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Data mining and simulation of the Internet of things (IOT) have been applied more and more widely in the rapidly developing
urban research discipline. Urban spatial structure is an important field that needs to be explored in the sustainable urban
development, while data mining is relatively rare in the research of urban spatial structure. In this study, 705,747 POI (Point of
Interest) were used to conduct simulation analysis of western cities in China by mining the data of online maps. (rough kernel
density analysis and spatial correlation index, the distribution and aggregation characteristics of different types of POI data in
urban space were analyzed and the spatial analysis and correlation characteristics among different functional centers of the city
were obtained. (e spatial structure of the city is characterized by “multicenters and multigroups”, and the distribution of
multicenters is also shown in cities with different functional types. (e development degree of different urban centers varies
significantly, but most of them are still in their infancy. Data mining of Internet of things (IOT) has good adaptability in city
simulation and will play an important role in urban research in the future.

1. Introduction

(e concept of sustainable development was put forward in
1987, with the speeding up of globalization and urbaniza-
tion; China’s urban economy entered a period of rapid
growth, the speed of urban development is accelerating and
the scale of urban construction is generally increasing.
However, at the same time, the urban problems brought
about by the rapid development period have also attracted
the attention of urban researchers. In the view of many
scholars, the ideal sustainable urban spatial structure can
alleviate or solve the problems that arise in the process of
urban development in a limited way, which is an innovation
of its mode and an unremitting exploration of the ideal
urban spatial structure.

(e development of the city presents a feature of con-
tinuous diffusion and reaggregation in space. In the process
of aggregation and expansion in urban development, a
gathering center will be formed in space. (e gathering
center is the space carrier of urban public activities and the
core area of urban activities [1]. With the phenomenon of

diffusion and aggregation more obvious, the urban spatial
structure has evolved from the original single center to a
multicenter spatial structure [2, 3]. (e multicenter spatial
structure has quickly become a research hotspot and re-
search difficulty in urban development research. Under the
guidance of the current national macro policy and deliberate
guidance of planners, megacities such as Beijing, Shanghai,
Guangzhou, and Shenzhen have begun to use multicenters
as the core goal of urban space development strategy [4–6].

Chinese scholars’ research on the spatial structure of
urban centers mainly involves urban center theory research
[7, 8], central structure measurement and efficiency research
[9–12], performance evaluation [8, 13–15], organization and
governance [16, 17], etc. Most of China’s domestic analysis is
based on geospatial analysis and morphological analysis.(e
urban central structure is analyzed from the distribution
characteristics of different elements of urban space [18, 19].
However, there are few studies on the spatial structure of
urban centers from different functional types.

In recent years, the use of urban mass data to analyze the
spatial structure of cities has provided a new research
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paradigm for the sustainable development of cities. (e use
of a wider range of urban data includes rail transit card data,
mobile phone signaling data, network review data, thermal
map data, microblogging sign-in data, and night lighting
data. Ying, Feng, Zhiqiang, Yang, and Xiong analyzed the
spatial structure of the city through these “big data” cities
[20–25]. However, based on the big data of these cities, there
are problems in data acquisition difficulties, fewer ways, and
inability to update in real time. Based on the open source
data POI (Point of Interest), it provides an accurate and
effective alternative to urban research. (e POI data is an
expression of a virtual abstraction of a real geographical
entity in space, has spatial attribute information, has a large
amount of data, and is easy to acquire. It is one of the most
important data in the study of urban geography. It has been
widely used in urban research. Chinese scholars’ research on
POI data mainly focuses on urban spatial structure research
[26], urban functional area identification [27], etc. Based on
POI data, urban spatial structure can be well recognized, but
through geographic information system and POI big data to
cities. (ere is still little research on the development of the
central space structure.

At present, the research on a large number of urban
center spatial structures is mainly concentrated in first-tier
cities and megacities such as Beijing, Shanghai, and
Guangzhou. (ere is less attention to general provincial
capital cities. Choosing China’s Guiyang as a research object
is more representative. Guiyang is one of the core cities in
western China and one of the birthplaces of China’s “big
data.” In Guiyang’s urban sustainable development strategy,
the development concept of building a multicenter city is
also mentioned, and the spatial structure layout of the city’s
multicenter is formed. To this end, this study uses the POI
data of Guiyang City from 2016 to 2018, taking the main city
of Guiyang as an example and using the nuclear density
analysis and spatial correlation index in geography to an-
alyze the evolution characteristics of urban centers in the
main urban area of Guiyang. As one of the central cities in
the west, Guiyang analyzes the spatial structure of the de-
velopment of Guiyang multicenter. (rough the analysis of
Guiyang, it summarizes the achievements and shortcomings
of the development of Guiyang urban center, and it provides
new thinking for city planning and sustainable development
mode of the city through the development of Guiyang urban
center and the optimization of spatial structure.

Big data are used to simulate the urban spatial structure
to achieve the purpose of exploring the urban spatial form of
Guiyang, the capital city of western China. And further
explore the sustainable development model of urban spatial
structure.

2. Methodology

2.1. Study Area. Guiyang is the capital city of Guizhou
province in western China and the central city in western
China. By 2018, Guiyang had a permanent resident pop-
ulation of 3.136 million, with a GDP of US $53.672 billion,
ranking the second fastest growth rate in China. SinceMarch
2015, cities in western China have been developing slowly

due to their inland location. (e National Development and
Reform Commission and other departments jointly issued
the “One Belt And One Road” development strategy,
bringing historical development opportunities to western
cities. (e urban spatial structure of Guiyang has undergone
drastic changes (Figure 1).

2.2.Data Source. (e data for this study was fromDecember
2016 to December 2018. Get online map POI data about
Guiyang, China, through an open interface. POI data has
been widely used in urban navigation systems in urban
geography, with spatial attributes and location information
of urban entity objects. (erefore, the POI data basically
contains all the entity objects in the study area urban space.
As a kind of big data of geographic information, POI is
widely used in the simulation of geographic space, especially
in urban space, due to its advantages such as large quantity,
fast update, and accurate positioning. Compared with other
big data in model cities, POI has a better result.

After obtaining the POI data (http://www.amap.com),
the data is verified and cleaned up. Among them, the 2016
POI data is 204,000, the 2017 POI data is 248516, and the
2018 POI data is 253231, a total of 705747. According to the
online map POI classification system combined with dif-
ferent functional attributes of the city, 705,747 POI data are
divided into five categories: public service, life service, leisure
and entertainment, residence, and business (Table 1).

2.2.1. Kernel Density Estimation [28]. Kernel density anal-
ysis simulates the distribution of density by calculating the
density values of points in the space and the neighborhood of
the line features. In recent years, nuclear density analysis has
been widely used in the study of spatial distribution of
geography. (is study compares the results of each nuclear
density analysis under different search radii to explore the
spatial distribution of the overall urban and urban areas of
Guiyang’s main urban area and different types of POI:
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where kj is the spatial weight of the research object j (POI);
Dij is the distance between different POIs in space; and R is
the bandwidth within the search area (bandwidth).

2.2.2. Spatial Correlation Index [29]. (e spatial correlation
index is currently used to describe the characteristics of cities
in geospatial. (is study uses the Getis-Ord General G and
Getis-Ord Gi∗ indices to measure the global and local
features, structural patterns, and clustering of spatial loca-
tions in urban geospatial space, respectively. (e spatial
distribution of hot spots and cold spots is used to indicate the
degree of association.

Getis-Ord General G:

G(d) �
  wij(d)xixj

  xixj

, (2)
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where d is the distance of Guiyang city center; wij(d) is the
spatial weight in the study area; and xi and xj are the ex-
tended intensity index of urban land. Under the assumption
that space does not agglomerate, the expected value of G(d)
is E(G):

E(G) �
W

[n(n − 1)]
,

w �   wij(d).

(3)

Under the condition of positive distribution, the sta-
tistical test value of G(d) is Z(G):

Z(G) �
[G − E(G)]

�������
Var(G)

 ,

E(G) � Wn(n − 1) .

(4)

When G(d) is higher than E(G) and the Z(G) value is
significant, high-value clusters appear in the study area;
when G(d) approaches E(G), the study area variables appear
randomly distributed:
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n
j xj

. (5)

3. Result

3.1. Urban Center Evolution Process Based onNuclear Density
Analysis

3.1.1. Evolution of the Overall Urban Center. In nuclear
density analysis, different search radii will result in different
results for density analysis. (e search radius of 500, 1000,
1500, and 2000m was set to compare the density of POI in
Guiyang main city from 2016 to 2018. It is found that, as the
search radius increases, the internal POI will gradually
merge. When the search radius is increased to a certain
distance, the spatial agglomeration characteristics of the POI
will be weakened to some extent. In general, when the search
radius is small, a small range of POI aggregation areas can be
identified. When the search radius is increased, it can reflect
the macroscopic scale of the urban spatial structure, and the
nuclear density equivalent curve will be smoother.(is study
explores the evolution of the urban center structure and
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Figure 1: Study area.

Table 1: Classification of urban POI data in Guiyang.

POI classification Classified content Quantity (%)

Public service
Road auxiliary facilities, public facilities, transportation

facilities services, access facilities, government agencies and
social groups, and cultural and educational services

132117/18.72

Domestic services Catering services, shopping services, and health-care services 435803/61.75
Leisure and entertainment Resorts, golf-related, entertainment venues, and sports venues 49442/7
Reside Community, villa area, and dormitory 26031/3.68
Business Company, company, and bank
Total 705747/100
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urban center. According to the scale comparison of existing
urban research and the overall and local effects of different
search distances in Kunming, 1500m is finally selected as the
nuclear density search radius of this study.

Based on the search radius R= 1500m, the nuclear
density analysis of Guiyang three-year POI was carried out.
It can be seen from Figure 2 that, in 2016, Guiyang City
Center is Times Square, Longjiyuan and Tianjiao Haoyuan
are subcenters, and Sunshine Garden and Ganjing Bridge
have large groups. (ere are also obvious groups on both
sides of Guanshan Lake. In 2017, Guiyang City Center was
Times Square, but the city’s subcenter changed, with Sun-
shine Garden surpassing Tianjiao Haoyuan and Longjiyuan
as the city’s subcenter. (e group on both sides of the
Ganjing Bridge and Guanshan Lake has an increasing trend,
and a new urban group is formed in Longwan International.
In 2018, the city center is still the Times Square. (e sub-
center of the city has undergone significant changes. (e
Longwan International Group has the fastest development,
and the concentration is close to Longjiyuan, becoming a
new subcenter of the city.(e concentration of urban groups
on both sides of the Ganjing Bridge and Guanshan Lake
continues to increase (Figure 2).

Analysis of the POI nuclear density map of Guiyang City
from 2016 to 2018, we can find that Guiyang has begun to have
a multicenter spatial structure in the city since 2016. By 2018,
the urban multicenter spatial structure has become more
apparent. (e main city of Guiyang is dominated by Times
Square and has the widest range of radiation. It starts from
Yunyan District in the north and goes to Guiyang Station in
the south. In 2016–2018, there was a significant change in the
city center of Guiyang. (e main center of Guiyang City has
been growing around Times Square. And it is very obvious to
expand to Shantou Park. Guiyang City subcenter has a clear
growth trend, but Tianjiao Garden is not growing faster than
Sunshine Garden and Longwan International Group. (ere
are many agglomeration groups in the main city of Guiyang,
among which the development of Longwan International and
Sunshine Garden Group is the most significant. (e devel-
opment of the groups on both sides of Guanshan Lake is slow,
and the Ganshan Bridge also has obvious growth, but there is
still a big gap from the city’s subcenter.

Guiyang, China, is already developing into a multicenter
city, but the development of the main and secondary centers
is unbalanced. (e growth of the main center in Guiyang is
more obvious and the development is relatively perfect, but
there is still a large space for the development of the sub-
center and each group. In addition to the main center, the
other secondary centers show the characteristics of dynamic
growth. In general, the development of the spatial structure
of the Guiyang urban center has initially highlighted the
characteristics of dynamic “multicenter” development.

3.1.2. Evolution Process of Different Types of Urban Centers.
Due to the urban development, planning policy guidance,
and the public role of natural conditions, there are signif-
icant differences in the spatial distribution and agglomer-
ation of urban centers with different functions. (erefore,

different types of POIs tend to have large differences in
spatial distribution structures. (e nuclear distribution of
the centers of different functions is explored by performing
nuclear density analysis on the distribution of different types
of POIs.

As can be seen from Figure 3, the spatial distribution of
different types of POIs is highly variable. In 2016, the public
service category POI was centered on Times Square, and
there were small groups in Guanji Lake Longjiyuan and
Sunshine Garden. (e residential POI is centered on Times
Square, with Guiyang Station as the subcenter, and the main
and subcenters have a tendency to merge with each other.
(ere is a large group presence in Longwan International.
(e business category POI is centered on Times Square, and
a small number of groups exist near Guanshan Lake. (e
life-oriented POI is centered on Times Square and spreads to
the vicinity of Guiyang Station. Ganjing Bridge and Long-
jiyuan in Guanshanhu District are subcenters. Longwan
International, Sunshine Garden, and Tianjiao Haoyuan have
large urban groups. Leisure POI is centered on Times
Square, and Longwan International is a group.

In 2017, the public service category POI was centered on
Times Square, and the Longwan International Group had a
growing trend. (e residential POI is centered on Times
Square and the subcenter has been integrated. And they grew
to Guiyang Station and Shenlong Cave, respectively. (e
Guanji Lake Longjiyuan Group continued to grow. (e
business category POI is centered on Times Square and
Shantou Park is the subcenter. Longjiyuan has a group
presence, which is a big change from 2016. (e life class POI
is centered on Times Square. (e radiation area has further
increased, and the concentration of Longwan International,
Sunshine Garden, and Tianjiao Haoyuan City has caught up
with the Ganjing Bridge and Longjiyuan in Guanshanhu
District. (e same as the city’s subcenter, a new city group
appeared on both sides of Guanshan Lake. (e concen-
tration of leisure POI urban main centers and urban groups
has further increased.

In 2018, the public service POI was centered on Times
Square, and the growth trend of the main center was more
obvious than the growth trend of the group. (e residential
POI is centered on Times Square, and the growth trend
toward Guiyang Station and Shenlong Cave is more obvious.
(e business category POI is centered on Times Square, and
the Shantou Park subcenter tends to merge with the main
center. In the vicinity of Guanshanhu Park, the phenomenon
of urban group formation is more obvious.(e life class POI
is centered on Times Square. A new subcenter was formed
near Guiyang Station, and the concentration of POI in the
other subcenters was also more obvious.(e leisure POI city
main center has a differentiation trend in the direction of
Shenlong Cave.

From the analysis of different types of POI nuclear density
maps from 2016 to 2018, we can find that, in the past three
years, different types of POIs are based on Times Square. (e
development of urban centers with different functions is quite
different. Among them, the development of living services
and residential urban centers is relatively perfect, but the
center of life services is growing faster than leisure centers.
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(e public service and business city centers are generally
developed. (e growth rate of the main center is much
larger than that of the subcenters and groups. Leisure
basically exists in the form of a single center.

(ere are great imbalances in the development of dif-
ferent functional city centers in Guiyang, China. Some urban
centers only have one single center, while the degree of

development of the main centers in other cities is much
higher than that of the secondary centers and clusters. (ere
is even a situation that the secondary centers and clusters are
assimilated into the main centers with the development of
the main centers.(emulticenter of urban function is still in
its infancy, and the spatial structure of urban center also
presents an obvious dynamic change.

Figure 3: Nuclear density of different types of POIs from 2016 to 2018.

Figure 2: POI nuclear density from 2016 to 2018.
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3.2. Urban Center Evolution Based on Spatial Correlation
Index. Based on the evaluation unit of Guiyang City and the
degree of urban POI aggregation, the spatial growth cor-
relation index of the city center of Kunming, Getis-Ord
General G and Getis-Ord Gi∗, is calculated. (us, the global
and local characteristics of the city center due to spatial
correlation are described.

(e global characteristics are shown in Table 2: in three
years, the observation value G(d) of the global statistical
indicators of the Guiyang City Center Growth Correlation
Index is greater than the expected value E(d), and the Z score
is obvious, indicating that it is in the main city of Guiyang.
(ere is a phenomenon of high/low value agglomeration, but
the Z value rises and falls, and the agglomeration phenom-
enon also increases and decreases. (e overall Z value is the
highest in 2016–2018, indicating that the growth of POI in
Guiyang has been growing around a few cores in the past
three years. Except for the overallZ value, theZ values of other
functional POIs have increased, and the central polarization
has been strengthened; 2016–2018 (e public service, living
service, and business Z value are relatively high, indicating
that the growth of three types of POIs around several centers
in three years is obvious; in 2016–2018, the Z value of public
services and life services has increased rapidly, and the central
polarization has strengthened. And the Z value of life service
rose the fastest, indicating that the polarization intensity of the
high/low agglomeration center is rapidly increasing. (e
above analysis also verified the results of the nuclear density
analysis.

(e spatial correlation index Getis-Ord Gi∗ in the three-
year evaluation unit is calculated separately, and the high-
level cartographic representation based on ArcGIS is used to
obtain the “hot spot area” and “cold spot area” distribution
map of the POI growth intensity in the main urban area of
Guiyang (Figure 4). (e hot spot area and the “cold spot
area” have obvious evolution and migration processes in the
spatial distribution.

Analysis of the distribution map shows that, from 2016
to 2018, with the acceleration of the urbanization process in
Guiyang, the urban POI increased, the number of “hot
spots” increased significantly, and the “cold spot area” de-
creased continuously. It has risen from 33.6% in 2016 to
38.2% in 2017 and reached a maximum of 40.8% in 2018. In
the three periods, the “cold spot zone” became a significant
downward trend, accounting for 33.9%, 29.7%, and 24.8%,
respectively. In the three periods, except for Times Square,
which has been in the “hot spot”, “hot spot” such as
Longwan International, Longjiyuan, and Sunshine Garden
has been constantly evolving and changing.

In 2016–2018, there was no obvious change in the “hot
spot” of public service category, mainly due to the increase in
the number of hotspots and cold spots, and the growth of the
hotspots as Times Square, but there were also new hotspots
in Longwan International.

In 2016–2018, the “hot spot” of the residential category
changed more obviously. First of all, the “hot spot” increased
to 69.7% within three years. Secondly, outside the Times
Square, new growth cores appeared in Longwan Interna-
tional, Longjiyuan, and Sunshine Garden. (e growth

nuclear periphery was followed by high-value area and
median area and low-value area; the peripheral structure is
more obvious.

In 2016–2018, the change of “hot spot” in business
category mainly showed that it changed from south of Times
Square to the north, and more “cold spot areas” were
converted into median areas, but the increase of “hot spots”
was not obvious.

(e “hot spot” of life service category has the most
significant changes. First, the “cold spot area” is all converted
into “hot spot area” and “media area”, and then the “hot spot
area” is spread to the whole city, in Times Square, Longwan
International, Guanjihu District Longjiyuan, and Sunshine
Garden have all become the core of growth and have reached
the development level of urban multicenter.

(e leisure “hot spot” has not changed significantly in
three years, and its growth rate is slow.

According to the above analysis, in 2016–2018, the
growth characteristics of various POIs in Guiyang City
showed a rapid growth process, and the “hot spot” was
roughly reflected in the development process of the upper
and lower ends of Times Square. In 2016–2018, various POIs
are mainly concentrated in Times Square, which guides the
growth of Guiyang City Center. During the continuous
expansion of the “hot spot,” it gradually evolved into a
relatively continuous gathering area in the Guanshan Lake
area, and it tends to develop in the direction of Longjiyuan in
Guanshanhu District. In the three-year change, basically the
spatial structure of the single center of Times Square has
been transformed into a spatial structure led by Times
Square, Longwan International, Guanshan Lake, Long-
jiyuan, and many other city centers.

It can be seen from the spatial correlation index Getis-
Ord General G and Getis-Ord Gi∗ that the spatial structure
change of the urban center of Guiyang is a very obvious
dynamic “multicenter” development process. However,
except the main urban centers, the other centers were not
significantly developed. With the passage of time, the sus-
tainable development model of the urban center spatial
structure in Guiyang is bound to be a dynamic “multicenter”
development.

4. Discussion

4.1. Simulation ofUrbanCenter EvolutionBased onPOIData.
(is study studied the spatial structure of urban centers
based on the analysis of POI data from 2016–2018 through
geographic information technology. For the perspective of
urban geography research and the research paradigm, the
POI can describe in detail the geographical distribution and
agglomeration of various elements in the city and then
identify the geospatial structure of the city. Compared with
traditional conventional data, POI data has better observ-
ability and timeliness. (e clustering characteristics of POI
can quickly reflect the problems of urban geospatial con-
struction, industrial distribution, and functional improve-
ment. (erefore, it provides a strong reference for urban
development. However, the POI data is only the abstract
expression of the urban entity in geospatial space, lacking the
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detailed information of the attributes of the geographic
entity. (is study does not consider the grade and scope of
the POI in the urban space. In the future, the spatial weight
of the POI will be deeply studied.

4.2. 4e Wide Application of Big Data to Simulate Urban
Space. It can be seen from this study that big data has been
playing an increasingly important role in urban spatial
computing. In today’s development of new disciplines,
traditional data in urban simulation computing can no
longer adapt to the development of new disciplines. More
and more big data should be introduced into urban simu-
lation calculation, among which POI data is a typical one.
POI big data has been used to simulate the calculation of
cities with good results. In future studies, more and more

updated big data should be introduced to calculate cities in
order to obtain better results.

4.3. Prospects for the Integration of Geographic Information
Technology and Urban Geographic Big Data. (e spatial
structure of urban centers based on sustainable development
belongs to the discussion of the sustainability of urban space.
(e research on the sustainability of urban space is a hot
issue in urban development, and it is also an urgent problem
needed to be solved. (e sustainable development model of
urban spatial structure is closely related to urban nature,
urban population, land use scale, infrastructure, and other
factors. (is study studied the spatial structure distribution
of urban centers through the analysis of urban big data and
analyzed that the sustainable development mode of Guiyang

Table 2: Getis-Ord General G index of POI in Guiyang main city from 2016 to 2018.

Total Public service Domestic services Leisure Live Business

2016
G(d) 0.000087 0.000174 0.000159 0.000180 0.000203 0.000246
E(d) 0.000019 0.000077 0.000096 0.000117 0.000155 0.000110
Z 154.765599 49.719755 31.666177 18.253169 18.999336 35.250216

2017
G(d) 0.000078 0.000169 0.000137 0.000165 0.000220 0.000198
E(d) 0.000018 0.000079 0.000080 0.000114 0.000174 0.000089
Z 154.646603 54.024563 36.362221 17.605138 18.541761 41.195000

2018
G(d) 0.000072 0.000133 0.000004 0.000165 0.000214 0.000174
E(d) 0.000018 0.000055 0.000002 0.000104 0.000165 0.000085
Z 156.753601 70.542463 146.959363 22.548152 20.214073 41.786830

Figure 4: (e evolution of the “hot spot” in the main urban area of Guiyang from 2016 to 2018.
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urban space is a dynamic “multicenter” development, which
provides a good reference for the sustainable development of
urban space structure in terms of exploration methods and
results.

5. Conclusion

(is study is based on POI data, using nuclear density
analysis and spatial correlation index, according to the
distribution, agglomeration, and correlation characteristics
of POI data in space. (e evolution characteristics of dif-
ferent urban centers in the main urban area of Guiyang City
were discussed, and the following preliminary conclusions
were obtained.

Guiyang’s main urban area presents a more obvious
“multicenter, multigroup” space structure, and Times
Square dominates Guiyang’s urban development.

Under five different types of functions, the urban
structure has a relatively obvious multicenter distribution.
Public services, living services, residence, and business
functions are relatively complete. (e public service and life
service center are mature. In particular, the Life Service
Center is basically distributed in multiple centers.

In general, the development of the central areas of
Guiyang’s main city is relatively perfect. Although the
multicenter development of the city is still in its infancy, the
differences between the centers are obvious, and there is a
big gap from the multicenters of the city. However, the
centers in Guiyang are independent of each other and have
great development prospects. In the future, the spatial
structure of urban center in Guiyang will inevitably present a
sustainable development model of dynamic “multicenter”
development.

(e urban spatial structure and form explored through
big data is more authentic and objective in the expression of
cities. It plays a guiding and leading role in the future urban
planning and construction and provides references for ur-
ban builders and planners.
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