to change the way of agricultural economic growth through scientific and technological investment,
industrial structure adjustment, and other methods. Based on the fuzzy comprehensive evaluation method, this paper analyzes
various factors of agricultural economic development and establishes a multilevel fuzzy comprehensive evaluation model of the
development status of agricultural economic system. )e stochastic frontier production function model of the fuzzy control
comprehensive model is applied to decompose the agricultural labor productivity, and the counterfactual thinking and dis-
tribution method are used to analyze the influence of these factors on the evolution of provincial agricultural labor productivity
differences. )e value inequality decomposition method measures the contribution of each factor to the provincial agricultural
labor productivity difference as well as the contribution of exogenous explanatory variables to the provincial agricultural technical
efficiency difference. It is concluded that the relative contribution rate of nonagricultural activities to the difference in agricultural
technical efficiency is the largest, and the average relative contribution rate reaches 74%. )e improvement of agricultural labor
productivity cannot rely solely on the increase in the input of agricultural material factors, but should rely on science
and technology.

1. Introduction

Agriculture is faced with the dilemma of less arable land and
high demand. How to grow more crops on limited land has
become one of the hotly debated issues. Modern agriculture
adds some automatic control equipment on the basis of
traditional agriculture, which relieves the pressure of agri-
culture to a certain extent, but there is still great room for
improvement [1]. )e traditional control theory has grad-
ually been unable to meet people’s needs, and the emergence
of fuzzy control theory can effectively alleviate and most
likely solve this problem. Agricultural labor productivity and
per capita net income of farmers are two key indicators to
measure the development of agricultural economy, and
there is a large contrast between provincial agricultural labor

productivity and per capita net income of farmers, indi-
cating that the improvement of farmers’ income is mainly
due to the rapid development of nonagricultural economy.
)e development of the agricultural economy is still rela-
tively lagging behind. If only from the perspective of agri-
cultural labor productivity, the development of the
agricultural economy still lags behind in many inland
provinces. Agriculture is the foundation and lifeblood of the
national economy, and the relative lag of agricultural de-
velopment will be detrimental to the stable and coordinated
development of the economy [2, 3]. In addition, the un-
certainty of the current macroeconomic impact restricts the
sustained and rapid growth of farmers’ nonagricultural
income. In the postinternational financial crisis period, the
foundation for economic recovery is not yet solid, trade
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protectionism is on the rise, and low-cost export-oriented
industries in my country’s coastal areas are facing structural
challenges. Due to the huge pressure of adjustment and
industrial upgrading, the room for continuous growth of
employment positions and wages of migrant workers will be
affected. In this context, studying how to speed up the
improvement of agricultural labor productivity is of great
significance for increasing farmers’ income, curbing the
widening income gap between urban and rural residents,
promoting the transformation of agricultural economic
growth patterns, and developing modern agriculture.

)e comprehensive evaluation of fuzzy control means
that by using a certain method and according to the con-
ditions given by the problem, an evaluation coefficient is
assigned to each evaluation element for evaluation and
summarization, and then the optimization is made
according to the evaluation results. )rough systematic and
comprehensive evaluation and optimization, compared with
a single evaluation element, the shortcomings of each
evaluation element can be identified and then improved, so
that it is easier to take effective countermeasures [4]. As the
fundamental concept and guideline of evaluation work, the
determination of evaluation purpose is the primary con-
dition [5]. To evaluate a certain issue, we must first deter-
mine why the evaluation is to be made, that is, what is the
purpose of the evaluation, and what aspects of the elements
should be evaluated on this issue. )e determination of the
evaluation target is usually based on the evaluation purpose
of the evaluated object. )e characteristics of the evaluated
object in a certain aspect can usually be reflected by a certain
evaluation index. A series of interrelated evaluation indi-
cators constitute the evaluation index system [6, 7]. )e
evaluation index system reflects the characteristics of the
evaluation object in various aspects as a whole by synthe-
sizing the characteristics of the evaluation object reflected by
each evaluation index.

Different from traditional agriculture, modern agricul-
ture adds many control devices to the greenhouse to fa-
cilitate efficient planting of crops, while precision agriculture
based on IoT technology can achieve refined management of
agricultural production, save investment, and obtain agri-
cultural economic and environmental benefits. It is an
important development direction of agricultural moderni-
zation. Fuzzy control is an important branch of intelligent
control. In agricultural economic cybernetics, prediction
and control models with exogenous policy variables all show
that agricultural economic phenomena are regarded as
random phenomena, and statistical principles are used for
modeling [8].)is article will point out that the total number
of agricultural economic phenomena is not only random but
also vague. )is is because the factors affecting agricultural
economic phenomena are often very complex and diverse,
and various factors are often entangled together. For agri-
cultural economic phenomena with both randomness and
ambiguity, if only randomness is considered and its fuzzi-
ness is ignored, the established statistical analysis model will
fail [9]. For example, an increase in national income does not
necessarily increase the sales of cloth in the market, that is,
there is not necessarily a purely statistical correlation

between income and cloth sales, and it is difficult to establish
a statistical model at this time.

Chapter arrangement of this paper: the first chapter
introduces the related research on fuzzy control theory
and agricultural economic management. )e second
chapter introduces the theoretical basis of the fuzzy
control comprehensive model in detail. )e hierar-
chical weights of agricultural economic management
are assigned in the third chapter. )e fourth chapter
makes a detailed analysis of each influencing factor of
agricultural economy based on fuzzy control theory.
)e fifth chapter is the summary of the full text.
)e innovation of this paper: this paper unifies the
difference decomposition of the fuzzy control model,
the Sharpley value inequality decomposition method,
and the growth decomposition into the same analytical
framework based on the stochastic frontier model to
quantify the contribution of relevant factors to the
difference in agricultural labor productivity. In this
way, the robustness and internal consistency of the
research conclusions can be ensured. Finally, this paper
uses micropanel data, which reduces the loss of in-
formation when macrodata is aggregated, and can
overcome the estimation inconsistency of cross-sec-
tional data.

2. Related Work

)e fuzzy comprehensive evaluation method was put for-
ward in the early 1980s. From the single-factor compre-
hensive evaluation model to the multifactor and multilevel
comprehensive evaluation model, the theory and methods
have been continuously improved and have been widely
used in various fields. )ere are generally the following
methods for comprehensive evaluation using fuzzy math-
ematics: the fuzzy comprehensive evaluation model estab-
lished by the compound operation of the fuzzy relation, the
comprehensive evaluation model established by the fuzzy
test and the fuzzy integral, the comprehensive evaluation
model established by the evaluation function, and the
abovementioned comprehensive evaluation model. )e
application of these methods provides an effective tool for
fields that cannot be evaluated by mathematical methods in
the past [10].

Faran and Kemal made an attempt of fuzzy control for
pressure and speed control of steam engine, and the result
obtained better control performance than PID control [11].
Nguen and Chan believe that the biggest feature of fuzzy
control is to express the control experience and knowledge
of experts as language control rules, and then use these rules
to control the system. )erefore, fuzzy control is especially
suitable for simulation experts to control complex, nonlinear
systems whose mathematical models are unknown [12]. Yan
et al. believe that fuzzy control is a macro method of system
control, the core of which is the control rules described in the
language [13]. Wang et al. designed the corresponding index
evaluation system according to the specific content of the
effect of economic growth mode transformation, and used
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the comprehensive index method and discrete coefficient
method to measure and evaluate the transformation effect of
economic growth mode [14]. On the basis of analyzing the
theory of agricultural economic growth, Cheng and López
use the arithmetic index method to obtain the total factor
productivity of agriculture. Based on the total factor pro-
ductivity, this paper makes a quantitative description of the
growth mode since the agricultural reform. From the per-
spective of empirical analysis, it examines the growth of
various factor inputs and their contribution to agricultural
economic growth and measures the status and role of sci-
entific and technological progress in agricultural production.
)en, the evolution process of agricultural economic growth
mode is described [15]. According to the content of the
transformation of agricultural economic growth mode,
Zhang sets up an index system to evaluate the effect of the
transformation of economic growth mode. On the premise
of following the design principles of the index system, it
starts from three aspects: factor allocation and use, factor
utilization efficiency, and economic structure transforma-
tion. It is believed that multiple indicators should be used to
measure the transformation of economic growth mode,
which is a multi-index evaluation problem, and the weighted
rank sum ratio method can be used for comprehensive
evaluation [16]. On the basis of scientifically defining the
connotation of the transformation of agricultural growth
mode, Tang established an index system to evaluate the
degree and progress of the transformation of agricultural
growth mode and took the statistical data of Hebei province
as an example to verify its use effect [17]. Liu et al. believe
that the transformation of agricultural economic growth
mode from extensive to intensive is a gradual and dynamic
process. Under the premise of a given base period, the
transformation reflects the relative degree of change. A
method to measure the degree of transformation of agri-
cultural economic growth mode is given: the influencing
factors of the realization degree of agricultural economic
growth mode are divided into productivity, material input,
farmers’ living standard, industrial structure, modernization
level, and agricultural commodity rate [18]. Based on the
research perspective of economics, within the framework of
economic growth accounting and total factor productivity,
Zhukov et al. analyze the unsustainability of the current
agricultural development mode from the sources of eco-
nomic growth, increasing factor inputs and improving
productivity. )e specific realization ways to transform the
agricultural development mode are put forward: economical
use of traditional production factors, environmental
friendliness, technological progress, technological efficiency
improvement, total factor productivity growth caused by
human capital investment and institutional innovation
factors [19]. Song et al. believes that the difficulty in
expanding the average arable land has become a funda-
mental bottleneck in agricultural development. Fertilizer
input is an important factor in increasing agricultural
output. Structural adjustment coefficient has a significant
impact on agricultural output. Technological progress is the
most important factor in per capita output growth [20]. Wan
took effective agricultural output as the research object of

agricultural labor productivity and used the abovemethod to
analyze and recognized the important influence of cultivated
land, result adjustment coefficient, and technological
progress on agricultural labor productivity [21]. Meng and
Zhu research shows that the advantages of agricultural labor
productivity are mainly due to its advantages in structural
transformation and capital deepening. Structural transfor-
mation between industries and within industries, and capital
deepening within and outside agriculture have improved
Shanghai’s agricultural labor productivity [22]. Based on the
fuzzy comprehensive evaluation model, Bacalla and Vinluan
analyzes the changing trend of agricultural labor produc-
tivity in a certain place according to the time series and uses
the per capita arable land area irrigation rate, labor average
chemical fertilizer application amount, structural adjust-
ment coefficient, the proportion of electromechanical irri-
gation area to the effective irrigation area, and other
indicators to construct the impact of agricultural labor. )e
results show that the adjustment of agricultural industrial
structure, per capita fertilizer application, and irrigation rate
has a very significant impact on labor productivity [23].

According to the information currently inquired, the
existing multilevel fuzzy comprehensive evaluation models
group various evaluation factors of complex systems, first
establish a single-level evaluation model for each group, and
then establish a comprehensive evaluation model for the
entire system. )is kind of model is not practical for farms,
and each layer of the system has a similar management
structure, so it is more suitable for the agricultural situation
to establish a multilevel fuzzy comprehensive evaluation
model according to the organizational level.

3. Fuzzy Control Comprehensive Model Theory

Everything in the world has its laws of motion, and the
motion laws of some things can be modeled, simulated, and
realized by existing mathematical models, but some hard-to-
find laws require a lot of human and material resources. At
this time, we usually use a method called “experience” to
control it, and fuzzy control is a control theory based on
experience. Different from the traditional precise control,
fuzzy control does not establish an accurate mathematical
model, but through the method of membership, the col-
lected precise data is fuzzified by quantification factors, and
the fuzzy data is subjected to fuzzy inference by fuzzy rules,
and the result is obtained. )e fuzzy output is finally
defuzzified (precise) through the scale factor to obtain ac-
curate control results [24]. )e process is similar to how a
person manipulates a piece of equipment through their own
experience. Its basic control idea is shown in Figure 1.

)is step may be referred to as defuzzification. To sum
up, the fuzzy control process can be summarized as the
following steps: compare and calculate the measured data
with the given value of the system and obtain the precise
value of the system input. )e fuzzy input value is combined
with the fuzzy rules to carry out fuzzy inference, and the
fuzzy output value is obtained. )e obtained fuzzy output
value is defuzzified to obtain the precise value of the output
control quantity, and the controlled equipment is controlled.

Security and Communication Networks 3
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First, the fuzzy controller receives the parameter informa-
tion of the controlled object collected by the sensor, cal-
culates the precise value of the input variable by comparing it
with the given value, and then fuzzifies the precise input
value through the appropriate quantization factor to obtain
the fuzzy value, that is, Fuzzy input variables of the fuzzy
controller.)en it is brought into the inference engine of the
fuzzy controller, and it is reasoned and analyzed in com-
bination with the knowledge base, that is, fuzzy inference,
and the fuzzy output variable of the fuzzy controller is
obtained. Finally, it is defuzzified by the scale factor, that is,
clear, and the precise output value of the fuzzy controller is
obtained to control the controlled object. According to the
above control process, it can be found that the core link of
designing a fuzzy controller is to design the most ideal fuzzy
rules through the knowledge base, and then determine the
input and output variables of the fuzzy controller on this
basis to complete the final design task. )e basic compo-
sition block diagram of the fuzzy controller is shown in
Figure 2.

In this paper, the advanced intelligent control technol-
ogy of fuzzy control is applied in modern agriculture. If
x1, x2, . . . , xn is the evaluation index of the system, then the
set is the set of system evaluation index, as shown in the
following formula:

U � x1, x2, . . . , xn . (1)

Suppose y1, y2, . . . , yn is the evaluation result of the
system, then the set is called the evaluation conclusion set, as
shown in the following formula:

V � y1, y2, . . . , yn . (2)

)e development evaluation index of agricultural eco-
nomic system varies with different regions. )e main task of
this paper is to analyze and abstractly reflect the common
index of this kind of system. From a macro perspective, the
development status of an agricultural economy can be re-
flected in the following four categories of indicators.

)e total agricultural output value of a farm reflects the
overall scale and production capacity of an agriculture. )e
output-input ratio of farm agriculture is an efficiency index,

which can directly reflect the level of agricultural benefits
and management. )e output-input ratio of agriculture can
directly reflect the level of agricultural benefit and man-
agement level. )e farm’s per capita agricultural net income,
which can reflect the agricultural development status from
the microscopic level, also reflects the contribution of ag-
ricultural production to the society. )e processing profit of
farm agricultural products, this indicator reflects the deep
processing of agricultural products and the development of
agricultural industrialization to a certain extent. In the
development of agricultural economy, in order to better
improve its development speed and effectiveness, it is
necessary to first explore the theoretical guiding role of
agricultural economic management. Only by ensuring that it
can provide strong theoretical guidance and point out the
direction for agricultural economic development, and then
can show a strong development effect.

4. CalculationWeight of Agricultural Economic
Hierarchy Model Based on Fuzzy
Comprehensive Theory

)e commonly used production function in the fuzzy
control comprehensive model analysis is simple in form,
which is easy to estimate and decompose, but it is assumed
that the technical level and output elasticity are unchanged.
Considering the research purpose of this paper, the pro-
duction function is set as shown in the following formula:

Yit � exp β0 + β1t( K
β
it exp vit − uit( . (3)

Among them, K represents the agricultural material cost
input, Y represents the agricultural land area, and β rep-
resents the agricultural labor force. Agricultural material
cost: this article regulates agricultural material cost input as
the material cost of planting production and operation
(including seed cost, seedling cost, farmyard manure dis-
count, chemical fertilizer cost, agricultural film cost, pesti-
cide cost, water, electricity and irrigation cost, other material
cost, animal power costs, mechanical operation costs, fixed
assets depreciation and repair costs, small farm implement
purchase costs, labor costs, and other indirect costs), animal

Set value A/D Fuzzy Fuzzy
reasoning

Defuzzific
ation D/A

Adjustment
link

Charged
process 

Sensitive
link

Knowledge base

Control rate, membership function

Fuzzy controller

Measurements

Figure 1: Fuzzy control principle diagram.
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husbandry, aquaculture production, and operation costs
(including young animal seedling costs, feed costs, fixed
assets depreciation costs, labor costs, other production, and
operation costs). )is paper regards the total agricultural
output of farmers as the sum of the total income of planting,
animal husbandry, and aquaculture. Among them, the total
income of planting industry is food crops (such as wheat,
rice, corn, soybeans, and potatoes), economic crops (such as
cotton, oilseeds, sugar, hemp, tobacco, and vegetables),
garden crops (such as fruits). )e total revenue of animal
husbandry is the sum of the operating revenue of live pigs,
beef cattle, mutton sheep, meat poultry, poultry eggs, and
fresh milk. )e total revenue of the aquaculture industry is
the sum of the operating revenue of freshwater products and
marine products. )e agricultural labor variable refers to the
number of agricultural laborers in a household.

)e goal of the AHP model in this paper is to determine
the strength of strength, strength of weakness, strength of
opportunity, and strength of threat. )e influencing factors
of the strength of advantage include: the natural environ-
ment and resources are suitable for agricultural develop-
ment, the foundation of social economy and traditional
agricultural development is good, the characteristic agri-
culture develops rapidly, and the advantages of agricultural
science and technology service promotion. )e influencing
factors of inferior power include: limited land resources, lack
of high-quality talents, financial disadvantage, and small
farmers’ economic awareness is still relatively strong. )e
influencing factors of the opportunity strength mainly in-
clude: the requirements of the ecological environment, the
requirements of sustainable social and economic develop-
ment, the opportunities of economic globalization, and the
support of national policies. )e influencing factors of the
threat include: the challenge of economic globalization to the
development of agricultural economy, the intensification of
competition in the domestic agricultural market, and the
imperfection of the market economic system. )e influ-
encing factors of these subdivisions are the criterion layers.

)e maximum eigenvector corresponding to the maxi-
mum eigenvalue of the judgment matrix is calculated and
the weight vector of each criterion layer factor is obtained.
)e judgment matrix is obtained by the arithmetic mean of
the scores in the valid questionnaires. )e judgment matrix

and weight distribution of the influence of each factor are
shown in Table 1.

In order to determine the weight of each index by AHP,
it is necessary to check the consistency of the judgment
matrix based on it, and define the consistency index ACLI.
)e calculation formula is shown as follows:

ACLI �
λmax − n

n − 1
. (4)

Among them, λmax is the largest characteristic root of the
judgment matrix and n is the order of the judgment matrix.
)e given average random consistency index is shown in
Table 2.

Intensive growth of agricultural economy is often ac-
companied by large-scale capital investment, such as agri-
cultural mechanization and precise use of chemical
fertilizers. In order to realize the smooth transformation of
agricultural economic growth mode, we must increase the
investment of agricultural funds, strengthen the construc-
tion of agricultural economic infrastructure, and strive to
improve the comprehensive agricultural production ca-
pacity. On the one hand, it is necessary to increase in-
vestment in agriculture and broaden the sources of
agricultural funds. On the other hand, it is necessary to
improve the use efficiency of agricultural funds. )e positive
role of agricultural economic management in agricultural
economic development is also reflected in specific systems
and policies.)is institutional guarantee is also an important
condition for promoting agricultural economic develop-
ment. We should pay great attention to the agricultural
economic management, gradually improve the agricultural
economic development system, and create more ideal de-
velopment conditions. )e output level can be decomposed
into three parts: factor input, frontier technology level, and
technical efficiency, as shown in the following formula:

ln Yit � εit ln Xit + ln FTit + ln TEit. (5)

If yit � Yit/Lit represents labor productivity, xit � Xit/Lit

represents factor input per labor, and Lit represents labor
quantity, labor productivity can be decomposed into four
parts: labor input per factor, labor quantity, frontier tech-
nology level, and technical efficiency, as shown in the fol-
lowing formula:

Data Rule base

Fuzzy reasoning

Fuzzification ClarifyInput Output

Figure 2: )e basic composition block diagram of the fuzzy controller.
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ln yit � εit ln xit + ln sit + ln TEit + ln FTit. (6)

)e second term represents the impact of changes in
labor structure on output growth, and the third and fourth
terms represent changes in optimal frontier technology and
relative technical efficiency, respectively. )e sum of the two
represents the contribution of changes in total factor pro-
ductivity to output growth. In order to investigate the in-
fluence of relevant factors on the distribution of labor
productivity growth, the research idea of fuzzy compre-
hensive evaluation is used. Assuming other factors remain
unchanged, construct the virtual growth of labor produc-
tivity under the combined effect of one or several factors.
Assuming that other factors remain unchanged, the joint
effect of different factor combinations is examined.)e joint
effect of factor input and technical efficiency is shown in the
following formula:

ln yit � ln yit + ε ln xit + ε ln yit(  + ln FTit − ln TEis( .

(7)

Similarly, the virtual labor productivity growth under the
action of other multifactors can be similarly constructed
according to the fuzzy control theory.

5. Application Analysis of Agricultural
Economic Management Based on Fuzzy
Control Theory

5.1.Differences inAgriculturalLaborProductivity. )is paper
uses fuzzy control inequality indicators to study economic
problems in the field of agricultural economy and introduces
these inequality indicators into the study of economic
problems in the microfield to describe the current situation
of agricultural labor productivity differences. Absolute
disparity methods include average difference, standard de-
viation, dispersion, and range, but these methods cannot
fully reflect the structural characteristics of regional dis-
parities. Relative disparity analysis methods mainly include
coefficient of variation, Gini coefficient, and )eil index
indicators, which can reflect the structural characteristics of
regional disparities in detail. In order to accurately grasp the
difference and trend of agricultural labor productivity and
ensure the robustness of the analysis, this paper uses three
inequality indicators: Gini coefficient, )eil (0) index, and
)eil (1) index to measure the difference in agricultural labor

productivity. )e six-year changes in the three inequality
indicators of agricultural labor productivity in the same
region are shown in Figure 3.

As shown in Figure 3, the values of the Gini coefficient,
)eil (0) index, and )eil (1) index of agricultural labor
productivity in six years show that there is a large difference
in agricultural labor productivity among farmers in six years.
And in the past six years, the values of the three inequality
indicators of agricultural labor productivity all showed a first
decline and then an increase, and an overall upward trend. It
can be seen that in the past six years, the gap in agricultural
labor productivity between different farmers has experi-
enced a process of first decreasing and then increasing, and
on the whole, this gap has a tendency to widen. It also shows
that this analysis of trends in agricultural labor productivity
is robust and has nothing to do with which inequality in-
dicator is chosen to measure.)e distribution of agricultural
labor productivity presents a bimodal feature and gradually
evolves from the peak of the left high and the right low to the
left low and the right high, which means that the number of
farmers with low agricultural labor productivity decreases
and the number of farmers with high agricultural labor
productivity increases during this period.)e distribution of
agricultural labor productivity shifts to the right, indicating
that the overall level of agricultural labor productivity has
increased. )e opening of the distribution of agricultural
labor productivity has become larger, indicating that the
difference in agricultural labor productivity among farmers
has expanded.

5.2. Analysis of Influencing Factors of Agricultural Labor
Productivity Growth Distribution. Based on the stochastic
frontier production function model of fuzzy theory, this
chapter uses counterfactual analysis to construct a virtual
agricultural labor productivity growth distribution. By
comparing the difference between the virtual distribution
and the real distribution, it analyzes and judges the influence
of various factors on the evolution of agricultural labor
productivity growth distribution.

When one influencing factor changes and the other
influencing factors remain unchanged, the opening of the
virtual distribution becomes larger, which means that the
difference in agricultural labor productivity has expanded.
)e peak height has changed significantly, the left peak is
lower, and the right peak is higher, which means that

Table 1: Judgment matrix of strength.

Dominant strength Environment and resources Economic base Characteristic agriculture Science and technology Weight
Environment and resources 1 1/2 1/3 1/3 0.16
Economic base 1/4 1 2/7 8/5 0.39
Characteristic agriculture 2 4/5 1 3/4 0.22
Science and technology 2/3 5/8 3/2 1 0.31

Table 2: Stochastic consistency indicators.
Order 1 2 3 4 5 6 7 8 9 10
Consistency index 0.00 0.04 0.59 0.91 1.13 1.25 1.33 1.42 1.46 1.50
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agricultural labor, the number of farmers with low pro-
ductivity decreases, and the number of farmers with high
agricultural labor productivity increases. )e virtual dis-
tribution shifts to the right, which means that the overall
level of agricultural labor productivity increases. )is shows
that the agricultural material cost input per labor is an
important factor that leads to the growth of agricultural
labor productivity and the expansion of differences in the
past six years. However, the virtual distribution has a certain
distance from the actual growth distribution in both form
and location, indicating that the agricultural material cost
input per labor is not the only factor affecting the growth of
agricultural labor productivity and the widening of differ-
ences in agricultural labor productivity. Agricultural tech-
nical efficiency also has a greater impact on the location and
shape of agricultural labor productivity growth, as shown in
Figure 4.

Compared with the actual growth distribution, the
virtual distribution shifts to the right and shows a uni-
modal characteristic, which means that the agricultural
technical efficiency has improved the overall level of
agricultural labor productivity, promoted the increase in
the number of farmers with moderate agricultural labor
productivity, and alleviated the polarization of labor.
However, the impact on the widening of differences in
agricultural labor productivity is not as significant as the
input of agricultural material costs per labor. )is shows
that agricultural technical efficiency is also an important
reason for the growth of agricultural labor productivity.
)e land area per labor and the number of agricultural
labor hardly change the location and shape of the actual
difference distribution, which means that the two are not
the main reasons for the growth of agricultural labor
productivity and the widening of agricultural labor pro-
ductivity differences.

5.3.5eCombinedEffect of TwoFactors. )e combined effect
of agricultural material cost input per labor and agricultural
technical efficiency is shown in Figure 5.

Not only does the distribution change in shape, it also
moves substantially in position and is very close to the actual
growth distribution. )is shows that the combined effect of
these two factors has a great impact on agricultural labor
productivity: first, the two-factor effect causes the number of
farmers with low agricultural labor productivity to decline
and the number of farmers with high agricultural labor
productivity to increase. Second, the two-factor effect has
greatly improved the overall level of agricultural labor
productivity. Again, the two-factor effect has led to the
expansion of agricultural labor productivity differences.

)e combined effect of agricultural technical efficiency
and land per labor is shown in Figure 6.

)ese virtual growth distributions all show the charac-
teristics of “single peak.” It shows that these two-factor
effects have a significant impact on the distribution of ag-
ricultural labor productivity, which means that the two-
factor effect of agricultural technical efficiency can improve
the overall level of agricultural labor productivity, and can
increase the number of farmers with moderate agricultural
labor productivity. )e combined effect of frontier tech-
nology and agricultural technology efficiency has an ex-
tremely important impact on the shape of the growth
distribution of agricultural labor productivity, making the
“bimodal” distribution completely transformed into a
“unimodal” distribution. )e effect of the expansion of
differences in agricultural labor productivity is not obvious,
which shows that although the combined effect of the two
cannot greatly improve the overall level of agricultural labor
productivity as much as the input of agricultural material
costs per labor, it is of great significance for narrowing the
differences in agricultural labor productivity. Figure 7 shows
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Figure 3: Change curve of agricultural labor productivity gap.
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the joint effects of cutting-edge technologies and land area
per labor.

It can be seen from the figure that there is a certain
difference between the two distributions of the combined
effect of the number of agricultural labor forces and the
actual growth distribution, and there is no evolution to the
shape and displacement direction of the actual growth
distribution. It shows that the combined effect of the two
factors not only cannot promote the improvement of ag-
ricultural labor productivity, but also increases the number
of farmers with low agricultural labor productivity. Com-
pared with the actual growth distribution, its distribution

shape and location have not changed significantly, indicating
that the combined effect of the two factors has little impact
on the growth and disparity expansion of agricultural labor
productivity.

Combining the above two-factor effect analysis, it can be
found that the conclusions obtained are consistent with the
conclusions of the single-factor analysis, and the combi-
nation of the two factors of agricultural material cost input
per labor and agricultural technical efficiency has a greater
impact on the growth distribution than the single-factor
agricultural material cost input per labor. )e influence of
factors is more obvious. For the effective promotion of
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Figure 5: Agricultural material cost input per labor and agricultural technical efficiency.
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agricultural economic development, it also needs to be
guaranteed from the institutional level. Only when the ag-
ricultural economic development system is more perfect and
reasonable can the optimization and improvement of the
level of agricultural economic development be better
achieved. In the development of agricultural economy, the
specific promoting role of agricultural economic manage-
ment is not only reflected in theoretical support and policy
guarantee, but also can effectively solve practical problems,
gradually optimize the conditions for agricultural economic
development, and ensure that agricultural economic de-
velopment can be developed at a more suitable imple-
mentation in the environment.

5.4. Analysis of Influencing Factors of Agricultural Technical
Efficiency Differences. From the analysis in the previous
section, it can be seen that the difference in agricultural
technical efficiency among farmers is the second largest
factor affecting the difference in agricultural labor pro-
ductivity. )is section will further examine the impact of
related exogenous variables on the difference in agricultural
technical efficiency among farmers. Agricultural technical
efficiency is the ratio between observed or actual agricultural
output and ideal or potential agricultural output. )e size of
technical efficiency reflects the effective degree of producers
using existing technology, and its value is between 0 and 1.
)e closer it is to 1, the higher the technical efficiency. )e
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Figure 7: Frontier technology and land area per labor.
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the contribution of the four variables of farmers’ formal
education, nonformal education, cultivated land fragmen-
tation, and nonagricultural activities to the difference in
agricultural productivity. )e decomposition results of ag-
ricultural technical efficiency differences are shown in
Table 3.

From Table 3, it can be found that the relative contri-
bution rate of nonagricultural activities to the difference in
agricultural technical efficiency is the largest, and the average
relative contribution rate reaches 74%, which is much higher
than the impact of other exogenous variables on the dif-
ference in agricultural technical efficiency. )is means that
among the five exogenous variables of farmers’ formal ed-
ucation, nonformal education, farmland fragmentation,
nonagricultural activities, and random factors, farmers’
nonagricultural activities are the most important factors that
lead to differences in agricultural technical efficiency.
However, nonagricultural activities have a negative effect on
agricultural technical efficiency. )is means that farmers
with a higher proportion of nonagricultural income are
more likely to ignore agricultural production, which will lead
to a significant reduction in agricultural technical efficiency
and widen the gap with other farmers in agricultural
technical efficiency. )e average relative contribution rate of
cultivated land fragmentation is 3%. Among the five ex-
ogenous variables of farmers’ formal education, nonformal
education, cultivated land fragmentation, nonagricultural
activities, and random formal education ranks fifth in the
impact of differences in agricultural technical efficiency. )e
reason may be that there is a problem of missing data in the
sample data or it may be that the difference in the number of
plots between farmers is not large. When the agricultural
infrastructure and the degree of agricultural mechanization
are relatively close, the situation of land management is also
relatively similar, so it is impossible to give the results.
Differences in agricultural technical efficiency have signifi-
cant effects.

6. Conclusions

Using the stochastic frontier production function of fuzzy
control theory, this paper decomposes the agricultural labor
productivity of farmers into five parts, namely agricultural
material cost input per labor, land area per labor, agricultural
labor force, agricultural technical efficiency, and frontier
technology. Using the Shapley value inequality decompo-
sition method to decompose the difference in agricultural
labor productivity, the contribution and importance order of
each influencing factor to the difference in agricultural labor

productivity are obtained. Using the same decomposition
method, this paper decomposes the difference in agricultural
technical efficiency. )e contribution and importance
ranking of each exogenous explanatory variable to the
difference in agricultural technical efficiency is obtained.
Farmers’ agricultural technical efficiency promotes the
improvement of provincial farmer’s agricultural labor
productivity, which is one of the influencing factors for the
expansion of provincial farmer’s agricultural labor pro-
ductivity differences, and farmers’ agricultural technical
efficiency differences are most affected by nonagricultural
activities. )e farmer’s agricultural technical efficiency in-
creases the farmer households in the province’s medium-
level agricultural labor productivity and improves the overall
level of the provincial farmer’s agricultural labor
productivity.

)e government should increase the support of various
scientific and technological plans to the agricultural field and
improve the guarantee level of the operating funds of ag-
ricultural nonprofit scientific research institutions. )e
publicity and promotion of agricultural science and tech-
nology is an important link in the transformation of agri-
cultural science and technology research into real
productivity. )is link can help farmers master new tech-
nologies, apply scientific and technological achievements to
agricultural production and management, and promote
family management to adopt advanced technology and
production methods. )erefore, it is particularly important
to strengthen grass-roots agricultural technology extension
services. In the construction of the agricultural science and
technology extension service system, it is necessary to base
on rural cooperative economic organizations, and encourage
the participation of agricultural scientific research, educa-
tion and other units, agriculture-related enterprises and
intermediary agencies. According to the different conditions
of various places, a comprehensive agricultural technology
promotion station or an industrial station can be established,
and agricultural technicians can also be dispatched to
townships to provide scientific and technological publicity
and promotion services.

Data Availability

)e labeled dataset used to support the findings of this study
are available from the corresponding author upon request.
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Table 3: Decomposition of differences in agricultural technical efficiency.

Years Gini Formal education Nonformal education Cultivated land Nonagricultural activities Random factor
1 0.192 0.009 0.022 0.011 0.147 0.007
2 0.221 0.011 0.025 0.007 0.166 0.017
3 0.193 0.012 0.030 0.008 0.132 0.016
4 0.204 0.011 0.022 0.006 0.155 0.014
5 0.205 0.009 0.021 0.007 0.169 0.004
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With the development of economy, people’s demand for travel is also increasing. 'ey are no longer satisfied with the single
standardized travel products of travel agencies and begin to pursue personalized. When many customers travel, the most
important thing is their subjective feelings. 'is is also the focus of tourism enterprise research. 'erefore, introducing ex-
periential marketing into tourism and realizing experiential marketing can enhance the sense of experience of tourism, improve
the economic benefits of tourism, and promote the development of tourism. 'is paper mainly studies the application of
experiential marketing in tourism industry. In this paper, based on the tourism situation of Qingyan Ancient Town and the
tourism marketing activities of other tourist attractions, combined with my own design, we developed an optimized design
scheme of experiential marketing. In the process of implementation, there are still areas to be improved, and the author will
continue to study and learn from the sharing of other scholars. 'e purpose of this paper is to study the validity of marketing
strategies of tourist attractions based on experiential marketing. On the one hand, the research of this paper can enrich the theory
of experience marketing; on the other hand, it can also provide reference for the reality of tourism marketing, which has
theoretical and practical significance.

1. Introduction

Experiential marketing in various industries has a very wide
range of application of the tourism industry itself have the
features of the experience, so will experience marketing in
tourism is a very perfect union, let the customer from the
senses, thinking, emotion, action, and so on, experience
tourism products, deepen the impression of tourism products,
more can achieve spiritual enlightenment [1]. To enhance the
survival value and development space of tourism products,
which are also what tourism enterprises want to see, expe-
riential marketing is very important for tourism, but the
application of experiential marketing in tourism is still not
very perfect, which needs further improvement [2].

Experiential marketing refers to the behavior of selling a
series of products by allowing customers to participate in the

sales process and experience the functionality of the prod-
ucts themselves, reflecting the advantages of selling products
by comparing different products. In the era of compre-
hensive customer experience, experiential marketing not
only requires a deep and all-round understanding of users
but also condenses the all-round experience and respect for
users on the product level, so that users can feel respected,
understood, and considerate [3].

'rough the means of seeing, listening, using, and
participating, experiential marketing designs a scenario in
which consumers produce and complete consumption in a
compound feeling state by taking advantage of consumers’
senses, emotions, thinking, actions, and associations and
combining with their rationality [4]. Different from the
traditional view, experiential marketing changes consumers
from a completely rational group to a group of rational and
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emotional coexistence, and summarizes that the key point of
enterprise marketing should lie in the whole process of
consumer consumption experience, that is, before, during
and after consumption [5]. For example, the selling value of
tea is very low according to agricultural products [6]. If it is
sold as a gift, the price will increase several times, but when it
is sold in teahouses with services, the price will increase
dozens or even hundreds of times. 'e work of experiential
marketing is exactly to solve the transformation of tea from
farmers to Gongfu tea and maximize the benefits [7].

'e purpose of this paper is to study the validity of
marketing strategies of tourist attractions based on expe-
riential marketing [8].

First, the author analyzes the micromarketing envi-
ronment of Qingyan Ancient Town tourism and analyzes the
macroenvironment of Qingyan Ancient Town tourism by
using PEST analysis method. 'e advantages and disad-
vantages of Qingyan Ancient Town tourism are carefully
analyzed [9]. At the same time, using the five modules of
experience marketing—sensory marketing, emotional
marketing, thinking marketing, action marketing, related
marketing—Qingyan Ancient Town tourism current expe-
rience marketing is analyzed and summarized. 'rough the
questionnaire, this paper analyzes the effect of experience
marketing in Qingyan Ancient Town. Finally, the author
uses the experience marketing SEMs strategy to optimize the
tourism experience marketing strategy of Qingyan Ancient
Town [10]. Combining the theory of experiential marketing
with the actual situation of Qingyan Ancient Town tourism,
a series of experiential marketing activities are designed for
Qingyan Ancient Town tourism [11].

On the one hand, the research of this paper can enrich
the theory of experience marketing, on the other hand, it can
also provide reference for the reality of tourism marketing,
which has theoretical and practical significance [12].

2. State of the Art

Erik Cohen, a famous Israeli tourism sociologist and scholar
of tourism sociology, put forward his own views in Chapter
3, Phenomenology of Travel Experience, the first chapter of
An Overview of Tourism Sociology. People always desire
different modes of travel experience. Travel means different
things to different people. Tourist experience can be roughly
divided into five different types, namely recreational, ex-
periential, experimental, transference, and existence. 'e
essential element of tourism is the pursuit of “novelty” and
“change” [13]. 'ese two words, though we have used them
indiscriminately so far, have a slight but important differ-
ence in meaning. “Novelty” refers in principle to the novelty
of seeing or experiencing it for the first time, and “change”
does not necessarily mean total novelty [14].

'e research on tourism experience marketing started
late in China. In 1999, Professor Xie Yanjun put forward the
view that the core of tourism is experience, which opened a
precedent for China’s tourism experience marketing.

Tourism experience marketing refers to tourism-related
enterprises, in order to meet the experience needs of tourists,
relying on tourism products, to provide tourists with

sensory, emotional, action, thinking, and related experience
[15].

In 2004, Wei Shihua elaborated that tourism experience
products should be designed according to the differences of
different senses in tourism experience [16].

In 2006, Professor Xie Yanjun wrote research on
Tourism Experience: A Phenomenological Perspective, the
process of tourism is a meaningful process with interlaced
time and space. For any person whose purpose is clearly to
pass through such a process in such a time and space, the
process has a very complete structure [17]. 'e book ana-
lyzes the motivation and behavior of travel experience from
the motivation of human behavior, and systematically put
forward the framework, content, and method of tourism
experience research [18].

In 2009, Wei Xiao ’an, in his book research on the
Tourism Development of Ancient Towns and Villages in
China, elaborated that the development of ancient towns
should highlight the cultural theme, and tourists’ tourism is
not only for sightseeing but also for experiencing local
culture [19].

In 2012, Zou Tongqian, in his book Tourism Destination
Marketing, made an in-depth analysis and summary of
typical marketing cases of domestic and foreign tourism
destinations and elaborated on experiential marketing
strategies, providing useful strategies for other tourism
destination marketing and reference [17].

It can be seen from the research that many scholars have
carried out research on experiential marketing in the
tourism industry, and most scholars have analyzed the
strategies of experiential marketing. Based on the above
research, this paper discusses the relevant theories of ex-
periential marketing and the strategies to apply them into
reality.

3. Methodology

3.1. Overview of Experiential Marketing and Tourism
Experiential Marketing

3.1.1. Experience Marketing. Generally speaking, experien-
tial marketing refers to a special atmosphere created by the
enterprise unit, through the design of a series of related
activities, so that customers participate in the role play, get
unforgettable memories [20]. By providing customers with
experience and satisfaction, the company can realize its own
value and gain profits. 'e main goal of experiential mar-
keting is to create an impressive experience for the customer.
Marketing is mainly redefined and designed from the per-
spective of customers through their senses, thinking, action,
emotion, association, and other aspects.

Experiential marketing considers the consumption of
customers, that is, the experience of customers in the
process of consumption. Customer experience comes from
a certain experience of the feeling, the heart and the
thought of the touch, it links the enterprise, brand and the
customer’s way of life, gives customers individual actions
and purchase time more extensive psychological feelings
and social significance.
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Experiential marketers not only consider the functions
and characteristics of product, but also consider the needs of
customers and the personal experience they get from the
experience of consuming products and services. Considering
how the customer feels about the entire lifestyle associated
with the product is what the experience marketer really cares
about.

3.1.2. Tourism Experience Marketing. In the tourism in-
dustry, the consumer demand has risen from the original
tourism products to the pursuit of experience. 'erefore,
tourism experience marketing refers to the combination of
tourism products, tourism enterprises to provide high-
quality experience activities to meet the experience needs of
customers.

For the development of tourism enterprises, they should
actively discover the consumption needs of tourists and
guide them, instead of passively waiting for tourists to have
demands and then develop. Experience marketing is of great
significance to the development and promotion of tourism
enterprises, but it is also difficult, which is both an op-
portunity and a challenge. If tourism enterprises cannot
adapt to the changes of marketing rules and meet the
consumption demands of tourists under the development of
society, they will eventually fail to survive for a long time.
'erefore, tourism enterprises should integrate the concept
of experience marketing into their guiding ideology, develop
experience activities and products in an all-round way, and
improve their core competitiveness, as seen in Figure 1.

3.2. Experience Marketing in the Application of Tourism
Advantages

3.2.1. Enrich the 7eory of Tourism Marketing. At present,
most tourismmarketing is still marketing in other industries
methods and theories to avoid blind imitation in many
places that are inflexible and flexible, so the development of
the tourism industry is very slow, and therefore, the expe-
riential marketing in tourism just inspired tourists demand
for tourism process experience, complying with the new
situation of tourism development, making the tourism
enterprise own marketing theory to enrich.

3.2.2. To Meet the Experience Needs of Customers. 'e
service of tourism is to let customers experience, and expe-
riential marketing is to design a series of activities to deepen
the experience, so that tourists get more impressive precious
memories, deeply touched the spiritual needs of tourists.

3.2.3. Promoting Healthy Competition in Tourism.
Feeling is not able to imitate the experience, and it belongs to
the spiritual level of intangible products. Even looking at the
same experience from the surface, different locations, dif-
ferent time, different climate, different characters, feeling is
completely different to the tourists, so if you want to im-
prove the competitiveness of tourism enterprises, cannot
blindly imitate the experience form. Instead, they should

develop their own unique experience activities with their
own tourism products and equipment to create a sense of
experience that others cannot imitate. 'erefore, tourism
enterprises carry out healthy competition because of ex-
perience marketing and expand the development space of
tourism enterprises.

3.2.4. Enhance the Development Potential of Tourism
Enterprises. 'e application of experience marketing re-
quires a lot of professional design, including the use of
modern technology for data collection, data processing, and
data analysis, including aesthetics, communication, adver-
tising, and other fields. More importantly, for the study of
tourists’ consumption psychological activities and behavior,
a deeper research in these fields is needed, the more the
potential for experiential marketing can be improved.

3.3. Tourism Experience MarketingModel. 'e most notable
feature in destination marketing with new media is that the
direct influence of national and local tourism organizations
on tourists from source countries and other regions of the
country has been greatly strengthened and occupies an
important position. Figure 2 shows the main marketing of
tourism destinations in the context of new media.

3.3.1. Entertainment Marketing. Entertainment marketing
means that tourism enterprises should attract tourists skillfully
by creating entertainment experience and urge tourists to
purchase tourism products for experience. During each tour,
tourists expect to have a pleasant and unforgettable memory,
rather than simply taking photos to see the scenery, getting on
the bus to sleep, and getting off to see the temple, so enter-
tainment marketing is very important in the tourism industry.

For example, forest parks in some cities are popular
places for people to travel for leisure not only because of
convenient transportation and preferential ticket prices but
also because of the entertainment items in forest parks, such
as self-service barbecue, human CS, boating, and so on. Such
entertainment projects are no longer the marketing idea of
simply looking at the scenery, but to let tourists blend into
the nature and pursue pleasant experience, so as to relieve
work pressure.

rich

Communication
content
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focus Communication 

content
spread
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Social networking sites
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Blog
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Figure 1: Influence relationship of tourism enterprises.
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3.3.2. Aesthetic Marketing. Aesthetic marketing mainly re-
fers to the use of beautiful elements such as color, music,
pattern, and shape by tourism enterprises, as well as
beautiful styles such as conciseness, luxuriousness, elegance
and fashion, and the theme of beauty to strengthen the visual
stimulation of tourists, cater to the aesthetic taste of tourists,
and stimulate tourists to buy. Tourism products based on
natural resources that are prominent in aesthetic marketing
are used to design themes with individual styles through a
series of external designs, so that tourists can obtain very
good aesthetic experience.

3.3.3. Emotional Marketing. Emotional marketing is a very
humanized marketing. It carefully observes and feels the
feelings and emotions of tourists, arouses the emotional
resonance of tourists through a series of experiences, and
then stimulates the purchasing power of tourists. Emotional
marketing can be designed from happiness, sorrow, and joy
to love, hate, and hatred. For example, some revolutionary
martyrs’ graveyards and places where revolutionary great
men once lived belong to the tourism industry of emotional
marketing. People can feel the hardships experienced by
revolutionary martyrs by traveling to these places.

3.3.4. Lifestyle Marketing. Lifestyle marketing is mainly
based on the lifestyle desired by tourists, and a series of
tourism experience activities are designed to stimulate
tourists to buy. For example, in recent years, the very
popular rural tourism is a very typical lifestyle marketing,
which can not only enjoy the food but also feel the simple
lifestyle of farmers.

3.3.5. Atmosphere Marketing. Atmosphere marketing is
mainly in some specific places and environments, through
the style positioning of tourism products, to create a
pleasant, nostalgic, or other atmosphere to achieve the
purpose of marketing through the specific atmosphere to
make tourists linger. For example, museums in some cities
often have unique historical relics of the city. With different

styles and interpretation by commentators, they uncon-
sciously blend into such an atmosphere.

3.4. Five Elements of the SEMs Module

3.4.1. Sensory Marketing. 'e appeal goal of sensory mar-
keting is to create the feeling of perceptual experience. It
conveys information through vision, hearing, touch, taste,
and smell, and tries to establish the unique image of the
enterprise brand by leaving profound sensory experience to
customers so as to encourage them to buy. Starbucks is a
good example of sensory marketing. Wherever you are in a
Starbucks, you experience a new way of life through your
senses. From its living-room decor to its carefully chosen
decorations and light fixtures, the sizzle of coffee, the
snapping of the ground as it is brewed from the filter and the
rustle of coffee beans as they are scooped out with a metal
spoon, are familiar and comfortable sounds that evoke a
“Starbucks feel.”

3.4.2. Feel Marketing. Emotional marketing appeals to
customers’ internal feelings and emotions. 'e goal is to
create emotional experience, which can range from a mild
and tender positive mood to joy, pride, or even intense
excitement. 'e operation of perception marketing requires
a true understanding of the stimuli that trigger certain
emotions and enable consumers to naturally become in-
fected and integrated into the situation, as seen in Figure 2.
Singapore Airlines has created a new take-off experience
with the theme of bringing happiness to passengers. 'e
company sets strict standards for how stewardesses smile
and produces happiness manuals that dictate what kind of
music and situations to “create” happiness. By providing
excellent customer service, Singapore Airlines has become
one of the top ten airlines and the most profitable airline in
the world.

3.4.3. 7ink about Marketing. 'inking about marketing
appeals is that intelligence arouses customers’ surprise and
interest in creative ways and creates cognitive and problem-

National Tourism
Organization

A Regional Tourism
Organization

B Regional Tourism
Organization

C Regional Tourism
Organization

Source country tourism organization

Tourism wholesalers and operators in
source countries

Tourists from source countries

Domestic tourist source tourism
wholesalers

Domestic tourists

Figure 2: 'e main model of tourism destination marketing under the background of new media.
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solving experiences for customers by concentrating or
dispersing thoughts on problems. 'e thinking activity
scheme is widely used for high-tech products. 'e apple
computer sold 10,000 units in six weeks and was named
product of the year by Business Week. 'e success of 'e
Company is largely due to a thinking marketing program.
Using “'ink differently” as the slogan and combining
“creative geniuses” from many different fields, the project
has been featured in print ads on billboards, wall ads and
buses. While the AD encouraged consumers to think about
what made Apple different, it also encouraged them to think
about what made them different and what made them en-
trepreneurial geniuses by using Apple.

3.4.4. Action Marketing. 'e goal of action marketing is to
influence the physical experience, lifestyle, and activities of
the body. Action marketing enriched customers’ lives by
adding to their physical experience by pointing out alter-
native ways of doing things, lifestyle expectations, and in-
teractions. While the change of customers’ lifestyle is
inspired or spontaneous and may also be caused by the role
of idols such as movies, videos, singers, or famous athletes.
Such was the case with the promotion of drinkingmilk in the
United States in the 1990s. 'e advertising agency used a
large number of famous people—including supermodels,
actors and actresses, and sports stars—all sporting “milk
beards.” Each AD thus subtly Bridges the gap between ce-
lebrity and the benefits of milk. 'e celebrities involved in
the campaign have designed different sectors of society to
target different consumer groups with a new way of life and
inspire people to act for change.

3.4.5. Relationship Marketing. As shown in Figure 2, rela-
tionship marketing includes sensory, feeling, thinking, and
action marketing. Relationship marketing goes beyond
personal feelings, personality, and individuality plus “per-
sonal experience” and is associated with an individual’s ideal
self, others, or culture. 'e appeal of connected marketing is
that individuals who are related to self-improvement, such as
those who want to be their “ideal self” in the future, desire to
be liked by others. To associate with a broader social net-
work, a subculture, a group, etc., to establish personal
preference for a brand and to allow people who use the brand
to form a group. Harley is an outstanding relationship
marketing brand. Harley is a lifestyle from the bikes
themselves, Harley-related merchandise, to Harley tattoos
on enthusiasts’ bodies consumers see Harley as part of their
own identity.

3.5. Establishment of BP Neural Network Model of Marketing
Strategy Combination. 'e marketing strategy combination
of “4Ps” proposed by Eugene J. McC au-thy, are namely: (1)
product; (2) price; (3) sales channel (place); (4) promotion
(promotion). Philip Kotler (Philip Kotler) added two “Ps” on
the basis of “4Ps,” namely political power and public rela-
tions to determine the market influencing factors, using the
function expressed as follows:

Sij � φ P
1
ij, P

2
ij, P

3
ij, P

4
ij, P

5
ijP

6
ij . (1)

Choice of excitation function. 'e excitation function is
used to perform functional operation on the summation
results of neurons in each layer to obtain the output of each
neuron, which is the second process of neuron signal pro-
cessing. For a multilayer neural network, the division of the
region by the sigmoid function (i.e.) is completed by a region
composed of a nonlinear hyperplane, which is a relatively soft
and smooth arbitrary interface, so its classification is more
accurate and reasonable than linear division. 'is kind of
network has better fault tolerance. Another important feature
is that it is continuously differentiable, which can be calcu-
lated strictly by using the gradient method, and its weight
learning analytical formula is very clear. 'erefore, this paper
chooses the sigmoid function, as shown in Figure 3.

'e operation of the network. For a neural network with
L layers, record the output of any node i as Qi, for the input
of the p-th node of the input layer, the output of the i-th node
of the l− 1 th layer is O

(l−1)
ip , then j is the node of the layer,

and l-th is the input to the node:

net(1)
ij � 

nt−1
i�1 W

(1)
ij gO

(l−1)
ip , (2)

where W
(1)
ij is the connection weight from the i-th node in

the l− 1 layer to the j-th node in the l-th layer. 'e output of
the j-th node in the l-th layer is

Oip � f
(1) net(1)

jp . (3)

About the Error Energy Function. 'e error energy
function of the BP network is

Ep �  n
i�1ϕ ei,p  �

1
2


m

i�1 yi,p − yi,p 
2

. (4)

Normalize the data to be between 0 and 1 and determine
the expected output value. Calculate the actual output value of
the neural network layer by layer where xmin, xmax is the
maximum andminimum values of the calculated output data,
respectively, and is the calculated output value. Calculate the
actual output value of the neural network layer by layer.

yj � f 
n

i�1
wijxi − θj

⎡⎣ ⎤⎦,

zk � f 
n

i�1
wikxi − θk

⎡⎣ ⎤⎦.

(5)

Starting from the output layer, the weights are adjusted
in reverse, and the formula consensus is as follows:

Wjk+1 � Wjk + ηδkVj,

Wij+1 � Wij + ηδjVi,
(6)

where

δk � Zk − Zk( Zk 1 − Zk( ,

δj � yj 1 − yj  

L−1

k�0
δkWjk.

(7)
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stops, otherwise, recalculate. In the actual design of the
network, if the step size is small, the learning speed will be
slow, and if the step size η is too large, the network will
oscillate. To solve this problem, a momentum α (0< α< 1)
can be added, namely,

wij+1 � wjk + ηδkyj + αΔWjk,

wij+1 � wij + ηδjyi + αΔWij.
(8)

'e BP algorithm process is an iterative algorithm
process, and w is adjusted in each round, and so on, until the
error meets the requirements, such a good network has been
successfully trained, and the comparison between the sim-
ulation results and the actual results is shown in the table. As
can be seen from Table 1, the maximum error is only 0.353%,
and the accuracy of the simulation is high.

4. Result Analysis and Discussion

Qingyan Ancient Town, located in Huaxi District, Guiyang,
was built in 1378, the tenth year of Hongwu of Ming Dy-
nasty, as a military fortress at that time. Qingyan Ancient
Town is also one of the four major ancient towns in Guizhou
Province (Zhenyuan, Qingyan, Bing ’an, and Longli). It has a
long history and diverse cultures, and its unique cultural
deposits attract a large number of tourists from home and
abroad every year.

4.1. Tourism Environment Analysis of Qingyan Ancient Town.
In recent years, with the blowout development of Guizhou’s
tourism market, Guiyang’s tourism market has been
growing year by year, which provides a good foundation for
the development of the tourist source market of the ancient
town. In 2013, the tourist volume of ancient town has
exceeded 3.5 million person-times. 'e number of domestic
tourists in Qingyan Ancient Town has been rising rapidly
since 2008. 'e number of foreign tourists is small, only
12,000 in 2006, although the base is small, but the annual
growth is very large.

Better regional conditions: traffic travel decisions that
the people make influence tourism resources conditions.
One of the Qingyan Ancient Town is located conveniently
about 18 km away from the railway station, about 40minutes
from Longdong fort airport, provincial highway can be
reached easily with high speed, with good location condi-
tions for tourism passenger flow transformation and pro-
vides convenient conditions for growth. In recent years,

Guiyang’s transportation infrastructure has developed
rapidly, including the rapid construction of urban link roads
such as ring-city Expressway and Huaxi Second Road, which
have all been put into normal use. Meanwhile, with the rapid
economic growth, Guiyang citizens’ consumption ability has
been greatly enhanced, and their demand and investment in
entertainment and leisure and other spiritual consumption
areas have been greatly increased. 'e public is more en-
thusiastic about short-term popular tourism consumption
such as traveling around and driving and presents a di-
versified and popular development trend.

Rich tourism resources: Qingyan Ancient Town has
profound cultural deposits, rich folk customs, and simple
architectural style, which is enough to show its advantages in
cultural hardware resources. Meanwhile, the diversified
cultural integration brought by different historical stages
shapes its unique exploration charm. Along the trans-
portation line, the Confucius School, Huaxi Wetland Park,
Huaxi Park, and other landscapes are matched with natural
tourism product routes.

'e scenic spot is well known: 'e tourism culture of
Qingyan Ancient Town is the core attraction of the current
tourist group, and the annual tourist reception is nearly 4
million, which has won a good reputation for the ancient town.

Civilian consumption: Qingyan Ancient Town and its
surrounding consumption items such as eating, living,
traveling, shopping, and entertainment are close to the level of
popular consumption. Authentic food, special snacks, ethnic
handicrafts, and other distinctive features and low cost of
consumption have a great attraction for individual customers
and low-cost consumption teams. At the same time, the
ethnic customs, diversified integration of the inside infor-
mation encouages tourists to explore the ancient town origin
and cultural charm.

Dendrites SynapseCell body axon

Electric pulse 
formation

information 
processing transmission

input output

Figure 3: Single neuron structure model.

Table 1: Comparison of simulated value and actual value of
customer loyalty.

Product number Actual value Analog value Error
1 0.26 0.3601 0.311
2 0.17 0.1899 0.049
3 0.07 0.6898 0.133
4 0.09 0.0915 0.084
5 0.08 0.0890 0.120
6 0.04 0.0514 0.068
7 0.07 0.0923 0.166
8 0.05 0.0603 0.353
9 0.11 0.1258 0.231
10 0.06 0.0800 0.067
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4.2. Qingyan Ancient Town Tourism Experience Marketing
Status. Since its inception, Qingyan Ancient Town—after
the Ming and Qing dynasties in 533 CE, 38 years of the
Republic of China, the fighting continued till 571 CE—is a
typical military town, has a significant military history
culture, and the “red,” but the cultural products of mining
and development are not so good, many tourists came to
propylite, only know that it is an ancient Qingyan Ancient
Town. I do not know that the ancient town once had ex-
tremely important military strategic significance, and I know
little about the precious history and culture left to Qingyan
during hundreds of years of vicissitudes. In recent years, the
city wall of Qingyan Ancient Town has been renovated. 'e
city wall looks more spectacular, has more military guards,
and creates a deeper sense of military fortress. However, its
connotation construction and cultural display fail to arouse
the emotional resonance of tourists.

'e logical relationship between categories is formed
according to the connotation of the category and the internal
relationship of the category, so as to establish the main
category. By sorting out the 36 categories, a total of five travel
motivation, travel preparation, core content experience,
auxiliary content experience, and posttour evaluation are
formed. Main categories are as shown in Table 2.

Sensory experience is the signal source for people to
producememory, and it is also the biggest entry point for the
design of tourism products and tourist routes. Olfactory
experience strategy: In the characteristic cultural exhibition
activities of Qingyan Ancient Town, the activity or product
that can best reflect the memory of fragrance is probably
“Rose sugar production demonstration.” Visitors can not
only observe the production process of delicious rose sugar
but also smell the fragrance of rose sugar, which makes
people immersed in the aroma of rose sugar and linger on. In
Qingyan Ancient Town, there are many similar character-
istic snacks to retain memories with fragrance, but these
practical products are relatively single in category, lack
process experience or interaction links, unable to rise from
the olfactory experience to the level of cultural cognition,
and the characteristic connotation cannot be interpreted.

Film and TELEVISION cultural experience: Qingyan
Ancient Town has shot VR film with cultural tourism theme.
'e film is based on a folk tale called “Zhuangyuan hoofs.”
During the Qing Dynasty, Zhao Yijiong, a student in
Guizhou province, often reviewed his lessons late into the
night in order to succeed in the exams. His family often

prepared pig’s feet for him to eat in order that he could have
sufficient physical strength and a healthy body during the
review period. Zhao Yijiong won gold list title, and there is a
number of hooves this said. 'is film is not only full of
positive energy but also full of fun. At the same time, while
enjoying this VR film, audiences can enjoy and experience
the intoxicating all-round beauty of Qingyan Ancient Town
through VR technology.

Related experience marketing aims to enrich tourists’
travel experience and enhance their cognition by direct or
indirect means, so as to stimulate participation and tourism
consumption. For example, the Qingyan Ancient Town
tourism VR panoramic experience has been widely spread in
the mobile friend circle of Guizhou people. Tourists can see
the panoramic view of Qingyan Ancient Town on Wechat,
which is also a way of communication and promotion. 'e
VR panorama experience of Qingyan Ancient Town was
held at the North Square of Qingyan Ancient Town. VR has
been largely applied to tourism industry in recent years; in
the past, tourists before going to the scenic area, the scenic
spot of relevant data, see the pictures of the scenic area, get a
rough understanding about situation of scenic spot, and by
VR panoramic experience not only can visitors from multi-
azimuth appreciate the beauty of the ancient town, it can also
give visitors a reasonable view. Avoid tourists to Qingyan
Ancient Town scenic area due to carelessness or time to miss
some of the attractions worth playing.

Table 2: Main categories and their connotations.

Main category Connotation Example

D1 Travel motivation Tourists are influenced by the image of the scenic spot and the publicity of
the scenic spot and have travel ideas

Scenic publicity, scenic spot
image

D2 Preparation Did not get a better experience, all preparations before the trip Play route, strategy equipment

D3 Core content
experience

'e experience brought by the main contents such as natural scenery and
ecological environment in the scenic spot

Natural scenery, Ecological
environment

D4 Auxiliary content
experience

Experience brought by auxiliary management services such as supporting
facilities Supporting facilities, sanitation

D5 Posttour evaluation A comprehensive evaluation of the physical and mental changes of tourists
after their travel

Appropriate groups, differences
in expectations

I
Lost opportunity

II
Effective

IV
be of no great importance

III
Waste resources

Degree of use
No Yes

Yes

No
im

po
rt

an
ce

Figure 4: Evaluation matrix of new media marketing effects
implemented in tourist destinations.
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4.3. Qingyan Ancient Town Tourism Experience Marketing
Effect. 'e tourism marketing effect of Qingyan Ancient
Town is analyzed from the perspective of tourism flow, as
shown in Figure 4. From 2008, it received just over 1 million
tourists a year, to 2014, it received more than 4 million
tourists a year, the number of tourists increased nearly four
times. Qingyan Ancient Town tourism marketing has
achieved gratifying results in attracting tourists. 'e author
investigated and analyzed the tourists’ experience satisfac-
tion in Qingyan Ancient Town. In order to ensure the
authenticity and scientific nature of the questionnaire
sample survey, the survey method of this paper is ques-
tionnaire survey of tourists on-site, and real data have been
obtained. 'is survey conducted questionnaire survey for
tourists on-site, and 200 questionnaires were collected, 188
were valid ones. 'e evaluation matrix of the imple-
mentation of new media marketing in tourist destinations is
shown in Figure 4.

Due to the limited number of questionnaires, in order to
ensure the representativeness of the questionnaire sample,
100 men and 100 women were surveyed in the questionnaire
survey, and the valid number of people was 94 men and 93
women. In the survey sample, tourists between 20 and 30
years old account for the largest proportion, and the design
of experience marketing strategy can take more consider-
ation of the needs of tourists in this age group. In the sample,
the educational level of tourists mainly focuses on junior
college and bachelor’s degree, and this group will have a
relatively high demand for cultural experience. 'e expected
stay time of the sample tourists in Qingyan Ancient Town is
concentrated in half a day and one day, indicating that the
ratio of tourists staying in Qingyan Ancient Town is small,
which will restrict the development of accommodation in
Qingyan Ancient Town.'erefore, it is necessary to consider
how to keep tourists in the ancient town for a longer time.

It can be seen from the table that the mean values of most
variables are low, indicating that the user experience of
passengers is not good and should be further improved. 'e
experience project of tourism experiencemarketing is lack of
long-term: 'e tourism experience project of Qingyan
Ancient Town is only available during festivals and will be
canceled at ordinary times. Such arrangement, of course, has
the consideration of its operating capital, but adverse to its
long-term development. First, during the festival or statu-
tory holidays, there are many tourists. 'e experiential
tourism project specially developed for the festival, if not
repeated attempts and adjustments, may cause adverse ef-
fects in the festival. For example, when Zhao Zhuangyuan
returned to his hometown, he occasionally encountered
many tourists blocking the main street. 'e interaction with
tourists is only for tourists to take photos, and tourists
cannot deeply experience the scene of Zhuangyuan
returning home. Second, the short-term nature of experi-
ence marketing projects determines that these experience
projects cannot really be combined with the tourism culture
of Qingyan Ancient Town. Without these experiential
projects that can be deeply integrated into Qingyan Ancient
Town, designers will certainly not consider more far-
reaching and explore the culture of scenic spots in Qingyan
Ancient Town more deeply when designing. 'ird, short-
term experiential projects can only be experienced by some
tourists, while the vast majority of tourists have not expe-
rienced the information conveyed by the tourism design of
the ancient town to tourists after coming to Qingyan.

Figure 5 shows the influencing factors of tourist satis-
faction. Specific suggestions are as follows: Change the
passenger experience project into a long-term project to
avoid the excessive number of tourists during the peak
period, which will affect the passenger experience. Second,
experience programs should be combined with local cultural
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Figure 5: Conceptual model of influencing factors of tourist satisfaction.
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characteristics. 'ird, design experiences that most travelers
can experience and accept.

Market share is an important indicator to reflect the
market synthesis and concentration degree and also an
important indicator to measure the competitiveness of an
enterprise or a product. Scientific adjustment of marketing
combination strategy is an important way for enterprises to
improve their market share. To improve the market share of
products, we can reduce the price, improve the quality of
products and enterprises, and improve the sales system. Now
take Fangtai Company as an example to illustrate its sim-
ulation results of using different marketing portfolio strat-
egies to change its market share. 'e results are shown in
Table 3.

'e most effective way to improve the tourism market
share is to reduce prices on the basis of improving the sales
system. However, as the improvement of the sales network
requires a large amount of capital investment, the price
reduction will also affect the cash income of enterprises and
cause the price war among enterprises, bringing potential
threats to the development of enterprises. 'erefore, what
marketing strategy needs to be adopted is flexibly changed
according to the actual situation of enterprises.

Specific suggestions are as follows: Change the passenger
experience project into a long-term project to avoid the
excessive number of tourists during the peak period, which
will affect the passenger experience. Second, experience
programs should be combined with local cultural charac-
teristics. 'ird, design experiences that most travelers can
experience and accept.

5. Conclusion

Tourism facilities are tangible, while service and experience
are intangible, which is also where the real value of tourism
experience marketing lies. But in the specific implementa-
tion process, there are still many deficiencies, after all, the
introduction of experience marketing into tourism is still in
its infancy, and marketing theory is not mature. 'erefore, it
is necessary to constantly combine their own characteristics
and local culture design experience activities, constantly
study tourists’ psychology, cater to tourists’ spiritual needs,

and constantly stimulate and guide tourism demand, so as to
promote the development of tourism. Constantly explore
and improve, and constantly tap the potential and space of
tourism experience marketing.

'e arrival of experience economy calls for a new
marketing theory, and experience marketing arises at the
historic moment. Experiential marketing will gradually re-
place the old marketing model, and the application of ex-
periential marketing will be more and more extensive.

'is paper uses the theory of experiential marketing to
design the tourism marketing strategy of Qingyan Ancient
Town. Experiential marketing meets the requirements of'e
Times, meets the requirements of tourism development, and
more meets the experience needs of tourists.

'rough the questionnaire survey, this paper found that
Qingyan Ancient Town’s tourism experience is not good,
and its experience marketing has room for further im-
provement. 'is paper optimized design scheme of expe-
riential marketing, combined with the status quo of Qingyan
Ancient Town tourism and other tourist attractions tourism
marketing activities, and the author’s design has a solid
theoretical foundation and abundant case, which can be used
for reference of Qingyan Ancient Town tourism experience
marketing in the actual implementation of the process of
optimization design, and has a certain reference. However,
because author’s understanding of Qingyan Ancient Town
tourism is not comprehensive and in-depth, the reference
scenic spot and Qingyan Ancient Town tourism scenic spot
have their own characteristics and differences. 'erefore,
this article gives the design scheme in the process of
implementation, and there will always be an ascending. 'e
author will continue to study the uniqueness of Qingyan
Ancient Town tourism and actively learn from other
scholars’ theory. In this paper, the depth and breadth of the
deepening of the efforts of Qingyan Ancient Town tourism
and more experiential marketing constructive suggestions
are put forward.

Data Availability

'e labeled data set used to support the findings of this study
is available from the corresponding author upon request.

Table 3: Comparison table of enterprise marketing portfolio strategy changes and market share.

Enterprise marketing mix strategy
Marketing mix factors and market share

Quality Price Sales system Market share
Current status of company 8.5 8.5 8.5 7.91
Improve product quality 9 8.5 8.5 8.1024
Lower product prices 8.5 9 8.5 8.6364
Improve the sales system 8.5 8.5 9 8.9076
Lower prices and improve quality 9 9 8.5 8.3363
Reduce prices and improve sales system 8.5 9 9 9.3396
Improve quality and sales system 9 8.5 9 8.3107
Raise prices and improve quality 9 8 8.5 8.0538
Raise prices and improve sales system 8.5 8 9 8.6999
Reduce price, reduce quality, and improve sales system 8 8 9 8.9376
Raise prices, improve quality, and perfect sales system 9 8 9 8.4366
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With the rapid development of cloud computing and mobile Internet technology, the information of optional services in the
network is exploding and the problem of information overload is becoming more and more serious. %e recommendation system
can recommend suitable English online classes for students according to their interests and needs, effectively reduce the data load,
help students extract effective information from the mass of information, and make accurate recommendations. Aiming at the
problems of data sparsity and cold start in the recommendation system, this paper proposes a recommendation method to
improve the collaborative recommendation algorithm in college English online classroom teaching practice. Based on the
extracted student tag feature information, this method uses spectral clustering algorithm to cluster similar students and
transforms the original high-dimension scoring matrix into several lower-dimension subscoring matrices. %en, the implicit
meaning model is used to locally predict the missing score in the subscore matrix. Finally, after obtaining the missing score, the
improved neighborhood-based collaborative recommendation algorithm is used to predict the global score of the target student.
Experiments are performed on commonly used public data sets. Compared with the traditional recommendation algorithm, the
proposed algorithm has higher recommendation accuracy and better RMSE performance.

1. Introduction

In the era of “Internet plus,” students have a broad vision, are
not afraid of authority, and no longer blindly accept the
indoctrination of books and teachers. %e penetration of the
Internet, the application of artificial intelligence, and the
popularity of smart phones have also changed students’
learning concepts and ways [1]. Students’ learning input is
no longer limited to classroom and relying on teachers, and
they can use the abundant resources of the Internet to obtain
the knowledge they need [2].

In today’s era of rapid scientific and technological de-
velopment, all walks of life continue to reform and innovate
and education industry is also subjected to the baptism of the
tide of %e Times, facing unprecedented challenges. With
the continuous advancement of teaching reform in colleges
and universities, innovative teaching methods have gradu-
ally infiltrated. Information-based classroom software
platforms represented by university’s “Rain Classroom,”
“Blue Ink Cloud Class,” and “UMU Interactive Learning

Platform” have emerged in an endless stream [3]. How to
introduce the information-based classroom teaching
methods under the influence of “Internet+” thinking into
traditional course teaching has become the focus of teaching
reform and innovation in various disciplines.

Due to the epidemic and other reasons, the demand for
online teaching in universities at home and abroad has in-
creased sharply. According to data release report, more than
2,000 colleges and universities in China have adopted online
teaching tools such as Tencent Classroom and Rain Class-
room for online teaching [4]. However, the Special Research
Report on the Evaluation of the Effect of Online School
Resumption in China in the Spring of 2020 by Imedia pointed
out that the current online teaching tools in colleges and
universities can only rely on teachers to recommend and
release human resources and cannot integrate and utilize the
teaching resources in schools automatically. Due to copyright
problems, internal teaching resources can only be accessed
externally by teachers and students through VPN and other
ways but cannot provide good internal search and query tools.
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%is leads to the seemingly contradictory problem of “too
many idle resources on campus and insufficient demand
satisfaction,” which seriously affects the effectiveness of online
teaching [5]. Although a series of new mobile Internet
technologies, such as knowledge recommendation engine,
have provided solutions to this problem to a certain extent,
the relative isolation of resources in the campus network leads
to the reduced efficiency of these solutions.

In recent years, the scale of student and English online
courses in the network is getting larger, and the huge data
information becomes rich resources, which also brings great
challenges to the existing collaborative recommendation
algorithm [6]. In the face of massive, multisource, hetero-
geneous, and sparse students’ behaviour data, the traditional
neighborhood model-based collaborative recommendation
algorithm [7] and the matrix factor-based latent factor
model (LFM) are unable to do so. %e traditional neigh-
borhood-based collaborative recommendation model needs
to mine the similarity information of students on the basis of
calculating the similarity between all student pairs or English
online course pairs, so as to determine the similar historical
students of target students [8]. However, in the face of
student comment information with high dimension, large
scale, and sparse data substituted with context information,
there is a huge amount of calculation and the efficiency of
recommendation algorithm is one of the bottlenecks, af-
fecting the further improvement of recommendation per-
formance. Meanwhile, the problem of cold start is also one of
the urgent problems to be solved in collaborative recom-
mendation methods.

At the psychological level, domestic and foreign scholars
have concluded that the individual differences of each
learning individual make personalized curriculum planning
have positive significance for learning [9]. Although the
personalized curriculum recommendation algorithm started
late in China, there are many achievements in the optimi-
zation and improvement of recommendation algorithm.
%rough the collaborative prediction method of learning
resources in literature [10], problems such as extensibility
calculation and loose calculation in collaborative recom-
mendation algorithm are basically alleviated. Literature [11]
improves the collaborative filtering algorithm based on
English online courses through communication between
teachers and students. By analysing the characteristics of
students, a personalized recommendation algorithm suitable
for students is proposed to alleviate the problem of low fit
between recommendation results and learners. Literature
[12] obtained and analysed the dynamic data of online
learners in the learning process, extracted the personalized
learning needs of learners, and made an overall course
planning through professional teachers. Finally, the genetic
hierarchical recommendation algorithm was used to rec-
ommend courses for learners, significantly improving the
accuracy of course recommendation.

However, the above methods often involve the problem
of cold start of recommendation algorithm, which makes it
impossible to establish a recommendation model with good
performance and accurate recommendation without initial
data. %is paper proposes an intelligent collaborative

recommendation algorithm based on spectral clustering and
cryptic model. On the basis of mining similar information
between students or items using spectral clustering algo-
rithm, the algorithm combines the recommendation model
based on cryptic meaning model with the collaborative
recommendation model based on neighborhood, so as to
solve the bottleneck problem in the traditional collaborative
recommendation algorithm and improve the recommen-
dation performance.

%e contributions of this paper are as follows:

(1) On the basis of obtaining the label feature vectors of
students (or English online courses), the spectral
clustering algorithm is used to cluster students to
obtain similar students of the target students.
Meanwhile, the original scoring matrix can be di-
vided into several lower-dimension subscoring
matrices based on the spectral clustering algorithm

(2) In each subscoring matrix, the matrix decomposition
model based on cryptic meaning model is used to
locally predict the missing score to solve the data
sparsity

(3) %e improved neighborhood-based collaborative
recommendation algorithm is used to predict the
global score of the target students

%is paper consists of four main parts: Section 1 is the
introduction, Section 2 is the state of the art, Section 3 is
methodology, Section 4 is result analysis and discussion, and
Section 5 is the conclusion.

2. State of the Art

2.1. Collaborative Recommendation Method Based on the
Neighborhood Model. %e neighborhood model-based col-
laborative recommendation method is mainly based on the
user’s historical behavior information to find the nearest
neighbors with similar preferences for the user. It is based on
the idea of “people are divided into groups” or “things are
clustered together” to recommend items that may be of in-
terest to users. At present, many scholars at home and abroad
have improved the basic nearest neighbor model in different
degrees to improve themodel recommendation effect [11, 13].
Literature [11] proposes a QoS-aware personalized service
recommendation method based on users’ rating of service
quality attributes of services. It finds near-neighbor objects
with similar QoS preferences for users by building a region
model. Literature [13] constructs a user preference model by
mining user text comment data and extracting keyword
vectors to improve the scoring-based similarity calculation in
the original nearest neighbor model based on semantic in-
formation. %e idea of constructing the nearest neighbor
model is simple and easy to understand, but the model has
poor recommendation effect for sample data sparse or cold
start scenarios and does not have good scalability.

2.2. Recommendation Method Based on the Hidden Semantic
Model. Compared with the neighborhood-based collabora-
tive recommendation model, the implicit semantic model
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based on matrix decomposition technique can better cope
with the data sparsity problem. Moreover, it takes into ac-
count the influence of the implicit information in the scoring
matrix on the recommendation effect. Literature [14] adds
binarized user attributes to the implicit semantic model and
uses the classification model to evaluate the importance of
other user attributes and find out the similar users of the
target user. %en, it combines the rating information of the
target users tomake predictions and recommendations. Based
on the BERT model, deep nonlinear feature vectors of users
and items can be extracted from the reviews, and the deep
feature vectors of users and items are combined with potential
hidden vectors to generate deep feature terms for predictive
recommendations [15].

2.3. Collaborative Recommendation Method Based on Clus-
tering Algorithm. %e clustering algorithm belongs to an
unsupervised learning method in machine learning, which
can group sample data effectively. %erefore, clustering al-
gorithms can be used in collaborative recommendation
models to search for similar users of the target user. Literature
[16] clusters label features to generate topic label clusters and
constructs an item-topic association matrix combined with
the original scoring matrix, to calculate the similarity between
items. Finally, it uses a collaborative neighborhood-based
recommendation model for predictive recommendation.
Literature [17], on the other hand, improves the traditional
recommendation model based on K-medoids clustering al-
gorithm and probabilistic model to enhance the recom-
mendation accuracy. By introducing a time decay function to
preprocess the rating information, it proposed a collaborative
recommendation model based on a clustering algorithm.
Users and items are clustered based on user feature vectors
and item attribute vectors, and then, an improved similarity
calculation method is used to find similar users of the target
user for predictive recommendation.

3. Methodology

3.1. Problem Description. Given a sample data set, each
sample (p, x, rpx) represents a rpx grade for college English
online course x given by student p. %e sample data also
contain the characteristics of student tags [F1, F2, . . . , Fn].
Each student p has a tag feature vector corresponding to it,
and n represents the dimension of the tag feature vector of
the student. %e task of this paper is to mine the interactive
information of student-student and student college English
online courses from the information of student label
characteristics and scoring and predict the score of target
students on candidate college English online courses.

As shown in Figure 1, there are three modules. %e first
module uses spectral clustering algorithm to cluster students
based on the characteristic vector of student tags obtained
from sample data. In module 2, the score matrix is con-
structed in each subcluster and the cryptic meaning model
based on matrix decomposition is used to locally predict
missing score in each subcluster. Module 3 uses the im-
proved collaborative recommendation model to make global

prediction recommendation. %is algorithm mines similar
information among students, based on the characteristic
information of students’ tags, and can find similar students
without excessive comments, so it can solve the cold start. At
the same time, the missing score is locally predicted in each
submatrix in module 2, which solves the problem of data
sparsity.

3.2. Spectral Clustering. In spectral clustering, all sample data
are regarded as points in space and these points can be
connected to form an undirected weighted graph. And, the
weight of each edge is the similarity of the two vertices. %e
adjacency matrix can be obtained based on the similarity
matrix. %en, the eigenvectors of the Laplacian matrix con-
structed by the sample data are clustered. In spectral clus-
tering algorithm, there are three main methods to construct
the adjacency matrix. %ey are ε-neighborhood method, k
nearest neighbor method, and full connection method. In this
paper, we use the symmetric k nearest neighbor method.

%e KNN algorithm is used to traverse all sample points,
and the k points closest to each sample point (the distance is
measured by Gaussian kernel function) are taken as their
nearest neighbors. It can be constructed as a symmetric
adjacency matrix in the following two ways:

(1) As long as a point is in the k nearest neighbor of
another point, mxy � exp(− (‖ix − iy‖22/2σ

2)); oth-
erwise, mxy � 0

(2) Only when two points are k-nearest neighbors to
each other, mxy � exp(− (‖ix − iy‖22/2σ

2)); otherwise,
mxy � 0

3.3. Cryptic Meaning Model Based on Matrix Decomposition
Technology. %e implicit meaning model is derived from
Simon Funk’s improvement of singular value decomposition
(SVD) algorithm by using gradient descent (GD). From the
perspective of matrix decomposition, the cryptic meaning
model decomposed the scoring matrix R into the product of
two low-dimensionalmatrices related to student characteristics
and college English online course characteristics, respectively.

R � U
N

V. (1)

U ∈ Rf×t, V ∈ Rf×w, and t and w are the number of
students and the number of college English online courses,
respectively. %e student p’s score of college English online
course x can be expressed as follows:

rpx �  upf · vxf. (2)

Here, upf represents the f-th eigenvalue of student p. vxf

represents the f-th eigenvalue of college English online
course x. To obtain the parameters upf and vxf, we have the
following formula:

L(u, v) � 
(p,x)∈Train

rpx − rpx 
2
. (3)

Train is the training set. Random gradient descent, least
square method, coordinate descent, and other methods can

Security and Communication Networks 3
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be used to learn. In addition, in order to prevent overfitting,
the overfitting term can be added to the loss function
λ(‖up‖2 + ‖vx‖2), λ is the regularization parameter.

In addition, in practice, some attributes of students have
nothing to do with college English online courses and some
attributes of college English online courses have nothing to
do with students. %erefore, bias items can be added to the
prediction model, and SVD models with bias items added
are called BiasSVD models.

3.4. Cluster Students Based on Student Characteristics and
Spectral Clustering Algorithm

(1) %e sample point I � i1, i2, . . . , it  and then the
student similarity matrix S � sxy 

t×n
are calculated

by using the K-nearest neighbor algorithm based on
Gaussian kernel function and the student tag feature
vector. Here, n is the label feature dimension.

sxy � exp −
ix − iy

�����

�����
2

2

2σ2
⎛⎜⎜⎝ ⎞⎟⎟⎠. (4)

%en, the adjacency matrix M � mxy 
t×n

is con-
structed. %e similarity matrix constructed by
the K-nearest neighbor method is not symmetric.

%erefore, a symmetric K-nearest neighbor simi-
larity matrix is constructed in the following way. As
long as a point is in another point’s k-nearest
neighbor, Sxy is retained.

mxy �

0, ix ∉ZTT iy &iy ∉ZTT ix( ,

exp −
ix − iy

�����

�����
2

2

2σ2
⎛⎜⎜⎝ ⎞⎟⎟⎠, ix ∈ZTT iy |iy ∈ZTT ix( .

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(5)

(2) We construct degree matrix Dwt according to the
connection matrix; degree matrix D is a diagonal
matrix.

(3) We calculate the Laplace matrix L: L� d− m.
(4) We use Ncut to find k minimum eigenvalues of

Laplace matrix L to construct the characteristic
matrix F.
First, the normalized Laplace matrix Ls is constructed,
Ls � D− 1/2LD− 1/2 � I − D− 1/2WD− 1/2, where x is the
identity matrix.
We calculate the eigenvalues of normalized
Laplacian matrix Ls, select the first k minimum ei-
genvalues, and calculate the corresponding eigen-
vectors f1, f2, . . . , fk.

sample data Data preprocessing

Data preprocessing

User rating information

The similarity matrix and adjacency matrix are
constructed based on KNN algorithm

Constructing Laplace matrix L based on degree
matrix and adjacency matrix

The first k minimum eigenvalues of matrix L
are obtained by NCUT tangent method to

construct characteristic matrix F

The similarity matrix and adjacency matrix are
constructed based on KNN algorithm

Grouping clustering based on spectral clustering
algorithm

The improved neighborhood
collaborative recommendation model is

used to predict and recommend the target
students in the global scoring matrix

The implicit semantic model is used to
locally predict the deletion score in each

sub cluster

Figure 1: %e framework model of the proposed algorithm.
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%e matrix composed of the above k feature vec-
tors as column vectors is normalized according to
rows, and finally, the feature matrix N � f1,

f2, . . . , fk} and N ∈ Rt×k with dimension t × k are
formed.

(5) Let bx ∈ Rk be the i-th row vector of the charac-
teristic matrix n as the new intermediate data
sample point, where x � 1,2, . . ., t, and then, we use
the k-means clustering to cluster the new sample
points B � b1, b2, . . . , bt  into clusters G1,

G2, . . . , Gk}.
(6) %e cluster of the new sample points is transformed

into the original student cluster C � C1,

C2, . . . , Ck}, where Cx � y|by ∈ Gx .

3.5. Missing Score of Local Prediction Based on the Cryptic
Model. After grouping and clustering students based on the
above steps, the original scoring matrix with a higher di-
mension can be divided into k smaller subscoring matrices.
%e cryptic meaning model based on matrix decomposition
will be used to fill the missing score in the scoring matrix to
solve data sparsity. %e operations for each subscoring
matrix are as follows.

Suppose Ra×w is a subscoring matrix, a is the number of
students in the corresponding subcluster, and w is the
number of college English online courses in the sample. In
this paper, BiasSVD algorithm is used to decompose and
predict the scoring matrix. %e BiasSVD algorithm assumes
that the scoring system includes two parts, bias term and
interaction factor between students and college English
online courses, as shown in

rpx � μ + hp + hx + 
f

upf · vxf.
(6)

Among them, the bias items include global mean μ,
student bias item hp, and college English online course bias
item hx.

In the cryptic model, the parameters hp, hx, upf, and
vxf in Formula (6) are obtained by minimizing the loss
function in

L � 
(p,x)∈train

rpx − μ − hp − hx − 
f

upf · vxf
⎛⎝ ⎞⎠

2

+ λ up

�����

�����
2

+ vx

����
����
2

+ hp

�����

�����
2

+ hx

����
����
2

 .

(7)

Here, λ(‖up‖2 + ‖vx‖2 + ‖hp‖2 + ‖hx‖2) is a regular term
added to prevent overfitting.

%en, the stochastic gradient descent (SGD)
method is used to solve the above loss function, and the
partial derivative of each parameter can be obtained as
follows:

zL

zupf

� − 2ρpx · vxf + 2λupf,

zL

zvxf

� − 2ρpx · upf + 2λvxf,

zL

zhp

� − 2ρpx + 2λhp,

zL

zhx

� − 2ρpx + 2λhx,

(8)

where ρpx � rpx − rpx � rpx − μ − hp − hx − fupf

·vxf.%erefore, parameters hp, hx, upf, and vxf can be ob-
tained iteratively by the following recursive formula:

hp←hp + c ρpx − λhp ,

hx←hx + c ρpx − λhx ,

upf←upf + c vxf · ρpx − λupf ,

vxf←vxf + c upf · ρpx − λvxf .

(9)

Here, c is the learning rate. %rough the above implicit
semantic model based on BiasSVD algorithm, the missing
score can be locally predicted in each subscoring moment.

3.6. Score Prediction. After the local initial prediction of
missing score in each subcluster, the subscore matrix was
combined into the original score matrix and the improved
neighborhood-based collaborative recommendation model
was used to make the quadratic global prediction. %e
scoring matrix becomes very dense after missing scoring
through local filling. If the traditional neighborhood-based
collaborative recommendation model is used, the similarity
value between all pairs of students needs to be calculated,
which requires a large amount of calculation. %erefore, this
paper uses k-means clustering algorithm again to cluster
students based on student scoring vector and divides the
student set into k classes again.%en, in the cluster where the
target student is located, the similarity between the target
student p and other students in the subcluster is calculated
based on the Pearson Correlation Coefficient (PCC). %e
calculation equation is as follows:

sxw(p, q) �
x∈XPQ

rpx − rp  · rpx − rq 
���������������

x∈XPQ
rpx − rp 

2
 ���������������

x∈XPQ
rpx − rq 

2
 ,

(10)

where rpx and rpx represent the scores of student p and
student q for college English online course x, respectively.
Xpq represents a collection of online college English courses
that are all graded p and q by students. rp and rq represent
the mean of student p and student q scores, respectively.
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Here, to set a threshold value of δ,
Tex(p) � q|stxnwq(p, q)h≥ δx, 7qC ∈ ; P . P is the whole
set of students, so the score of target student p on college
English online course x can be predicted by

urpx � rl +
q∈Tex(p) rqx − rl  · sxw(p, q)

q∈Tex(p)|sxw(p, q)|
. (11)

4. Result Analysis and Discussion

%e experimental data set is from the actual operation data
of an online teaching website, with 13,680 students and a
total of 737 courses, mainly college English-related courses.
%e data included students’ learning records and scoring
records from May 2014 to July 2017, with a total of 148,170
records. %e training set accounted for 80%, about 118,000
records, and the test set accounted for 20%, about 30,000
records. First, the data are simplified into triples (student id,
study time, and course id).

%e evaluation index of the algorithm is precision, which
refers to the proportion of the courses actually learned by
students among all the courses recommended for display, as
shown in

precision �
p⊆PR(p)∩N(p)

p⊆PR(p)
, (12)

where N(p) represents all courses actually learned by stu-
dent p and R(p) represents all courses recommended to
student p. %e higher the accuracy rate is, the better the
recommended courses meet students’ expectations.

We input the course sequence that students have learned
in the test set, output a course sequence after model pro-
cessing, take the last course as the recommended course of
students, and judge whether the recommended result is
accurate compared with the courses that students actually
learn.

All courses are divided into three categories: English
reading, English listening and speaking, and English writing.
%e data set is divided into three subsets accordingly. Table 1
records the recommendation results based on the traditional
collaborative algorithm under the manual classification of
websites.

%e recommendation results of all categories are gen-
erally better than those of all courses after classification.

%e algorithm in this paper is used for automatic clas-
sification of courses, and three course categories are ob-
tained. Table 2 shows the corresponding recommendations.

Compared with the results of manual classification in
Table 1, the recommendation algorithm performs better
thanmanual classification in most categories divided and the
accuracy of weighting is increased by 8.2%.

%e comparison of the accuracy of the proposed algo-
rithm with those in literature [11, 18–20] and literature [21]
in the same data set is shown in Table 3 and Figure 2.

Except for all course categories, the accuracy index of the
proposed algorithm is much higher than of the other five

algorithms. Compared with the other five algorithms, the
proposed algorithm is more suitable for the recommenda-
tion of courses with strong temporal dependence.

%e performance of the intelligent collaborative rec-
ommendation method based on the spectral clustering and
cryptic model is not only related to the structure size of the
collaborative recommendation algorithm but also highly
dependent on the training sample size.%erefore, the sample
size of training participants was set differently to verify its
recommended performance, and the results are shown in
Table 4 and Figure 3. %e initial training and testing sample
ratio is 8 : 2.

When the number of training samples decreases, the
recommended RMSE values of the three data sets all rise.
When the proportion of the training set decreased from 80%
to 20%, the RMSE performance of English reading, English
listening and speaking, and English writing decreased by
34.11%, 36.77%, and 42.93%, respectively. By comparison,
the personalized recommendation of English writing is most
sensitive to the sparsity of the training sample set, followed
by the sparsity of English listening and speaking, and the
sparsity of the sample set has the least influence on the
sparsity of English reading. In conclusion, when the pro-
portion of the training set is 80%, the optimal personalized
recommendation performance can be obtained.

To verify the recommended performance of different
algorithms for three kinds of data sets, six algorithms were
used to train the three kinds of data sets, respectively.
Figures 4–6 show the results. According to the results in
Table 4, the number of nodes involved in training for the six
algorithms is 80% of the total sample number.

RMSE in this paper includes all the lowest values, which
indicates that the proposed algorithm has the highest rec-
ommendation accuracy for these three data sets. In terms of
order of accuracy of personalized recommendation, the
algorithm in this paper has the best performance, followed
by literature [20], and those in literature [18] and literature
[21] have the worst RMSE performance. In terms of running
time, algorithms in literature [18] and literature [21] are the
best, while the algorithm in this paper and literature [20]

Table 1: Recommended results based on artificial classification of
websites.

Category Number of courses Accuracy
All courses 137 0.126
English reading 38 0.298
English listening and speaking 47 0.373
English writing 52 0.387
Weighted accuracy — 0.206

Table 2: Recommended results based on the proposed algorithm.

Category Number of courses Accuracy
All courses 137 0.126
Course 1 29 0.211
Course 2 45 0.369
Course 3 63 0.406
Weighted accuracy — 0.288
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Table 3: Accuracy comparison of six algorithms.

Category Literature [18] Literature [19] Literature [20] Literature [11] Literature [21] Proposed
All courses 0.031 0.016 0.045 0.022 0.077 0.126
Course 1 0.016 0.021 0.015 0.012 0.019 0.038
Course 2 0.055 0.028 0.062 0.069 0.079 0.098
Course 3 0.112 0.141 0.122 0.137 0.155 0.186
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Figure 2: Accuracy comparison of six algorithms.

Table 4: RMSE of different training sample sizes.

⟶Data set Training set ratio/% RMSE

English reading

80 0.8248
60 0.8969
40 0.9255
20 1.1659

English listening and speaking

80 0.839
60 0.9194
40 0.9391
20 1.2067

English writing

80 0.9685
60 1.0011
40 1.1506
20 1.3978

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
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RMSE 
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Figure 3: RMSE with different training sample sizes.
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perform poorly. %e main reason is that the operation of the
deep learning framework requires multiple positive and
negative updates, resulting in high operation time con-
suming steps.

5. Conclusion

No recommendation algorithm is absolutely superior to
another recommendation algorithm. %erefore, multiple
recommendation models can be effectively integrated to
build a hybrid recommendation model with higher per-
formance. Based on this, an intelligent collaborative rec-
ommendation method based on spectral clustering and
cryptic model is proposed. %e method uses the KNN
model-based spectral clustering algorithm to mine similar
information among students and then groups the students
into clusters. %en, the original scoring matrix is divided
into several subscoring matrices with lower dimensions
based on clustering. %en, a matrix decomposition model
based on the cryptic meaning model is used to locally predict
the missing score in each subscore matrix. Finally, the
improved neighborhood-based collaborative recommenda-
tion algorithm is used to predict the global score of the target
students. Experimental results show that the proposed al-
gorithm effectively solves the problem of data sparsity and
cold start and accelerates the efficiency of the recommen-
dation algorithm while improving the accuracy of predic-
tion. %e next step mainly includes constructing the
relationship diagram between students and English online
courses by using a knowledge graph to obtain more specific
characteristics of students and English online courses and
constructing a prediction model by using the deep learning
method to further improve recommendation accuracy.
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With the deepening development of economic globalization and world economic integration, all enterprises are faced with an
increasingly complex and competitive living environment. (erefore, it is particularly important to formulate a human resource
strategy suitable for the enterprise’s own development to cope with the external challenges and external competition of the
enterprise. However, in the current management practice of state-owned enterprises including power supply enterprises in our
country, it is rare to make strategic decisions on human resources by applying scientific, effective, and complete mathematical
models. Taking construction enterprises as an example, this study combines human resource management, enterprise man-
agement, project management, comprehensive evaluation, and grey system and other theories to systematically study the effect of
human resource management in enterprises, and finally constructs a suitable evaluation method for construction enterprises, and
an assessment model for diagnosing its human resource management status. We provide practical guidance for the management
of human resources in construction enterprises, which is conducive to human resource workers to discover existing problems in
time and make improvements, give full play to the potential of human resources, and improve the level of human resource
management and the value of enterprises.

1. Introduction

With the continuous development of economic globaliza-
tion and high-speed integration of information, China’s
enterprises are facing an increasingly complex, changing,
and increasingly competitive living environment. If enter-
prises want to have a more relaxed and comfortable living
space, and more long-term and broad development pros-
pects, they must explore a more scientific, efficient, and
rigorous system of sustainable development. In this devel-
opment process, human resources play a particularly im-
portant role; human resources are not only the main
resource of all resources but also the backbone of all po-
sitions in the enterprise; and the staffing of any position
requires the solid support and coordination of human re-
sources. (e core of enterprise competition is the compe-
tition of human resources; human resources in turn affect
the implementation of enterprise strategy; and there is an
irreplaceable mutual force between enterprises and human

resources [1]. (erefore, enterprises should attach great
importance to human resources, increase the research,
strength, and depth of human resource strategy, and make
reasonable use of decision-making methods to make deci-
sions on human resource strategy programs. At the same
time, it is necessary to develop a human resource strategy in
conjunction with the enterprise’s own situation and opti-
mize resource allocation so as to establish core competi-
tiveness in the current complex market environment of both
opportunities and challenges [2].

“Value evaluation” emphasizes the establishment of a
scientific value evaluation and assessment system, which
includes personality evaluation, professional behavior ability
evaluation, and key performance index evaluation. First,
personality evaluation refers to the evaluation of whether
employees have the personality characteristics required by a
position, or “theme characteristics.” To evaluate personality
traits, we must first establish the quality model of various
positions in the enterprise. For example, development
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positions, pilot test positions, and sales positions all require
different quality requirements of employees, forming the
quality model of different positions. On this basis, the
corresponding evaluation system can be established to de-
termine whether the relevant employees have the personality
characteristics required by a certain position; second, the
evaluation of professional behavior ability refers to the
evaluation of whether employees have the job behavior
ability required by a job or job competence.

Human resource strategy plays an important supporting
role in the expansion and long-term development of en-
terprises. With the development of economy, human re-
source strategy, as the first resource strategy in the economic
knowledge era, has been highly valued by scholars and
enterprise managers at home and abroad. (e complex and
changeable environment makes people gradually realize that
the competition of all social and economic activities is
fundamentally the competition of human resources. Human
resource strategy is a set of binding and guiding manage-
ment strategies on the selection, employment, and layoff of
human resources, which involves goals, plans, and guide-
lines from the premise of external environment such as
market environment, economic environment, political en-
vironment, and social environment in which the enterprise
is located at home and abroad, and from the starting point of
long-term development and overall interests of the enter-
prise [3]. Especially after China’s accession to the WTO, the
competition for human resources in various industries has
become more and more intense. Only with strong com-
petitive human resources can enterprises achieve their ul-
timate strategic goals, promote the growth of efficiency, and
finally maximize their profits. Modern human resources pay
more attention to the strategic position of human resources
in the enterprise, while human resource development and
human resource quality are regarded as a holistic concept.
(us, it seems that making good strategic HR decisions is
crucial for the company [4].

(e classical decision-making methods such as principal
component analysis and ideal solution method have
achieved relatively satisfactory results in deterministic de-
cision-making work. However, in real life and social prac-
tice, people are often faced with an uncertain decision
problem where some information is known and some in-
formation is unknown, and currently, the application of grey
system theory to decision-making becomes the main trend
[5]. Different decision methods have different scopes and
fields of application; therefore, the comparative advantages
and limitations of evaluation methods should be compre-
hensively and objectively analyzed; suitable evaluation
methods should be explored according to specific fields and
actual situations; and then, comprehensive decision models
should be established.

(e purpose of this study is to embed rich scientific
theoretical research and innovative thinking and concepts
into the practical application of human resources in Chinese
enterprises so that enterprises can better make effective
decisions in human resource strategy, and a suitable deci-
sion-making method can be reached. (e human resource
strategic decision-making method with practical operation

makes human resource human-oriented in management
methods, transparent in salary management, and modern in
management methods. (e main frame schematic is shown
below. By constructing a scientific and reasonable quanti-
tative system, the difficult-to-solve human resource strategic
decision-making problems can be effectively solved through
objective and scientific qualitative and quantitative analysis,
and the theoretical content of human resource disciplines
can be enriched, scientific, and formalized [6]. At the same
time, it can provide a new method and new tool for human
resource decision-making, so that enterprises can better and
more fully take human resources as an important starting
point, mobilize the initiative and creativity of human re-
sources, and then improve the labor productivity of en-
terprises. Long-term strategic goals and long-term
development are shown in Figure 1.

2. State of the Art

Over the past hundred years, modern organizational
management has shown a historical trend of “human nature
gradually emerging,” which can be roughly divided into
several stages: the era of labor management based on the
classical management (especially Taylor’s scientific man-
agement) theory at the end of the 19th century and the
beginning of the 20th century; in the middle of the 20th
century, the era of personnel management based on the
theory of organizational behavior and interpersonal rela-
tionship; and at the end of the 20th century and the be-
ginning of the 21st century, the era of human resource
management based on the human capital and strategic
management theory.

In recent years, under the background of digital tech-
nology network, globalization of market economy and
humanization of social development, “people-oriented and
strategic incentive,” have become the common direction and
inevitable choice of all kinds of economic and social orga-
nizations in the world to obtain and maintain strategic
competitive advantage and realize long-term sustainable
development.

After years of development, the human resource service
industry has become a supporting industry in the service
industry, and its development scale is large; Majchrzak et al.
concluded from statistics that in the United States, out-
sourcing services account for more than one-half of the
service industry; in addition, personnel outsourcing services
account for the largest proportion of outsourcing services;
and according to statistics, personnel services account for
10% of outsourcing services [7]. According to Mathematics -
Grey System (eory, the growth trend of HR service out-
sourcing in the U.S. is obvious in recent years, with an
average annual growth rate of about 9%, and through the
analysis of the growth trend in recent years, they predict that
the future demand for HR services is still on the rise [8]. (e
rapid development of the HR service industry has driven a
large increase in social employment. Mathematics - Grey
System (eory [9] showed that there is a positive rela-
tionship between the growth of the HR service industry and
social employment rate. All the above scholars conclude that

2 Security and Communication Networks



RE
TR
AC
TE
D

the HR service industry has a positive effect on social em-
ployment, and with this, some scholars have conducted
targeted research on the development of the HR service
industry itself. Wang et al. shows that the HR service in-
dustry has a positive effect on social employment [10].
Javanmardi et al. noted that firms should use HR service
outsourcing for noncore activities, such as laundry services
in the hospitality industry, and the operations such as se-
curity and environmental maintenance [11].

Most studies suggest that HR service outsourcing can
save costs and improve the core competitiveness of firms,
andMathematics - Grey System(eory studied which sector
is more efficient when job placement services are provided
by the public and private sectors, and the results showed that
the private sector is more efficient than the public sector [12].

Unlike our country, there is currently no clear and
uniform definition of HR services in foreign countries. Many
countries follow the systematic industrial classification
dictionary to classify various industries in the national
economy, but neither the North American Industrial
Classification System (NAICS) nor the International Stan-
dard Industrial Classification (ISIC) clearly classifies the
human resource service industry as an independent category
[13]. By searching the relevant data and literature, the
classification methods of North American countries, the
United Kingdom, Japan, and Singapore, where the human
resource service industry is more developed, were sorted out.
(1) North American countries. In the North American In-
dustrial Classification System (NAICS) jointly implemented
by the U.S., Canada, and Mexico, human resource service-
related businesses are found in the following areas: (1)
administrative and general management consulting services
and human resource and senior management search con-
sulting services; (2) employment services, including

employment placement agencies, temporary support ser-
vices, and employment services. (2) (e UK differs from
North America; in that, it classifies human resource services
under the category of “business management and man-
agement consulting” in the “other business services” cate-
gory [14]. (is category can be divided into three smaller
sorts: (1) Human resource management consulting; (2) labor
recruitment and personnel services; (3) management
training services. In the “other business services” category,
there are “private employment agencies” and “unclassified
services” related to human resource services. Among them,
“unclassified services” includes two categories: “labor dis-
patch” and “unclassified services.” According to the Sin-
gapore Standard Industrial Classification (SSIC), industries
related to human resource services are mainly distributed in
the following categories: (1) “human resource consulting
services”; (2) employment services; and (3) professional and
management development training.

3. Methodology

3.1. Overview of Human Resources. Corporate culture is the
“character” of an enterprise and is the sum of the values,
business ideas, group consciousness, and code of conduct
formed by the enterprise in the process of long-term pro-
duction and operation. A good corporate culture will have
the following impact on the development of human re-
sources: through the moisture of corporate culture, em-
ployees’ work enthusiasm is stimulated and employees’
enthusiasm is mobilized. (rough the subtle influence of
corporate culture, the behavior of each employee is stan-
dardized, employees’ dedication to society is stimulated, and
a good corporate culture is instilled into employees, so that
employees feel that they are working not only for the
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enterprise but also for the progress of society, so as to
produce a sense of participation, self-realization, and no-
bility, and mobilize their work and enthusiasm. (erefore, it
is necessary to study the application of corporate culture in
human resource management.

Although the study of human resource management in
China started later than that in western countries, in en-
terprise practice, with the gradual deepening of international
economic integration and the continuous and rapid de-
velopment of the domestic market economy, enterprises are
paying more and more attention to human resource man-
agement, improving to the height of strategy, and forming
human resource strategy [15]. According to the current
research results, China has not formed a unified and publicly
recognized concept of human resource strategy, but it can be
seen from the suggestions on the implementation of human
resource strategy that the academic circle has a similar
understanding of the essence of human resource strategy.

Evaluation model. According to the system theory and
the HRM theory, enterprise HRM can be regarded as a
system. (e HRM system practice includes human resource
planning, position analysis and career planning, human
resource recruitment and selection, human resource training
and development, salary management, performance evalu-
ation, promotion management, employee management,
employee welfare plan, and other functions.

In addition, a human resource strategy can promote the
improvement of enterprise benefits. By making full use of
human resources and integration, not only can we effectively
save the enterprise equipment use, prolong the service life of
infrastructure, and save to buymore of the labor force capital
expenditures and reduce human resource cost, but also will
improve the labor productivity of employees, so as to greatly
improve the operational efficiency of enterprises and bring
more profits to the enterprise.

3.2. Grey System 'eory

3.2.1. 'e Connotation of Grey System 'eory. (e grey
system theory was founded in 1982 by Professor Voskoglou,
a Chinese scholar [16]. It is a new method to study and deal
with uncertain systems with a small amount of data and
insufficient information based on mathematical theory. Its
main working principle is to use mathematical methods to
excavate and develop the known part of the information,
study the logical relationship between mathematics and
physics, through the research of data “behavior” and rules,
can correctly express the system operation rules, and has
achieved the purpose of developing and using the system. In
the real world, there are generally “small sample” and “poor
information” uncertain systems. (e grey system theory
provides theoretical guidance for describing and under-
standing these systems.

3.2.2. Application of Grey System 'eory. (e grey system
theory is good at dealing with “poor information” of sta-
tistical method, usually less data in the system, not through
statistical methods’ system behaviors under the condition of

application, is a complement to the method of statistics, so in
the social, economic, and engineering technology in areas
such as prediction and evaluation, and is widely used in
decision-making problems. For example, Liu and Ye applied
grey correlation theory to investment decision problems and
constructed a decision system model based on the grey
correlation method [17]. Yan Jun et al. developed a general
quantitative measurement system, which is widely appli-
cable in a social and economic system based on the grey
correlation method. In the distributed interactive simula-
tion, Zheng et al. [18] made a comprehensive evaluation of
the combat scheme according to the simulation results by
using the grey correlation analysis method. (e evaluation
results showed that the evaluation results obtained by using
this method were objective and true, and were in line with
the actual situation of enterprises. Chen et al. used the grey
system theory to construct the evaluation index system for
the implementation effect of an emergency plan and verified
it [19]. (e results showed that the grey system theory was
more scientific and reasonable to construct the index system.
All these studies have achieved good results, which verify the
validity of the grey theory applied to the uncertain system
with small samples. (e research sample of this study is too
small to be studied by statistical method, so grey system
theory is adopted for empirical research.

4. Result Analysis and Discussion

4.1. Determine the Weight of Human Resource Management
Effect Evaluation Index. (e coordination of human re-
source management system runs through the inside and
outside of human resource management system, which is
the overall requirement of system function. (e benefit of
human resource management is the comprehensive em-
bodiment of system coordination, system efficiency, and
effect. (erefore, we should evaluate the benefits of en-
terprise human resource management from three dimen-
sions: coordination, efficiency, and effect, that is, its
adaptability, execution, and effectiveness. (e basic
framework of enterprise human resource management
evaluation index system should also be taken into account.

Adaptability is the reflection of internal and external
coordination of human resource management system. Ex-
ternal coordination mainly includes the adaptability of
human resource management policies to the labor market,
the compliance with laws, the compatibility with enterprise
development strategy, business philosophy, and enterprise
culture, and the coordination and cooperation of human
resource management system and other subsystems of the
enterprise. Internal coordination mainly refers to the co-
ordination between various functions of human resource
management, and the coordination and cooperation be-
tween human resource management professionals and
front-line managers. Executive reflects the internal opera-
tion of enterprise human resource management system.

Analytic hierarchy process (AHP) is a weight determi-
nation method combining qualitative analysis and quanti-
tative analysis proposed by Zhang, a professor at the
University of Pittsburgh in the United States, in the 1970s.
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(e analytic hierarchy process (AHP) first divides the
complex problems to form a multilayer analysis structure
model and then calculates the weight of each index by the
combination ofmathematical method and qualitative analysis
[20]. It is a simple, flexible, and practical multicriteria de-
cision-making method, which is widely used in the field of
performance evaluation. (e specific steps to determine the
weight of human resource management effect evaluation
index of construction enterprises by AHP are as follows.

4.1.1. Establish Hierarchical Structure According to Evalua-
tion Objectives. According to the evaluation of target-hu-
man resource management performance evaluation of
construction enterprises, various index elements to achieve
the goal are constructed into a hierarchical multilayer
structure index system according to the relationship be-
tween each other. (is study has constructed a four-level
performance evaluation system of human resource man-
agement in construction enterprises, in which the highest
level is the target layer, that is, the goal to be achieved by
evaluation. (e middle layer is the criterion and sub-
criterion layer, which is the judgment criterion to measure
whether the goal can be achieved. (e last layer is the
scheme layer, that is, all possible schemes and measures to
achieve the goal.

4.1.2. Construct the Judgment Matrix. (e judgment matrix
is the quantitative basis of tomographic analysis, and the basis
of relative importance calculation and single-hierarchy
sorting. (e weight of each index can be obtained through a
series of operations on the judgment matrix. It is formed by
pairwise comparison and judgment of the relative importance
of indicators at the same level by experts in related fields,
taking an index A above the level as the evaluation criterion.
(e construction process of the judgment matrix is as follows:

① To design a questionnaire, this study invites human
resource management researchers and experienced
human resource management personnel of con-
struction enterprises to evaluate the importance of
human resource management evaluation indicators
of construction enterprises. (e selection of experts
should not be too little or too much. Too little cannot
effectively reduce the error caused by individual
differences, but too many experts will make the actual
operation difficult, and the data processing process is
too complicated.
In order to quantify the comparative results of relative
importance and form a numerical judgment matrix,
the 1–9 scale method proposed by Professor T.L. Saaty
was adopted to quantify the judgment (psychologists
believe that there should not bemore than 9 factors for
paired comparison, that is, there should not be more
than 9 indicators in the same group), as shown in
Table 1. According to the meaning of these scales,

experts can compare elements of each level in pairs to
form a judgment matrix.

② (e questionnaire is organized, and the judgment
matrix is constructed.
By sorting out the questionnaire, the arithmetical
average value of the scoring results of each expert was
calculated, which is the relative importance of the
corresponding index. According to the expert scoring
results, the judgment matrix A-B is obtained as
shown in Table 2.

4.1.3. Hierarchical Single Sorting and Consistency Test

(1) Hierarchical Single Sorting. (e hierarchical single
ranking is to calculate the importance weights of the in-
dexes related to this layer and adjacent upper layers
through the judgment matrix. In essence, it is to solve the
eigenvector W corresponding to the maximum eigenvalue
of judgment matrix B, and the W obtained is the weight of
the index in single hierarchical order. Combining the
principle of the root method (see equations (1)∼(3)) with
the calculation function of EXCEL, the eigenvalues and W
can be quickly calculated. Tables 2 to 13 show the judgment
matrix and calculation results of a single ranking of in-
dicators at each level.

Wi � n

������
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Wi �
Wi


n
i�1 Wi
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(BW)i
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. (3)

(2) Consistency Test of Judgment Matrix. To satisfy the
transitivity axiom simply means that the experts have ba-
sically the same scale requirements for the pairwise com-
parison of indicators when constructing the judgment
matrix. However, the complexity of objective things and the
diversity of evaluation indicators often result in one-sided
and diversified cognition of decision-makers, that is, the
judgment matrix obtained by nine scales may also have
inconsistent judgment, so a consistency test must be carried
out. (e consistency test is a very important and indis-
pensable step in analytic hierarchy process, which is directly
related to the reasonable weight calculation. (e specific
inspection process is as follows:

We calculate consistency index CI as follows:

CI �
λmax − n

n − 1
. (4)

(e random consistency ratio CR was calculated, and the
consistency was judged.
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CR �
CI
RI

. (5)

RI is the average random consistency index of the
judgment matrix. RI values of order 1–9 judgment matrix
are shown in Table 3.

(e discriminant criteria are as follows: n< 2, the
judgment is completely consistent; N> 2; when CR< 0.1, the
judgment inconsistency can be accepted; when CR> 0.1, the
judgment inconsistency cannot be accepted, and the matrix
needs to be modified.

According to the above calculation method of single
ranking of levels and consistency test, the relative index
weights of each level of the human resource management
effect evaluation system of construction enterprises are
obtained as shown in Tables 4 to 13, which all meet the
consistency requirements.

4.1.4. Hierarchical Total Ordering and Consistency Test.
(e hierarchical total ranking is for the total goal, and the
highest ranking of each factor is its hierarchical total
ranking. On the basis of hierarchical single ranking, the
importance of each factor to the target layer is calculated
from top to bottom, and the absolute weight is obtained.

Suppose one of the layers (layer A) contains
A1,A2,. . .,Am, Am contains m elements, and the hierarchical
total ranking weights of each index are, respectively,
a1,a2,. . .am; let the next layer (layer B) contain B1, B2,. . .,Bn,
there are n elements in Bn, and the single-order weights of
elements in B layer about Aj are b1j,b2j,. . .,bnj. (en, the total
ranking weights of each factor in layer B are, respectively,
b1,b2,. . .,bn, i.e.,

bj � 
m

j�1
bij · aj(i � 1, 2, . . . n). (6)

Although the consistency test has been carried out for
the single sort of each level, the total sort will add up the

inconsistencies of each level from top to bottom, which will
still result in the inconsistency of the calculation result.
(erefore, the consistency test is also required for the total
sort of each level, and the calculation formula is as follows:

CR �
ΣBiCIi
ΣBiRIi

, (7)

where Bi is the weight of each subsystem; the discriminant
criterion is the same as that of the consistency test.(e CR of
hierarchical total ranking is not more than 0.10, so the
judgment matrix meets the consistency requirement.

(e advantages and disadvantages of analytic hierarchy
process are as follows:

(1) Advantages

(1) Systematic analysis method;
(2) Simple and practical decision-making methods;
(3) Less quantitative data information is required.

(2) Shortcomings

Unable to provide new solutions for decision-
making.

4.2. Grey Clustering Evaluation 'eory. (e research object
of grey system theory is “small sample” system with partially
known information and relatively little data information.
(e description and monitoring of system behavior mainly
depend on the known part of information. At an interna-
tional economic conference in the early 1980s, Professor
Deng Julong, a Chinese scholar, first puts forward this theory
as a participant, marking the formal establishment of this
theory.

(e basis of grey whitening weight function clustering is
the whitening weight function of grey number. (e whit-
ening weight function is a functional expression of the
possibility of taking the value of each element in grey
number (grey class). Each point in the function image de-
scribes the probability of taking a specific value within the
range of grey number. (e whitening weight function of j
index k subclass is denoted as fk

j(·). In practical application,
the following four whitening weight functions are com-
monly used as follows:

(1) (e typical whitening weight function is denoted as
fk

j(xk
j(1), xk

j(2), xk
j(3), xk

j(4)), and points xk
j(1),

xk
j(2), xk

j(3), xk
j(4), and is fk

j(·).
Typical whitening weight functions can be described
as piecewise functions as follows:

Table 1: Importance of a matrix description of scales 1 to 9.

(e value of Pij
9
7
5
3
1
2, 4, 6, 8
Reciprocal

Table 2: Judgment matrices A-B.

A B1 B2
B1 1 1/2
B2 2 1

Table 3: RI values of order 1–9 judgment matrix.

n 1 2 3 4 5 6 7 8 9
RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45
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f
k
j(x) �

0, x ∉ x
k
j(1), x

k
j(4) ,

x − x
k
j(1)

x
k
j(2) − x

k
j(1)

, x ∈ x
k
j(1), x

k
j(2) ,

1, x ∈ x
k
j(2), x

k
j(3) ,

x
k
j(4) − x

x
k
j(4) − x

k
j(3)

, x ∈ x
k
j(3), x

k
j(4) .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(8)

Table 4: A-B judgment matrix and indicator weight calculation.

A B1 B2 Weight
B1 1 1/2 0.6667
B2 2 1 0.3333

Consistency test n≤ 2, no conformance check is
required

Table 5: B1-C judgment matrix and indicator weight calculation.

B1 C1 C2 C3 Weight
C1 1 1 3 0.4434
C2 1 1 2 0.3874
C3 1/3 1/2 1 0.1692

Consistency test λmax� 3.0183 CI� 0.0091 RI� 0.58
CR� 0.0158

Table 6: B2-C judgment matrix and index weight calculation.

B2 C4 C5 C6 C7 Weight
C4 1 1/2 1/2 1/2 0.1364
C5 2 1 3 2 0.4269
C6 2 1/3 1 1 0.2073
C7 2 1/2 1 1 0.2294

Consistency test λmax� 4.1171 CI� 0.0390 RI� 0.90
CR� 0.0434

Table 7: C1-D judgment matrix and indicator weight calculation.

C1 D1 D2 D3 D4 Weight
DB 1 1/2 1/2 1/3 0.1194
D2 2 1 1 1/3 0.2008
D3 2 1 1 1/2 0.2222
D4 3 3 2 1 0.4577

Consistency test λmax� 4.0457 CI� 0.0152 RI� 0.90
CR� 0.0169

Table 8: C2-D judgment matrix and indicator weight calculation.

C2 D5 D6 Weight
D5 1 ½ 0.6667
D6 2 1 0.3333

Consistency test n≤ 2, no conformance check is
required

Table 9: C3-D judgment matrix and index weight calculation.

C3 D7 D8 D9 D10 D11 D12 D13 Weight
D7 1 1/2 1/4 1/8 1/5 1/5 1/4 0.0324
D8 2 1 1/4 1/6 1/4 1/4 1/2 0.0484
D9 4 4 1 1/3 1/2 1/2 3 0.1381
D10 8 6 3 1 2 2 3 0.3287
D11 5 4 2 1/2 1 2 1/2 0.1739
D12 5 4 2 1/2 1/2 1 1/2 0.1426
D13 4 2 1/3 1/3 2 2 1 0.1358

Consistency test λmax� 7.6261 CI� 0.0144 RI� 1.32
CR� 0.0791

Table 10: C4-D judgment matrix and index weight calculation.

C4 D14 D15 D16 D17 D18 D19 Weight
D14 1 1/2 3 4 1/3 5 0.1866
D15 2 1 4 5 1/2 6 0.2824
D16 1/3 1/4 1 2 1/3 2 0.0882
D17 1/4 1/5 1/2 1 1/4 1 0.0546
D18 3 2 3 4 1 5 0.3391
D19 1/5 1/6 1/2 1 1/5 1 0.0491

Consistency test λmax� 6.2183 CI� 0.0437 RI� 1.24
CR� 0.0352

Table 11: C5-D judgment matrix and indicator weight calculation.

C5 D20 D21 D22 D23 Weight
D20 1 1/4 2 1/3 0.1268
D21 4 1 5 2 0.4492
D22 1/2 1/5 1 1/3 0.0848
D23 3 1/2 3 1 0.2891

Consistency test λmax� 4.0565 CI� 0.0188 RI� 0.90
CR� 0.0209

Table 12: C6-D judgment matrix and index weight calculation.

C6 D24 D25 D26 D27 D28 Weight
D24 1 1/2 2 5 4 0.2780
D25 2 1 3 6 5 0.4314
D26 ½ 1/3 1 3 2 0.1527
D27 1/5 1/6 1/3 1 1/2 0.0540
D28 ¼ 1/5 1/2 2 1 0.0839

Consistency test λmax� 5.05475 CI� 0.0137 RI� 1.12
CR� 0.0122

Table 13: C7-D judgment matrix and indicator weight calculation.

C7 D29 D30 D31 D32 Weight
D29 1 1/2 2 3 0.2717
D30 2 1 3 5 0.4832
D31 1/2 1/3 1 2 0.1569
D32 1/3 1/5 1/2 1 0.0882

Consistency test λmax� 4.0145 CI� 0.0048 RI� 0.90
CR� 0.0054

Security and Communication Networks 7



RE
TR
AC
TE
D

(2) (e whitening weight function of the testing limit
is written as fk

j[− , − , xk
j(3), xk

j(4)], and there are
only turning points xk

j(3) and xk
j(4). (e whit-

ening weight function of the lower limit measure
can be described as a piecewise function as
follows:

f
k
j(x) �

0, x ∉ 0, x
k
j(4) ,

1, x ∈ 0, x
k
j(3) ,

x
k
j(4) − x

x
k
j(4) − x

k
j(3)

, x ∈ x
k
j(3), x

k
j(4) .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(9)

(3) (e moderate limit whitening weight function is
denoted as fk

j[xk
j(1), xk

j(2), − , xk
j(4)], at which the

turning points xk
j(2) and xk

j(3) coincide. Since the
shape of the function image is triangular, it is often
called the triangular whitening weight function.
(e triangular whitening weight function can be
described as a piecewise function as follows:

f
k
j(x) �

0, x ∉ x
k
j(1), x

k
j(4) ,

x − x
k
j(1)

x
k
j(2) − x

k
j(1)

, x ∈ x
k
j(1), x

k
j(2) ,

x
k
j(4) − x

x
k
j(4) − x

k
j(2)

, x ∈ x
k
j(2), x

k
j(4) .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(10)

(4) (e whitening weight function of the upper limit
measure is denoted as fk

j[xk
j(1), xk

j(2), − , − ], and
there is no turning point at this time, xk

j(3) and
xk

j(4).

(e upper bound measure whitening weight function
can be described as a piecewise function as follows:

f
k
j(x) �

0, x<x
k
j(1),

x − x
k
j(1)

x
k
j(2) − x

k
j(1)

, x ∈ x
k
j(1), x

k
j(2) ,

1, x≥x
k
j(2).

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(11)

4.3. Application of Evaluation Model in Enterprise Human
Resource Management. (e most important aspect of hu-
man resource management is to evaluate personal
achievements or performance. We assume that four aspects
of personnel are invited to rate the performance of the

evaluator, namely, his customers, subordinates, colleagues,
and leaders.

We take the human resource service institutions in W
city as an example. (e development of the institutions has
begun to take shape, and the industry is in a stage of rapid
development. As of December 31, 2016, 409 human re-
source service institutions inW city have participated in the
annual inspection. In terms of geographical distribution,
248 institutions are mainly concentrated in region A and
region B, accounting for 61% of the total number of in-
stitutions, while 161 institutions are located in other 9
districts and counties, accounting for 39% of the total
number of institutions.

On the whole, the human resource service industry in W
city started early, and the number of human resource service
agencies has been increasing year by year (see Figure 2).
According to its growth rate, it can be divided into three
developmental stages.

(e development of different types of institutions is
uneven, with private enterprises in the majority.

According to the annual inspection report, all kinds of
human resource service institutions in W city increased by
17.87% in 2016 compared with 2015, among which the
number of public service institutions, industry-affiliated
institutions, private nonenterprises, and Taiwan-funded
enterprises decreased, while the number of state-owned
enterprises and private enterprises increased. In 2016, pri-
vate enterprises accounted for 73.8%, as shown in Figure 3.

According to the annual inspection, the number of
employees in Xi’an human resource service institutions was
3468 in 2015, and 4372 in 2016, up 26.07% year on year. (e
number of people with a bachelor’s degree or above is on the
rise, up 37.16 % year on year, the number of people with a
master’s degree is up 35.9 % year on year, and the number of
people with a college degree or below is down 12.01 % year
on year, as shown in Figure 4.

Enterprise human resource management evaluation is a
complex system composed of many elements. Each element
in the system is not isolated from each other, but an organic
dynamic system that influences, penetrates, and restricts
each other. (erefore, a systematic analysis method should
be adopted to analyze the effect of human resource man-
agement in construction enterprises. Based on the advan-
tages and disadvantages of the common comprehensive
evaluation methods, and considering the “grey character-
istics” of human resource management of construction
enterprises, this study introduces the grey clustering model
of central triangular whitening weight function into the
human resource management evaluation field of construc-
tion enterprises. (e specific application process is as
follows:

Step 1: We determine the evaluation grade and eval-
uation standard of each index and divide the evaluation
grey category.
First of all, according to the effect evaluation objectives,
drawing on the relevant literature and expert experi-
ence at home and abroad, the human resource man-
agement level of construction enterprises is divided
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into five grades, that is, excellent, good, general, poor,
and poor. Second, we establish the evaluation criteria of
each factor in the index system. For quantitative in-
dicators, we query industry information by looking at
the statistical yearbook of China's construction in-
dustry, the Yearbook of Gansu Province, and looking
for Internet information such as China construction
network. At the same time, combined with the

reference value given by the existing research, so that
the evaluation value can be given according to the
industry overview in the evaluation process. For
qualitative indicators, data were obtained through
questionnaires. In order to accurately grasp the key
points of scoring in practical evaluation, each quali-
tative indicator was divided into five grades according
to the evaluation grade: excellent, good, general, poor,
and poor. (e human resource management level of
construction enterprises is divided into five different
categories. (e so-called “excellent,” “good,” “general,”
“poor,” and “poor” are essentially grey concepts, and
the corresponding classification is also grey. (erefore,
determining the grey class of evaluation is to determine
the number of grey class grades of evaluation.
Step 2: We establish the triangular whitening weight
function.
Combined with the actual situation of the study, the
value range of each index grey class is extended, and 0
grey class and 6 grey class are added. Furthermore, the
triangular whitening weight function of each index is
constructed.
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indicators.
By collecting data from relevant departments, ques-
tionnaires, interviews, and other means, this study
obtains the actual values of various indicators of the
current situation of human resource management in
construction enterprises, and quantifies these indica-
tors through calculation formulas or expert scores.
Step 4: We calculate the trigonometric whitening
weight function value of each index.
By substituting the realization values of each index of
human resource management level of enterprises in W
city into their respective trigonometric whitening
weight functions, the whitening weight function values
of each index corresponding to “excellent,” “good,”
“general,” “poor,” and “poor” grey categories can be
calculated.
Step 5: We calculate the comprehensive clustering
coefficient.

According to formula (12), the comprehensive clustering
coefficient of each grey class of the object to be evaluated can
be calculated.

σk
� 

m

j�1
f

k
j xj  · ηj. (12)

According to the above calculation results, the evalu-
ation level of basic conditions of the institution is “ex-
cellent,” indicating that the institution has complete legal
person qualification and other licenses, and has good office
conditions and service environment (see Table 14). (e
evaluation grade of the informatization level is “good,”
indicating that the organization still has shortcomings in
informatization construction. (e evaluation grade of so-
cial responsibility is “medium,” indicating that the orga-
nization is not active in undertaking social responsibility.
(e evaluation level of internal governance is “excellent,”
indicating that the internal organizational structure, rules,
and regulations of the institution are sound, and the
comprehensive quality of employees is high. (e work
performance evaluation grade is “excellent,” indicating that
the organization’s current business benefits and service
projects are good. Finally, the grey clustering coefficient of
the target layer is calculated, and the comprehensive
evaluation grade of the mechanism is “excellent,” indi-
cating that the comprehensive development level of the
mechanism is good.

5. Conclusions

As a strategic resource, human resources are very important
to the sustainable development of enterprises. How to sci-
entifically evaluate the contribution of human resource
management to enterprise development has become an
important issue concerned by academia and business circles.
In view of the fact that there is a lot of grey information in
the process of evaluating the effectiveness of strategic human
resource management, this study applies the grey theory to
the process of evaluating the effectiveness of strategic human
resource management, provides new ideas and methods for
studying the performance evaluation of strategic human
resource management, and provides new theoretical guid-
ance for enterprises to effectively evaluate the effectiveness of
their human resource management.

(e purpose of enterprise human resource management
evaluation is to improve the evaluation that itself is a
management tool. (rough the implementation of evalua-
tion activities, we can integrate and optimize human re-
source management functions, improve human resource
policies, and promote the continuous improvement of
management level, so as to make greater contributions to the
realization of enterprise strategic objectives. Evaluation
activity is the ultimate goal of the evaluation of the effect of
human resource management in enterprises, and it is also
the premise of the healthy and sustainable development of
enterprises. Based on the relevant theories of human re-
source management, this study takes construction enter-
prises as an example and starts from the current situation
and characteristics of human resource management of
construction enterprises in China, constructs the index
system suitable for the evaluation of human resource
management effect of construction enterprises, and analyzes
the comprehensive evaluation model by using the grey
system theory.
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Table 14: Comprehensive evaluation.
Primary index σ15 σ14 σ13 σ12 σ11 Evaluation grade
Basic conditions 0.7891 0.5641 0.419 0.3569 0.4087 Excellent
Internal governance 0.8236 0.6741 0.5699 0.4987 0.5321 Excellent
Informatization level 0.3421 0.7891 0.5891 0.4577 0.6213 Good
Social responsibility 0.4451 0.5329 0.6394 0.4379 0.5582 Middle
Job performance 0.7574 0.5433 0.6321 0.3398 0.4278 Excellent
Target layer 0.7954 0.5681 0.6532 0.7439 0.4435 Excellent
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*e automobile Antilock Braking System (ABS) can prevent the wheel from locking by automatically adjusting the brake pressure
at a high speed during emergency braking. While improving the braking effect of the car, it can also keep the steering ability of the
car and ensure the safety of passengers. *e automobile braking process has a strong nonlinearity and uncertainty, so exploring a
simple and reliable control strategy is the focus of current research. Based on this, this paper proposes a variable-domain fuzzy
proportional integral differential (PID) control strategy using a particle swarm optimization (PSO) algorithm to iteratively find the
optimal theoretical domain. First, the PSO strategy is used to obtain the optimal regulation parameters. *en, the dynamic
antiinterference ability of the control system is guaranteed by the variable theory domain fuzzy PID control, and the PID
parameters and variable theory domain expansion factor are optimized by the PSO to increase the utilization degree of fuzzy rules
initially set. Finally, compared with the traditional control strategy, the simulation and real vehicle test prove that the proposed
system can significantly improve the control accuracy of abs. *e proposed system has the advantages of small overshoot, short
adjustment time, strong antiinterference ability, and practicability, which greatly improves the tracking performance of the ABS.

1. Introduction

*e data on modern automobile accidents show that nearly
20% of the accidents are caused due to the faults of the
Antilock Braking System (ABS). *erefore, it is of great
significance to adopt a reasonable control strategy to achieve
complete control in the shortest distance.

*e Antilock Braking System (ABS) can avoid the
phenomenon of tire locking when the wheel braking torque
is large and plays a vital role in the safety of the vehicle [1]. It
can not only prevent the front and rear wheels from being
locked completely when braking and avoid slipping but also
can shorten the braking distance and braking time, pre-
venting excessive tire wear at the same time, and can im-
prove the car in the braking process of handling stability and
safety [2].

Because the road and vehicle conditions are complex, the
braking process of the ABS is characterized by nonlinear,
time-varying, and uncertainty. It is required that the braking

process can be fast, stable, and have strong disturbance
rejection under the premise of ensuring the braking effect
[3]. Moreover, ABS has high requirements for the quality of
its control algorithm, and complex algorithms with slow
response speed or poor antiinterference ability are not
suitable for the ABS control [4]. At present, the ABS control
algorithms mainly include logical threshold control [5],
sliding mode variable structure control [6], PID control [7],
and fuzzy control algorithm [8]. Each threshold value of the
logic threshold controller needs to be determined by the
repeated test, so it is difficult to debug. In literature [9],
ADAMS and Simulink were used to test linear braking, and
braking started at an initial speed of 100 km·h−1 on the road
surface. It shows that the slip rate of ABS with a logic
threshold controller fluctuates greatly during the whole
braking process and cannot reach a stable state before
complete braking. *e sliding mode variable structure
control algorithm has the advantages of simple structure and
strong robustness, but it can only attenuate amplitude and
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cannot completely remove chattering. In literature [6],
braking was carried out at an initial speed of 90 km·h−1 on
wet asphalt and dry asphalt but roads. *e results show that
compared with the ABS system based on sliding mode, the
chattering of sliding mode is reduced effectively. However,
the system lacks practical vehicle tests to verify its feasibility.
Literature [10] uses a PID control algorithm to start braking
at an initial speed of about 100 km h−1 in MATLAB/
Simulink environment and sets the target value of slip rate as
0.2. Simulation results show that with the extension of
control time, the ABS system gradually reaches a stable state,
but the overshoot is large and the response time is long,
which does not meet the requirements of the ABS system fast
and stable. Zha et al. [11] used CarSim and Simulink
cosimulation to design the ABS system based on fuzzy
control and started braking at an initial speed of 108 km h−1.
*e results show that the response speed is fast in the braking
process, but the fluctuation is large and lasts until the
complete braking, and the designed fuzzy controller cannot
make the system reach the best stable state. It can be seen
that the control algorithms for ABS systems each have their
own focus and drawbacks. By combining the respective
advantages of different control algorithms and com-
plementing each other, a more suitable controller for ABS
systems can be designed. For example, a fuzzy PID controller
can be designed by combining the advantages of the fast
response speed of fuzzy control and good stability of PID
control [12]. *is system has been used in literature [13] to
solve the problem of inaccurate target slip rate selection. *e
results show that the ABS system based on fuzzy PID control
has a better control effect than the PID or fuzzy control.

Fuzzy PID is a control strategy developed after the birth
of fuzzy cybernetics, which has been widely used in engi-
neering [14]. Literature [15] proposed a new linear pro-
gramming method for designing diagonal fuzzy PID
controllers of two-input-two-output (TITO) systems and
proposed a design method based on compensating char-
acteristic trajectories. Experimental results show that linear
programming improves the control efficiency of diagonal
fuzzy PID. Literature [16] proposed the use of a genetic
algorithm to design a fuzzy vehicle semiactive suspension
magnetorheological damper PID control system; simulation
results show that the control system has excellent vibration
reduction.

*rough the analysis of the braking process, it is found
that the control of antilock braking is essentially the control
of slip rate, which is easily affected by many uncertain factors
such as speed, wheel speed, and road conditions. *e ABS
can avoid the phenomenon of tire locking when the wheel
braking torque is large and improve the braking perfor-
mance [17]. Existing cars are equipped with a standard
traditional hydraulic ABS, which is mainly based on logic
rules to realize the antilock braking function of tires.
However, there are problems such as complicated logic and
large workload of parameter adjustment (hereinafter re-
ferred to as “parameter adjustment”) [18]. On the other
hand, the electrification and intelligence of vehicles also
promote the development of wire control systems [19] such
as electro-hydraulic braking systems and electro-mechanical

braking systems. *e braking torque can be adjusted con-
tinuously, and the linear control system as the actuator can
transform the control problem of the ABS into a typical
system control problem. Especially, the emergence of the
wire control system promotes the technological innovation
of the active braking system.

Although the ABS has made great progress in control
strategies, different slip rate control strategies still have their
ownshortcomings [20].*e PID control strategy can achieve
accurate tracking of slip rate through repeated adjustment,
but the PID control parameters must be changed according
to different vehicle types and different working conditions.
*e proposed fuzzy PID can improve the robustness but also
increase the complexity of the control system [21]. As an
effective control method to deal with the nonlinearity and
robustness of ABS, sliding mode control still relies on the
mathematical model of the ABS [22]. When the dynamic
characteristics of the ABS are not modeled or the distur-
bance quantity is too large, the tracking response speed of
the slip rate and the high-frequency tremor of braking
torque restrict its application. *e model predictive control
(MPC) requires real-time matrix inversion, which is tem-
porarily unable to be applied in real vehicles due to the
limitation of computing chip hardware [23]. Although fuzzy
control and neural network control can achieve the ideal
control effect through debugging and training, the time and
economic cost are too high, which also restrict the appli-
cation in the ABS system. More importantly, under the
emergency braking condition, the vehicle will be affected by
external disturbance; how to realize the suppression of
external disturbance plays a crucial role in the safety of
emergency braking.

Traditional control strategy and optimization algorithms
for complex ABS systems still have some limitations, in-
cluding the immunity effect, there is no unified evaluation
standard at present for the traditional control strategy, and
the research lacks a large number of real vehicle tests [24].
*erefore, this paper designs an ABS control system based
on the variable theory domain fuzzy PID structure method
of particle swarm optimization to solve the optimal pa-
rameters. *e simulation and real vehicle test show that this
system has good effectiveness, robustness, and stability.

*e main innovations of this paper are as follows:

(1) An iterative optimization strategy using particle
swarm optimization is proposed to obtain the op-
timal tuning parameters.

(2) *e dynamic antiinterference ability of the control
system is guaranteed by variable theory domain
fuzzy PID control, and the PID parameters and
variable theory domain expansion factor are opti-
mized by the particle swarm optimization algorithm
to increase the utilization degree of fuzzy rules
initially set.

*is paper consists of five main parts: the first part is the
introduction, the second part is state of the art, the third part
is a methodology, the fourth part is the result analysis and
discussion, and the fifth part is the conclusion.
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2. State of the Art

In the process of braking, with the increase of braking
torque, the tread and the ground will have a certain degree of
relative sliding; that is, the wheel is in the state of rolling and
sliding. If the braking torque continues to increase, the
wheels will lock. *e proportion of the sliding part in the
wheel movement is expressed by the slip rate λ, and its
formula is as follows:

λ �
q − ωR

q
. (1)

In the formula, q is the vehicle speed (unit: m/s), ω is the
wheel rotation angular speed (unit: rad/s), and R is the wheel
rolling radius (unit: m).

In this paper, the slip rate λ is used as the control object
to study the ABS braking system. When the slip rate λ� 0,
the adhesion coefficient μ� 0, that is, the wheel is in a pure
rolling state. As the braking torque increases, the wheel
changes from a rolling state to a rolling and sliding state. At
this time, the slip rate increases gradually, and the adhesion
coefficient increases rapidly. When the slip rate increases to
λ0, the maximum adhesion can be obtained, and the cor-
responding adhesion coefficient is μmax. *en, the adhesion
coefficient decreases gradually with the increase of the slip
rate λ. When the slip rate λ� 1, it is called wheel locking.*e
braking principle of automobile ABS is based on this curve
characteristic, by adjusting the braking torque to obtain a
larger ground-braking force.

*e Burckhardt –tyre-road model can simulate the re-
lationship between the slip rate and the adhesion coefficient
under different road conditions. *e Burckhardt μ-λ curve
function is expressed as follows. And the typical values of
each parameter for different road conditions are shown in
Table 1.

μ(λ) � c1 1 − e
− c2λ  − c3λ,

λz �
1
c2
log

c1c2

c3

μ λz(  � c1 −
c3

c2
1 − log

c1c2

c3
 

.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(2)

3. Methodology

3.1. Vehicle Dynamics Model. *e following is the vehicle 7-
DOF dynamic mathematical model:

w _qi − c · qj  � Fifl + Firr cosδ− Fjfl + Fjfr sinδ+

Firl + Firr

w _qj + c · qi  � Fifl + Fir sinδ+ Fjfl + Fjfr cosδ+

Fjrl + Fjrr

Xk · _c � Fifl + Fifr sinδ+ Fjfl + Fjfr cosδ g+

Fifr − Fifl cosδ+ Fjfl − Fjfr sinδ 
nm1

2
+

Firr − Firl( 
nm2

2
− Fjrl + Fjrr h

,

Y _ωx � −R · Fix − Nhx + Ndx

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(3)

where δ is the front wheel angle, rad. qi, qj are longitudinal
and transverse speeds respectively, m/s. c is the yaw velocity,
rad/s. N. x� fl, fr, rl, rr corresponding to the left front wheel,
the right front wheel, the left rear wheel, and the right rear
wheel, respectively. ωx is the angular velocity of each tire,
rad/s. w is the vehicle mass, kg. g. N� g+ h is the wheelbase
of the vehicle,m. nm1 is the front axle wheelbase,m. nm2 is the
rear axle wheelbase, m. Xk is the vehicle around the k axis,
kg·m2. ba is the distance from the center of mass to the
ground, m. R is the effective radius of the tire, m. Nhx and
Ndx are braking torque and driving torque of each tire,
respectively, N·m.

Since this paper mainly studies the slip rate control of the
ABS, the linear control dynamic system is taken as the first-
order inertia system, and its transfer function is as follows:

Nhx(s) �
ωh

s + ωh

. (4)

In the formula, ωh is the zero point of the transfer
function of the linear control dynamic system, which is also
the bandwidth of the actuator, rad/s.

3.2.TireModel. To express the friction characteristics of tires
and roads more accurately, a LuGre dynamic tire model was
established, which can describe the jumping and hysteresis
of friction.

Table 1: Typical values of each parameter for different road
conditions.

Pavement P1 P2 P3
Dry asphalt 1.3911 25.224 0.643
Wet asphalt 0.968 35.034 0.47
Cement 1.3083 26.402 0.6603
Dry cobblestone 1.4823 7.6905 0.7921
Wet cobblestone 0.5114 34.942 0.2434
Snow 0.3056 95.363 0.1876
Ice 0.161 307.624 0.124
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Flx � σ0lk + σ1l
_k + σ2lqrl FTx

_kl(ζ, n) � qrl − κlR|ω| +
σ0l qrl




θa qrl( 
 kl(ζ, n)

a qrl(  � μc + μs − μc( e
− qrl/qs| |

,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(5)

where L ∈ (i, j), ζ represents the coordinate axis, and αx

represents the sideslip angle of each tire. Fl is the friction
between the tire and the road, N. σ0l is rubber stiffness, m

−1.
σ1l is the rubber damping coefficient, s/m. FTx is the vertical
load of the tire. qrl � Rω − qx is the relative velocity, m/s. qx

is the translation speed of the tire axle, m/s. κl is the pressure
distribution coefficient and its value is κl � 7/6w � 8.3m
where w is the length of tire marks,m. θ is the road adhesion
factor. μc is the coulomb friction. μs is the static friction
force. qs is the Stribeck velocity, m/s, which represents the
switching speed of the two friction states.

*e vertical load of each tire is shown as follows:

FTf � wa
h

2N
− w _qi

ba

2N
− w _qj

ba

nm1
·

h

N

FTr � wa
h

2N
− w _qi

ba

2N
+ w _qj

ba

nm1
·

h

N

FTr � wa
g

2N
+ w _qi

ba

2N
− w _qj

ba

nm1
·

g

N

FTTr � wa
g

2N
+ w _qi

ba

2N
+ w _qj

ba

nm1
·

g

N

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(6)

*e formula for the sideslip angle of each tier is as
follows:

αfl � δ − arctan
qj + gc

qi − nm1/2( c
 

αfr � δ − arctan
qj + gc

qi + nm1/2( c
 

αrl � −arctan
qj − hc

qi − nm2/2( c
 

αrr � −arctan
qj − hc

qi + nm2/2( c
 

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(7)

*e longitudinal speed of each wheel center in the wheel
coordinate system is as follows:

qfl � qi −
nm1

2
c cosδ + qj + gc sinδ

qfr � qi +
nm1

2
c cosδ + qj + gc sinδ

qrl � qi −
nm2

2
c

qrr � qi +
nm2

2
c

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(8)

*e slip rate of each wheel is as follows:

λfl �
ωflR − qfl

qfl

λfr �
ωfrR − qfr

qfr

λrl �
ωrlR − qrl

qrl

λrr �
ωrrR − qrr

qrr

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(9)

3.3. Fuzzy Control Strategy. *e dynamic antiinterference
ability of the control system is guaranteed by the variable
theory domain fuzzy PID control. *e PID parameters and
the variable theory domain expansion factor are optimized by
the PSO algorithm to increase the utilization degree of fuzzy
rules initially set. *e motor parameters are shown in Table 2.
In short, it is a method that uses an iterative particle swarm
optimization strategy to obtain optimal tuning parameters.

*e PSO algorithm is an optimization algorithm that is
used to solve the best solution of the problem [25], which can
obtain the optimal solution of the problem to be solved within
a certain range. In the field of control, the PSO algorithm can

Table 2: Motor parameters.

Parameter Value
Maximum no-load speed t0 (r·min−1) 125
Peak blocking current It (A) 3.5
Peak blocking torque Tt (N·m) 20
Armature resistance R (Ω) 1.75
Torque coefficient Zn (Nm·A−1) 2
Maximum supply voltage U (V) 25
Continuous blocking torque Tg (N·m) 8
Continuous blocking voltage Ug (V) 8
Continuous blocking current Ig (A) 10
Armature inductance L (mH) 2.5
Rotational inertia Jw (kg·m2) 0.005
Counter potential coefficient 0.2
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be combined with the PID controller to realize the dynamic
adjustment of parameters [26]. Individuals can obtain group
motion so that the solution of the problem is orderly and the
best solution is obtained [27]. Figure 1 shows the flow chart of
the particle swarm optimization algorithm applied in this
paper. Firstly, the initial setting of optimization parameters is
carried out. After initializing the particles, the positions and
fitness of individuals and groups are calculated to determine
whether the termination conditions are met. If so, the results
are output; if not, the particles are updated to form iteration.

To judge the approximate degree of each particle value
and theoretical solution, a reasonable evaluation index
should be determined and adapted to the model charac-
teristics of the torque motor. In this paper, the integral of the
time-weighted absolute error (ITAE) is selected as a function
to evaluate the degree of approximation between particle
value and theoretical solution (particle swarm fitness). *e
expression of the ITAE index is as follows:

ITAE: s � 
∞

0
e(n)|dn, (10)

where e(n) is the deviation between the actual value and the
set value and n is the optimization time.

It can be seen from formula (12) that the ITAE index
can be used as the characterization parameters of vari-
ables such as overshoot, adjustment time, and rise time.
In this paper, the ITAE index is taken as a comprehensive
evaluation factor to measure the control performance of
the control process; that is, the particle swarm adaptation
value reflects the situation of the comprehensive pa-
rameters such as overshoot, adjustment time, and rise
time.

*e fuzzy controller is a PID parameter self-tuning
controller. At the same time, the expansion factors α(e) and
α(EC) of input variables and LK (m) (m�P, I, D) of output
variables are dynamically adjusted by using the change rate
of E and EC, to realize the automatic tuning of domain
factors (see Figure 2).

According to the min-max reasoning criterion proposed
by Xu et al. [20], the output of the weighted average solution
after fuzzy processing is
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Figure 1: Particle swarm optimization process.
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ΔZw �
CxxμC1

ΔZx(w) 

xμC1
ΔZx(w) 

. (11)

PID parameter setting formula is as follows:

Zu � Zu0 + ΔZu,

Zx � Zx0 + ΔZx,

Zd � Zd0 + ΔZd,

(12)

where Zu0, Zx0, andZd0 are the initial set values of PID
parameters. ΔZu,ΔZx, andΔZd are dynamic setting values.

*e actual output is as follows:

p(z) � Zue(z) + Zx 

z

x�1
e(x) + Zdec(z). (13)

To maximize the utilization of fuzzy rules and better
optimize the control index, the input and output of fuzzy
PID controller can be dynamically adjusted by scaling factor
and scaling factor. For the quantization factor of the input
variable, considering the maximum use of fuzzy rules, the
principle of positive correlation between quantization factor
and input variable is adopted, and the form widely used in
the motor control field is selected from a variety of de-
scription methods: α � 1 − λ1e− zi2 . For the proportional
factor of output variables, combined with the influence of
PID parameters on the control performance, the propor-
tional factor of Zu and Zd is monotonically consistent with
the error, and Zx scale factor and error have a monotone
inverse principle, to get the scale factor empirical formula.
*e empirical formula of expansion factor and scale factor
summarized in this paper is shown in the following formula:

α(e) � 1 − λ1e
− z1i2

,

α ec(  � 1 − λ2e
− z2i2

,

β pu(  � λ3|e|,

β px(  �
1

|e| + λ4
,

β pd(  � λ5|e|.

(14)

Each parameter of formula (14) was obtained by the PSO
algorithm. Using the PSO, the inertia factor is set as 0.6 and
the acceleration constant is set as 2. In this paper, there are
seven parameters λ1, λ2, λ3, λ4, λ5, z1, and z2 in the expansion
factor formula, plus three initial parameters
Zu0, Zx0, andZd0 of PID. *e dimension is set as 10, the
particle swarm size is set as 30, the maximum iteration
number is set as 30, and the minimum adaptation value is set
as 0. *e maximum number of iterations and the minimum
adaptive value can be used as the termination conditions of
the algorithm. *e offspring of particle swarm initialization
is added to the ITAE index for solving, and the historical
positions and fitness of individuals and groups are saved for
termination judgment. If the termination conditions are not
met, the parameters are reset for the next round of solving, to
form iteration until the optimization termination conditions
are reached.

3.4.ABSControlMode. Tomake full use of the advantages of
motor antilock braking, the control mode of the electric
vehicle antilock braking was designed under the conditions
of motor maximum braking strength Kmax, maximum re-
generative braking strength Kreg, and state of charge SOC.

At the start of braking, the braking strength demand at
the brake pedal K is compared with the maximum breaking
strength of the motor Kmax. If K<Kmax, compare with the
maximum regenerative braking strength Kreg; otherwise, use
hydraulic ABS braking. K<Kreg, indicating that there is a
charging current, enters the state of charge judgment,
otherwise directly starts the motor ABS braking. If
SOC< SOCmax, motor ABS braking is conducted, otherwise
hydraulic ABS braking is adopted.

4. Result in Analysis and Discussion

4.1. Simulation Experiment. *e ABS performance is sim-
ulated and verified under different braking conditions using
the proposed slip rate control method. Simulation param-
eters are shown in Table 3. White noise with a peak value of
1% of the output signal is added to the simulation process.

*e bandwidth of the linear control system is set at 1s
while linear braking ωh is set at 20. Make the steering angle
input a step signal of 0.2 rad, and simulate the high adhesion

Self learning of
control rules

fuzzy
controller

PID
controller

LZ(w) (w=u,x,d)

ec

e
torque
motor

Self adjusting factor

de
dn

Figure 2: Variable domain structure of fuzzy PID.
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road with the adhesion coefficient of 0.8 and the low ad-
hesion road with the adhesion coefficient of 0.4, respectively.

*e results are shown in Figures 3 and 4.*e front wheel
braking torque on a low adhesion road is stable around
600N·m, and the rear wheel braking torque is stable around
500N·m. On a high adhesion road surface, the front wheel
braking torque is stable around 1 250N·m, and the rear
wheel braking torque is stable around 750N·m. Since there is
a step input of 0.2 rad at 1 s, the braking torque of the right
wheel begins to be greater than that of the left wheel after 1 s,
which conforms to the vehicle dynamics characteristics and
verifies the correctness of the model.

4.2. Actual Vehicle Test and Analysis of ABS Braking Effect.
To verify the ABS active disturbance rejection control effect,
the ABS PID brake controller and the braking controller in
this paper are designed, and the active disturbance rejection

controller is installed in the test vehicle. *e vehicle pa-
rameters are shown in Table 4.

*e smooth road test scheme is as follows: the test ve-
hicle starts braking at the initial speed of 25m·s−1 on the
cement road with no load.

Table 3: Simulation parameters.

Parameter Value
w (kg) 2500
Xk (kg·m2) 2865
σ0l (m−1) 195.5
nm2 (m) 1.85
bg (m) 0.8
σ1l (m−1) 0.95
nm1 (m) 1.75
Y (kg·m2) 1
qs (m·s−1) 7.5
μc 0.9
h (m) 1.469
g (m) 1.365
A (m·s−2) 10
σ2l (s·m−1) 0.002
Xm (kg·m2) 2.5
N (m) 2.955
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Figure 3: Braking torque curve during steering on low adhesion
road.
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Figure 4: Braking torque curve during steering on high adhesion
road.

Table 4: Vehicle parameters.

Length, width, height (mm) 2850, 1320, 1880
Wheelbase (mm) 2050
Wheel radius R (mm) 0.5
Vehicle mass W (kg) 1500
Rated power P (kW) 5
Maximum speed vmax (km·h−1) 50
Driving form Rear wheel drive
Power form AC
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Figure 5: Braking performance based on the proposed controller.
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*e docking road test scheme was as follows: the test
vehicle was unloaded, started braking at the initial speed of
25m·s−1 on the ice surface, and drove 20m to the cement
road surface.

*e speed, wheel speed, slip rate, and braking torque of
the smooth road test are shown in Figures 5–7.

*e final braking distance and final braking time of the
real vehicle test are extracted from Figures 5–7, as shown in
Table 5.

It can be seen from Figures 5–7 that the measured
braking test results of cement pavement are very close to the
simulation results of typical cement pavement with the
optimal slip rate of 0.2. *e test verifies that fuzzy PID
control based on the variable theory domain has shorter final
braking distance, less final braking time, and better braking
performance than ABS based on PID control. It can be seen

from Table 5 that the test data are slightly larger than the
simulation data, mainly because the optimal slip rate of
cement pavement used in real vehicle tests is slightly greater
than 0.2. Figures 5–7 and Table 5 verify the correctness of the
simulation models and simulation results.

5. Conclusion

*e Antilock Braking System can improve the braking
performance of vehicles in extreme conditions, but the
braking system has the characteristics of uncertainty, time
variability, and nonlinear. To ensure the handling stability
and safety of automobile braking and further realize the
optimal control of antilock braking systems under various
working conditions, this paper designed a set of automobile
antilock braking control systems based on variable theory
domain fuzzy PID. *e simulation experiment and real
vehicle test of the system, respectively, show that the
designed control system can effectively reduce chattering
and has good effectiveness, robustness, and stability. Al-
though the designed system has strong robustness and is
suitable for vehicle driving, some problems need to be
improved: (1) the ABS simulation system is not perfect
enough. *is paper adopts a relatively simple model to build
the ABS simulation model, and it is more ideal. (2) *e
analysis of test road conditions is not comprehensive
enough. Special braking conditions such as ramp parking
and bend braking have not been involved. How to recognize
the complex road conditions and design the road recogni-
tion module to act on the tyre model will become an im-
portant problem to further improve the model. *e next
research focus will be to analyze the braking performance of
the vehicle comprehensively and ensure the safety and
handling stability of the vehicle through braking simulation
and tests of various scenarios.
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Table 5: Simulation and experimental results of final braking
distance and final braking time.

Parameter
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data
Proposed PID Proposed PID

Final braking time (s) 2.731 2.886 2.828 3.022
Final braking distance (m) 34.55 38.34 36.11 40.38
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In order to improve the transparency of corporate governance information, this paper combines intelligent accounting in-
formation technology to analyze the information transparency in the process of corporate governance, analyzes the fast adaptive
neighbor clustering algorithm, and realizes the joint spectral embedding of data by creating block diagonal anchor graphs.
Moreover, this paper re-selects anchor points from the spectral embedding data and constructs a new block diagonal anchor
graph. In addition, using the principle of adaptive nearest neighbor clustering, this paper performs structured graph learning on
the block diagonal anchor graph matrix. After derivation, the Laplace eigenvalue decomposition problem of the whole graph in
adaptive nearest neighbor clustering can be transformed into a block matrix singular value decomposition problem. (e re-
gression analysis shows that there is a linear correlation between the advanced degree of intelligent accounting information
management technology and the transparency of corporate governance information.

1. Introduction

Among corporate information transparency, accounting
information transparency is a very important and particu-
larly critical component. Moreover, improving the trans-
parency of corporate accounting information can
significantly improve the quality of corporate information
and greatly reduce the behavior of “adverse selection” in in-
app purchases. In addition, accounting information plays an
irreplaceable and important role in the finance of enter-
prises, especially listed companies, as well as business op-
erators. (e public judges the financial situation of the
enterprise through the accounting information of the en-
terprise. For a long time, financial information fraud has
occurred frequently, so improving the transparency of
corporate accounting information is still an urgent problem
to be solved. (e study of this topic has far-reaching and
important significance for maintaining the normal market
economic order and protecting the rights and interests of
investors.

In the process of economic development, the role of
capital is very important. Not only in the external capital
market, but also in the internal market, capital plays a very
important role in the allocation of internal resources. In the
process of research on ICM by foreign scholars, the research
focus is mainly set on the existence, efficiency, enterprise
organization structure, and the relationship between equity
results and so on. China’s research on ICM is relatively in its
infancy. However, although the research on ICM in China
started relatively late, the development speed is very fast.

Most scholars believe that ICM plays an important role
in alleviating corporate financing constraints. At the same
time, in the process of researching ICM, scholars have also
paid full attention to issues such as rent-seeking, agency
behavior, and management incentives. Many scholars have
also deeply studied the problem of ICM resource allocation
efficiency and have achieved some research results in the
research process [1]. On the one hand, the research of ICM
has very ideal theoretical value, and on the other hand, it has
practical significance to promote the improvement and
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improvement of ICM of group enterprises. (erefore, in the
research process of this paper, the research perspective is
locked on the problem of internal capital market efficiency
allocation. (e research on accounting information trans-
parency has long attracted the attention of many scholars at
home and abroad. At this stage, domestic and foreign
scholars have made a lot of definitions, but they have not yet
reached a consensus and have not formed a conclusion [2].
Usually, people think that the transparency of accounting
information and the quality of accounting information are
closely related. (e higher the transparency of the former,
the lower the information cost investors need in the in-
vestment process. A relatively high information cost is re-
quired. (erefore, in the process of reducing or reducing
adverse selection behavior in the capital market, improving
the transparency of accounting information can be said to be
an effective way [3]. (e management of accounting in-
formation is an integral part of the corporate governance
structure. For the improvement of the quality of accounting
information, the management of accounting information is
an indispensable guarantee. (e corporate governance
mechanism can be reflected through the corporate gover-
nance language of accounting and can promote the cor-
porate governance function to maximize its function [4].
(ere is a great degree of correlation between corporate
governance and transparency of accounting information,
and the effectiveness of the former can ensure the au-
thenticity and integrity of the latter. Corporate governance
will cause differences in the quality of accounting infor-
mation, and on this basis, the transparency of accounting
information will be reflected [5].

Accounting information transparency, as an important
component in the study of corporate transparency, has
become another hot issue in academia in recent years.
However, neither foreign nor domestic companies have
reached a consensus on the meaning of accounting infor-
mation transparency [6]. (e study defines transparency as
“Public disclosure of reliable and timely information helps
information users to accurately evaluate a bank’s financial
status and performance, business activities, risk distribution
and risk management practices” [7]. (e discussion con-
cluded that: “To achieve transparency, timely, accurate,
relevant and adequate qualitative and quantitative disclo-
sures must be provided, and these disclosures must be based
on sound measurement principles”. (e quality character-
istics of transparent information include comprehensive-
ness, relevance, timeliness, reliability, comparability, and
significance [8]. Pu defines the concept of “opaqueness” as
“the lack of clear, accurate, formal, easy-to-understand and
generally recognized conventions in the fields of commercial
economy, fiscal finance, government regulation, etc.”.
According to this statement, the information transparency
of listed companies can be understood as “clear, accurate,
formal, easy to understand and generally recognized” [9].
Reference [10] defines the degree to which the reported
accounting earnings cannot provide information about the
real economic earnings of the enterprise as earnings opacity.
Literature [11] believes that “(e information quality
characteristics of financial reports can be divided into two

categories: one is the quality of financial statement content;
the other is the quality of financial statement presentation
and disclosure in other financial reports”. Literature [12]
believes that accounting information transparency is a
comprehensive and comprehensive concept that includes
accounting information quality standards, information
disclosure and supervision, and the formulation and
implementation of accounting standards. Reference [13]
defines the transparency of accounting information as the
degree to which an enterprise’s accounting earnings reflect
the real economic earnings, or the degree to which in-
vestors can see through the enterprise’s behavior through
the enterprise’s accounting information. Highly trans-
parent accounting information should have a higher in-
formation content. It can reduce the information cost of
investors.

(e research of literature [14] shows that the stock price
of the company will increase with the increase of the
transparency of accounting information, that is, investors
are more aware of the company with higher information
disclosure standards and higher transparency, and are
willing to buy its stock, so that its stock price is relatively
high. (e literature [15] believes that the problem of in-
formation asymmetry and agency conflict between external
investors and enterprise management can be alleviated by
providing authentic financial reports and improving in-
formation disclosure. Literature [16] studies the relationship
between accounting transparency and cost of capital, and the
results show that the cost of capital will decrease with the
increase of accounting transparency. It is believed that the
more stable the level of information disclosure, the more
conducive to improving the liquidity of corporate stocks.
Reference [17] selected the research results to show that the
degree of information disclosure of enterprises is positively
correlated with company value and business performance.
In the literature [18], the research on voluntary disclosure of
information by enterprises believes that the internal and
external governance mechanisms of enterprises have obvi-
ous complementary effects. Literature [19] studies the re-
lationship between the level of corporate information
disclosure and the cost of refinancing, and the results show
that the improvement of the level of disclosure can help
reduce the cost of corporate refinancing. Reference [20]
confirms the results from the perspective of the financial
ratios and the degree of disclosure of earnings information
of enterprises. (e results show that enterprises with higher
debt ratios tend to disclose early earnings forecasts, while
companies with high return on assets are more inclined to
conduct forward-looking earnings information. Literature
[21] studies the impact of listed companies’ accounting
information disclosure on the forecasts of securities analysts.
(e empirical results show that the transparency of ac-
counting information is positively correlated with the ac-
curacy of securities analysts’ forecasts. Literature [22] adopts
an empirical method to confirm that there is a positive
correlation between the transparency of accounting infor-
mation of listed companies and the size of the board of
directors, and there is no significant correlation with the
proportion of external directors.
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At present, researchers’ understanding of accounting
information transparency has gradually become more
consistent, focusing on the key points of financial infor-
mation transparency, from only focusing on the quality of
partial accounting information to focusing on the protection
of investors’ interests, and at the content level, it also extends
to the disclosure of the superior company. All information is
concerned because investors can understand the essence of
the enterprise through the appearance of enterprise ac-
counting information. However, there is still no unified
standard to measure accounting information transparency
in academia. (e research on accounting information
transparency will lead to different results with different
measurement methods. However, the research on ac-
counting information transparency is very important be-
cause real and effective accounting information is the
cornerstone of building an advanced capital market.
However, the more information disclosed by listed com-
panies is not the better, and the timeliness and effectiveness
of the disclosed information should also be considered.
(roughout the domestic and foreign scholars’ research on
accounting transparency, their measurement of accounting
information transparency can be roughly attributed to two
methods: one is to directly use the disclosure evaluation of
authoritative organizations as a variable to measure infor-
mation transparency and build your own transparency index
to measure.

(is paper combines intelligent accounting information
technology to analyze the information transparency in the
process of corporate governance to improve the efficiency of
information management in the process of corporate gov-
ernance, effectively improve the management efficiency of
modern companies, and improve the operational efficiency
of corporate financial management.

2. Intelligent Accounting
Information Processing

In the fast clustering of accounting information, the dis-
cretization of fast embedded data plays an important role in
the discovery of cluster structure. (e traditional method is
to use the k-means method to discretize the spectral em-
bedded data, and there is still room for further improvement
in the clustering accuracy. In this chapter, using the FCAG
algorithm to describe the similarity between data points, an
improved fuzzy clustering algorithm based on the FCAG
algorithm is proposed and applied to the fast embedded data
discretization of accounting information to improve the
clustering accuracy.

2.1. FCAG Algorithm. (e fuzzy weight of the objective
function of FCM is set to 1, the objective function can be
written as

minyi�1,Y≥0,mj


n

i�1


c

j�1
yij xi − mj

�����

�����
2

2
. (1)

Among them, yij represents the fuzzy membership
degree between the data point xi and the cluster center mj.

When the input data are replaced with the fast spectral
threshold input data U, problem (1) can be expressed as

minyi�1,Y≥0,mj


n

i�1


c

j�1
yij ui − mj

�����

�����
2

2
. (2)

It can be seen from formula (2) that the size of fuzzy
membership depends on the distance between the spectral
embedded data and its cluster center. In order to improve
the accuracy of the fuzzy membership matrix, inspired by
the literature, a similarity measure in the needle graph space
can be added to formula (2).

wil is an element of the ith row and l-column of the
needle graph matrix W. (e larger the value of the element,
the closer the data points ui and uj are. Because the fuzzy
membership vector yi describes the distance relationship
between the data point ui and all cluster centers, when the
data points ui and uj are adjacent to each other, their fuzzy
membership vectors are also close. (erefore, formula (2)
can be rewritten as

minyi�1,Y≥0,mj


n

i�1


c

j�1
yij ui − mj

�����

�����
2

2
+
λ
2



n

i�1


n

l�1
wil yi − yl

����
����
2
2.

(3)

Among them, λ is the regularization parameter. (e
regular term adds the similarity measure in the needle graph
space, which can make the fuzzy membership matrix more
accurately describe the relationship between the data and the
cluster centers.

In spectral clustering, the Laplace matrix has the fol-
lowing properties:

Tr Y
T
LY  �

1
2



n

i�1


n

l�1
wil yi − yl

����
����
2
2,

s.t. Y
T
Y � I.

(4)

By fusing formulas (3) and (4), the objective function can
be rewritten as

min
yi�1,Y≥0,YTY�l,mj



n

i�1


c

j�1
yij ui − mj

�����

�����
2

2
+ λTr Y

TLY . (5)

(e update of fuzzy membership in objective function
(5) has profound physical meaning. It is not only affected by
the distance between the fast spectral embedding data and
the cluster center but also constrained by the similarity
between the cluster data in the graph domain. (e new
objective function can combine the advantages of FCM and
spectral clustering to obtain a better fuzzy membership
matrix.

(e objective function (5) preserves the probability
constraints of fuzzy membership and does not require ad-
ditional information in the process of constructing similarity
graphs.
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(e objective function (5) is solved by alternate iteration
method. Since the objective function has two variables
(cluster center M and fuzzy membership matrix Y), this is a
nonconvex problem. (erefore, when solving the objective
function, one of the variables needs to be fixed to update the
other variable.

(1) Fix Y to update M
When Y is fixed, formula (5) can be rewritten as

minM 

n

i�1


c

j�1
yij ui − mj

�����

�����
2

2
. (6)

For each cluster center mj, there are

minmj


n

i�1
yij ui − mj

�����

�����
2

2
(j � 1, 2, . . . , c). (7)

When formula (7) is differentiated with respect to mj

and set equal to 0, the closed-form solution of mj is

mj �


n
i�1 yijui


n
i�1 yij

(j � 1, 2, . . . , c). (8)

(2) Fix M to update Y
When M is fixed, formula (5) can be rewritten as

min
yi�1,Y≥0,YTY�I
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+ λTr Y
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When dm
ij � ‖ui − mj‖

2
2, formula (9) is rewritten as

min
yil�1,Y≥0,YTY�I
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yijd

m
ij + λTr Y

TLY . (10)

By constructing matrix Dm, dm
ij ∈ Dm, formula (10)

can be written in matrix form:

min
yil�1,Y≥0,YTY�I

Tr Y
T
D

m
  + λTr Y

TLY . (11)

Considering probability constraints, inequality
constraints and orthogonal constraints, the La-
grangian function of optimization problem (11) is

L(Y, c, α, β) � Tr Y
T

D
m

  + λTr Y
TLY 

+
c

2
Y

T
Y − I

����
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2
F

+ Tr αY
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+
β
2
‖YC − E‖

2
F.

(12)

Among them, c is the penalty parameter to ensure
the orthogonality of the fuzzy membership matrix Y,
α is the Lagrange multiplier, and β is the regular term
parameter to ensure that the row sum of the fuzzy
membership matrix is 1. (e matrix elements of
matrix C ∈ Rc×n, E ∈ Rn×n are all 1 s. Taking the

derivative of Y by formula (12) and setting its de-
rivative to 0, we can get:

D
m

+ 2λLY + cYY
T
Y + α + βYCC

T
� cY + βEC

T
. (13)

When formula (9) is used to construct the bipartite
graph matrix Z of fast spectral embedded data, then
the anchor graph matrix is

W � ZΛ− 1 Z
T

. (14)

(us, the Laplace matrix is

L � I − W � I − ZΛ− 1 Z
T
. (15)

Substituting L in formula (15) into formula (13), we
get:

D
m

+ 2λY + cYY
T
Y + α + βYCC

T

� cY + 2λZΛ− 1 Z
T
Y + βEC

T
.

(16)

According to the Karush-Kuhn-Tuckre (KKT)
condition, there is α°Y � 0, which represents the
Hadamard product. Using the multiplicative update
rule, the optimization method of formula (16) is

y
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ij � y
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ij
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(17)

M and Y are iteratively updated until the objective
function (5) converges.

(3) (e clustering category of the data can be easily
obtained according to the following formula:

li � argmaxj∈1,2,...,c

yij

1T
y.j

. (18)

We assume that the input data is X ∈ Rn×d, where n and
d represent the data volume and data dimension, respec-
tively. In the fast spectral embedding stage, its time com-
plexity is O(nn1dt + nn1d + nn1k + n2

1k). In the fuzzy
discretization stage of fast spectral embedded data, its time
complexity is O(nn1ct1 + nn1c + (nc2 + n2c)t2). Among
them, n1 and k represent the number of data points and the
number of neighbors, respectively, and t, t1 and t2 represent
the needle points selected from the original data by the
k-means method. (e k-means method selects needle points
from the fast spectral embedding data and iterates the fuzzy
clustering process, and c is the number of clustering cate-
gories. Although the time complexity of FCAG is lower than
that of spectral clustering O(n2c + n2d), it still has a qua-
dratic relationship with the amount of data.

2.2. FANSEC Clustering Algorithm. In this paper, the con-
struction method of anchor graph is introduced, which uses
the second-order state transition probability of data points
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and anchor points to describe the relationship between data
points and data points in the graph domain. Inspired by the
joint clustering composition method, an adjacency graph
matrix is constructed by the first-order state transition
probabilities of data points and anchor points. In the
composition of the joint clustering, the similarity graph
structure is in the form of a block matrix, and the values of
the input data represent the connections between data points
and features. Joint clustering can achieve the effect of
clustering data points and features of data points at the same
time. Similarly, the first-order state transition probability
from the data point to the anchor point (or the anchor point
to the data point) represented by the bipartite graph Z is used
as the connection relationship to form the graph at the
subdiagonal position of the graph, which is described by the
formula as follows:

W �
0 Z

Z
T 0

 . (19)

Since this composition method is generated based on
data points and needle points and is a block diagonal matrix,
for the convenience of description, this kind of graph
structure is called block diagonal needle diagram. From the
knowledge of spectral clustering, the objective function of
the normalized cut graph can be expressed as

min
FT

W
FW�I

Tr F
T
WLWFW . (20)

Among them, LW � I − D− 1/2
W WD− 1/2

W is the normalized
Laplacian matrix of the block diagonal pin graph. (e
matrices FW and DW are represented in the following form:

FW �
U

U
 , DW �

DW1 0

0 DW2
 . (21)

Formula (20) can be transformed into the solution:

max
UTU+U

T
U�I

Tr U
T
D

− 1/2
W1 ZD

− 1/2
W2 U . (22)

In order to solve U and U, a lemma is introduced.

Lemma 1. If M ∈ Rn×m, G ∈ Rn×c, H ∈ Rn×m is assumed, the
solution of the optimization problem is
G �

�
2

√
/2V1, H �

�
2

√
/2V2.

max
GTG+HTH�I

Tr G
T

MH . (23)

Among them, V1 and V2 are the left and right singular
value vectors corresponding to the largest c singular values
after M singular value decomposition.

The proof of Lemma 1 can be found in the literature.
According to Lemma 1, U and U are, respectively, the left
and right singular value vectors corresponding to the largest
c singular values after the decomposition of matrix
D− 1/2

A1 ZD− 1/2
A2 multiplied by

�
2

√
/2. According to the defini-

tion, the physical meaning of U is the spectral embedded
data of the data points that have not been discretized, and the
physical meaning of U is the spectral embedded data of the
pin points that have not been discretized. So far, we have

obtained the joint spectral embedding results of data points
and pinpoints. Spectral embedding data can be directly
discretized using methods such as k-means to obtain final
results. However, the clustering results based on k-means
discretization methods are usually unstable and suboptimal.
In order to obtain better clustering results, this chapter
adopts the method of data spectral embedding combined
with other clustering algorithms for data clustering.

We assume that U is a pinpoint selected from the spectral
embedding data U using the k-means method. (e data U
and the needle points U form a new data set
U � [U, U]T, U ∈ R(n+n1)×c, where n1 is the number of needle
points. Referring to the definition of the block diagonal
matrix, the composition of the data set U is S, and its element
values satisfy:

sij ≥ 0, ui ∈ U, uj ∈ U or ui ∈ U, uj ∈ U,

sij ≡ 0, otherwise.

⎧⎨

⎩ (24)

Formula (24) is written in the form of a block diagonal
matrix:

S �
0 P

P
T 0

 , S ∈ R n+n1( )× n+n1( ). (25)

According to the traditional adaptive nearest neighbor
rule, a large value of sij corresponds to a small distance
‖ui − uj‖

2
2, which can be described as the following problem:

minS 
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i�1


n+n1

j�1
ui − uj

�����

�����
2

2
sij  + c‖S‖

2
F

s.t. 0≤ sij ≤ 1, si1 � 1.

(26)

Among them, si represents the ith row vector of matrix S.
(e second term in formula (26) is the regular term, and c is
the regularization parameter. In the clustering process, the
ideal composition S is that the number of its connected
domains is equal to the number of cluster categories.
However, in most cases, only graph structures with a con-
nected domain of 1 can be obtained by solving formula (26).

If the similarity matrix S is assumed to have c connected
domains, then its normalized Laplacian matrix
LS

� I − D− 1/2
S

SD− 1/2
S

has the following properties:

Theorem 1. The number of zero eigenvalues of the Laplace
matrix LS

is equal to the number of connected domains of
the similarity matrix S.

According to (eorem 1, the number of nonzero ei-
genvalues of a matrix LS

is equal to the rank of the matrix. In
order to obtain S with c connected domains, we add a rank
constraint to formula (26).

minS 

n+n1

i�1


n+n1

j�1
ui − uj

�����

�����
2

2
sij  + c‖S‖

2
F

s.t. 0≤ sij ≤ 1, si1 � 1, rank LS(  � n + n1(  − c.

(27)

However, the optimization problem (27) with added
rank constraints is still difficult to solve. We assume that
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σk(LS) represents the k-th smallest eigenvalue of LS. Since LS

is a positive semi-definite matrix, σk(LS)≥ 0. Problem (27)
can be transformed into:

minS 

n+n1

i�1


n+n1

j�1
ui − uj

�����

�����
2

2
sij  + c‖S‖

2
F + λ 

c

k�1
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LS( 

s.t. 0≤ sij ≤ 1, si1 � 1.

(28)

When the parameter λ is large enough, formulas (28) and
(27) are equal.

According to KyFan’s theorem, we have:
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Tr F
TLsF . (29)

Then, problem (28) can be rewritten as

minS,F 
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n+n1

j�1
ui − uj

�����

�����
2

2
sij  + c‖S‖

2
F + λTr F

TLSF 

s.t. 0≤ sij ≤ 1, si1 � 1, F ∈ R n+n1( )×c
, F

T
F � I.

(30)

Compared with equation (27) and (30) is obviously
easier to solve. Observing problem (30), we can see that there
are two variables S and F that need to be optimized, which
can be solved by alternately updating the two variables.

(1) Fix S to update F
When S is fixed, formula (30) can be rewritten as

min
F∈R(n+m)× ,FT

Tr F
TLSF . (31)

Among them, LS � I − D− 1/2
S SD− 1/2

S is the normalized
Laplacian matrix and F and DS represent the form of
the block matrix:

F �
F

F
⎡⎣ ⎤⎦, D �

DS1 0

0 DS2
 . (32)

Substituting LS � I − D− 1/2
S SD− 1/2

S and (32) into (31),
we get:

max
F

T
F+F

TF�I

Tr F
T
D

− 1/2
S1 PD

− 1/2
S2

F . (33)

According to Lemma 1, the F matrix can be updated
by singular value decomposition of matrix
D− 1/2

S1 SD− 1/2
S2 .

(2) Fix F to update S
When F is fixed, formula (30) can be rewritten as

minS 

n+n1

i�1


n+n1

j�1
ui − uj

�����

�����
2

2
sij  + c‖S‖

2
F + λTr F

TLSF 

s.t. 0≤ sij ≤ 1, si1 � 1.

(34)

Considering that the Laplace matrix LS has the
following properties:

Tr F
TLSF  �

1
2



n+n1

i�1


n+n1

j�1

fi��
di

 −
fj
��
dj



������������

������������

2

2

sij. (35)

Substituting (35) into (34), we get:

minS 

n+n1

i�1


n+n1

j�1
ui − uj

�����

�����
2

2
+ csij + α

fi��
di

 −
fj
��
dj



������������

������������

2

2

⎛⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎠sij

s.t. 0≤ sij ≤ 1, si1 � 1.

(36)

Among them, the parameter α � λ/2.
Considering the definition of similarity graph matrix
S in (25), formula (36) can be rewritten as

mins 

n

i�1


n+n1

j�n+1
ui − uj

�����

�����
2

2
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fi��
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��
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������������

������������

2

2
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2

2
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fi��
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��
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������������
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2

2
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⎞⎟⎟⎟⎟⎟⎠sij

s.t. 0≤ sij ≤ 1, si1 � 1.

(37)

Since



n
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�����
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��
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������������

2

2

⎛⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎠sij

� 

n+n1
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2

2
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(38)

Formula (37) can be rewritten as

minS 

n

i�1


n+n1

j�n+1
ui − uj

�����

�����
2

2
+ csij + α

fi��
di

 −
fj
��
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������������

������������

2

2

⎛⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎠sij

s.t. 0≤ sij ≤ 1, si1 � 1.

(39)

The updates of each row si in formula (39) are
independent of each other, so we can optimize
each row separately. Problem (39) is equivalent to
optimization:
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minsi


n+n1

j�n+1
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�����

�����
2

2
+ csij + α
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di
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fj
��
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������������
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(40)

luij � ‖ui − uj‖
2
2, l

f

ij � ‖(fi/
��
di


) − (fj/

��
dj


)‖

2

2
, lij �

luij + αl
f
ij, then formula (40) can be rewritten as

minsi
si +

1
2c

li

��������

��������

2

2
,

s.t. 0≤ sij ≤ 1, si1 � 1.

(41)

It can be proved that the optimal update method of
sij is

sij � −
lij

2ci

+ η 
+

. (42)

Among them, c, ci, and η are Lagrange multipliers,
and their solution methods are

ci �
k

2
li,k+1 −

1
2



k

j�1
lij, c �

1
n



n

i�1
ci,

η �
1
k

+
1

2kci



k

j�1
lij.

(43)

Among them, k is the number of neighbors. So far,
we have obtained the closed-form solution of the
S-optimized update in equation (34).

(3) Iteratively update F and S until the objective function
(29) converges.

We assume that the input data are X ∈ Rn×d, where n
and d represent the data volume and data dimension, re-
spectively. (e time complexity of the clustering method
proposed in this chapter mainly includes two parts. n1, t, k,
and t1 represent the number of pinpoints, the number of
k-means clustering iterations, the number of neighbors, and
the number of optimization iterations, respectively.(e time
complexity mainly includes two aspects, data joint spectral
embedding and fast adaptive nearest neighbor clustering
based on block diagonal needle graph.

(1) Data joint spectral embedding

(a) (e time complexity required to select n1 needle
points from the data points using the k-means
method is O(nn1dt);

(b) (e time complexity required to obtain the bi-
partite graph matrix Z between the data point
and the pin point is O(nn1d);

(c) (e time complexity of the singular value de-
composition of D− 1/2

A1 ZD− 1/2
A2 is O(nn1k + n2

1k).

(2) Fast adaptive neighbor clustering based on block
diagonal matrix graph

(a) The time complexity required to select n1 pin-
points from the fast spectral embedding data U
using the k-means method is O(nn1ct); a.

(b) The time complexity required to initialize the
matrix S is O(nn1c);

(c) The time complexity required for the iterative
update process is O((n3

1 + n2
1n + nn1k)t1).

3. Analysis of the Impact of Intelligent
Accounting Information Management
Algorithm on Corporate Governance
Information Transparency

(e development characteristics selected in this paper in-
clude growth and volatility. Financial characteristics de-
scribe the performance of a listed corporate in a specific
period, and the information it conveys is quite useful to
stakeholders. (e financial characteristics selected in this
paper include profitability, financial risk, and loss in the
previous year. Figure 1 shows the relationship between the
above-mentioned corporate characteristics and accounting
information transparency, which has also become the basic
analytical theoretical framework for this paper to study and
verify this issue.

(is article combines the supply chain of corporate fi-
nancial reporting and the information transformation
process (Figure 2) in the capital market to understand the
meaning of accounting transparency. Under the modern
corporate system nurtured by the capital market, the sep-
aration of powers has resulted in information asymmetry,
which has resulted in a supply and demand mechanism for
information.

(e corporate’s internal and external governance
mechanisms and the macro institutional environment have
an impact on disclosure benefits and disclosure costs. In
addition, management disclosure decisions are also influ-
enced by its own motivations and corporate characteristics.
Figure 3 describes the influencing factors of information
transparency and its mechanism of action.

Because accounting information has economic conse-
quences, the provision of accounting information cannot be
simply a technical issue, or accounting transparency can be
achieved only by relying on a set of clear and scientific
accounting standards. (e realization of accounting trans-
parency can only be expected when the relevant accounting
environment can guarantee the quality of accounting in-
formation and the quality of disclosure. Moreover, a healthy
corporate governance ecology can be used as a constraint
and supervision mechanism to restrict the disclosure of
accounting information of listed companies and ensure the
high quality of accounting information. Its impact on ac-
counting transparency can be shown in Figure 4.

(e internal and external supervision mechanism of the
corporate is an important check on the quality of accounting

Security and Communication Networks 7
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information. If the supervision mechanism cannot operate
effectively, it will seriously affect the transparency of ac-
counting information. Figure 5 specifically lists the inter-
mediate supervision links of listed companies’ accounting
information from management to users.

Management takes into account the impact of cost-
benefit factors and rational brokerage assumptions that seek
to avoid disadvantages. On the one hand, it may conceal
internal control deficiencies. On the other hand, with the
expansion of the power of the management, for the

Company
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Architectural
feature

Development
characteristics

Financial
features

Ownership
structure;

Asset structure

Growth

Volatility

Profitability

Financial risk

Last year's loss

The ratio of the
largest

shareholder

Main business
revenue growth rate

Main business profit
volatility

Proportion of
fixed assets

All capital
earnings rate

Was there a loss
last year?

Financial
leverage

Accounting
information
transparency

Surplus information
quality

Figure 1: Analysis framework of factors affecting accounting information transparency based on corporate characteristics.
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Figure 2: Information transfer diagram of capital market.
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Figure 3: Influencing factors and mechanism of information transparency.
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Figure 4: (e impact of corporate governance ecology on accounting transparency.
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consideration of private interests, the management may
manipulate the quality of accounting information by af-
fecting the internal control of the enterprise or taking

advantage of the defects of internal control, so that the
disclosure of accounting information has greater discre-
tionary power. At the same time, internal control is a

Board supervision:
1. Independent director
2. Board meetings

Hybrid regulation:
1. Board of Supervisors
2. Audit committee

Debt financing
Creditor Constraints:

1. Review the financial position
2. Restrictions on lending conditions

Annual audit
Independent auditors:

1. Audit opinions
2. Practice level

CSRC supervision
1. Punishment for violations
2. ST/PT
3. Delisting

Information
supplier: operation
and management

Information
demanders:

shareholders, potential
investors, government,

the public, etc

Figure 5: Quality control link of accounting information.
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Further analysis
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transparency

Group inspection
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internal control

Figure 6: Logical structure diagram.
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Figure 7: (e relationship between intelligent accounting information management technology and corporate governance information
transparency.

Table 1: Evaluation of the effect of intelligent accounting information management system.

Num Evaluation
1 83.36
2 84.35
3 81.20
4 90.89
5 83.32
6 89.64
7 87.59
8 81.66
9 79.56
10 81.45
11 86.55
12 81.65
13 80.94
14 84.63
15 88.87
16 86.90
17 83.04
18 89.32
19 90.21
20 84.78
21 81.49
22 87.12
23 85.12
24 88.56
25 85.40
26 90.86
27 89.88
28 86.81
29 80.76
30 81.00
31 82.33
32 84.32
33 90.45
34 83.47
35 84.37
36 83.71
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necessary means to strengthen corporate governance,
standardize internal processes, and supervise and restrain
managers’ behavior. A sound and complete internal control
system can effectively restrain the self-interested behavior of
the management and play an important role in ensuring the
effective operation of various departments of the enterprise
and improving the quality of accounting information. (is
paper assumes that the corresponding logical structure is
shown in Figure 6.

On the basis of the above, the model proposed in this
paper is verified, and the relationship between intelligent
accounting information management technology and cor-
porate governance information transparency is calculated.
(e statistical test results are shown in Figure 7.

(rough the above regression analysis, we can see that
there is a linear correlation between the advanced degree of
intelligent accounting information management technology
and the transparency of corporate governance information.
On this basis, the effect of the model proposed in this paper
is verified, and the statistical results are shown in Table 1.

From the above research, we can see that the intelligent
accounting information management system proposed in
this paper can effectively improve the corporate’s accounting
information management effect.

4. Conclusion

In the study of economics, the problem of investor pro-
tection has always been troubled by scholars.(ere are many
factors that affect the level of investor protection. In addition
to macro factors, there are not only the efficiency factors of
the securities market itself but also corporate-level gover-
nance and management factors. Moreover, many factors
affect each other, and it is difficult to solve all problems at
one time. Combining these factors, improving the trans-
parency of corporate accounting information has become a
key link to achieve investor protection. (is paper analyzes
the information transparency in the process of corporate
governance based on intelligent accounting information
technology. (rough regression analysis, we can see that
there is a linear correlation between the advanced degree of
intelligent accounting information management technology
and the transparency of corporate governance information.
At the same time, the intelligent accounting information

management system proposed in this paper can effectively
improve the corporate’s accounting information manage-
ment effect.
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