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The discourse about urban planning, urban design, urban management, and

many other basic urban planning issues are related to identifying the spatial

heterogeneity in the main urban area (MUA). Road networks are important

infrastructure for social and economic development and also an important

driving factor for urban land use. Therefore, the topological characteristics of

the urban road network can be used as an important basis for the space of the

division of the MUA. This study takes the MUA space in the Harbin Ring

Expressway as the research object. The findings of this research establish a

city model to identify the spatial heterogeneity, through a method of “Spatial

essential attribute—Spatial autocorrelation analysis—Establishment of urban

model.” In this model, spatial essential attributes are obtained from the

analysis of space syntax. The spatial autocorrelation analysis is a method to

calculate spatial clustering, and building the urban model is a kind of computer

visualization method. Using this method, this research constructs a spatial

heterogeneity model (SHM) of the urban built-up area in Harbin, which

consists of three layers of spatial circles and two prominent regional

structures. Then, it analyzes the spatial distribution of infrastructure and

population agglomeration through nuclear density. We gain three

conclusions: first, in addition to educational and greening facilities, the

spatial distribution of infrastructure is correlated with the regional structure

of SHM inHarbin’s MUA. Second, there are differences in the spatial attraction of

population agglomeration between the different areas in the SHM of Harbin’s

MUA. Finally, the new identification model of the SHM is scientific, but it has

some advantages and demerits. Using spatial topological values to construct

the SHM, it provides a new city model in urban spatial heterogeneity region

recognition. Through the research results, the identificationmethod of the SHM

improves the traditional method which identifies urban heterogeneity areas

according to people’s subjective wishes in urban planning. Therefore, the SHM

helps relevant practitioners and scholars practice urban planning, urban

analysis, urban protection, and urban management.
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1 Background

Since Castells defined urban space as “flow space,” urban

space was regarded as a complex organic whole that interacts

with “fluid” variables such as human flow, traffic flow, and

information flow. As a result, more and more urban

researchers paid more attention to the flow and network

relationship of urban interior space (Castells, 1996; Xi, 2014;

Wang, 2017). Recently, with the deepening of urban research and

the rapid development of new urban science, the following

variables were widely accepted, the urban network division

model, such as urban epidemic transmission and prevention,

urban grade and scale, urban agglomeration effect, urban life

circle, urban traffic isochronous line, and so on (Batty, 2013; Hu

et al., 2014; West, 2017; Rybski et al., 2019; Chai et al., 2020; Liu,

2020).

In the study of urban cyberspace, three important problems

were identified. First, with the identification of urban regions,

definitions were problematic as well as connections. Professors

Zhou and Shi (1995) pointed out that urban areas could be

divided into an administrative area, a built-up area, and a

functional area. The professors cautioned that within the

specific geographical identification, administrative areas and

built-up areas were often difficult to fully match.

Second, the lack of attention in relation to the heterogeneity

of urban space was highlighted. Alexander proposed the city

non-tree and introduced the semi-network theory which was

later developed into an urban network. Because urban space

consists of traditional tree structures but was overturned,

Alexander regarded the city as a complex giant system

(Alexander, 2015). As a result of this phenomenon, nonlinear

theories continued to emerge. Thereafter, a paradigm shift

occurred and the urban paradigm based on self-organization

theory, topology theory, and nonlinear theory was gradually

formed. As a result, this showed that urban space had

complexity and heterogeneity. The phenomena of

heterogeneity of urban space were contextualized within time,

physical environment, and space, which was reflected in the

frequency and vitality of people’s use of urban space at different

times and places. The differentiation studies identified, include

global environment and resources, urban vitality, urban Spatio-

temporal, big data, etc. (Zhang et al., 2020; Shi et al., 2021a; Luo

et al., 2021; Cui et al., 2022).

The method of zoning is an important strategy to divide the

urban built-up areas and this method is based on the spatial

heterogeneity in urban planning and management. American

scholar E.·W.·Burgess coined the theory as early as 1923, of the

urban concentric zone, which extends outward in concentric

circles around the urban center according to different functional

areas. This urban concentric zone formed different urban

structural patterns. Furthermore, in 1939, the American

scholar H.·Hoyt contextualized the sector theory under the

condition of emphasizing the traffic function. Moreover, the

sector theory made a step forward in the concentric zone

theory, but these theories remain in empiricism and lack a

mathematical basis (Ye, 1985). However, since the 20th

century, a few studies included the division of territory that

has been widely used in the field of urban resources, urban

ecosystem, urban landscape, urban spatial planning, etc.

These studies among others include Chen et al. (2014) who

identified critical source areas (CSAs) with the soil and water

assessment tool (SWAT) model; Brown and Quinn (2019) who

used integrated valuation of ecosystem services and tradeoffs

(invest) to compare the function of zoning and the relationship

between development and ecosystem services across 65 waters in

South Carolina, United States; Rodriguez et al. (2015) who used

ecosystem services to divide the cities and regions of Basque

country; Liu and Zhou (2021) who discussed the spatial division

of China’s territorial spatial planning.

However, despite internal differences, such zoning results

ignored these differences and could not meet the needs of

accurate zoning management in rapidly urbanized areas. This

in turn reduced the applicability and effectiveness of zoning

management and spatial planning applicable to the fields of

resource landscape (Fei et al., 2017; Liu et al., 2020; Yin et al.,

2022). On the other hand, there are relevant studies focusing on

the spatial heterogeneity of urban zoning. For example, Gu and

You (2022) discussed the spatial heterogeneity model least

squares (OLS) model and the spatial autoregression model

(SAM), and constructed the spatial quantitative expression

(SQR) model to identify the differentiation characteristics of

Beijing, China; Liu et al. 2022 used the geographically weighted

quantitative expression (GWQR) model to identify the spatial

heterogeneity of taxi demand in Shenzhen, China. However, as a

result of these studies, the findings show that the zoning of urban

built-up areas divided by this kind of research that emphasizes

zoning is very fragmented, and there is a great lack of integrity in

urban space.

Third, exploring the heterogeneity of urban space and the

division of urban built-up areas, identification of urban

boundaries is inseparable from it. In the academic

environment, variables in relation to the boundaries

identification of urban spatial heterogeneity were usually

based on population size and density, infrastructure

improvement, building density, population employment

structure, etc. (Hou et al., 2010; Liu et al., 2021a; Zhao et al.,

2021). Methods that were applied for specific technical means

include census investigation, remote sensing, the fractal method,

density analysis, improved algorithm, nighttime light

identification, the POI data, and so on (Zhou and Shi, 1995;

Ahmadi et al., 2010; Tannier et al., 2011; Li et al., 2015; Xu and

Gao, 2016; Yao et al., 2016; Li et al., 2021a; Li et al., 2021b; Yan

et al., 2021; Li et al., 2022). Arriving at the results, there were

many shortcomings in the aforementioned technical methods,

such as the need for large amounts of data and knowledge

support, and high labor and time costs. Furthermore, it was
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extremely inconvenient with the use of specific planning and

design practice. Therefore, in the practice of specific urban spatial

analysis and design, the Chinese planner’s strategy usually has

taken roads or natural boundaries as the basis for the division of

urban built-up areas (Zhang et al., 2019). Thus, there was a “circle

layer, group” at the MUA level and “neighborhood unit, service

radius, and living circle” at the community level.

Another analysis by Shi et al. (2021b) revealed variables that do

not conform to the boundary characteristics of the urban built-up

area. The author uses the spatial economic model in the business

circles in Shanghai (kernel density estimation, standard deviational

ellipses, and the spatial economic model), with the result that the

spatial boundary is circular or elliptical. A further result is that the

identification of urban boundaries had a great asymmetry in

academic research and urban design. Moreover, the use of

spatial syntax provides dawn for the identification of urban

built-up area boundaries and spatial heterogeneity. In another

study by Vaughan (2007), she reviewed the application of spatial

syntax in the identification of urban boundaries and affirmed that

the use of urban road network spatial essential attributes to divide

urban built-up area boundaries reflects the social, economic, and

other spatial imbalances. A further study by Xia et al. (2019)

presents an urban growth boundary model (UGBM) using space

syntax and a multivariable region model, exploring the great

potential of the essential attributes of road network space in

identifying urban boundaries. Whereas Zerouati and Bellal

(2020) use space syntax analysis and snapshot observations to

analyze the spatial imbalance of the four communities of Setif and

Algeria and discuss the central area of the city defined according to

the essential attributes of the urban road network. However, the

existingmethods of spatial syntax to identify spatial boundaries are

limited to using the extreme value of spatial essential attributes,

while ignoring the general value of spatial essential attributes.

Inspired by space syntax, this study focused on the essential

attributes of urban space, adopted the method of spatial

clustering analysis, and established a city model of urban

spatial heterogeneity (SHM), which consist of three layers of

spatial circles and two prominent regional structures. As a result,

through the spatial distribution of infrastructure and population

agglomeration in Harbin, it has been found that SHM has a good

effect on identifying urban population agglomeration and

infrastructure distribution (except for educational and

greening facilities). Hence, this model of identifying spatial

heterogeneity in urban built-up areas can be applied to urban

planning and research, geographical science, urban morphology,

urban environmental science, urban surveying and mapping,

urban disaster prevention, urban economy, and other fields. This

study is a new application of spatial syntax and the identification

method of SHM will improve the traditional method which

identifies urban areas according to people’s subjective wishes

in urban planning. This new city model will have a significant

meaning. In conclusion, in this study, spatial clustering

technology based on spatial autocorrelation can make full use

of all values of spatial essential attributes, and provide a new

application for the use of spatial syntax.

2 Methods

2.1 Research scope

Harbin is the provincial capital of Heilongjiang Province

(east longitude 125° 42–130° 10 min, north latitude 44° 04–46°

40 min) and one of the megacities in China. The traditional

spatial structure was the form of loop radiation of Harbin’s

MUA. According to the current road network planning, it could

be divided into the pattern of “4 loop and 11 radiation”. Among

them, the “4 loop” was the road loop: the inner ring road (Tiandi

Street, Antarctic Street, Kuancheng Street, the southern section of

Xuanhua Street, the northeastern section of Wenchang Street,

Jiaohua Street and the northeastern section of Xinyang Road,

with a total length of about 12.8 km); the second ring road

(composed of Kangan Road, Hexing Road, the three major

power roads, Tata Street, Gongbin Road, Nanzhi Road,

Friendship East Road, Friendship Road, Hetu Street and

Qianjin Road, which runs through the southern bank of the

Songhua River and the four districts of Nangang, Daoli, Daowai

and Xiangfang, with a total length of 30.38 km); the third ring

road (Zhongyuan Road, Yangmingtan Bridge, Wanggang Street,

Harbin South Station, Harbin-Aa Expressway, Chemical Road,

Crossing River Bridge, with a total length of 66.23 km); the fourth

ring road (City Expressway); “11 radiation” meant the radial

roads connecting the loops: Airport Road, Changjiang Road,

Harbin Shuangbei Line, Harbin Shuangnan Line, Beijing-Harbin

Highway, Harbin Fifth Road, Ha’a Road, Ha Cheng Road, Ha

Tong Road, Ha Tong Second Exit, Ha Hei Road.

The MUA was distributed on the fourth ring road, which has

been expanding in the north and south directions of the circular

expressway. The overflow part was composed of two groups, which

were assembled by industry, housing, commerce, and public

service facilities. The northern group and Harbin’s MUA were

connected by the Ha Hei Road in the “11 radiation” road. The

southern group was mainly connected with Harbin’s MUA by the

Beijing-Harbin Highway and Harbin Fifth Road in the

“11 radiation” road. The two groups had certain independence.

Under the condition of retaining the road network “4 loop,

11 radiation” pattern, the MUA space in the Harbin Fourth

Ring Road carried the main information of Harbin, which

could represent the actual MUA space. This study took the

urban built-up area in MUA as the research scope (Figure 1).

2.2 Methodology

In the first section, the background, the fluidity and

complexity of urban space, and three basic problems of urban
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space, urban region identification, spatial imbalance, and spatial

boundary are introduced. The relevant literature is reviewed and

previous research deficiencies are discussed. Furthermore, the

content, innovation, and application fields of this study are

described. In the second part, the research scope, research

methods, and research data are described. The third part of

the experimental results analyzes the topological values of roads

by space syntax, which has been widely applied in the research

fields of street planning, spatial pattern, route planning, street

vitality, and so on (Hillier and Zhao, 1985; Liu et al., 2017; Chun

et al., 2021; Guo and Cao, 2021; Liao et al., 2021). Among these

research fields, the topological value of road mainly includes

integration, total depth, connectivity, control, and choice (Xu

et al., 2016; Liu et al., 2021b; Li et al., 2021c; Du et al., 2021).

Representing the accessibility of space, the topological value of

roads can reflect the global depth of space and reflect the

following variables, the difficulty, cost, time, and even energy

of reaching a certain space (Hillier, 1996). Therefore, this study

argues for the use of the spatial essential attribute of the road

network, which is an important basis for the division of the

different spaces. The topology value attribute clustering is

acquired through the spatial autocorrelation analysis to obtain

the spatial heterogeneity model (SHM). Furthermore, the

experimental result is obtained by using the kernel density

analysis method to observe the spatial distribution

characteristics of population agglomeration and infrastructure,

which reflect spatial heterogeneity in Harbin MUA. In the fourth

part, the practical effects, application fields, advantages, and

disadvantages of SHM are discussed. The fifth part is the

conclusion where a new data model for SHM is further

discussed. Last, the research process and framework are

shown in Figure 2.

This new method only needs the CAD road map of the city

and learning-related software, such as Depthmap and GIS. This

study provides a city model of SHM identification, which is

“Spatial essential attribute—Spatial autocorrelation

analysis—Establishment of urban model”. This model is an

improvement from the traditional identification method and

the design is convenient for planners to use. Moreover, the

experiment is also a new attempt at the application of space

syntax in spatial region recognition.

2.2.1 Space syntax
The spatial syntax is a quantitative research technology of

urban space based on the principle of topology. It analyzes the

urban spatial form based on the characteristics of the urban road

network and objectively expresses the relationship between the

topological attribute of the urban road network and the urban

spatial network. Assuming that there are line elements in the

road system, which are numbered successively from a1 to obtain

the global depth Total Depth (a1) of a1. Formula 1, 2 are obtained

after excluding the influence of central elements and element

numbers:

MeanDepth(a) � total Depth(a)
NA

, (1)

MeanDepth(a) � total Depth(a)
NA − 1

. (2)

FIGURE 1
The location and study area (the 4th ring road, Harbin, China).
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2.2.2 Spatial autocorrelation analysis
Spatial autocorrelation, compared with the ordinary

dimension-reduction clustering method, considering the

correlation of variables in different spatial positions, is a

quantitative data clustering analysis method based on spatial

positions, and Formulas 3, 4, 5, 6.

The Moran’s I statistical formula is

I � n

S0
•
∑n
i�1
∑n
j�1
wi,jzizj

∑n
i�1
Z2

i

. (3)

Statistical Z(I), E(I), and V(I) score formula:

Z(I) � 1 − E(I)����
V(I)√ , (4)

E(I) � −1/(n − 1), (5)
V(I) � E[I2] − E[I]2. (6)

Among them, Zi is the bias of elements i and (Xi-X); Wi,j is

the spatial weight of elements i and j, and S0 is the sum of spatial

weight, n = number of elements.

2.2.3 Nuclear density analysis
The nuclear density analysis method is an algorithm for

quantifying the distribution characteristics of urban spatial

elements, and the analyzed elements are mainly POI elements.

Formula 7 is obtained as follows:

f(x) � 1
n
∑n

j�1
1
h
C(X −Xi

h
). (7)

Among them, f (x) is the position density estimation, n is the

number of POI, h is the search radius, (X-Xi) is the distance from the

analysis element to the center point, and C is the kernel function.

2.3 Experimental data

The basic experimental data is divided into three categories:

road data, infrastructure data, and mobile phone signaling card

data. Moreover, road data are the LOI data, infrastructure data,

and mobile phone signaling card data is POI data.

2.3.1 Road data
A total of 40,467 road data were obtained by processing the

CAD road network base map within the research scope of Harbin

MUA in 2020. Through field investigation and road space

network simulation, 28,909 road data were acquired. This

road data restored the real 3D connection network

relationship of the urban road space network, which improved

the authenticity and accuracy of the experiment.

2.3.2 Infrastructure data
Infrastructure data refers to all kinds of urban construction

service facilities, which can analyze the heterogeneity of urban

space in the MUA of Harbin. Infrastructure data came from the

2020 large map website of Baidu map. The study used the web

FIGURE 2
Flow of method framework.
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crawl to get a total of 18,015 Harbin city infrastructure data

(Table 1). According to the research of Liu and Long (2016), the

selected data are divided into eight categories: government

agencies (2.0%), transportation (11.0%), commerce (44.4%),

education (2.8%), companies and enterprises (34.9%),

residence (1.6%), green space (3.4%), others (not counted).

2.3.3 Mobile phone signaling card data
These data are based on the annual check-in data of urban

positioning cards in TIK TOK. Then, 3,296,810 check-in data

were obtained after the data process, which is preserved field ID,

longitude, dimension, card number, and coordinate system

verification. Mobile phone signaling card data can reflect the

use of urban space by urban people and objectively show spatial

heterogeneity in the MUA of Harbin.

3 Experimental results

According to the experimental method, the experimental

data are carried out. The first result is to quantitatively analyze

the essential attributes of the street network space in the MUA of

Harbin through the spatial syntax; the second result is that the

essential attributes of the streets in the first result are used as the

analysis elements to carry out spatial autocorrelation cluster

analysis as the basis for the establishment of SHM in Harbin

MUA; the third result is to establish SHM in Harbin MUA; the

fourth result is that according to the classification of Harbin

infrastructure data, infrastructure distribution in the MUA of

Harbin is analyzed by nuclear density; the fifth experiment is to

analyze the relationship between the population concentration in

the MUA of Harbin and SHM; finally, we find that SHM of

Harbin MUA applies to the urban built-up area. In addition to

the single educational infrastructure and green space, the single

infrastructure and comprehensive infrastructure are mainly

TABLE 1 Infrastructure data classification.

Poi categories Dot number Sort Poi categories Dot number Sort

Fine food 1002 Commerce Medical 792 Commerce

Hotel 374 Commerce Auto service 584 Commerce

Shop 826 Commerce Traffic facilities 1271 Transportation

Life service 1703 Commerce Financial 683 Commerce

Beauty 600 Commerce The real estate 290 Residence

Tourist attractions 611 Green space Companies 4849 Companies and enterprises

The leisure entertainment 1071 Commerce Government agencies 356 Government agencies

Sports fitness 371 Commerce Inward and outward 702 Transportation

Education and training 496 Education Natural features — Others (not counted)

Culture media 1434 Companies and enterprises

FIGURE 3
The road network spatial topological value of Harbin’s MUA.
The spatial topological value (total depth) is obtained through the
spatial syntax analysis. The higher the spatial topology value, the
worse the accessibility of the urban space. The lower the
spatial topology value, the better the accessibility.

FIGURE 4
Spatial autocorrelation of road network in Harbin’s MUA.
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concentrated in the prominent area, the core circle layer, the

transition circle layer, and its surrounding areas. These urban

areas are very attractive to people and are prominent areas in the

center of urban vitality. This also indirectly shows that the urban

built-up area identification of SHM can reflect the distribution of

facilities and resources, the attractiveness of urban space, and

population concentration to a certain extent.

3.1 Experimental result 1: spatial essential
attribute

It can be seen from the representation diagram that the

spatial topological value of road network space forms a relatively

stable spatial hierarchy (Figure 3). Spatial topological value shows

the connection order of the topological structure of road

elements, mainly reflecting the difficulty of reaching urban

network space, which provides a morphological basis for the

classification of urban spatial heterogeneity. Through the

illustration, the red color indicates that the topology

connection order is high and it is difficult to reach the space

from the core of the city. On the contrary, the blue color indicates

that the topology connection order is low and it is easy to reach

the space from the core of the city.

3.2 Experimental result 2: spatial
autocorrelation analysis

Based on the analysis result of total depth, it shows road

network spatial topological value in Harbin’s main urban area.

The spatial hierarchy clustering analysis used the spatial

autocorrelation analysis method (Li et al., 2004; Ke et al.,

2021). Finally, the spatial hierarchy clustering map of the road

network in Harbin MUA with five spatial hierarchy clustering

attributes: High clustering (HH), low clustering (LL), high and

TABLE 2 Experimental data report of road network spatial autocorrelation in Harbin’s MUA.

Project Total depth

Moran’s I 0.8542

Global Z (l) 465.3739

Part Z (l) −64.4778

Global P 0.0000

Part P 0.0000

Spatial autocorrelation experimental report

Spatial autocorrelation empirical report from ArcGIS.
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low isolation (HL), low and high isolation (HL), and random

distribution (all other values) was obtained as shown in Figure 4.

According to the analysis of the experimental data report in

Table 2, Moran’s I of the global autocorrelation analysis of the

total depth space is 0.8542 > 0, the global Z (l) is 465.3739 > 1.65,

and the global and part p values are 0.0000, which proves that the

spatial structure of the road network tends to converge in space.

The clustering effect is obvious. It also formed a good spatial

heterogeneity in the MUA of Harbin. There is a significant

positive correlation between the spatial network structure and

the road network structure in Harbin’s MUA. The part Z (l)

is −64.4778, which shows that there is a significant negative

correlation between the spatial network structure and the total

depth of the road network structure in Harbin’s MUA.

The spatial topological value and the spatial autocorrelation

data analysis have good inclusion (experimental results 1 and 2),

indicating that the spatial autocorrelation clustering analysis is

based on topological values of the road network structure, which

obtain SHM through “Spatial essential attribute—Spatial

autocorrelation analysis—Establishment of urban model”. The

design of this experiment is a new attempt at the application of

space syntax in spatial region recognition.

3.3 Experimental result 3: analysis of the
spatial heterogeneity structure of the
Harbin main urban area

Based on the aforementioned spatial data analysis, we

established the Spatial Heterogeneity Model (SHM) in the

Harbin main urban area (Figure 5), which is the three-level

physical space circle layer of the ‘Core Circle Layer, Transition

Circle Layer, and Peripheral Circle Layer’ and the area of

‘Prominent Area A + Prominent Area B’. However, it should

be noted that the circle layer here is a spatial hierarchical

attribute clustering division region based on spatial essential

attribute and spatial location and the Salient region is a

clustering of outliers whose spatial position is obvious in a

certain clustering spatial hierarchy in the spatial attribute

distribution.

Based on this context, generally speaking, in urban built-up

areas, the Core Circle Layer is the central area of a city with high

road density and compact urban texture. Accordingly, the Core

Circle Layer represents better convenience and flow attraction

and the Peripheral Circle Layer represents low road density and

low regularity of urban fabric. It further contextualizes the

Transition Circle Layer which stands for the transition space

between the Core Circle Layer and the Periphery Circle Layer,

which plays the role of space integration and space transition. It

is argued that the new method is more accurate if compared

with the traditional method. Thus, under the constraints of

urban land use and socio-economic development, the new

identification method does not depend on specific road

divisions. According to the outliers, two areas with

prominence are screened out, and these areas are worthy of

study.

3.4 Experimental result 4: analysis of
infrastructure distribution in the main
urban area of Harbin

The spatial distribution of infrastructure, for instance,

government agencies, transportation, commerce, education,

companies and enterprises, housing and green space, and

comprehensive infrastructure in Harbin’s main urban area

(MUA) is analyzed through its nuclear density. According to

the geographical location, the spatial distribution of the analyzed

infrastructure is displayed in SHM. It can be found that

1) In terms of the spatial distribution of spatial heterogeneity,

government agencies were most concentrated in prominent

area A and the core circle layer of SHM in Harbin’s MUA

(Table 3).

2) According to the spatial distribution of Harbin’s MUA, the

transportation infrastructures were mainly distributed in the

core circle and transition circle of the non-prominent area of

SHM (Table 4).

3) The commercial and corporate infrastructures were mainly

distributed in the core circle layer, transition circle layer, and

their surroundings of SHM, and commerce. Company and

enterprises were most concentrated in prominent area A and

prominent area B, as shown in Table 5.

4) The distribution of educational infrastructures in urban

natural areas was relatively balanced. This indicates that

SHM had a poor ability to screen educational infrastructure,

as shown in Table 6.

FIGURE 5
The spatial heterogeneity model (SHM) of Harbin’s MUA.
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5) The spatial distribution of residential infrastructures in the

urban entity region was mainly concentrated in the core circle

layer, transition circle layer, and its surrounding areas of

SHM, as shown in Table 7.

6) Based on spatial distribution, green space infrastructures were

most concentrated in highlighting area A and highlighting

area B of SHM, and the rest of the spatial distribution was

balanced as shown in Table 8.

7) Based on the comprehensive spatial distribution analysis of all

the infrastructures in the Harbin urban area, it was found that

the infrastructures were mainly distributed in the core circle

layer, transition circle layer, and its surroundings in SHM. In

addition, all the infrastructures in MUA were most

concentrated in highlighting area A and highlighting area

B, as shown in Table 9.

3.5 Experimental result 5: analysis of
population concentration in the main
urban area of Harbin

The sign-in data of Tik Tok in the Harbin MUA mainly

provides the analysis of urban population agglomeration, which

is obtained by nuclear density analysis according to the sign-in

location and number. The sign-in position mainly reflects the

urban space distribution being selected by people. The quality of

TABLE 3 Spatial distribution of single infrastructure (Government agencies) in SHM.

Project type Spatial distribution analysis Spatial distribution of
government agencies analysis
displayed in SHM

Government agencies

TABLE 4 Spatial distribution of single infrastructure (Transportation) in SHM.

Project type The spatial distribution
analysis

Spatial distribution of
transportation analysis displayed
in SHM

Transportation
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TABLE 5 Spatial distribution of single infrastructure (Commerce, Company, and enterprises) in SHM.

Project type The spatial distribution
analysis

Spatial distribution of
commerce, company and
enterprises analysis displayed
in SHM

Commerce

Company and
enterprises

TABLE 6 Spatial distribution of single infrastructure (Education) in SHM.

Project type The spatial distribution
analysis

Spatial distribution of
education analysis displayed
in SHM

Education
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sign-in reflects the number of times that urban space is selected,

which can objectively reflect the urban vitality.

The spatial selection of Harbin MUA is measured by nuclear

density analysis through GIS and the sign-in position of the “Tik

Tok” APP data. It could be found that in SHM, the attractiveness

of the city space was mainly distributed in the core circle layer,

the transition circle layer, and its surroundings, among which, it

was mainly concentrated in the highlighted area A, as shown in

Table 10.

Through nuclear density, analyzing the spatial distribution of

“Tik Tok” APP sign-in volume in the main urban area of Harbin

is measured. In SHM, it could be found that urban vitality was

concentrated in prominent area A and prominent area B.

Moreover, urban vitality mainly was distributed in the inner

and adjacent areas of the urban core circle layer and transition

circle layer. In addition, new hot spots were formed in the east of

the peripheral circle layer, as shown in Table 11.

4 Discussion

The findings of this study establish a city model (SHM) to

identify the spatial heterogeneity, through the method of “Spatial

essential attribute—Spatial autocorrelation analysis—Establishment

TABLE 7 Spatial distribution of single infrastructure (Residence) in SHM.

Project type The spatial distribution
analysis

Spatial distribution of
residence analysis displayed
in SHM

Residence

TABLE 8 Spatial distribution of single infrastructure (Green space) in SHM.

Project type The spatial distribution
analysis

Spatial distribution of
green space analysis
displayed in SHM

Green space

Frontiers in Earth Science frontiersin.org11

Sun and Meng 10.3389/feart.2022.893414

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.893414


of urban model”. Next, we will discuss the practical effects,

advantages, limitations, and application scope of SHM.

4.1 Recognition effect and application
area of the spatial heterogeneity model

TakingHarbinMUAasanexample, this studyuseSHMtoget the

spatialheterogeneityof the ‘corecircle layer, transitioncircle layer,and

peripheral circle layer’ and ‘highlighting areaA+highlighting area B’

area structure in Harbin. Then, the spatial distribution of

infrastructure and population aggregation are analyzed through

kernel density, and the actual effect of SHM is analyzed. We find

that the regional structure of SHMis ineffective individing the spatial

heterogeneity of education and greening facilities. Fortunately, in

termsofgovernmentagencies, transportation, commerce, companies

and enterprises, housing, comprehensive infrastructure, and

population agglomeration, SHM is effective in identifying spatial

heterogeneity. Therefore, SHM can divide the spatial heterogeneity

of urban facility distribution, urban population agglomeration, and

urban spatial attractiveness.

SHM can be applied to urban planning and research,

geographical science, urban morphology, urban environmental

science, urban surveying and mapping, urban disaster

prevention, urban economy, and other fields. This study is a

new application of spatial syntax.

TABLE 9 Spatial distribution of comprehensive infrastructure in SHM.

Project type The spatial distribution
analysis

Spatial distribution of
comprehensive infrastructure analysis
displayed in SHM

Comprehensive infrastructure

TABLE 10 Spatial distribution of sign-in position in SHM.

Project type The spatial distribution
analysis

Spatial distribution of
government agencies analysis
displayed in SHM

Sign-in position
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4.2 Advantages of the spatial
heterogeneity model

This section describes the six advantages of SHM:

1) The application of SHM to spatial topological values provides

a new application field for the study of spatial syntax. In the

application of conventional spatial syntax to identify spatial

heterogeneity and spatial boundaries, the extreme value of the

spatial essential attribute is preferred, while the role of general

value is ignored. SHMmakes full use of all the analysis results

of spatial syntax and provides a new idea for spatial

heterogeneity recognition.

2) In identifying the spatial heterogeneity in urban built-up

areas, compared with the theory of urban concentrated

zone (proposed by E.·W.·Burgess) and the sector theory

(proposed by H.·Hoyt), SHM is more in line with the

current urban situation, and the divided urban areas have

a scientific basis.

3) Spatial identification methods such as the soil and water

assessment tool (SWAT) model, ecosystem services, and

tradeoffs (invest) do not value the internal differences of

spatial areas, so suitable for application in rough and non-

urbanized areas. SHM predominates over them in the

identification of urban regional heterogeneity.

4) Comparedwith the fragmented partitions identified by the least

squares (OLS) model, the spatial quantitative expression (SQR)

model, and the geographically weighted quantitative expression

(GWQR)model, the spatial partitionsdividedby SHMaremore

complete and conducive to planning and design.

5) In terms of identifying space boundary, the spatial economic

model, kernel density estimation, standard deviational

ellipses, DEM, and other models identify smooth circles or

ellipses, which do not conform to the actual situation of urban

built-up areas, so SHM has more advantages in boundary

recognition.

6) Compared with other models that need to establish

comprehensive indicators first, SHM only needs road

network characteristics, which is more convenient and

effective in identifying urban population agglomeration

and infrastructure (excluding education and greening

facilities).

4.3 Shortcomings of the spatial
heterogeneity model

Although this experiment had achieved good results in the

exploration of new methods for identifying urban built-up areas,

there were still some shortcomings:

1) This experiment was only a verification and exploration of a

single city in the main urban area (MUA) of Harbin.

Therefore, it will be necessary to carry out the same

experimental verification on a variety of cities with other

road network structures and similar cities to ensure the

reliability of the experimental conclusions.

2) Because SHM identifies urban spatial heterogeneity according

to the characteristics of the road network, it has a certain lag

in time. However, in the stage of urban planning and design,

SHM can be used as one of the quantitative judgment tools of

urban design to assist urban planning.

3) SHM fails to identify the education of urban space and the

imbalance of green infrastructure, so it cannot be used to

TABLE 11 Spatial distribution of sign-in quantity in SHM.

Project type The spatial distribution
analysis

Spatial distribution of
government agencies analysis
displayed in SHM

City vitality
analysis (sign-in
quantity)
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judge the spatial heterogeneity of education and green

infrastructure in urban areas.

4) At present, SHM is only applicable to urban built-up

areas, not to rural and wilderness areas lacking a road

network.

5 Conclusion

First, the study reviewed the fluidity and networking of

urban network structure. Second, three basic problems in the

study of urban network space were proposed, which were the

urban regional identification, the heterogeneity of space, and

urban boundaries. Third, by thinking about the essential

attributes of urban space, this study proposed a new

identification model of SHM based on “Spatial essential

attribute—Spatial autocorrelation analysis—Establishment

of urban model”. Finally, the verification and analysis of

urban infrastructure data and mobile phone signaling card

data, discuss the practical effects, advantages, limitations, and

application scope of SHM.

This kind of experimental operation and verification

operation provided a new theoretical approach for the

identification of SHM of MUA. This access is a new,

accurate, maneuverable, and scientific method that saves

money and manpower. This method enhanced the

traditional method of arbitrarily determining spatial

boundaries and areas according to people’s subjective

wishes in planning and construction. The implementation

of this new model is convenient for relevant practitioners and

scholars to execute urban planning and construction, urban

analysis, urban protection, and urban management in the

urban built-up area. In addition, the new recognition

method provides a new reference for the application of

space syntax in urban spatial region recognition.
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