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Objectives:In this study, with Gulou District, Xuzhou City, Jiangsu Province in 
eastern Chinataken as the research object,the coupling coordination model 
between the two subsystems, namely smoke-free city communitypublic 
servicefunction and street space vitality,was constructed based on the principle 
of synergy theory. Next, the measurement system of street space form in the 
research area was established with the aid of urban basic information data 
provided by the open data platform and the GIS technology. Furthermore, the 
related system was evaluated by the entropy method and the spatial syntax, and 
the results of multi-dimensional systematic evaluation indexes were visualizedby 
introducing the grid method. Finally, the internal coupling coordination 
relationship between smoke-free city communitypublicservice function and 
street space vitality was revealed to assistant smoke-freepublic service space 
design and optimisation and guide fine smoke-freecity planning practice. The 
following results were obtained. Population density and spatial integration are 
important evaluation indexes for measuring the coupling between public service 
function and street space vitality. Therefore, appropriate residential density and 
street traffic vitality are the key to promoting the development of community 
public service space. In view of this, this study can provide a quantitative basis 
for the construction of smoke-free public environment in healthy cities. 
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After the World Health Organization 

Framework Convention on Tobacco Control 

(WHO FCTC) came into force in China in 

January 2006, the legislation of smoke-free 

environment in Chinese cities has shown a 

positive trend.By the end of 2018, 21 largest 

cities in China had implemented smoke-free 

environmental legislation, and nearly half of them 

basically met the requirements of the WHO FCTC. 

The Outline of the Healthy China 2030 Plan clearly 

states that the construction of smoke-free China is a 
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necessary condition for achieving the strategic 

goal of healthy China. 

The focus of smoke-free city construction is to 

create a smoke-free community public service 

space and build a satisfactory living 

environment for residents. Urban health space 

can be further optimized and the quality of 

urbanization can be improved at the same 

time.But as the downward pressure on the 

economy increases in recent years, urban 

construction gradually slows down. Urban 

community development and construction 

gradually shift to the connotative growth by 

reducing new construction land and tapping the 

potential of stock land. Different from 

incremental planning, stock planning means 

tapping the potential of the land that has been 

used for urban construction or idle land 

designed for use and underutilized land. 

Therefore, in the context of “stock” 

development, the objective analysis on urban 

street space vitality and the exploration for its 

coupling relationship with smoke-free 

community public service facilities from the 

perspective of urban function optimization are 

of great significance for the rational layout of 

smoke-free public service space and the better 

play of its role as a public service function 

provider.  

The research on smoke-free environment 

mainly focuses on the implementation and 

construction of smoke-free environment in 

public places such as campus, hospital and 

restaurant.1-3 Other researchers pay more 

attention to the behavior patterns of smokers in 

environmental space.4-6Previous researches on 

the relationship between community public 

service space and urban development generally 

fall into following fouraspects: 7-12 the research 

on fairness and accessibility of spatial 

distribution of public service facilities;13-14 the 

research on the related influencing factors of the 

spatial distribution of facilities; 15-17 the research 

on the evaluationand 18-20 strategy of facility 

layout; 21-23 and the user satisfaction evaluation 

of service space. In summary, there are still few 

studies on the public service space of smoke-

free community. 

In this study, first, based on the coupling 

coordination model, the smoke-free community 

public service function and the street space vitality in 

Gulou District were comprehensively evaluated by 

the entropy method and the spatial syntax. Then, the 

coupling relationship between the two was analyzed 

and the inherent relationship between the service 

function of community public service function and 

the surrounding street space vitality was revealed. 

All of these can assist the design and optimization of 

community public service space and guide the fine 

smoke-free urban planning practice. 

 

RESEARCH AREA 

As shown in Fig. 1, Gulou District is located in the 

north of Xuzhou City, Jiangsu Province, China, with 

geographical coordinates of 30°16’N and 117°11’E. 

To its east, the East Third Ring Road borders the 

Xuzhou Economic and Technological Development 

Zone. To the west, the West Third Ring Road and 

the North Third Ring Road border Jiuli District. Its 

south isadjacent to Yunlong District and Qiushan 

District, with East Huaihai Road, North Zhongshan 

Road and South Huanghe Road being the 

boundaries. Its north extends to the Beijing-

Hangzhou Grand Canal. The jurisdiction area of the 

district covers 64.6 km2, and the population is about 

380,000. The district comprises 7 sub-district offices, 

namely Pipa, Huanglou, Huancheng, Fengcai, 

Pailou, Tongpei and Jiuli, with a total of 64 

communities (villages). 

As shown in Fig. 2,the urban spatial layout of 

Gulou District can be roughly divided intothe core 

area, the inner edge area and the outer edge area. 

The core area: the downtown area in the south of 

the North Second Ring Road, with a modern 

business service center as the main objective; 

The inner edge area: the urban development area 

between the Second Ring Road and the Third Ring 

Road, with an ecological residential area as the main 

objective; 

The outer edge area: the northern section of the 
city in the north of the Third Ring Road and the 
eastern section of the city in the east of the Railway 
hub with a modern industrial park and an 
independent industrial zone as the main objectives, 
respectively.



Xu Yiwen et al. 

Analysis on the Coupling Relationship between Smoke-Free City Community Public Service Function and Street Space 

5275 Tob Regul Sci.™ 2021;7(6): 5273-5287 

 

Fig. 1 

Geographical location of Gulou District 

 

Fig. 2 

Urban spatial layout of Gulou District 

 

DATA ANALYSIS 

Spatial Data Source 

The data, including location of smoke-free 

community public service facilities, road traffic, 

street and population distribution, urban 

residential distribution, etc.are acquired and 

classified. The data acquisition and 

classificationare completed in accordance with 

thecurrent distribution map in Xuzhou’s special 

planning, the satellite image data of Gulou 

District in 2020, the census data (as the basis) 

and field research (as a supplement). 

 

 

Establishment of GIS Database 

The GIS database is established according to the 

land use status, public facility planning and 

residential land planning of “Xuzhou City Master 

Plan (1994-2030)”, and layout status map in the 

special plans of “Special Planning Optimization of 

Kindergarten Distribution in Xuzhou City”, “Special 

Planning for the Layout of Medical and Health 

Facilities in Downtown Xuzhou” and “Layout 

Planning of Public Sports Facilities in Xuzhou”. To 

be specific, the location of smoke-free community 

public service facilities, road traffic, street 

population distribution, urban residential distribution 

and other information are determined based on 

population census data and field investigation. 

(1)Data processing of smoke-free community 

public service facilities 

First, the current situation of the layout of various 

public service facilities in the special plans of 

“Layout Planning of Basic Public Service Facilities 

in Central District of Xuzhou City” and “Special 

Planning of Community Public Service Facilities 

Layout in Xuzhou City” is obtained. Next, the 

attribute data are sorted out, such as name, location 

and size of five types of community public service 

facilities whose accurate data are available (namely, 

kindergartens, health service stations, fitness parks, 

home care service centers and agricultural trade 

markets). Combined with field research, the spatial 

location of each facility in Google Earth is calibrated 

by the high-definition remote sensing image of 

Gulou District. A total of 239 public service facilities 

in the research area are determined and recorded into 

the ArcGIS database, including 56 kindergartens, 66 

health service stations, 30 fitness parks, 56 home 

care service centers and 31 agricultural trade markets 

(Fig. 3). 

(2)Establishment of the road network 

The urban spatial axis maps are established based 

on the principles of spatial syntax map construction 

according to the road map of Gulou District in 2020, 

the image map of Gulou District in 2020 and the 

planning road network of Xuzhou City respectively. 

The main roads, secondary roads and residential 

roads of Gulou District are imported into the spatial 

syntax software and processed with the tool of unlink 

(Fig. 4). 
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Fig. 3 

 Distribution map of smoke-free community 

public service facilities in Gulou District 

Fig. 4 

Road network of Gulou District 

 

METHODS 

First, the research scale and the division of 

research units are firstly determined on the basis 

of data collection. Next, the relevant evaluation 

indexes are selected according to the 

connotation of smoke-free community public 

service function level and street space vitality. 

In GIS, the single index data are superimposed 

in accordance with their weights to calculate the 

comprehensive index of the two systems. 

Meanwhile, the accessibility of street space is 

quantified by the topological network of space 

syntax. Based on the above contents,the 

coupling coordination between the smoke-free 

community public service system and the street 

space system are evaluated with reference to the 

coupling coordination model. 

 

Spatial Axis Analysis 

Space syntax, proposed by Bill Hillier, is a theory 

and method for quantitative study on spatial 

structure. 

(1) Spatial integration:It represents the degree of 

road traffic accessibility in the research area, 24 

reflecting the relationship between structural 

elements in road traffic and the efficiency of road 

network structure. The higher the degree of road 

integration is, the higher the accessibility is. The 

calculation formula is: 

 
(1) 

where  is the number of longitudinal axes or nodes 

in spatial system;  is the average depth.  

(2) Space intelligence: It represents the ability to 

perceive the whole space by the connectivity for 

local spaces. When the space intelligence is higher, 

the street space boasts better accessibility and 

permeability, and the street space system is clear and 

easy to understand. When the space intelligence is 

lower, 25it is more difficult for the observer to 

perceive the spatial features of the whole road 

system through the local features of the street. It is 

calculated by:  

 
(2) 

where  is the average value of connectivity for 

all unit spaces and  is the average value of global 

integration for all unit spaces. 

 

Division of Evaluation Units 

In the hope of obtaining valuable analysis results, it 

is necessary to minimize the unit area of spatial 

statistics and ensure that the overall coupling is 

obtained and the differences in coupling within the 

region are accurately shown. Thus, the micro-scale 

grid method is selected to divide the research units in 

the research area. In this way, the limitation of land 

use can be overcome to measure functional diversity. 
26At the same time, the uniform division of grid not 
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only conduces to the analysis of different 

indexes on the same scale, but also enhances the 

readability and comparability of data. 

Considering the actual traffic road conditions, 

Gulou administrative region is divided into a 

250*250m grid, and the grid whose effective 

area does not exceed 50% of the grid area is 

regarded as an invalid unit and gets removed. 

Finally, 1,908 grids are obtained as evaluation 

units (Fig. 5). 

Fig. 5 

Grid division in GIS 

 

Evaluation Index Selection and Data 

Normalization 

Due to the dimensional differences in the 

original data of each evaluation index, the data 

need to be processed by the extreme method to 

achieve normalization. 

The positive index formula can be obtained by 

normalization: 

 

(3) 

The negative index formula can be obtained 

by normalization: 

 

(4) 

where ij  is the original value of the index, 

max

j  and 
min

j  are the maximum and minimum 

values of the jth index, respectively. Negative values 

or small values may occur for some normalized data. 

To facilitate calculation and analysis, the normalized 

data are translated, thus avoiding the occurrence of 

negative values or small values: 

 
(5) 

where the value representing the translation 

amplitude H of the index equals 1. 

No macro-scale related evaluation indexes are set 

during construction of the coupling coordination 

model. Two evaluation indexes in the public service 

function and two evaluation indexes in the street 

space vitality are selected respectively (Table 1). 

Table 2 shows the weights and calculation methods 

of the evaluation indexes. 

 

Construction ofCoupling Coordination Model 

(1) Weight analysis of evaluation indexes 

First, the data are nondimensionalized: 

 

(6) 

The entropy of the jth index is calculated by: 

 

(7) 

The coefficient of difference of the jth index is: 

 (8) 

Where 1,2,j p= L L  

The weight of the jth indexis:  

 

(9) 

Where 1,2,j p= L L  

where jis the evaluation index;ejis the information 

entropy of the jth index; and j  is the weight of an 

evaluation index. 

Comprehensive scores are obtained by multiplying 

normalized data with weights: 
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(10) 

where Ziis the comprehensive evaluation value 

of the evaluation system; jis the evaluation 

index;each evaluation index; and 
'

ij  is the 

normalized value of the evaluation index. 

(2) Coupling coordination model 

The coupling system is based on the smoke-

free community public service system and the 

street space system, and the coupling degree and 

coupling coordination degree are introduced as 

two 

evaluation indexes. The coupling degree reflects the 

degree of association between the smoke-free 

community public service function system and its 

street space system in terms of co-development. 

However, in some cases, the coupling degree fails to 

stably reveal the exact development stage in which 

the two systems reach coordination. In fact, the 

coordination reached in different development stages 

has varying meanings. Hence, a more stable index, 

i.e., 27 the coupling coordination degree, is adopted 

for accurately reflecting the level and state 

ofcoordinated development between the two 

systems. With reference to the capacity coupling 

model in physics, the coupling coordination model 

Table 1 

Selectionof evaluation indexesfor community public service function and street space 
 

Evaluation index Evaluation factor Efficacy 

Evaluation index of community 

public service function 

Population density (10,000/km²) (a) ﹣ 

Density of various public service facilities ( facility/km²) (b) ﹢ 

Evaluation index of street space 

vitality 

Road network density (c) ﹢ 

Spatial integration (d) ﹢ 

 

Note. 

Positive and negative effects refer to the positive or negative effects of factors on system ordering. 

Table 2 

Weights and calculation methods of evaluation indexes of community public service function and 

street space vitalit 
 

Monomial factor Meaning Weight Calculation method Formula 

Population density 

Population 

concentration in the 

research area 

0.634 
Permanent resident 

population/total land area 

 

Facility density 
Facility  concentration 

in the research area 
0.366 

Total number of 

facilities/total land area 

 

Road network density 

The morphological 

intensity of traffic 

space 

0.306 
Total road length/road 

area 

 

Spatial integration 
Accessibility of road 

traffic 
0.694 

Relationship between one 

space and all other spaces 
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between smoke-free community public service 

function and its street space is established: 

where Cis the coupling degree;U and G are the 

smoke-free community public service function 

and the comprehensive evaluation value of street 

space development, respectively. The value of C, 

which lies within the range of 0-1, represents the 

degree of correlation between smoke-free 

community public service function and street 

space. When the value ofCapproaches 1, the 

degree of correlation is higher; when it 

approaches 0, the degree of correlation is lower. 

The comprehensive evaluation coefficient is 

expressed as: 

 (12) 

where θ and γ are the weights of the two 

subsystems respectively, and they equal 0.5 in 

this paper. 

The above model is extended to obtain the 

coupling coordination model: 

 (13) 

 

RESULTS  

Spatial Distribution and Evaluation of 

Community Public Service 

Population density analysis 

As illustrated in Fig. 6, the population density 

of Gulou District follows the order:the inner 

edge area>the core area>the outer edge area. 

The residential population in the research area is 

mainly concentrated in the area in the east of the 

North Second Ring Road, Benteng Avenue and 

North Zhongshan Road. The inner edge area 

where a large number of residents live is home 

to a large quantity of industrial land, many 

ordinary residential buildings and some villages 

in the city. Migrant workers also choose to live 

here because of the convenient transportation 

and relatively low housing prices. Resultantly, 

the population density in this area is as high as 

113,000 people/km². Ordinary residential 

buildin

gs are densely distributed on the residential land in 

the core area, and the population density in this area 

resembles that in the inner edge area. For lack of 

industrial function, the population density in the 

outer edge area is about 10,000-20,000 people/km², 

much lower than those in the other two areas. 

Facility density analysis 

As displayed in Fig. 7, the features of facility 

density distribution are consistent with the analysis 

results of the spatial distribution of community 

public service facilities in Gulou District. The 

facility density of Gulou District follows the 

order:the inner edge area>the core area>the outer 

edge area. The high density of businesses, office, 

service and other buildings in the core area, together 

with high development intensity, severely limits the 

selection of land for community public service 

facilities. The inner edge area is the urban 

development zone which primarily serves as an 

ecological residential area. Besides, it also 

undertakes the industries that migrate outward from 

the core area. In this area, residents’ supporting 

service facilities are arranged along the northern and 

eastern sections of the District government, with the 

facility density being up to 4 facilities per 0.625 km². 

Since the outer edge area has low land development 

 (11) 

 
Fig. 6 

Features of net population density distribution 

in Gulou District 
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intensity and lowpopulation density, its density 

of service facilities is generally 1 facility per 

0.625 km². 

 

 

Evaluation of Street Space Vitality 

Road network density analysis 

As exhibited in Fig. 8, the road network 

density of Gulou District follows the order:the 

core area>the inner edge area>the outer edge 

area. The concentrated industrial lands in the 

core area form the largest business center in the 

downtown of Xuzhou City. The east-west main 

roads in the downtown of Xuzhou City, i.e., 

Huaihai Road and the North Second Ring 

Road,cross the core area, with the road network 

density being up to 24 km/km². The road 

network density in the inner edge area where 

industries are relatively concentrated is slightly 

lower than that in the core area. In contrast, the 

general blocks are generally of low road network 

density, below 5 km/km² on the whole. 

Spatial accessibility 

Spatial integration can be understood as the 

relationship between the entire spatial structure and 

roads in an area. The vehicle lane is selected as the 

main element to draw the road CAD axis map of the 

whole area. After the correctness of Node Count is 

verified, Depthmap syntax analysis is conducted to 

establish the urban space syntax axis map of Gulou 

District, and the results of street integrationanalysis 

areobtained (Fig. 9).In Fig. 9, the warm-color axes, 

such as orange and red, represent highly integrated 

roads. The analysis results are assigned to each grid, 

and the results of the spatial accessibility distribution 

of the grid are obtained (Fig. 10). 

 

Fig. 7 

Features of public service facility density 

distribution in Gulou District 

 

Fig. 8 

Features of road networkdensity 

distributionin Gulou District 
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The statistics of accessibility values disclose 

that the north-south North Fuxing Road-Meigang 

Road and the eastern section of the east-west 

North Second Ring Road boast the highest spatial 

accessibility in Gulou District. North Fuxing 

Road-Meigang Road, which is the main road in 

Gulou District, is connected with many branches, 

resulting in a high density of road network. The 

eastern 

section of North Second Ring Road is connected with 

North Fuxing Road, serving as the main east-west 

channel of the city. Business, entertainment, service 

and other functional lands are distributed on its south, 

while the population density is high on its north. 

Besides, north-south roads, including North 

Zhongshan Road, the southern section of West 

Machanghu Road, etc., form a secondary traffic axis 

in Gulou District, and the cross sections of the above 

 

Fig. 9  

Results of street integration analysis in Gulou 

 

Fig. 10 

Features of road spatial accessibility distribution in Gulou District 
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two roads and North Zhongshan Road also boast 

high accessibility. Meanwhile, as the city 

continues to develop dynamically, road 

infrastructure construction gradually extends to 

the outer ring, leading to high accessibility of the 

North Third Ring Road. Overall, the road space 

in the southeast of Gulou District is highly 

integrated with high accessibility. 

Spatial intelligibility analysis 

The road CAD axis map of Gulou District is 

imported into the Depthmap software, and the 

intelligent scatter diagram of street space is 

obtained (Fig. 11). The local spatial structure is 

used to predict the whole structure, and the 

numerical values obtained are relatively 

accurate. The structural features of other spaces 

can be grasped without external information. If the 

R2 value is between 0 and 0.5, the system is of low 

intelligence; if it is between 0.5 and 0.7, the system 

is intelligent; if it is between 0.7 and 1.0, the system 

is highly intelligent. According to Fig. 11, the linear 

regression model of spatial intelligence in Gulou 

District is y=2.50573x-0.859849, R2=0.585153, so 

the system is intelligent. 

The most intelligent roads are North Zhongshan 

Road, Meigang Road, North Fuxing Road, Benteng 

Avenue, the main road of the North Second Ring 

Road and its nearby branches (Fig. 12).The urban 

system spatial accessibility is highly accessible 

through these local street spaces. Observers can 

further obtain the overall spatial accessibility by 

observing the spatial connectivity for the branches. 

 

Fig. 11 

Intelligent scatter diagram of street space in Gulou District 
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Fig. 12 

Street space distribution map with a high intelligence value in Gulou District 

 

DISCUSSION 

Determination of Index Weights and the 

Comprehensive Evaluation Index 

After dimensionless normalization of the 

indexes, and the entropy method is used to 

calculate their weights. Ultimately, the 

comprehensive evaluation index is obtained . As 

given in Table 3, population density and spatial 

integration boast the highest weights, indicating that 

these two indexes differ the most notably in different 

areas. Therefore, improving population concentration 

ability and street accessibility is the key to promoting 

the development of smoke-free community public 

service space. 

Table 3 

Determination of single factor weight by coefficient of variation 

Evaluation index Monomial factor Entropy 
Coefficient of 

difference 
Weight 

Evaluation of public 

service function 

Population density 

(10,000 people/km2) 
0.999433 0.000567 0.634469 

Facility density 

(facility/0.625 km2) 
0.999673 0.000327 0.365531 

Evaluation of street 

vitality 

Road density (km/km2) 0.997999 0.002001 0.306145 

Spatial integration 0.995466 0.004534 0.693855 
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Table 4 

Classification of coupling coordination degree 
 

Coupling coordination (D) Evaluated degree 

0.00-0.29 Severely misaligned 

0.30-0.49 Mildly misaligned 

0.50-0.59 Barely coordinated 

0.60-0.79 Mildly coordinated 

0.80-1.00 Well-coordinated 

Evaluation of Coupling Coordination 
28-30 In the light of the evaluation criteriaof 

coupling coordination degree in relevant 

literature,the coupling relationship between the 

public service function of the community in 

Gulou District and its street space is defined 

(Table 4). 

The coupling coordination degree of public 

service function and street space in Gulou 

District can be directly obtained by substituting 

the above comprehensive evaluation values of 

public service function and street space into the 

constructed coupling coordination modelbased 

on the Matlab software (Fig. 13). 

The coupling coordination degree between 

public service function and street space vitality 

in the research area follows the order: the inner 

edge area>thecore area>theouter edge area. The 

results show that there are 49 well-

coordinatedgrids, accounting for 4.15% of the 

total; 830 mildly coordinated grids, accounting 

for 70.33%; 6 barely coordinated grids, 

accounting for 0.50%; 22 grids 

mildlymisaligned, accounting for 1.89%; and 

273 severely misaligned grids, accounting for 

23.13%. Overall, the coupling between public 

service facility functionand street spacein the 

research area is relatively coordinated. 

It can be seen from Fig. 14 that the well-

coordinated residential space is mainly in the east 

side of North Zhongshan Road, the north bank of the 

ancient Yellow River, the middle section of North 

Second Ring Road and the north of Benteng 

Avenue.It gradually extends outward along the axial 

direction of the land between North Zhongshan Road 

and North Fuxing Road, forming large-scale spatial 

agglomeration.Moreover, the living space spreads 

around from the commercial center (Gupeng 

Business Circle, Milan International Plaza and 

Junsheng Plaza) on the main road of North 

Zhongshan Roadat its core. In addition, the well-

coordinated residential space is scattered around 

Meigang Road and Xiadian Road. It can be 

concluded that the regions with good coordination 

between smoke-free community public service 

functions and street space in the main urban areas 

mainly feature two development patterns: first, 

development along streets with concentrated 

commercial functions; second, development along 

important transportation routes such as railways.
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CONCLUSIONS 

The evaluation method of coupling 

coordination of two systems proposed in this 

paper is carried out in an ideal state. The main 

purpose is to grasp the overall distribution scope 

and characteristics of smoke-free city community 

public service facilities, and provide guidance for 

the decision-making of smoke-freespatial resource 

redistribution. 

Community plays an important role in smoke-free 

city development. The improvement of public 

service function in surrounding areas can promote 

the optimization of health urban space. Thus, it is of 

great practical significance to improve the public 

service function around the community. The 

research shows that population density and spatial 

integration are important indexes for 

comprehensively evaluating community public 

service function and street space vitality. Improving 

population concentration ability and street 

accessibility are the key to promoting the 

development of community public service space. 

Therefore, in the functional optimization and special 

planning of smoke-free city community public 

service facilities, comprehensive planning should be 

carried out while focusing on the development 

status of surrounding streets by the principle of 

putting people first. These will improve the 

accessibility of street space, promote the vitality of 

traffic space, and enable residents to enjoy the high-

quality smoke-freepublic service around the 

community in a more convenient way. Meanwhile, 

with respect to spatial agglomeration, the mixing of 

multiple functions can contribute to community 

space vitality. The goal of spatial functional mixing 

is to provide and meet the needs of residents’ daily 

activities at a smaller spatial scale, and improve 

land use efficiency and compactness. Scientific and 

effective mixed land usecan be realized and a highly 

integrated life circle smoke-freecommunity can be 

created by establishing a multi-level,multi-

dimensionalliving, commercial and public service 

and other urban space environment, optimizing the 

street space and guiding orderly land development 

under the sound land use and management system. 
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Fig. 14 

Measurement results of coupling coordination 

degree of residential in Gulou District 
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