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Abstract: As an important public facility in cities, hospitals provide services that are vital to people’s
lives. Big data is representative of geographic data from numerous sources. It has the advantages of
large amounts of data, high timeliness, and abundant information, which may compensate for the
inadequacy of traditional planning and design, which is overly subjective. Big data can be used to
obtain large-scale human movement data to study hospital characteristics from a supply—demand
balance perspective. Here, 182 comprehensive hospitals in three districts of Shenzhen were picked as
an example, and multi-source data were introduced as a quantitative assessment tool to analyze them.
First, the mobile public participation geographic information system (PPGIS) was researched and
developed independently and used to collect volunteered geographic information (VGI) data, which
was adopted to quantify hospital service supply. Second, the population’s demand for hospitals was
characterized by the quantified point of interest (POI) data. Finally, the location entropy method was
utilized to quantify the levels of supply and demand for comprehensive hospital services from a
supply-demand balance perspective, which was used to guide the classification of the comprehensive
hospitals. The result shows that: (1) the service scopes and the service pressure are different for the
same type of comprehensive hospitals classified by the traditional method; (2) the spatial distribution
of patients is related to land function; (3) the overlap area between the part with a high service
pressure level in the comprehensive hospital and the part with high medical demand of the patient is
prone to service blindness. This study paves a new way to optimize the spatial allocation of medical
institutions or other types of public facilities, rationalize resource allocation, and alleviate urban
transportation congestion.

Keywords: multi-source data; PPGIS; hospital service area; classification; supply—demand balance

1. Introduction

The study of the spatial configuration of hospitals, as major public facilities in cities,
has increasingly gained attention in the fields of urban planning, geographic information
science, and urban management in recent years. Scholars have conducted extensive research
on hospitals” accessibility [1-4], spatial service scope [5-8], and fair issues [9-11] to assist
urban planners and managers in evaluating and analyzing the effectiveness of hospital
space configuration. The basic idea of these studies is to connect the demand location and
the supply location and to investigate the characteristics of hospitals from the perspective
of supply and demand balance. In these studies, researchers optimized the spatial layout of
hospitals by quantifying the service level of hospitals and evaluating the supply-demand
balance of the spatial allocation of urban medical resources, which not only helped to
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improve the fairness of medical resources of citizens but also enabled urban planning to
allocate medical space from the “user perspective”, which represents the idea of being
people-oriented.

However, the current urban construction planning usually has certain limitations and
cannot achieve the above objectives well. For example, the construction planning of Chinese
hospitals is based on the Planning Outline of the Chinese Medical and Health Service
System (POCMHSS). Although the per capita beds and other indicators are considered
from the perspective of users, it still stays at the stage based on the service radius and
rigidity index. This “top-down” planning overemphasizes rigid markers, which in some
cases cannot meet people’s actual needs. For example, in conventional planning, the scope
of public facilities is modeled as circular, while the actual scope is shaped differently [3].
Hospital classification and resource allocation are also based on POCMHSS and Chinese
Hospital Hierarchical Management Measures (CHHMM). Even though regional and traffic
conditions differ between hospitals of the same level, they all have the same service
offerings and resource distribution. As a result, planning and actual circumstances diverge
significantly [12]. Due to the uneven distribution of medical resources, some hospitals
may be overcrowded, while others may not be fully utilized or even empty. Therefore, this
traditional method fails to accurately reflect the supply-demand balance and characteristics
of hospital spatial services due to the models of patients’ medical treatment giving them
insufficient consideration.

In addition, traditional research techniques rely on static data from sources such as
travel surveys, medical records, and census data. On the one hand, it is difficult to gather
massive confidential data; on the other hand, data collection is expensive, the sample size is
small, and the accuracy is low [13]. However, the extensive application of big data in urban
planning provides the possibility for in-depth space configuration research. Scholars [14]
have extracted a large amount of data about traffic and human movement from various data
to quantify the supply and demand relationship of public facilities space. Gao et al. [15]
used POI data to evaluate the spatial structure of the urban retail industry and the demands
of residents. Li et al. [16] evaluated the use of public service facilities through Sina micro-
blog check-in data and found that the use of public service space was affected by the type
of public facilities. Shi et al. [17] used VGI data to identify the land function of Xi’an city
in China and found that the accuracy of identification was 79.26%. Based on POI data
and service pressure assessment, Rong Hao et al. [18] quantified the distribution of urban
population and activity intensity to improve the spatial layout of public facilities. In these
studies, the methods of detecting urban public facilities based on multi-source data are
widely used. They focus on the relationship between people and cities based on big data
and “human-oriented” views. This bottom-up method makes up for the limitations of the
traditional planning of Chinese hospitals and provides support for research methods for
this article. In addition, while using big data, if there is no actual access to patients, it cannot
fully reflect the actual supply and demand situation and characteristics of hospital space
services. The advantages of big data and actual access should be integrated to provide a
basis for reasonable planning.

Based on the medical treatment situation of comprehensive hospitals in Shenzhen and
multi-source data, this study linked public facility attributes to the spatial distribution of
residents from the perspective of supply and demand and analyzed the guidance of the
spatial distribution of patients for urban planners and managers to optimize the spatial
distribution and to alleviate traffic congestion while maintaining the supply of hospital
services. It has important guiding significance from both economic and humanistic per-
spectives. The rest of this article is organized as follows. Section 2 describes the data and
processing, along with the research methodology and technical approach. Section 3 dis-
cusses the results of quantifying the spatial service supply level of comprehensive hospitals
and the extent of residents” demand for medical care, and analyzes the characteristics of
service blind areas. A new classification of comprehensive hospitals is made based on these
results. Sections 4 and 5 provide a discussion and conclusions.
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2. Research Contents and METHODS
2.1. Research Area and Hospital

The study area of this work is the Nanshan, Futian, and Luohu districts in Shenzhen.
Shenzhen is situated in the southern region of Guangdong Province and shares a southern
border with Hong Kong, and is one of the core cities of the Guangdong-Hong Kong-Macao
Greater Bay Area. It has the characteristics of large population density, a fast pace of
life, and rapid economic and cultural development, so its hospital planning issues are
more prominent and universal. In addition, this study focuses on the districts of Nanshan,
Futian, and Luohu, which are the political, cultural, financial, and information centers of
Shenzhen (Figure 1). The data are more representative, and the total area of the study area
is 339.55 km?.

Guangming

Longgang

Longhua
Pingshan

Figure 1. Location of the study area: Nanshan district, Futian district, and Luohu district in the city
of Shenzhen in Guangdong Province, China.

According to the Shenzhen 2021 Statistics Yearbook, comprehensive hospitals with sim-
ilar sizes and functions were chosen for comparison and analysis in this study. According to
the definition of China Comprehensive Hospital Construction Standards, a comprehensive
hospital is a hospital with balanced strength and comprehensive development, various
departments and auxiliary departments, and research capability and teaching ability. A
total of 182 comprehensive hospitals are widely distributed in the study area, as shown
in Figure 2. In addition, in order to reduce interference, specialized hospitals (such as
gynecology, otolaryngology, stomatology, and plastic surgery) and social health clinics with
large differences in visitors are not included in this study.

2.2. Research Data
2.2.1. VGI Data

Volunteered geographic information (VGI) data were acquired using the public partic-
ipation geographic information system (PPGIS) mobile terminal independently developed
by our team. PPGIS is a data collection analysis platform based on the GIS platform. It
can provide expert geographic information analysis and drawing tools to non-professional
residents, enabling them to participate in crucial planning and decision-making. However,
an independent application or a web website is necessary for the traditional PPGIS. To
submit data, users must complete numerous complex challenges.
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Figure 2. Distribution map of the sample of comprehensive hospitals.

To obtain the resident’s VGI data conveniently, we adapted the PPGIS front end to
the WeChat platform. WeChat is a social media platform with 1.2 billion users, with the
largest number of users in China. Applications developed on WeChat platforms do not
need to download and install separately. Furthermore, it can accurately locate the position
of residents and share the survey questionnaire information with friends, thereby realizing
the mobility of the PPGIS platform (Figure 3).
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@ Very important  More important  generally

not so important not important
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s Send this questionnaire to your friends
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Other data submission

@Trajectory photo video

confirm submission

Confirm choice

Figure 3. PPGIS mobile program interface.

The entire system function module is divided into two parts: the front end and back
end (Figure 4). The front end of the system links the API port of the Gaode map platform
(similar to Google Maps) and embeds the function of the basic map. Users can directly call
the map information. In addition, the system can obtain volunteer geographical location
and personal attribute information. The information obtained can be saved in the cloud
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server. Researchers can process data and GIS space analysis by accessing the back end of
the system.
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Figure 4. Function module diagram of PPGIS.

PPGIS mobile terminals can be promoted through the WeChat web, WeChat social
circles, Sina Weibo (similar to Twitter), and the web to obtain accurate VGI data. VGI data
record the sign-in information of the residents, including the time, personal attributes,
questionnaire information, geographical location, and other single-point static geographical
information data. By digging massive VGI data samples, the actual situation of the patient’s
visit to the hospital can be effectively reflected. VGI data objectively and truly reflect
individual social attribute characteristics and their distribution in space, providing high-
quality data for the characteristics of public facilities such as hospitals.

According to the “2020 Shenzhen Internet Development” [19], by the end of 2020, the
penetration rate of the Internet (including mobile phones and computers) of Shenzhen
residents reached 93.2%. The 20-49-year-old group accounts for 82.1% of the overall
netizens, while the people under the age of 20-50 and above account for 8.8% and 9.1%,
respectively. There are insufficient limitations of people under 20 and over 50 years old in
VGI data. To this end, we have selected six hospitals in the three districts for field surveys
to supplement data. A total of 624 VGI data points were collected. In addition, we extracted
from the PPGIS mobile terminal 57,912 VGI data points for six consecutive months from
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March to August of 2021. A total of 58,536 valid VGI data points were extracted in total,
and the users’ portraits are shown in Table 1.

Table 1. Portrait of users of the mobile PPGIS.

Users” Gender Male: 48% Female: 52%

60 years old and over: 2.39%
50-59 years old: 3.88%

40-49 years old: 5.74%

30-39 years old: 24.43%

20-29 years old: 51.24%

20 years old and above: 12.32%

Users’ age

Master’s degree and above: 7.94%
Bachelor’s degree: 36.13%

Degree of users’ education  College degree: 25.08%
High school/Technical school: 23.53%
Junior high school and below: 7.32%

Married, live with children: 21.81%
Married, no children: 5.92%

Married, children live independently: 5.36%
Other: 12.33%

Single, live alone: 33.72%

Single, live with parents: 20.86%

Users” marriage status

Individual operator/contractor: 5.45%
Agriculture, forestry, animal husbandry, and fishing workers: 3.37%
Ordinary worker: 7.32%
General staff: 24.36%
Other: 1.41%
Enterprise managers: 10.94%
Users’ occupation Business service industry employees: 5.68%
Retired: 3.27%
Student: 8.69%
Unexpected: 2.61%
Civil servant: 6.37%
Professional: 8.78%
Freelancers: 11.75%

Below CNY 500: 6.83%

CNY 500-1000: 6.24%

CNY 1001-1500: 6.61%

CNY 1501-2000: 5.27%

CNY 2001-3000: 3.43%

CNY 3001-5000: 18.36%

CNY 5001-8000: 22.21%

CNY 8001-10,000: 12.74%
CNY 10,001-20,000: 13.76%
More than CNY 20,000: 4.55%

Users’ income/per month

Because the extracted VGI data are more complicated and discrete, and the coordinates
are Mars coordinates, the data cannot be directly analyzed by GIS. Therefore, the original
data need to be prepared, and repeated data and errors need to be deleted. First, the
coordinates of the data are converted from Mars coordinate to the WGS-84 coordinate
system; second, the error and repeated information are deleted; finally, the pre-processed
57,124 VGI data are visually analyzed in the GIS cloud platform system and the result is
shown in Figure 5.
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Figure 5. Spatial distribution diagram of the VGI data.

2.2.2. POI Data

Point of interest (POI) data are derivative data of navigation maps based on location.
They contain spatial information on geographical entities. POI information includes name,
category, longitude, latitude, and address. The advantage of POI data is that the information
is clear and comprehensive. It can reflect the urban activities of city dwellers and is an
important data source for urban analysis [20].

The number of POI within the scope of hospital services can reflect the density and
intensity of the flow of people around the hospital. It demonstrates the intensity of patients
visiting the hospital within the scope of each hospital, which is the degree of medical needs
of residents. POI data can better characterize residents’ medical needs for hospitals. The
higher the density of POI, the greater the demand of residents. To sufficiently analyze the
data, the hospital area in the electronic map data and POI attribute table need to be linked.
In addition, link data need to be verified by space: POI data, hospital spatial location,
and electronic map hospital data are superimposed. The artificial visual interpretation
method is used for inspection, and the results are matched. The POI data are divided into
30 categories according to the code of land. However, there is still a difference between POI
classification and traditional land function classification [21]. Furthermore, the influencing
factors are an important part of the analysis. According to previous studies [22,23], the POI
type that has a greater impact on the hospital is selected, some interference factor with less
activity intensity is eliminated, and the POIs with similar functions are integrated.

POI types such as education, culture and entertainment, commercial office, trans-
portation facilities, residential buildings, and basic services have been selected. In the POI
data obtained, the bus stops and subway sites in the transportation facility can reflect the
accessibility of transportation. POI types such as education, culture and entertainment,
business announcement, residential buildings, and basic services can be measured as direct
measurement factors to obtain regional population distribution. Different people have
different demands for hospitals, so they need to be given different weights. Therefore,
the analytic hierarchy process (AHP) method is used to evaluate the weight of different
POI types, and then the unified data information table is constructed (Table 2). A total of
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397,948 data points in the Nanshan, Futian, and Luohu districts were obtained from the
API port of the Gaode Map Open Platform in 2019.

Table 2. Weight table of impact factors.

Impact Factor Weighting
Population distribution Residential buildings 0.3931
Accessibility Transport facilities 0.0818
Commercial offices 0.1832
. o Culture and entertainment 0.1024
Neighborhood vitality Education and research 0.0939
Basic services 0.1456

2.3. Methods

The research method includes the following three steps (Figure 6):

Step 1: The service pressure indicator was used to characterize the spatial service
supply level of the hospital [13], and the ratio of VGI data to the hospital’s area data was
used as a measure of the hospital’s supply level to obtain the spatial service supply level of
the hospital.

Step 2: After the POI data within the city are filtered, a raster overlay calculation is per-
formed according to the weight assignment in Table 2 to obtain the service pressure within
the hospital’s service area, i.e., the degree of demand for the hospital by the population.

Step 3: The ratio between the degree of supply and demand is used to quantify the
hospital’s spatial service level. Hospitals are reclassified according to the level of service.

Quantitative evaluation of theservice level of comprehensive hospitals
in three districts of Shenzhen based on multi-source data
Evaluation of level of supply Evaluation of level of demand
of comprehensive hospitals of comprehensive hospitals
[
y v
73 Filtering of POI data
« (=T --——————==
2 |r Analytic :
2] I Hierarchy Process 1
2 )
8 iz - —-—------
S 8 o .
— < Determaination of data weights
S s | |
g Delineation |r i !
A of the scope I overlay analysis |
S of services y Lo —————— )
[
< Stacking data by weighting
[ [ [
Supply and demand
Level of hospital space balance :
; : === > Level of hospital demand
Service provison I GIS overlay analysis |

, after ratio calculation j'

Evaluation of hospital’s spatial service level

Figure 6. Technical routes.
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3. Results and Analyses
3.1. Quantitative Evaluation of Hospital Spatial Service Supply Level Based on VGI Data

Based on the 58,536 VGI data points from comprehensive hospitals in three districts of
Shenzhen, the ratio of VGI data to the area of the comprehensive hospital was calculated.
This value is the supply level of the comprehensive hospital. In ArcGIS, the geographical
information of the existing hospitals is converted into position points. These positions
were generated as discrete points. They are the service scope of comprehensive hospitals.
Subsequently, the supply level and service scope of the comprehensive hospital were linked.
In ArcGIS, the data are graded and visualized by the natural section method to obtain
the following results. As shown in Figure 7, the greater the value of the level, the greater
the service pressure of the comprehensive hospitals and the higher the medical needs of
residents.

Legend

mm  Study scope

@ Hospital point location
Level of supply 1
Level of supply 2
Level of supply 3
Level of supply 4
Level of supply 5

Figure 7. Distribution map of supply level in comprehensive hospitals.

To figure out the balance of pressure, the people’s traffic thermal maps of Baidu Map
(similar to Google Maps) were introduced to traffic thermal maps of the actual hospital
visits. The traffic thermal map of Baidu Map can reveal the intensity of urban human
activities in real time. Although it cannot be quantified in detail, it is widely used by
scholars because it can reflect the density of the person in the unit time area [13]. We
selected the heating maps of the whole day except holidays and stacked them to obtain the
intensity of the activity of objective human activities in the research area. Subsequently,
the service scope and thermal map of the comprehensive hospitals were superimposed
(Figure 8). To verify the actual use of the hospital, we have selected 12 comprehensive
hospitals in areas with levels of service pressure 2, 3, and 4 for field investigations. It was
found that the service condition of comprehensive hospitals with service pressure level
3 was good. Therefore, service pressure level 3 is selected as the pressure balance level.
Levels 1 and 2 are low-pressure levels, and levels 4 and 5 are high-pressure levels [21].
The evaluation diagram of the spatial service pressure of the comprehensive hospital can
intuitively display the supply of the comprehensive hospital. From Figure 8, we find
that comprehensive hospitals with traditional classification do not have the same service
pressure and service scope.
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Figure 8. The level of spatial service pressure balance in comprehensive hospitals.

The low-pressure levels are mainly concentrated in the north part, accounting for
43.02% of the whole study area. Most of these areas are used for residential, universities,
and natural environments. In these areas, the population density is relatively low; therefore,
the spatial service supply of comprehensive hospitals can easily meet the demands of
residents. In contrast, the high-pressure level is in the south of the Nanshan district, the
south of the Futian district, and the southwest of the Luohu district, accounting for 37.79%
of the whole study area. The functions of these areas are commercial and office. High-
quality hospitals are concentrated in the area, but the number of comprehensive hospitals is
insufficient, the population density is large, and the traffic system is not perfect. All of the
factors mentioned have resulted in the low space supply level of comprehensive hospitals.

From the evaluation results, the pressure of the spatial service of the comprehensive
hospital in the north part is lower than that in the south, and the differences in the adminis-
trative districts are obvious. Compared to the comprehensive hospital in the Luohu district,
the spatial service pressure in the Nanshan and Futian districts is significantly higher. The
spatial distribution of the comprehensive hospital is unreasonable according to our study.

3.2. Evaluation of the Degree of Hospital Demands Based on POI Data

First of all, the research area is divided into 200 m x 200 m, 500 m x 500 m, and
1000 m x 1000 m space mesh for testing [3]. The space unit grid of 500 m x 500 m is appro-
priate given the size of the hospital’s scale. Secondly, POI data related to the influencing
factor are vectorized and grided in ArcGIS. Finally, according to the weight of Table 2, the
POI data are assigned to be superimposed. The degree of medical demand for residents
within the scope of research is quantified, and they are graded with natural breakpoints.
There are nine levels of medical treatment demand: low demand is levels 1-3, intermediate
demand is levels 4-6, and high demand is levels 7-9 (Figure 9).
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legend
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Figure 9. Residents” demand for medical treatment.

To verify the results, Baidu thermal maps (all-day thermal maps on working days
and non-working days are superimposed) were introduced for comparison (Figure 10). It
was found that they were almost consistent through manual visual interpretation, which
confirms that the quantitative evaluation based on POI data can accurately characterize the
degree of medical demands of residents.

legend - legend
’ ‘ EEE BEm

level 1 level 9 sparse crowded

Figure 10. Comparison of research results with the Baidu heat map.

The greater the value of the demand level, the higher the population density of the
region, and the higher the demand of residents. Under the ideal state, high-demand areas
should have a more intensive and high-quality service level of comprehensive hospitals. To
better understand the demands of residents within the scope of research, the above results
were imported into ArcScene for 3D visualization (Figure 11). As shown in Figure 11,
levels 7-9 are high-demand areas, concentrated in the central and southern parts of the
Nanshan district, the central and southern parts of the Futian district, and the southwest
of the Luohu district. There are many high-density residential areas, office areas, and
commercial areas in these regions, which need more large-scale comprehensive hospitals.
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High demand consumes huge environmental resources and has brought higher traffic
pressure to the city. In summary, the spatial distribution of patients is related to the function
of the corresponding land.

legend

——level 1 [ level 6
C—Jlevel2 [ level 7
[Jlevel3 [ level 8
[Clevel4 [ level 9
[ level 5

Figure 11. Three-dimensional visualization of residents” medical demands.

3.3. Classification of Hospitals from the Supply—Demand Balance Perspective

It can be seen that comprehensive hospitals are in different service areas, and their
supply and demand for spatial services differ greatly. Therefore, we intended to classify
the hospital based on the source of the patient. The traditional hospital classification is
based on some standards proposed by hospital classification management standards. For
example, according to the nature of the industry, hospitals can be divided into teaching
hospitals, enterprise hospitals, and military hospitals. According to the service population,
the hospital can be divided into pediatric hospitals, women's hospitals, children’s hospitals,
and elderly hospitals. According to professional conditions, hospitals can be divided into
tumor hospitals and otolaryngology (ear, nose, laryngeal) hospitals [24]. However, the
above classification could not reflect the actual supply and demand of medical services,
so we intended to classify hospitals according to the sources of patients. Compared with
conventional hospital classification, our hospital classification is based on a human-centered
emphasis. The supply and demand of spatial services can reflect the characteristics of the
hospital well, which can be easily obtained from multi-source data.

The location entropy method is used to analyze the service level of each comprehensive
hospital. Location entropy is also called specialized rate, which is proposed and used by
Hagget for location analysis. It is a way to effectively measure the spatial distribution of a
certain regional element, which is widely used to evaluate the level of public facilities [25].

The calculation formula of the comprehensive hospital service area entropy is:

LQi = (Ti/Pi)/(T/P) 1)

where LQi represents the location entropy of the i-th comprehensive hospital, Ti represents
the supply level of the i-th comprehensive hospital, Pi represents the degree of medical
needs of citizens within the service scope of the i-th comprehensive hospital, T represents
the total level of comprehensive hospitals within the study scope, and P represents the total
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demand of residents within the study scope. Location entropy represents the ratio of the
service level of a comprehensive hospital to the average service level of all comprehensive
hospitals. When the location entropy is greater than 1, the service level of the comprehensive
hospital is higher than the average level. When the location entropy is less than 1, the
service level of the comprehensive hospital is lower than the average level. The research of
location entropy is mainly to screen a comprehensive hospital with low location entropy
and find the blind spots of service. In this way, the supply-demand balance of the spatial
services of the comprehensive hospitals in three districts of Shenzhen can be acquired, and
the calculation results of the location entropy are visualized (Figure 12).

Legend

== Study scope
@ Hospital point location
== Service Level 1
Service Level 2
Service Level 3
Service Level 4
== Service Level 5

Figure 12. Evaluation chart for grading the service level of comprehensive hospitals.

With 0.4 as the interval [26], the location entropy is further classified to evaluate the
supply and demand of the overall spatial service (Table 3).

Table 3. Statistical classification analysis of spatial service-level location entropy of comprehensive
hospitals.

Level Location Entropy Number of Hospitals Proportion
Extremely low <04 77 42.3%
Lower 0.4-0.8 49 26.9%
Moderate 0.8-1.2 25 13.7%
High 1.2-2.0 16 8.8%
Very high >2.0 15 8.2%

After the statistical analysis, it was found that there were 77 comprehensive hospitals
with location entropy below 0.4, accounting for 42.3% of all hospitals. The proportion of
comprehensive hospitals with imbalances between supply and demand of spatial service
in the research area is large and mainly concentrated in the south of the three districts.
There are 15 comprehensive hospitals with location entropy of more than 2.0, accounting
for 8.2 of the total, mainly concentrated in the northern part of the three districts. Therefore,
the supply and demand of the comprehensive hospitals in the three districts in Shenzhen
are extremely uneven, and the planning of the central urban hospital demands to be
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further adjusted and optimized. According to the results, the comprehensive hospital was
redivided into five classifications (Figure 13) to assess the reasonableness of hospital service
pressures and layouts.
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Figure 13. Classification results of 182 comprehensive hospitals.

4. Discussion

The characteristics of urban hospitals have always been a hot issue for urban planners
and managers. The characteristics of the existing investigation of public facilities are mainly
static data. This study aims to investigate the characteristics of the spatial services of
the comprehensive hospital from a supply—demand perspective. Based on the VGI data
and POI data extracted by the independent PPGIS mobile terminal, we have adopted an
unsupervised classification method to study 182 hospitals located in the three districts
of Shenzhen. According to the calculation results, these hospitals are divided into five
classifications. The supply level of hospital spatial services, the distribution characteristics,
and service blind spots of patients are also investigated.

From this study, it can be found that, first, the areas with good spatial services in the
comprehensive hospital are concentrated in the north of the three districts. The reason is
that the region is relatively primitive, consisting of a reservoir and other areas. Second,
areas with high medical demands are concentrated in the south of the three districts. The
distribution of patients is related to urban land functions. The population in the land
with functions such as living, commercial, and office areas is particularly dense, and their
medical demands are high. Third, the overlapped areas of levels 4-5 of service pressure
in comprehensive hospitals and levels 7-9 of patients’ medical needs are the key areas of
imbalance between the supply and demand of services in comprehensive hospitals and are
prone to service blind spots (Figure 14). Therefore, these areas need to be optimized. In our
study, the service blind spots of the comprehensive hospitals are mainly concentrated in
the south of the Nanshan district and the south of the Futian district. In the future, when
urban managers and planners choose the location of the new comprehensive hospital, they
should prefer areas within the range of service blind spots. When choosing land, urban
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managers and planners should try to choose the junction of two Thiessen polygons to build
a new hospital, which can provide the greatest reach.

Legend
== Study scope
@ Hospital point location
T3 High level service pressure
O Service blind spot

Figure 14. Spatial distribution of service blind spots.

Compared with static data, the VGI data we used in this research contain a large
amount of individual tracking data, which allows us to study the actual spatial distribution
of patients and the supply of hospital space services. The classification method used in
this study investigated the similarity between hospitals from the perspective of supply and
demand balance, which is from a kind of bottom-up analysis perspective. By considering
the actual supply and demand relationship between comprehensive hospitals and patients,
the characteristics of hospitals can be better understood. The classification of the hospital
in the past was a top-down plan. It does not fully consider the actual demands of residents.
As a result, hospitals that need to be allocated more medical resources have not obtained
resources, while some hospitals with lower medical demands have obtained a lot of medical
resources. This study breaks through the limitation of traditional medical space planning
and is carried out based on the use of the comprehensive hospital and the demands of
residents’ medical treatment. Big data is used as the basis for quantitative evaluation. It can
evaluate the supply and demand relationship and service level between comprehensive
hospitals and residents more scientifically and quantitatively.

Many scholars have studied the classification of hospitals from different angles and
methods. Some [27] classified hospitals based on medical expenditure, which effectively
eliminated the waste of medical resources. Liu et al. [28] discussed the category of hospitals
according to the emergency management system of medical equipment, which improved
the distribution of medical equipment resources. Kong et al. [24] extracted spatial interac-
tion information from taxi data to classify 78 hospitals in the 6 districts in Beijing, optimized
the allocation of medical resources, and relieved traffic pressure. The above studies have
made important contributions to the classification of hospitals. However, these methods
are not applicable to this study. The overall general medical standard of Shenzhen is low
and its city structure is narrow, which increases the complexity and limitation of this study.
This study applied flexible and accessible spatial and geographical big data to conduct
data analysis more comprehensively and conveniently, and this method is applicable in
many similar cities in the world. Through the reclassification of hospitals in this work,
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urban residents can have easier and more equitable access to medical resources and services.
Compared with some published research, this study established a new preliminary research
method based on the visualization of the supply—demand data of medical resources. In
addition to studying its own factors, social factors also affect the balance of supply and
demand of medical resources. Different regions, countries, and geographical environments
will affect the category of hospitals.

The classification of hospitals should be people-oriented and depend on people’s
activities, which can better reflect social perception. Human spatial behavior extracted
through space geographical big data can better reveal the link process of time and space
distribution and socioeconomic phenomena [13]. Our research can provide an important
scientific basis for decision makers, adjust the current space configuration of the hospital,
provide residents with obtained medical services, and help urban traffic pressure caused
by medical treatment.

Urban comprehensive hospital service-level evaluation and hospital classification
methods under the perspective of supply and demand balance provide accurate suggestions
for the adjustment and optimization of urban medical space planning in the future. Through
empirical analysis of three districts of Shenzhen, this study provides a scientific basis and
support for future planning decisions and spatial policies.

5. Conclusions

We take the three districts of Shenzhen as a case study. Based on VGI data and POI data,
the characteristics of comprehensive hospitals are studied from the perspective of supply
and demand balance. The data are acquired from Shenzhen for six consecutive months,
including more than 57,912 VGI data points. After that, we quantitated the service pressure
of 182 comprehensive hospitals from the study area and the demands of residents’ medical
treatment. Meanwhile, the spatial distribution of patients and their activity intensity are
described. By analyzing the supply of comprehensive hospitals and the superposition
of patients” demands, 182 comprehensive hospitals were reclassified. From this work,
some results can be found: (1) according to the traditional classification of hospitals, the
same type of comprehensive hospitals have different service scopes and service pressure;
(2) the spatial distribution of patients is related to the function of the land; (3) the service
blind area is located in the overlapping areas with high patient demand (levels 7-9) and
comprehensive hospitals of high service pressure level (levels 4-5).

This study could help planners and urban managers improve the spatial distribu-
tion of hospitals. At the same time, a reclassifying hospital from the supply—demand
balance perspective could optimize the management and allocation of medical resources.
This research method improves the traditional planning methods of traditional Chinese
hospitals.

There are some limitations to the study. VGI data obtained by the PPGIS mobile
terminal cannot cover patients of all ages, nor can they cover patients without Internet
access. In addition, the accuracy of the calculation results is closely related to the VGI
data collection. The larger the amount of data, the wider the space covered and the more
accurate the results. However, the whole process takes a long time and is limited by
manpower, material resources, and promotion. In the next study, we will incorporate more
data, such as shared bicycle data, taxi data, and public transport punch card records, to
better understand the real-time situation of patients.

Finally, we combined the distribution characteristics of patients with the urban road
traffic system to evaluate the area where the patient was congested due to medical treatment.
Thus, it indirectly provides scientific recommendations for optimizing urban transportation
systems and developing effective remedial measures.
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