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Abstract. Urban vitality is defined as the zing of cities providing citizens with the ability to 

live, and it is important to offer an essential basis for estimating urban growth and spatial 

balance. Shenzhen’s rapid development has made remarkable achievements in a brief period of 

forty years as a special economic zone since reform and openness. This study takes Shenzhen 

as an example, uses 21 POI data obtained from Baidu Maps, and discusses the relationship 

between urban vitality and time and space and the influence factors of urban vitality. Results 

show that urban vitality has a close relationship with time and space and high-vitality areas are 

judged based on the production activities of urban people. Besides, amusement activities do not 

have a clear influence on urban vitality. Furthermore, convenient transportation and ordered 

life-supporting services play a stressful role in pushing urban vitality. Based on the above three 

elements, it is necessary to pay attention to taking production activities, creating convenient 

transportation, and providing ordered life-supporting services to increase a city’s urban vitality. 
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1. Introduction 

The concept of urban vitality was firstly proposed by Jacobs et al.[1]. Different people and different 

fields of expertise interpret it differently. Urban vitality is defined as the zing of cities providing 

citizens with the ability to live. Many studies show that a comprehensive diversity index and multi-

dimensional perception of information have a better connection with urban vitality. And they put 

forward a series of diverse urban vitality indicators evaluating the framework[2]. 

This kind of framework is usually used in many different city operations data and statistical 

methods. For instance, Yang et al. used a series of data such as population density, street section 

length, and construction density that influence factors when studying the vitality of Binshui District, 

Shanghai slows traffic space[3]. They used the data generated by the mobile terminal (Baidu thermal 

effort) as an aid and geographically weighted regression models as the processing sing method of the 

data. Certainly, the vitality index in their study is regarded as the following index of the field sampling 

survey as the main index. It may have obvious one-sidedness. To get a better way to quantify the 

vitality index, this text wants to use additional data to reflect the viability value of one region. Fu et al. 

give a new angle. They use different institutions’ POI data to evaluate the viability value of different 

stations along the subway[4]. This kind of vitality will not be affected by the factors such as the time 

Proceedings of the 3rd International Conference on Signal Processing and Machine Learning
DOI: 10.54254/2755-2721/6/20230747

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).

59



cycle or difficulty in finding the appropriate intervals. Fu’s study analyses data through the source of 

vitality and different institutions. It can reduce the error caused by the selection deviation of the flow 

time interval to a certain extent. 

Shenzhen’s rapid development has made remarkable achievements in a brief period of forty years 

as a special economic zone since reform and openness. Shenzhen covers an area of 1,997.47 square 

kilometers. In the seventh population census, the permanent resident population of Shenzhen is 17.682 

million. The per capita GDP was 173,700 yuan. From establishing the special economic zones to now, 

Shenzhen's economy has been growing at a high rate. The economy also ranks third in China. It has 

high economic vitality. Shenzhen's planning has experienced advanced adjustment and reform, such as 

technological exploration and system construction, making Shenzhen a pilot demonstration area of 

socialism with Chinese characteristics[5]. For such a representative and highly dynamic city with a 

leading role in China's urbanization development, the study of the development law of Shenzhen can 

not only be applied to this city but can also be extended to other cities in the urbanization process. 

This study takes Shenzhen as an example, uses POI data with the characteristics of stability, high 

accuracy, and easy access, and discusses the relationship between urban vitality and time and space 

and the influence factors of urban vitality. 

2. Data and methods 

2.1. Data source 

The POI data used is obtained from Baidu Maps. It includes food services, scenic spots, financial 

insurance, ancillary road facilities, access facilities, shopping services, science, education, and cultural 

services, life services, car services, car sales, car maintenance, car services, government agencies, and 

social groups, motorcycle services, indoor facilities, business housing, health insurance, health 

services, companies, public facilities, sports leisure services, accommodation services, and 

transportation services to a total of 21 POI data. This study considers that these data cover most of the 

service offerings, which can reflect the vitality of the city. In this study, the data this text used was 

mainly public data. It will help us get a new vitality value by calculation. As the contrast group, this 

study obtained thirteen influencing factors (including population data, transportation network, subway 

station, construct, and mixed land use) which are used to analyze association weights with new vitality 

values using a geographically weighted regression model [6]. Supplementary data are obtained from 

the OSM. Using multivariate data can better reflect the dynamic changes in urban vitality. Thus, they 

are used to verify the more accurate relationship between factors and vitality. 

2.2. Methods 

In the study, POI data has the characteristics of stability, high accuracy, and easy access. So it can 

better reflect the diversity of civic activities. It has been applied in urban infrastructure planning, urban 

business form hotspot identification, urban spatial structure identification, urban business spatial 

cluster analysis, and other aspects [4]. Transportation analysis zone (TAZ) is a research subject 

classification method that can adopt in addition to administrative areas. TAZ is a planning area with 

spatial homogeneity in social-economic characteristics and land use. This kind of zone can provide a 

reference for the description of travel characteristics and transportation policy [7]. It can also better 

reflect the activities of the citizens through the key traffic points and then reflect the vitality of the city. 

With Shenzhen TAZ as the basic unit area, this text put 21 POI data into ArcGIS and calculated new 

vitality values using Min-max normalization and impact weights of the different institutions. Then this 

text uses a geographically weighted regression (GWR) model to obtain the degree of influence and the 

weight results of the 13 influence factors and compare with it to test the reliability of different 

influence factors on urban vitality (Figure 1) [6]. According to the comparison of the two vitality 

values of different regions of Shenzhen, the evaluation method is verified whether it is reliable. 
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Figure 1. Data structure and computational method framework. 

2.3. Calculation of POI vitality density 

The calculation of POI vitality density based on the formula of site density activity is: 

𝐸𝑖
′ =∑
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Kj
Rj

n

j

(1) 

Where Ei is the contribution of various POI facilities without standardization to the vitality of site I; 

Kij is the number of type j POI facilities per unit area within the service radius of site I; Kj is the 

number of class j POI facilities per unit area in the whole area; Rj is the weight of class j POI facilities 

contributing vitality to site i. 

The non-dimensional site density vitality is obtained using the deviation normalization method: 
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2.4. The regression analysis of data density 

The variables v5, v6, v7, v15, and v16 show a significant relationship (Table 1). 

(1) There was a negative correlation with building (v5), which was significant at the 1% level, and 

the regression coefficient was -0.269. 

(2) It is negatively correlated with the employed population (v6), which is significant at the 10% 

level, and the regression coefficient is -0.0293. 

(3) There is a positive correlation with population density (v7), which is significant at the 10% 

level, and the regression coefficient is 2.58e-06. 

(4) It is positively correlated with the population density (v15), which is significant at the 5% level, 

and the regression coefficient is 0.000908. 

(5) There was a negative correlation with TAZ(v16), which was significant at the 10% level, and 

the regression coefficient was -0.00163. 

It can be seen that the vitality density has a significant relationship with the variables of building, 

employment population, population density to citizens, and TAZ. Among them, the impact of building 

was the largest and showed a negative correlation, while the effects of population density was the least. 

Comparative analysis is V3 and v18 are the vitality density values calculated from two kinds of 

data, respectively.  

Table 1. The Regression Analysis of All Kinds of POI Categories. 

Impact Factor POI Vitality Density Prominence 

Total Building 0.0312  

 (0.0239)  

Building -0.269 *** 
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Table 1. (continue) 

Impact Factor POI Vitality Density Prominence 

Building (0.101)  

Employment Density -0.0293 * 

 (0.0171)  

 0.00000258 * 

 (0.00000134)  

High-education -0.000000494  

 (0.00000197)  

Average Income 0.00242  

 (0.00536)  

Lands  0.0281  

 (0.0247)  

Public Bus 0.000072  

 (0.000136)  

Railways -0.0102  

 (0.0116)  

Roads -0.00127  

 (0.00137)  

Streets 0.000645  

 (0.00142)  

Residents 0.000908 ** 

 (0.000432)  

TAZ -0.00163 * 

 (0.000967)  

Constant 0.347 *** 

 (0.0259)  

R-squared 0.174  

Standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

3. Results 

It can be seen from the distribution map that the five significant factors have the most obvious 

influence in the Luohu District and Nanshan District of Futian District (Figures 2-6), which are 

building, employment population, population density, citizens, and TAZ. These five factors have a 

close relationship with a city’s vitality. Much more buildings mean that this city has a high vitality 

because buildings not only push the development of the city but also solve the unemployment issue. 

Much more employment-population means that this city can offer much more working opportunities, 

which refers to a factor causing city vitality. Population density also presents a city’s vitality and a 

high density of population means a high city vitality. The transportation system also represents a city’s 

vitality. After the vigor density analysis of the two data sources, there is a common feature: their 

significant influence factors have the most obvious influence in Luohu District and Nanshan District 

of Futian District. These three regions had the highest vitality. The design is correct and reasonable 

according to the checking model, an effective Model Checking.  
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Figure 2. Distribution diagram of the building factor regression coefficient. 

 

Figure 3. Distribution diagram of the regression coefficient of the employment-

population factor. 

 

Figure 4. Distribution diagram of the population density factor regression coefficient. 
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Figure 5. Distribution diagram of the regression coefficient from and to the citizen 

factor. 

 

Figure 6. Distribution plot of the regression coefficients compared to the TAZ factors. 

4. Discussion 

The impact factor is evaluated when found that the same energy density gap is the biggest influence 

factors of the building, presents the negative correlation function, effect on the population density of 

the smallest, with almost no effect no other impact factors, the social behavior of mass change of 

building entities such as direct production dynamic economic class social resource has a more does not 

comply with the law. 

Shenzhen is a megacities that has successfully gone through urbanization in China. For the other 

cities, the relationship between vitality density and influence factor reflected in Shenzhen has an 

important guiding significance. Through the contribution degree of various POI，it can be obtained 

that the vitality of a city does not entirely depend on the number of the highest contribution type factor. 

Similarly, not all types of factor values are at a peak state that can make the city more dynamic. It can 

only produce an average state. Through the analysis of the hotspot map, it can be concluded that the 

more dynamic areas are often in the areas with more complete interest points and meet the needs of the 

local population.In the process of promoting regional urbanization construction, local governments 

should pay attention to the development strategy of adjusting measures to local conditions, 

comprehensively consider the influencing factors of population, transportation, trade and other aspects, 

take local characteristics as the main development goal, and maintain the stability of the city by 

adjusting the proportion of various factors, so that it is in a high level for a long time [8-10]. 

In addition to the consideration of influencing factors for vitality, the planning of key areas for 

vitality is also worth discussing. Based on the hot spot map of vitality obtained with reference to the 

validated judging system, urban planners will also consider whether to pursue the equalization of 

urban hot spots in their work. If we want to pursue the equalization of urban heat, there may be two 

situations in general. First, the total amount of urban vitality is constant, but it is forced to be evenly 

distributed by government factors. Such attempts usually lead to the lack of attractive core areas in the 
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city, leading to the slow development and even decline of the total amount of urban vitality resources. 

A case in point is Brasilia, Brazil's newly built capital. The second is that in the rapid development 

process of urban normal regional differentiation, the government deliberately tilts resources to the low 

vitality value of the region. Whether this practice can be used for reference still needs to be compared 

and analyzed by different cities using the same vitality evaluation system. But in fact, Shenzhen is a 

highly typical city with this phenomenon. The first developed area in Shenzhen was Luohu District, 

followed by Futian District, then Nanshan District, and now Baoan District and Longhua District. As 

can be seen from the vitality hot spot map, Nanshan District is now the region with the highest vitality, 

followed by Futian District, and Luohu District is the third. Phenomenally, it seems that the newer 

core areas will have a better performance of vitality. Of course, this also needs to take into account 

factors such as urban renewal. However, from the results, it can still be found that when the vitality 

value of the current core area rises, it tends to absorb the vitality of the former city, which makes the 

vitality of the former city relatively reduced, and finally creates the current center. The pursuit of 

dynamic equilibrium is not only undesirable, but also can be seen to be difficult to achieve. This is 

also a possible conclusion that can be drawn from the example of Shenzhen [11-12]. 

Back to the evaluation system of urban vitality. In conclusion, at the beginning of 2020, the 

COVID-19 epidemic has been spreading and sweeping the world, constituting a "global pandemic". 

Under the impact of the epidemic, the social and economic development of cities across the country 

has been affected to varying degrees, with urban vitality plummeting, and there is no characteristic of 

weekly shift. With the adoption of lockdown measures, the spread of the epidemic has been brought 

under control in just over a month, and the initial results of the fight against the epidemic have been 

achieved. Subsequently, the city gradually recovered and the vitality of the city gradually recovered 

[13]. Social functions in addition to the import and export trade limited in 2021, mainly have returned 

to the original level, but still influence the real economy, On this basis, according to Yu outbreak a 

few years before (contents to September 18th), Tu et al. proposed urban vitality to judge whether 

system effectiveness is still worth studying. In this case, the evaluation system can be widely used in 

the vitality test of various large-scale cities around the world [6]. 

5. Conclusion 

This study takes Shenzhen as an example, uses 21 POI data obtained from open source, and discusses 

the relationship between urban vitality and time and space and the influence factors of urban vitality.  

By comparing the data of 2018 and 2011 with the same method and the same city-unified structure 

in different years, it can be found that the areas with high urban vitality still have high vitality, which 

is mainly concentrated in Nanshan, Futian and Luohu, showing a trend of decreasing vitality from 

south to north. It also shows that the vitality of the special zones is higher than that of the non-special 

zones. As a consequence, Shenzen, as an economic special zone of China, has high vitality. However, 

COVID-19 has prevented the rapid development of Shenzhen. Based on five factors influencing a 

city’s vitality, which included building, employment population, population density, citizens, and TAZ. 

These five factors have a close relationship with a city’s vitality. Much more buildings mean that this 

city has a high vitality because buildings not only push the development of the city but also solve the 

unemployment issue. Much more employment-population means that this city can offer much more 

working opportunities, which refers to a factor causing city vitality. Population density also presents a 

city’s vitality and a high density of population means a high city vitality. The transportation system 

also represents a city’s vitality. To recover Shenzhen’s city vitality, it is necessary to take measures to 

recover five factors. It is necessary to pursue the partial vitality of a city. 
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