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In recent years, China’s urban construction has set o� a climax, with the rapid increase of the number of cities and towns, the
increasingly perfect functions of cities and towns, the continuous improvement of the level of urbanization, and the urban
landscape changing with each passing day. Under the in�uence of many factors, urban planning and assessment are facing
unprecedented pressure, leading to the inconsistency between the compilation results of planning. Under the guidance of system
analysis and system dynamics, this paper designs and develops an urban planning information management system based on GIS
(Geographic Information System) and Bayesian network, and then the system is applied to the �eld of urban planning. In this
system, all kinds of data generated by planning are stored in order to realize the standardization of data, and then the urban
planning work is guided by the e�ective management of the result data so as to know the implementation status of urban planning
in time and provide the basis for the future planning and implementation.

1. Introduction

With the deepening of reform and opening up, China’s
economy has experienced and is experiencing remarkable
rapid growth and has achieved a series of fruitful results
[1, 2]. After more than 30 years of development, China’s
GDP surpassed Japan in 2010 and became the second largest
economy in the world after the United States. With the
continuous development of the economy, China’s urban
construction and development have also made unprece-
dented achievements. In 1980, China’s urbanization rate was
only 19.39%. �e urbanization rate increased to 36.22
percent. By 2012, China’s urbanization rate has reached
52.57%, and it is predicted that by 2030, China’s urbani-
zation rate will reach 65% [3]. Under the huge wave of
urbanization, the appearance of cities and towns in China
has undergone earth-shaking changes: the number of cities
and towns is increasing rapidly, the functions of cities and
towns are becoming increasingly perfect, the level of ur-
banization is constantly improving, and the appearance of
cities and towns is changing with each passing day [4, 5].
Under the trend of continuous urbanization development

and urban economic construction and infrastructure con-
struction, government departments must e�ectively plan
and use limited land resources and promote the rapid and
healthy development of the city [6, 7].

However, the rapid development of cities and towns
brings great challenges to cities in the economy, environ-
ment, society, resources, ecology, housing, and other aspects.
In the process of urban development, there are still many
uncertain factors, such as economic marketization, social
diversi�cation, political democratization, and information
network. Under the action of these factors, the compilation
and implementation of urban planning work are facing
unprecedented pressure [8]. And many of these factors do
not exist in isolation [11]. In order to solve these problems,
we must have a comprehensive and accurate grasp of the
dynamic characteristics of the whole environment. �is is
because the performance of the CAD is more in support of
the static properties, it is notable to provide a character-
ization of correlation degree between attribute data, and the
user can only get the simple data but cannot see the implied
correlation between data as well as the further numerical
value correlation [12, 13]. Moreover, CAD software has poor
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support for network data access. It was not until the end of
the 1980s and the beginning of the 1990s that GIS was
introduced into the field of urban planning in China, and it
shone brilliantly in many fields and aspects.

Spatial geographic system can provide all kinds of things
completely, andmore importantly, it can also provide users with
the related attributes of the dynamic conditions such as themode
ofmutual influence and restriction.Users can classify, query, and
analyze information quickly through the GIS system’s special
auxiliary decision-making ability, such as spatial analysis ability
and virtual display ability. In addition, qualitative division of
various planning schemes and results can be carried out, and
quantitative analysis model establishment and result prediction
can promote the scientific nature of planning decision-making
so as to improve the quality and efficiency of planning man-
agement and designworkmore effectively. At present, according
to the different application scenarios and the fields, the geo-
graphical systems can be divided into three types [14]:

(1) 'e blueprint for GIS planning application type.'is
type of planning focuses on the technical factors, and
it describes the planning process and the mutual
relationship of time.

(2) Application of GIS in process-based planning.
Process-based planning focuses on social factors.
When some behaviors are prone to cause different
opinions or conflicts of interest and need to be
coordinated and balanced at any time, process-based
planning is more appropriate than blueprint-based
planning.

(3) Advocacy planning GIS application. Advocacy
planning originated in the west, and it mainly fo-
cuses on guiding and stimulating economic activity,
with the independent social life of human activities
to distribution, and slightly revised the urban de-
velopment direction and goal; compared with the
former two types, advocacy duration is longer and
change per unit time is relatively slow. However, its
change is corresponding to the level of human
cognition; the less interference from the outside
world, the less resistance encountered.

With the application of GIS in various fields, such as
resources and environment, people gradually have a strong
awareness of the proportion of spatial information in global
information concentration, and various advantages of GIS
gradually appear in front of people [15]. For example, GIS
has a rich variety of software and application systems and
has special features in the format, processing, and display of
spatial data. In addition, the visualization function of GIS
has special advantages for spatial data operation [16]. So, it is
wise to use GIS technology to solve the problem of planning
management [17]. 'is paper is to design GIS-based urban
planning and design methods under this background. 'e
purpose is to develop a set of thematic GIS system for urban
planning, realize the digitalization of planning results and
data, and improve the efficiency and level of planning in-
formation management, which can provide the correct idea
for the reasonable planning of the city.

2. Related Work

'e early 1960s was a period of gradual emergence of GIS
ideas and exploration of technical methods [18, 19].With the
development of computer technology, computers were
gradually used to collect data from various parties and finally
output the final results. 'is produced the basic framework
of the earliest GIS. During this period, many geographic
information systems and spatial geographic systems have
been invented and studied. At this time, the characteristics of
these databases can be summarized as a large number, small
capacity, and independent and independent state. During
this period, the use and function of GIS in various countries
were in the exploratory stage [20]. At the same time, some
commercial companies have also seen the business oppor-
tunities provided by GIS and launched their own commercial
GIS software. In the 1980s, GIS has made great progress in
theory, method, and technology and entered themature stage.
From the 1990s to now, GIS has developed from the original
single-function decentralized system into a comprehensive
information system shared by multifunctional users [21].

'e development and application of GIS started late in
China but developed rapidly. 'e development of GIS in
China can be roughly divided into three stages:

(1) Preparation stage: public opinion preparation, for-
mation of teams, and some exploratory work

(2) Initial stage: in this stage, theoretical exploration and
regional experimental research on GIS are mainly
carried out

(3) Development stage: as a key research topic, the research
of GIS has been gradually combined with the national
economic construction and has made great progress.

In addition, at this stage, the research and function of
GIS have formed a systematic research plan [22]. On the
other hand, a national general survey of natural resources
and the environment will be carried out, and research on
regional information systems for early warning and pre-
vention and control of hydrological disasters in combination
with environmental conservation will be carried out. 'e
third aspect is the research and development of software
system and expert diagnosis system and the completion of a
batch of comprehensive regional and thematic geographic
information system [23, 24].

With the rapid take-off of China’s economy, the pace of
urbanization is becoming more and more rapid. 'e ca-
pacity of urban population is also rapidly expanding, and the
population pressure is increasing. In order to solve this
problem, cities are constantly expanding outwards [25].
However, the urban area cannot be unlimitedly expanded
because of the ensuing traffic, environment, resources, and
other aspects. 'erefore, it is a very effective solution at
present to transform the original urban areas, change the
existing places that are not suitable for reality, increase the
residential capacity of the population, expand the water and
electricity supply capacity, expand the public transportation
capacity, and so on. 'e data volume of urban planning
compilation results is increasing, and the data types are
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extremely complex [26, 27]. However, the commonly used
commercial software platform has many functions, and the
management system is too complicated to operate. 'ere-
fore, aiming at the field of urban planning, it is an important
development trend at present to customize a simple and
effective applied GIS system to realize the integrated
management of data and text of planning compilation re-
sults. Many existing researches have embedded some aux-
iliary strategies into the GIS system, such as the Bayesian
network, as shown in Figure 1.

'e urban development of foreign developed countries is
very perfect, most of the urban construction has entered the
maintenance stage, and the evaluation research of urban
planning is more extensive and in-depth. In addition, urban
planning in foreign countries has a high degree of infor-
matization, convenient data sharing, and easy access to
information [28]. 'erefore, urban planning evaluation is
relatively easy to carry out and mainly focuses on quanti-
tative statistical analysis and evaluation. In China, govern-
ment departments pay much more attention to urban
development and construction than statistical evaluation. In
recent years, due to some problems exposed in urban
construction and a series of compulsory provisions of laws
and regulations, urban planning statistical evaluation work
gradually received the attention of relevant departments, and
some theoretical research and practical work appeared
successively. Reference [29] revealed the importance and
difficulties of urban planning implementation evaluation
research in China and introduced the basic ideas of carrying
out planning evaluation with the results and process of
planning implementation as the main evaluation content.
Reference [30] believed that postimplementation evaluation
of planning is mainly to investigate whether the phased
implementation results and the content of planning compi-
lation have been really implemented and to evaluate the role
and influence of implementation results. Reference [31]
compared the effect of the implementation of urban land-use
planning in 1984 and 1995 in Tianjin. Reference [32] used
qualitative and quantitative methods to evaluate the imple-
mentation of Yuyao’s urban master plan by taking the public
satisfaction evaluation of spatial organization and layout of
the implementation of planning objectives as the evaluation
index. Reference [33] evaluated the effectiveness of the master
plan of Changsha by means of factor extraction, data col-
lection, field investigation, statistical analysis, and other
methods. Recently, [34, 35] evaluated the implementation of
the overall plan of Changsha city from the implementation of
various land uses with GIS technology.

Although the statistical evaluation of urban planning is
carried out late in China, under themandatory constraints of
the Urban and Rural Planning Law of the People’s Republic
of China, various localities have carried out statistical
analysis and evaluation of the implementation of urban
planning in combination with the actual situation and
achieved some results [36]. Data formats are inconsistent,
and software is incompatible with data software functions
having their own focus [37]. For urban planning, GIS is both
toolbox and database. As a database, GIS can store spatial
and attribute data and connect them organically through

spatial model so that users can access, edit, and query
orientation efficiently and quickly [38,39]. As a toolbox, GIS
provides comprehensive geo-information processing power,
such as spatial interpolation, linking, and caching. At
present, the development direction of GIS mainly includes
the following aspects: spatial data structure and data
management technology, automatic data input technology,
microcomputer miniaturization technology of GIS, the fu-
sion technology of GIS and remote sensing, intelligent ex-
pert experience technology of GIS, and GIS application
model development technology [40]. Based on the above
discussions, the main contributions of this paper are as
follows:

(1) Although the proposed method is not a new one, it
solves a new problem in urban planning design and
evaluation field

(2) 'is paper is the first time to combine GIS infor-
mation with Bayesian network to solve urban
planning design and evaluation problem

3. The Proposed Urban Planning, Design, and
Evaluation Method

3.1. Principles of GIS Information System. GIS is a technical
system that collects, stores, manages, analyzes, displays, and
describes the geographical distribution data in the whole or
part of the earth surface (including the atmosphere) space
under the support of computer hardware and software
system. Besides, GIS is mapping software that connects
information about where you are with information about
what it is. Unlike maps drawn on paper, a GIS map is as-
sociated with many different layers of information. Like
paper maps, digital maps produced by GIS have pixels or
dots for things like cities, lines for things like roads, and
small chunks for things like lakes.

Unlike paper maps, the GIS information comes from a
database, which stores information such as the location of a
point, the length of a road, and even the area of a lake and is
displayed only when the user chooses to display it. Each
piece of information on the digital map sits on a layer that
users can turn on or off as needed. One layer may contain
information about all roads in an area while another may
represent information about all lakes in the same area. Of
course, there might be a layer that describes all the city
information. Why is layering so important? 'e power of
GIS over paper maps is that with GIS you can choose the
information you want to see based on the purpose of your
actions. 'e information displayed by merchants mapping
customers for a particular city is, of course, very different
from what municipal engineers want to see about the same
city’s water lines.

3.2. Bayesian Network. Many problems in real life are
probability problems, which are mutually influenced by
multiple variables (factors and elements). However, if we
want to use the Bayesian network to model them, we need to
consider three problems:
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(1) How to de�ne nodes
(2) How to de�ne the probability dependence between

nodes
(3) How to express the joint probability distribution

Assuming that we now have N variables and each var-
iable has K values, it can be modeled in the following form:

p(X) � p X1, X2, . . . , XN( ), Xi ∈ 1, 2, . . .K{ }. (1)

�en, assuming that the variables are mutually inde-
pendent, the joint probability distribution is greatly sim-
pli�ed to the following form. �at means, equation (2) is a
simpli�ed form of formula (1).

p(X) � p X1( )p X2( ) · · ·p XN( ). (2)

If the variables are not mutually independent, the joint
probability distribution can be calculated by Kernel density
estimation. However, the assumption that variables are
independent of each other is too strong, so we can reduce the
complexity of the model by taking advantage of the structure
of graphs. A Bayesian network is a Directed Acyclic Graph
(DAG) (Directed edges do not form a circle) represented by
variable nodes and connections. Prior probability is used to
express information without the parent node. Let G be a
Bayesian network, then its joint probability distribution can
be expressed as the product of the conditional probability
distribution of each node:

p(X) �∏
i

pi Xi|ParG Xi( )( ). (3)

�erefore, its joint probability distribution can be
expressed in the following form:

p(D, I, G, S, L) � P(D)P(I)P(G|I, D)P(S|I)P(L|G). (4)

If random variables X and Y are mutually independent,
the following three equations will be satis�ed:

P(X, Y) � P(X)P(Y), (5)

P(X|Y) � P(X), (6)

P(Y|X) � P(Y). (7)

Random variables X and Y are conditionally indepen-
dent under a given Z condition, if

P(X, Y|Z) � P(X|Z)P(Y|Z), (8)

P(X, Y|Z) � P(X|Z), (9)

P(Y,X|Z) � P(Y|Z). (10)

Based on equations (1)–(10), Figure 2 gives the
schematic diagram of urban planning, design, and eval-
uation procedure based on GIS information and the
Bayesian network proposed in this paper. From the �gure,
we know that it mainly includes preparation, evaluation,
and results.

4. Experimental Results and Analysis

4.1. Experimental Data Collection and Design. In the data-
base table of software development and design, we divide it
into static and dynamic data according to the characteristics
of data use. Static data contain the user and spatial geo-
graphic information introduced in the previous chapter.

X2 X3 P (X4 = x41|X2,X3) P (X4 = x42|X2,X3)

x21 x31 0.99 0.01

x21 x32 0.90 0.10

x22 x31 0.90 0.10

x22 x32 0 1

X1 P (X2 = x21|X1) P (X2 = x22|X1)

x11 0.1 0.9

x12 0.5 0.5

P (X1 = x11) P (X1 = x12)

0.5

X1

X3

X4

X5

0.5

X1 P (X3 = x31|X1) P (X3 = x32|X1)

x11 0.8 0.2

x12 0.3 0.7

Figure 1: Schematic diagram of a Bayesian network.
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�ese data are �xed or the most terminal data, which can
participate in data processing and operation but will not
change themselves. Dynamic data are intermediate process
data such as single data of message approval and weighted
factor data, which can be di�erent in di�erent situations.

�e user information management data sheet is used
mainly in the login process and permission management
process, and this type of database design has very mature
steps and patterns.�e login database is usually composed of
several basic data tables. �e �rst type of table stores the key
data required by the login function, and the second stores the
permission role resource relationship table.�e third type of

table holds auxiliary information, such as the system log
information. �e design of data table is not described in
detail here; only the logical structure design of several da-
tabase tables is given due to the limitation of page length.

4.2. Experimental Results. �e most commonly used func-
tion of spatial data input and output is for further statistics
and analysis. �erefore, this section only shows the function
of spatial data input database.

In order to verify the validity of the proposed method in
urban regulation, we compare the prediction accuracy of the

Project demand

Restricted–factor
analysis

Resource
distribution status

GIS foundation datum
database

Space status
quo analysis

Calculate
characteristic and
partition amounts

Statistical table

Urban features

Analyze evaluation contents

Data collection,
extraction and analysis
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influencital factors

Preparation

Evaluation

Results

Model
calculation

Evaluate difficulty
of engineering

exploitation

Evaluate resource
exploitation value

GIS quality evaluation
database

Index weight
system

Evaluation factor
marking table

Evaluate
comprehensive

quality

Superposition analysis and
resulting statistics

Output system

End

Resource distribution map
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Explotation value
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Comprehensive quality
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......

Figure 2: GIS information and Bayesian network-based urban planning method.
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cumulative impact nodes of all three BN (Bayesian network)
model structures. �e boxplot in Figure 3 shows the average
loss of prediction error of three di�erent models. It can be
seen from the �gure that the prediction accuracy of the
proposed method is better than that of the comparison
algorithms, thus proving the e�ectiveness and practicability
of the proposed method.

Besides, Figure 4 shows the hourly curve of the relative
crash risk in cities. It can be seen from the graph that

although di�erent types of vehicles and vehicle mileage are
distributed di�erently, the trend of red dust is very similar.
In general, the risk is highest in the early morning (1 am to 4
am), with weekends being less safe than weekdays. �e
highest risk (over 4.0) was found between 2 am and 3 am on
Sunday and Saturday, and the relative risk was also above 1
for all categories between 10 pm and 4 am. Factors could
include a lack of good lighting, tired drivers, or even drunk
driving. Although morning and afternoon vehicle mileage

0.4425
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0.4428

0.4429

0.4430

Expert-based
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0.4426
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net-gs

0.4425

0.4426

0.4427

0.4428
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0.4430
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Figure 3: �e prediction results of experts, net-iamb, and the model in this paper.
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Figure 5: Vulnerability probability distribution of urban planning and design under di�erent disasters.
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Figure 6: �e results of �ood risk assessment by the proposed method.
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are almost the same from Monday to Friday, the time of
lowest risk is 5 am to 6 am.

Figure 5 shows a signi�cant reduction in the overall
vulnerability of the surveyed marine areas to related hazards.
To be more speci�c, through the analysis of vulnerability to
man-made technological disasters, the probability of vul-
nerability in high or medium state in the reference scenario
is about 0 70% (i.e., the normalized vulnerability score
ranges from 0.4 to 1). As expected, 98% of the cases were at
the low level of vulnerability (i.e., the standardized vul-
nerability score was in the range of 0.2). It shows that the city
planning method proposed in this paper has strong
reliability.

�e most core part of GIS is the analysis and processing
of spatial data information.�e basic means adopted include
spatial information calculation, spatial information classi-
�cation, and spatial information statistics. �is is the dif-
ference between GIS and CAD in the basic level, which is
also the main function of GIS in this software system.

As can be seen from Figure 6, the in�uence degree of
di�erent factors on urban planning �ood can be quantita-
tively described, which provides method support and the-
oretical reference for designers.

Figure 7 depicts the forecast results of urban land uti-
lization in 2022. As can be seen from the �gure, commercial
land along major roads, especially around railway stations, is
growing signi�cantly. New industrial buildings are springing
up near former industrial sites in the Midwest. On the
contrary, the industrial plots in the north of the city also
gradually increased, which may be caused by the internal
and external e�ects of industry. �e same is true for resi-
dential land across the city, growing near existing residential
land. It follows that the loss of agriculture and the natural

environment in and around cities cannot be completely
stopped by the growth of urban settlements.

5. Conclusions

As we all know, urban planning is by no means a pure
technical science, which contains a large number of hu-
manities and knowledge. It is a challenge for GIS in urban
planning application that GIS tools and urban planning are
connected and integrated scienti�cally and may play their
role to the maximum extent in practical work.

�e purpose of this study is to develop a GIS-based
Bayesian approach for link-based relative collision risk
analysis at the inner-city level. �e research method is aimed
at the spatio-temporal pattern of urban norms, which can
guide the subsequent urban planning work e�ectively. �e
results of the proposed method can be used to determine the
dangerous environment and potential disasters that need
attention, which has both theoretical and practical signi�-
cance. Although the opinions in this paper have achieved
good results, some work still needs to be further studied:

(1) When it comes to big data scenarios, the current
shallow network is often ine�ective, and the deep
learning model is worth studying and exploring.

(2) Whether the planning model is scalable between
di�erent cities is also an important aspect to measure
the practicality of the method.

Data Availability

�e data used to support the �ndings of this study are
available from the corresponding author upon request.
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Figure 7: �e land-use prediction results 2022 by the proposed method.
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