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In the context of the mid-late development of China’s urbanization, promoting sustainable urban development and giving full play to
urban potential have become a social focus, which is of enormous practical significance for the study of urban spatial pattern. Based on
such Internet data as a map’s Point of Interest (POI), this paper studies the spatial distribution pattern and clustering characteristics of
POIs of four categories of service facilities in Chengdu of Sichuan Province, including catering, shopping, transportation, scientific,
educational, and cultural services, by means of spatial data mining technologies such as dimensional autocorrelation analysis and
DBSCAN clustering. Global spatial autocorrelation is used to study the correlation between an index of a certain element and itself
(univariate) or another index of an adjacent element (bivariate); partial spatial autocorrelation is used to identify characteristics of spatial
clustering or spatial anomaly distribution of geographical elements. DBSCAN (Density-Based Spatial Clustering of Applications with
Noise) is able to detect clusters of any shape without prior knowledge. (e final step is to carry out quantitative analysis and reveal the
distribution characteristics and coupling effects of spatial patterns. According to the results, (1) the spatial distribution of POIs of all
service facilities is significantly polarized, as they are concentrated in the old city, and the trend of suburbanization is indistinctive,
showing three characteristics, namely, central driving, traffic accessibility, and dependence on population activity; (2) the spatial
distribution of POIs of the four categories of service facilities is featured by the pattern of “one center, multiple clusters,” where “one
center” mainly covers the area within the first ring road and partial region between the first ring road and the third ring road, while
“multiple clusters” are mainly distributed in the well-developed areas in the second circle of Chengdu, such as Wenjiang District and
Shuangliu District; and (3) there is a significant correlation between any two categories of POIs. Highly mixed multifunctional areas are
mainly distributed in the urban center, while service industry is less aggregated in urban fringe areas, and most of them are single-
functional or dual-functional regions.

1. Introduction

At present, China’s social economy has entered a period of
rapid development, and the process of urbanization has
accelerated significantly. At this stage, China still witnesses a
rapid development with an urbanization rate of 30%–70%.
By 2030, the urbanization rate is expected to exceed 70%,
and more than one billion people will live in cities [1]. (e
level of urbanization has become a measure of regional
economic development and is also key to solving unbalanced
and insufficient development [2]. (e report of the Nine-
teenth National Congress of the Communist Party of China
emphasized giving full play to the driving ability of city in
effectively promoting the development of urbanization and

impulsing the coordinated development of large, medium,
and small cities and small towns with urban agglomerations
as the main body to meet people’s expectations for a better
life [3].

(e urban spatial pattern is the expression of the rela-
tionship between the material environment, functional ac-
tivities, and cultural values in the city [4]. (e urban spatial
pattern will affect further improvement of the level of ur-
banization and then affect the development capacity of the
regional economy [5]. In recent years, the informatization
level of urban infrastructure service facilities has been greatly
improved, making it easier to obtain complete spatial data
such as public services and life services. At present, by
obtaining geospatial data integrated by online map service
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providers such as Gaode Maps and Baidu Maps, and online
life service platforms such as Dianping.com and Meituan,
the analysis and exploration of urban space-related issues is
gradually becoming a research hotspot in this field [6].
Among them, Point of Interest (POI), as an emerging spatial
data source, is able to explore the overall spatial pattern of
the city, while at the same time, conduct spatial identification
and quantitative research on the city center to finely identify
the high spatial distribution within the city. (e feature field
is of great significance [7].

(e current research on POI data is mainly focused on
the feature identification of various functional spaces in
hotspots and the analysis of dynamic changes [8–10], as well
as the research on the interaction between different types of
hotspots and the spatial interaction network formed by
them. As a central city in the country and one of the core
cities in the Chengdu-Chongqing Double City Economic
Zone [11], Chengdu is a strategic highland for the country’s
western development. For this reason, this research, taking
Chengdu as the object, uses spatial data mining techniques
such as univariate and bivariate spatial autocorrelation,
DBSCAN clustering, etc. to quantitatively analyze and reveal
the distribution characteristics of spatial patterns and their
coupling effects based on big data of service industry fa-
cilities POI. In this way, the effects and shortcomings of the
development of Chengdu are discussed with a view to
putting forward optimization suggestions on the rational
development and utilization of the urban spatial pattern and
to providing decision-making reference for improving the
residents’ quality of life.

1.1. Basic Information of Research Area. (e research object
of this paper is the downtown area of Chengdu, including 11
administrative units in Jinniu District, Chenghua District,
Qingyang District, Wuhou District, Jinjiang District, Pidu
District, Xindu District, Wenjiang District, Longquanyi
District, Shuangliu District, and Qingbaijiang District. (e
geographical location is between 102°54″-104°53″E, 30°05″-
31°26″N [12]. (e area of the research is 695.53 km2, ac-
counting for 25.32% of the total area of the city (Figure 1).
(e research area is located in the subtropical monsoon
climate zone, with long summers and short winters, mild
climate, long frost-free period, short average sunshine time,
annual average temperature of 16.5∼17.9°C, and annual
rainfall of 643.3∼1256.2mm. In 2018, the total population of
downtown area of Chengdu was 10.304 million, with an
average urbanization rate of 83.32% [13].

2. Data Sources and Research Methods

2.1.Data Sources. (e Internet big data selected in this study
are the city POI data of AutoNavi Map in September 2020.
(rough its official open API, Python code is used to obtain
and filter out four categories of POI data for catering ser-
vices, shopping services, transportation services, and sci-
entific, educational, and cultural services in the downtown
area of Chengdu. Each piece of POI data contains such
attribute information as name, latitude and longitude,

category, and administrative division. After the above-
mentioned acquired data are subjected to coordinating
correction and data cleaning processing such as deleting
duplication, a POI spatial database in the central city of
Chengdu is established, with a total of 219,710 pieces of POI
data (Table 1). (e data concerning administrative division
of the study area come from the National Basic Geographic
Information Database (https://www.webmap.cn/) of the
National Basic Geographic Information Center.

2.2. Research Methods. First, use the Fishnet tool of ArcGIS
to create a grid covering the area. According to the spatial
characteristics of the study area and referring to previous
research results, the grid size is set to 1 km× 1 km, and the
study area is divided into 3893 grids (Figure 2). Count the
number of POIs contained in each grid and then analyze
them based on the above data.

2.2.1. Global Spatial Autocorrelation Analysis. Moran’s I
index expounds the first law of geography in a mathematical
sense: everything is related, and things that are closer are
always more related than things that are far away [14].
Moran’s I index is mainly used to analyze the statistical
distribution of spatial data to show its aggregation effect. Its
formula is as follows:
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where xi is the value of a certain spatial unit; x is the mean
value of all variables; S2 is the variance of the variables, and
􏽐

n
i�1 􏽐

n
j�1 wij is the sum of the spatial weights of all variables.

(e value of Moran’s I index will be normalized to [−1,1]
during the analysis process: I> 0 means that the spatial
distribution of the elements is positively correlated, and the
larger the value, the more obvious the spatial correlation.
When I� 1, the spatial distribution of elements is completely
positively correlated; when I< 0, it means the distribution of
the elements is spatially negative, and the smaller the value,
the greater the spatial difference. When I� −1, the spatial
distribution of elements is completely negatively correlated;
I� 0 means that the space is irrelevant.

(e bivariate Moran’s I index is a modification of the
traditional univariateMoran’s I index.(e bivariateMoran’s
I index is mainly used to study the correlation between an
indicator of a certain element in an area and another in-
dicator of its adjacent elements [15]. (e formula is
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In the formula, y is the average value of the second
element; S2 � (1/n) 􏽐

n
i�1 (xi − y)2; S0 � 􏽐

n
i�1 􏽐

n
j�1 Wij, other

elements have the same meaning as those in formula (1).

2.2.2. Local Spatial Autocorrelation Analysis. (ere is a
certain spatial lag in spatial relations, which is manifested as
stronger correlation within a certain area. Analysis of Local
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Table 1: Statistics of classification of POI data.

POI types Classification Quantity
(piece)

Proportion
(%)

Catering services
Chinese restaurant, casual catering field, foreign restaurant, dessert shop,
cold drink shop, fast food restaurant, coffee shop, pastry shop, tea house and

other catering related places
51303 23.35

Shopping services

Shopping malls, convenience stores/convenience stores, comprehensive
markets, stationery stores, home appliances and electronics stores,

supermarkets, flower, bird, fish and insect markets, sporting goods stores,
clothing, shoes, hats and leather goods stores, exclusive stores, featured
commercial streets, personal products/cosmetics stores, special trading

places, home building materials markets and other shopping related places

109581 49.88

Transportation services
Airport, railway station, port terminal, long-distance bus station, subway
station, light rail station, bus station, bus station, car park, transit port, ferry
station, cableway station and other transportation service related places

40216 18.30

Scientific, educational and
cultural services

Schools, scientific research institutions, training institutions, driving
schools, media organizations, museums, art groups, exhibition halls,
convention and exhibition centers, art galleries, libraries, science and
technology museums, planetarium, cultural palace, archives and other

scientific, educational and cultural places

18610 8.47

Total — 219710 100
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Figure 2: (e sketch of grid-sampling in study area.
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Figure 1: (e sketch map of research area.
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Indicators of Association (LISA) explores spatial correlation
features among elements at Local scale to identify spatial
cluster or spatial anomaly distribution features of geo-
graphical elements [16]. Univariate LISA spatial analysis is
based on the relationship between the local region and the
surrounding environment to find out the region with lag
within the study area [17], including high-high (H-H) re-
lationship, that is, the element value and the surrounding
element value are both high; high-low (H-L) relationship,
element value is higher and peripheral value is lower; low-
low (L-L) relationship, elements and their peripheral values
were all low; and low-high (L-H) relationship, the element
value is low but the peripheral factor value is high [18].
Bivariate Lisa spatial analysis can show the effect of an index
of an element on the second index of another element, and
the formula is as follows:

Ii �
xi − x

σ2
· 􏽘

n

j�1
wij xj − x􏼐 􏼑, (3)

where Ii represents the local spatial autocorrelation coeffi-
cient of research area i; xi and xj represent the observed
value of the same geographical attribute on position I and j,
respectively; x refers to the average value of x observations;
σ2 is the variance of x; and wij is the spatial weight matrix.

2.2.3. DBSCAN Spatial Clustering Algorithm. As one of the
most representative clustering algorithms based on density,
the DBSCAN (Density-Based Spatial Clustering of Appli-
cations with Noise) algorithm was proposed in 1996 [19],
because of its better explanatory nature and prioritization.
With the ability to find clusters of any shape under the
condition of experimental knowledge (such as K-Means and
other methods need to set the number of clusters in the data
set in advance), and the ability to accurately identify discrete
points, the algorithm was proposed to obtain the relevant
data mining field and that was what the researchers sought
after. At present, the DBSCAN algorithm has been widely
used in the fields of agriculture, physics, chemistry, and
social sciences [20–23], but reports of its application in POI
clustering research are still rare. For this reason, the
DBSCAN method is selected in this study for the cluster
analysis of the four types of service industry facilities in the
central city of Chengdu.

(e DBSCAN algorithm mainly involves two parame-
ters: Minpoints and EPS. Minpoints means, after repeated ex-
periments, the user eliminated the situation that the set value
of Minpoints was too small, which led to a few super large
clusters and many small clusters in the clustering results. On
the premise that all the clusters were as similar as possible,
the clustering results with as many clusters as possible were
selected to finally determine the appropriate value of
Minpoints [24]. EPS means the radius of the research field,
mainly determined by the Euclidean distance between ob-
jects and the distance of descending order K; Euclidean
distance is the distance between two points A(X1, Y1),
B(X2, Y2) in space, and its calculation formula is as follows:
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2

􏽱

, (4)

where X1, X2, Y1, and Y2 represent the abscissa and or-
dinate of the A, B two points respectively; the descending
order K distance represents the Euclidean distance of the
nearest K’th point to the object P point, i.e., K-dist. K is the
above Minpoints. (e value of K-dist reflects the density of
the area where the point is. (e smaller the value is, the
denser the distribution of sample points in the area. (e
Euclidean distances between object point P and nearby K’th
points were rearranged according to the order of values
from large to small, and the K-dist figure was made. Since
points on the same horizontal line or a straight line with a
small slope were considered to be in the same density area,
the value corresponding to the first sag point or the point
with sharp changes in the figure was the value of EPS in
theK-dist figure.

DBSCAN algorithm defines cluster as the biggest
density of connected points, which can divide regions
with sufficient density into clusters and eventually form
clusters of arbitrary shapes. To find a collection of linked
density, the DBSCAN algorithm allows an arbitrary object
P to cluster from the data. Considering P is, namely, the
core object or the center of a circle, the POI point, in the
circle with a radius of EPS, is not less than Minpointsand the
algorithm returns to a connected set of density, whose
objects are represented as the same variety. If P is not the
core object and no other objects are reachable from P
density, P is represented as a noise. DBSCAN algorithm
does the above processing for each unscanned point.
Finally, objects connected in density are represented to
the same cluster, while objects not contained in any
cluster are noise. For any core object in the data set, you
can return a collection of density-linked objects.

3. Results and Analysis

3.1. Spatial Autocorrelation Analysis of POI in Chengdu.
(e weight tool in GeoDa software was used to create the
spatial weight files of each study area. (e K-nearest cri-
terion was selected to establish the spatial weight matrix and
the confidence level was set to 0.05 to perform the univariate
and bivariate spatial autocorrelation analysis on the four
kinds of POI data.

3.1.1. Univariate Spatial Autocorrelation. Moran’s I index
calculation results for different types of POIs in service
industry facilities (Table 2).

(e calculation results in Table 2 show that the Z values
of various types of POIs are greater than 1.96, i.e., the
confidence is greater than 95%, while Moran’s I index of the
four service industry facilities’ POIs are all positive, indi-
cating that the spatial distribution of the four types of POIs is
generally clustered. It has significant spatial clustering rather
than random distribution.

(e local spatial autocorrelation analysis was further
carried out to explore the spatial distribution characteristics
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of the service industry facilities in the central city of
Chengdu, and the LISA spatial distribution maps of the four
types of service facilities POI were drawn (Figure 3).

(eH-H cluster area indicates that the number of service
industry facilities is the largest in this area with the number
of service industry facilities decreasing to the adjacent area.
Such clusters show obvious similarities in the four types of
service industry facilities, which are mainly distributed in
traditional areas such as Chenghua District and Jinjiang
District. In the old city, there are scattered distributions in
the new central city areas such as Xindu District, Long-
quanyi District, and Qingbaijiang District. L-L cluster area
indicates that the number of service industry facilities in the
area is small with the number of service industry facilities
decreasing to the adjacent area, and the layout is relatively
scattered. (ere are clusters in the POI of transportation
service facilities, showing a clustered edge distribution. (e
H-L cluster area indicates that there are more service in-
dustry facilities in the area, but there are fewer service in-
dustry facilities in the adjacent area. (e L-H cluster area
indicates that the number of service industry facilities in the
area is small, but the number in the adjacent area is large.
(e two are abnormal clusters with relatively small number.
H-L cluster areas are randomly distributed among the four
types of service industry facilities POI. (e L-H cluster area
is spatially attached to the periphery of the H-H area, such as
high-tech area, Jinjiang area, and Pidu area.

According to the statistics of the LISA spatial distribu-
tion map, the proportions of the four types of POIs of H-H
cluster area, L-L cluster area, H-L cluster area, and L-H
cluster area are as follows (Table 3).

(e statistical results further show that there are H-H
and L-H agglomeration areas in POI distribution maps of
the four types of service facilities. (e H-H agglomeration
area accounts for the largest proportion and the concen-
trated distribution area is between 7% and 10%, while the
L-H agglomeration area accounts for 0.2% to 0.7%. L-L
clusters appear in shopping services and transportation
services; H-L cluster area is only distributed in POI of
scientific, educational, and cultural service facilities.

3.1.2. Bivariate Spatial Autocorrelation. (e calculation
results of global Moran’s I index of various service industry
facilities (Figure 4).

(e calculation results show that Moran’s I index of six
bivariate passes the 5% significance test, and the values are all
greater than 0.5, showing a significant positive spatial cor-
relation. Among them, the spatial correlation between
transportation services and scientific, educational and

cultural services is the most significant, with Moran’s I index
reaching 0.706, while the spatial correlation between
shopping services and scientific, educational, and cultural
services is the least significant, with Moran’s I index value of
0.574.

Furthermore, the bivariate LISA is used to analyze the
spatial abnormal relationship between a central service fa-
cility element and another surrounding service facility el-
ement (Figure 5). (e results show the following:

(1) (e LISA spatial distribution results of shopping and
transportation services, shopping and scientific,
educational, and cultural services, as well as shop-
ping and catering services show obvious homoge-
neity, that is, the H-H cluster area is concentrated in
the first ring road of Chengdu, including Internet
celebrity attractions such as parks, Sino-Ocean
Taikoo Li Chengdu, and high-end residential areas
such as Poly Spring Flower Language and BNBM
International. In addition, there are some areas
outside the first ring road and inside the third ring
road, such as Pidu District and Wenjiang University
Town; Airport and Nanhu Park; Longquanyi District
Vocational School area; and dense residential areas
of Huajin Avenue in Qingbaijiang District and other
areas. Analyzing the L-L cluster area of LISA spatial
distribution results of shopping and transportation
services, shopping, scientific, educational, and cul-
tural services, shopping and catering services: the L-L
cluster areas of the three are scattered and inde-
pendently distributed in the fringe area of Chengdu,
and absolutely most areas are rural areas.

(2) (e H-H clustering of scientific, educational, cul-
tural, and transportation services, scientific, educa-
tional and cultural, and catering services mainly
covers the north, west, and south of the first ring
road and the third ring road, such as Tianfu Square,
Chunxi Road, and other famous attractions. Com-
pared with the result of (1), the LISA H-H cluster
area of scientific, educational, cultural, and trans-
portation services and catering services also includes
high-end residential areas east of Jinjiang River Road
in Jinjiang District. (e LISA spatial distribution
results of scientific, educational, cultural, and
transportation services show that there is no L-L
cluster area, and its L-H cluster area is mainly dis-
tributed in industrial areas and around individual
colleges, such as the industrial area around the Pidu
Science and Technology Park, and the Sichuan In-
stitute of Media (Huali Campus), Chengdu

Table 2: POI Moran’s I index of different types of service industry facilities in downtown Chengdu.

POI types Moran’s I Z P

Catering services 0.651 57.798 0.002
Shopping services 0.564 51.080 0.002
Transportation services 0.787 70.854 0.002
Scientific, educational and cultural services 0.687 61.599 0.002
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University of Information Engineering in Shuangliu
District, and Sichuan University (Jiang’an Campus).

(3) (e LISA spatial distribution results of catering and
transportation services are quite different from those
of other types, which are mainly reflected in the L-L
cluster area with the largest proportion mainly
distributed in suburbs and economically

underdeveloped rural areas, such as Shuangliu
Taiping Town, Dalin Town, Longquanyi District
Wanxing Township, and Chang’an Township.

3.2. Identification of POI Clusters in Chengdu and Its Spatial
Pattern Analysis. Based on the DBSCAN algorithm, cluster
the POIs of four types of service industry facilities in

Table 3: (e proportions of the four types of POIs.

POI types Proportion of H-H
aggregation (%)

Proportion of L-L
aggregation (%)

Proportion of H-L
aggregation (%)

Proportion of L-H
aggregation (%)

Catering services 7.50 0.00 0.00 0.67
Shopping services 7.42 0.69 0.00 0.54
Transportation services 9.09 11.71 0.00 0.26
Scientific, educational, and
cultural services 7.37 0.00 0.18 0.29

(a) (b)

(c) (d)

Figure 3: LISA spatial distribution of all kinds of POIs: (a) catering services, (b) shopping services, (c) transportation services, and (d)
scientific, educational, and cultural services.
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downtown area of Chengdu and use the standard deviation
ellipse method to quantitatively analyze the spatial distri-
bution pattern of the POIs of various service industry fa-
cilities (Table 4).

46 clusters were identified out of 50,303 catering service
facilities, and the number of dining spots contained in each
cluster was used as the scale indicator of the cluster. (e
overall distribution pattern of catering clusters is “one
center, eight scattered, small groups” (Figure 6(a)). (e
largest group in the dining spot cluster accounts for 56.83%,
which are concentrated in the third ring road and roughly
form a north-south ellipse. (e areas covered are mainly the
traditional main urban areas of Chengdu (Jinniu District,
Chenghua District, Qingyang District, Wuhou District, and
Jinjiang District) and parts of Longquanyi District, Pidu
District, and Shuangliu District. (ere are 8 medium-sized
clusters, and the number of POIs is mostly between 1060 and
3200. (ey are mainly distributed in the eastern and
southern parts of Wenjiang District, Sichuan Normal
University and Metro Line 2 in Longquanyi District, and the
central part of Xindu District. (e University Town area and
the vicinity of the Institute of Communication of Sichuan
Radio and TVUniversity in the west near Jinniu District, the
northwestern area near Wuhou District in Shuangliu Dis-
trict (including the vicinity of Sichuan University Jiang’an
Campus), the central area of Pidu District, and the northern
part of Qingbaijiang District Regions and other regions. (e
number of scattered groups is between 52 and 730, which are
roughly distributed in some more developed communities
and villages in the suburbs, such as Liu’an Community in
Wenjiang District, Yong’an Town in Shuangliu District, and
Qingquan Town in Qingbaijiang District or near colleges

and universities, such as Xihua University in Pidu District
and Qingshuihe Campus of University of Electronic Science
and Technology of China.

77 clusters were identified among 109,581 shopping
service facilities. (e overall clustering of shopping services
presents a distribution pattern of “one circle, four cores,
seven scattered, small groups” (Figure 6(b)). (e shopping
service cluster centers in Chengdu are mainly concentrated
in the third ring road, roughly forming a north-south ellipse.
(e number of clusters in the “one circle” accounted for
65.76% of the total.(emain areas covered are the first circle
of Chengdu (Jinniu District, Chenghua District, Qingyang
District, Wuhou District, and Jinjiang District), Longquanyi
District, Pidu District, and other parts of the second circle.
(e number of clusters of POIs in “four cores” is between
2480 and 6520, which are mainly distributed in the southern
part of Wenjiang District, including the university towns of
Southwestern University of Finance and Economics and
Chengdu University of TCM in Wenjiang District in the
west of Wenjiang City, near Shuangliu Airport in Shuangliu
District, and Longquanyi Area near the intersection of G318
and G108. (e number of POIs in the clusters of “Seven
scattered, small groups” is between 620 and 2500, which is
mainly distributed in the area east of G318 and the fifth ring
road in Longquanyi District, namely, Sichuan Normal
University, Sichuan Nursing Vocational College, and
Sichuan Aerospace Vocational College as well as Sichuan
Vocational College of Finance and Economics, and the real
estate contiguous area, the eastern part of Chengdu ring
expressway and the northern part of Yurong Expressway, the
two clusters in the encircled zone of Chengwan Expressway
and Chengpeng provincial road in Xindu District, and

catering
services

shopping
services

transportation
services

Scientific,
Educational

and
cultural services

catering
services

shopping
services

transportation
services

Scientific,
Educational

and
cultural
services

1

1

1

1

0.582

0.698

0.653 0.574 0.706

0.620

Figure 4: Global bivariate Moran’s I index matrix of various POIs in Chengdu.
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(a) (b)

(c) (d)

(e) (f )

Figure 5: LISA spatial distribution diagram between any two types of variables: (a) shopping-transportation services, (b) shopping-
scientific, educational, and cultural services, (c) catering-shopping services, (d) scientific, educational, and cultural-transportation services,
(e) scientific, educational, and cultural-catering services, and (f) catering-transportation services.
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Qingbaijiang Avenue and Qingbaijiang District in Qing-
baijiang District within the contiguous area of Chengnan
Road and the contiguous area of residential areas in the west
of G108. (e number of POIs in the small groups is between

51 and 550, which are roughly distributed in some of the
more developed communities and villages on the outskirts of
the city, such as Gongxing Town in Shuangliu District,
Qingquan Town in Qingbaijiang District, and ancient towns

(a) (b)

(c) (d)

Figure 6: DBSCAN cluster diagram. (a) catering services, (b) shopping services, (c) transportation services and (d) scientific, educational
and cultural services.

Table 4: Statistics of the largest cluster of all kinds of POIs.

POI types Central
coordinates X

Central
coordinates Y

Major
axis
(km)

Short
axis
(km)

Ellipse
area
(km2)

Azimuth
θ (°)

Maximum
number of

clusters (Piece)

Percentage of
maximum cluster in
total number of

points (%)
Catering services 409876.84 3392601.51 6.24 8.72 170.765 157.51 29158 56.83
Shopping services 409322.59 3395173.23 11.57 8.39 304.88 173.33 72060 65.76
Transportation
services 409589.53 3392604.20 8.65 6.58 178.82 153.40 23053 57.32

Scientific,
educational and
cultural services

408424.73 3394477.85 12.28 7.08 273.07 148.70 12644 67.94
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in Pidu District and near universities and hospitals, such as
the First People’s Hospital of Shuangliu District Chengdu
and Xihua University in Pidu District.

53 clusters were identified among 40,610 transportation
service facilities.(e overall transportation clusters present a
distribution pattern of “one circle, seven small clusters”
(Figure 6(c)). “One circle” is the largest cluster, roughly
showing a northwest-southeast trend and accounting for
67.94%. With Chunxi Road, Taikoo Li, and Wangfujing
Department Stores as the center, it radiates outward to the
third ring road of Chengdu, which roughly corresponds to
the traditional main urban area of Chengdu. (e number of
POIs in medium-sized clusters is mainly between 770 and
2260, which are mainly distributed in Wenjiang University
Town, Shuangliu Airport in Shuangliu District and near
Sichuan University, vocational colleges near Hangtian North
Road in Longquanyi District, and Tonghua in Qingbaijiang
District, the surrounding zone of Huajin Avenue and Huajin
Avenue, the vicinity of Jinfurong Avenue and Rongdu
Avenue, and the intermediate zone between G213 and
Rongchang Expressway in Xindu District. (e number of
POIs in small clusters is between 35 and 400, which are
mainly distributed along roads, subways, shopping malls
and residential communities.

10 clusters were identified among 18,610 scientific, ed-
ucational, and cultural service facilities. (e cluster of sci-
entific, educational, and cultural services generally presents a
distribution pattern of “one large, four medium, and five
small clusters” in a northwest-southeast direction
(Figure 6(d)). Large-scale scientific, educational, and cul-
tural service centers accounted for 67.94%, which are mainly
centered on Kuanzhai Alleys, radiating outward to the third
ring road in Chengdu.(e number of POIs in medium-sized
clusters is between 520 and 1360, which are mainly dis-
tributed in theWenjiang University Town, the west of Metro
Line 3 in Shuangliu District, near the Tanghu Branch of
Sichuan TV and Radio University, Sichuan Normal Uni-
versity in Longquanyi District, Sichuan Staff University of
Science and Technology, in the area of Sichuan Tourism
University, Chengdu Medical College of Xindu District,
University of Petroleum, and other university towns. (e
number of small clusters ranges from 86 to 254 and is
roughly distributed in some of the more developed com-
munities and villages on the outskirts of the city, such as near
the Qingbaijiang School of Chengdu Radio and TV Uni-
versity in Qingbaijiang District, and near Xinfan Town in
Xindu District.

In addition, the DBSCAN spatial clustering algorithm
obtained 2794 catering service noise points (accounting for
5.4% of the total number of this category), 2592 shopping
service noise points (2.4% of the total number of this cat-
egory), and 3280 transportation service noise points (ac-
counting for 8.1% of the total number of this category), 1671
noise points for scientific, educational, and cultural services
(8.9% of the total number of this category). (e noise points
indicate that they are discretely distributed and are not
effectively connected to any clusters and are regarded as
isolated points. Among them, there are relatively concen-
trated noise points in Longquanyi, Shuangliu District, and

other areas. In the future development, these noise points
will be integrated with existing clusters or form new clusters,
which is a potential for future service industry development
in downtown area of Chengdu [25, 26].

4. Discussion and Conclusion

4.1. Discussion. (rough the analysis of the formation
mechanism of the spatial layout of the four types of service
industry facilities in the downtown area of Chengdu, it can
be found that driven by the behavior of maximizing benefits,
it presents three characteristics: central driving, traffic ac-
cessibility, and dependence on population activity. (e first
is the driving force of the center. (e distance from the city
center and the urban development history and cultural
heritage are important factors affecting the urban spatial
pattern. (e service industry facilities are highly and densely
distributed in the five traditional districts, including Jinjiang
District, Qingyang District, Jinniu District, Wuhou District,
and Chenghua District. (e central city refers to the first
circle. With the increase of distance, the radiating effect of
the city center on the surrounding area is constantly
weakening. Although there are small dense areas in the
second circle such as Wenjiang District, Shuangliu District,
and Xindu District, the distribution is still close to the city
center, and the trend of suburbanization is not obvious. (e
second is traffic accessibility. Along the roads, subways, and
near bus stations, there are gatherings of catering service
facilities, shopping areas, and rich scientific, educational,
and cultural service facilities, such as within the third ring
road of Chengdu, Chengdu-Chongqing Ring Expressway,
G213, and other highways and various subway lines forming
a multifunctional mixed area.(e third is the dependence on
population activity. (e clustering abnormal areas in the
spatial pattern are mainly distributed in residential areas,
universities, and other areas with high population density
and strong activity capacity, such as the residential area west
of the fourth section of the east third ring road, high-rise
residential buildings, and high-tech incubators around the
Swan Lake Ecological Zone.

(erefore, it is necessary to formulate policies to ra-
tionally plan and guide the spatial layout of the service
industry and to strengthen the implementation of the policy
of “central city + suburban new city” spatial development
level based on population distribution and urban spatial
planning [27]. (e non-core functions of the core area of
Chengdu will be further unblocked, and the efficient flow of
development factors and development resources will be
promoted to enhance the spillover efficiency and drive ra-
diation capacity of the central city and promote the balanced
and coordinated development of the whole region.

Generally, the quantitative study of urban spatial pattern
based on POI data can truly reflect its overall development
status compared with traditional method research, which is
helpful and of reference value to deepen the understanding
of service industry functional clusters and the future de-
velopment of the service industry in downtown area of
Chengdu. On the other hand, with the disadvantages of
excessive amount of data and low amount of information,
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and lack of such attributes as business scale, creation time,
and usage, it is vulnerable for POI data to ignore the de-
velopment characteristics and levels of the central area and
difficult to conduct more in-depth analysis [28, 29]. (ere
are still limitations of this research on the urban spatial
pattern of the service industry facilities in the static space,
and this paper fails to explore the evolutionary pattern of
urban consumption vitality from the perspective of time
dynamics, which can be further deepened in future research.

4.2. Conclusion. (e development of the service industry
paves a solid foundation for urban economic development
and is an important engine for enhancing urban competi-
tiveness. Based on the POI data of the four subsectors of the
service industry in the central city of Chengdu, this study
comprehensively measures the spatial agglomeration char-
acteristics of the service industry in the central city of
Chengdu from the aspects of spatial aggregation and spatial
autocorrelation. (e research indicates the following:

(1) Univariate spatial autocorrelation analysis and
DBSCAN clustering results show that the four types
of POIs all present a distribution pattern of “one
center, multiple clusters” in spatial distribution. (e
“one center” mainly consists of Kuanzhai Alley and
Chengdu Ocean Taikoo Li. As the center expands
outward to some areas of the third ring road, the
“multiple clusters” are mainly distributed in the well-
developed areas of the second circle, such as Wen-
jiang District, Shuangliu District, and Xindu District.
(e remaining noise points are relatively isolated
and scattered, and some areas have the potential to
form service industry clusters in future.

(2) (e bivariate Moran’s I index is used to analyze the
global and local spatial correlation between different
types of POIs.(e analysis results show that there is a
significant correlation between any two types of
service facilities POIs. (e urban central area is
consistent with the above-mentioned “one center”
distribution. (e service industry in the urban fringe
areas is relatively weak, and most of them are single-
function or dual-function mixed areas.

(3) (e distribution characteristics of the service in-
dustry is subject to multiple factors.(e geographical
environment and urban development history have a
spatially polarized distribution of the service in-
dustry facilities; the degree of traffic convenience
determines the agglomeration and diffusion of the
service industry in different regions; government
planning measures and the attraction of business
circles promote the development of the service in-
dustry and accelerate the difference in its spatial
distribution.

Data Availability

(e data that support the findings of this study are available
from the corresponding author upon reasonable request.

Conflicts of Interest

(e author(s) declare no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

Authors’ Contributions

(e authors Hao Li and Jianshu Duan contributed equally to
this work as co-first authors.

Acknowledgments

(is research is supported by the National Natural Science
Foundation of China (41501291).

References

[1] P. Zhu and X. Liu, “New type of urbanization: the basis,
problems and path,” Journal of the Party School of the Central
Committee of the C.P.C, vol. 21, no. 1, pp. 114–122, 2017.

[2] H. Zhu and X. Lai, “China’s urbanization and regional eco-
nomic growth from the perspective of agglomeration,” Eco-
nomic Perspectives, vol. 12, pp. 49–58, 2013.

[3] C. Fang, “Progress and the future direction of research into
urban agglomeration in China,” Journal of Geographical
Sciences, vol. 25, no. 8, pp. 1003–1024, 2015.

[4] C. Zhou and C. Ye, “Progress on studies of urban spatial
structure in China,” Progress in Geography, vol. 32, no. 7,
pp. 1030–1038, 2013.

[5] X. Liu, S. Li, andM. Qin, “Urban spatial structure and regional
economic efficiency: the mode choice of urbanization de-
velopment in China,” Management World, vol. 1, pp. 51–64,
2017.

[6] H. Zhang, X. Zhou, G. Tang et al., “Hotspot discovery and its
spatial pattern analysis for catering service in cities based on
field model in GIS,” Geographical Research, vol. 39, no. 2,
pp. 354–369, 2020.

[7] Y. Duan, Y. Liu, X. Liu et al., “Identification of polycentric
urban structure of central Chongqing using points of Interest
big data,” Journal of Natural Resources, vol. 33, no. 5,
pp. 788–800, 2018.

[8] Z. Yang, X. He, X. Sui et al., “Analysis of the evolution of
urban center space based on POI: a case study of main area in
Kunming,” Urban Development Studies, vol. 26, no. 2,
pp. 31–35, 2019.

[9] X. Xu and M. Li, “Analysis on spatial distribution pattern of
Beijing restaurants based on open source big data,” Journal of
Geo-Information Science, vol. 21, no. 2, pp. 215–225, 2019.

[10] D. Xu, Z. Huang, L. Lv, and X. Chen, “Research on spatial
characteristics of urban leisure tourism based on POI mining:
a case study of Nanjing City,”Geography and Geo-Information
Science, vol. 34, no. 1, pp. 59–64, 2018.

[11] H. Zhong and Y. Leng, “Knowledge graph analysis on
Chengdu-Chongqing economic circle,” Journal of Chongqing
University (Social Science Edition), vol. 26, no. 4, pp. 13–26,
2020.

[12] Y. Xiong, Chengdu Yearbook, Chengdu Yearbook Society,
Sichuan, China, 2017.

[13] J. Zeng, Sichuan Statistical Yearbook, China Statistics Press,
Beijing, China, 2019.

[14] W. R. Tobler, “A computer movie simulating urban growth in
the Detroit region,” Economic Geography, vol. 46, no. 2, 1970.

Mathematical Problems in Engineering 11



[15] Z. Li, J. Zhang, and Y. Geng, “Effects of ecological diffusions of
cities around Yangtze River economic belt basing on spatial
relation,” Journal of China Agricultural University, vol. 22,
no. 1, pp. 161–171, 2017.

[16] X. Lu, Xi Yang, and Z.-X. Chen, “Measurement and temporal-
spatial evolution characteristics of urban land green use ef-
ficiency in China,” China Population Resources and Envi-
ronment, vol. 30, no. 8, pp. 83–91, 2020.

[17] S. Tapsuwan, M. Polyakov, R. Bark, and M. Nolan, “Valuing
the Barmah-Millewa forest and in stream river flows: a spatial
heteroskedasticity and autocorrelation consistent (SHAC)
approach,” Ecological Economics, vol. 110, pp. 98–105, 2015.

[18] Z. Zhu and X. Qi, “Research on spatial development of
Minnan Delta basing on MORAN’I,” Economic Geography,
vol. 29, no. 12, pp. 1977–1980, 2009.

[19] M. Ester, H. P. Kriegel, J. Sander et al., “A density-based
algorithm for discovering clusters in large spatial databases
with noise,” in Proceedings of the International Conference on
Knowledge Discovery and Data Mining, pp. 226–231, AAAI
Press, Palo Alto, CA, USA, 1996.

[20] X. Li and D. Li, “DBSCAN spatial clustering algorithm and its
application in urban planning,” Science of Surveying and
Mapping, vol. 3, pp. 51–53, 2005.

[21] D. Joshi, Polygonal Spatial Clustering, University of Nebraska,
Lincoln, Nebraska, 2011.

[22] S. Kisilevich, F. Mansmann, and D. P. Keim, “DBSCAN: a
density based clustering algorithm for exploration and
analysis of attractive areas using collections of geotagged
photos,” in Proceedings of the International Conference and
Exhibition on Computing for Geospatial Research & Appli-
cation, ACM, New York, NY, USA, 2010.

[23] F. Yang, J. Xu, and L. Zhou, “Cluster identification and spatial
characteristics of catering in Guangzhou based on DBSCAN
spatial clustering,” Economic Geography, vol. 36, no. 10,
pp. 110–116, 2016.

[24] J. Ding and J. Li, “Spatial patterns of Chinese inbound tourist
POI: an analysis of geographic information from web pic-
tures,” Economic Geography, vol. 35, no. 6, pp. 24–31, 2015.

[25] Bo Guo, Y. Xu, and W. Sun, “Accessibility of regional POI
based on the network analysis of ArcGIS,” Journal of Ludong
University: Natural Science Edition, vol. 31, no. 1, pp. 68–71,
2015.

[26] Y. Zhang, J. Liu, L. Zhou et al., “Cluster identification and
spatial characteristics analysis of Shunfeng Express service
facilities based on the DBSCAN algorithm in Beijing,” Journal
of Geo-Information Science, vol. 22, no. 8, pp. 1630–1641, 2020.

[27] J. Li, Y. Liang, and X. Wang, “Spatial clustering analysis of
service industries in Zhengdong New District based on POI
data,” Geographical Research, vol. 37, no. 1, pp. 145–157, 2018.

[28] T. Shu, Y. Ren, L. Shen et al., “Study on spatial heterogeneity
of consumption vibrancy and its driving factors in large city: a
case of Chengdu City,” Urban Development Studies, vol. 27,
no. 1, pp. 16–21, 2020.

[29] K. Wu, H. Zhang, Y. Wang et al., “Identify of the multiple
types of commercial center in Guangzhou and its spatial
pattern,” Progress in Geography, vol. 35, no. 8, pp. 963–974,
2016.

12 Mathematical Problems in Engineering


