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Abstract: The rapid development of cities has led to increasingly problems in the road network
structure of urban streets. Combining emerging big data technology with traditional street network
analysis methods has become a new way to tackle it. Guilin is a famous international tourist city,
and the “Two Rivers and Four Lakes” scenic area is an iconic symbol of Guilin’s scenery. Its streets
connect various tourist spots. This study focused on the street’s layout of the “Two Rivers and
Four Lakes” scenic area, and used a combination of spatial syntax and POI big data to analyse their
spatial structure. The research results indicated that: (1) there was a positive correlation between
the global integration value of the street and the POI value; (2) by combining functional density
indicators with global integration analysis, streets that significantly deviate from the overall trend
can be identified, and classified according to their characteristics to reveal the reasons for their
contradictions; (3) we needed to propose three plans for optimizing the proportion of high street,
enhancing street functions, and “improving street space” for different types of streets to ultimately
realize the purpose of sustainable development of streets and cities.
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1. Background

Streets greatly affect the spatial structure of cities and are essential for their develop-
ment, while rapid urbanization has made urban spatial structures increasingly complex.
Guilin is an international tourist city, with the “Two Rivers and Four Lakes” scenic area
located in its central urban area. It consists of the Li river and Taohua river, as well as the
four lakes of Shanhu, Ronghu, Guihu, and Mulong, forming the surrounding water system
of Guilin city. It is a landmark of Guilin. Although Guilin has a high reputation in the
international community, the central urban area where the “Two Rivers and Four Lakes”
scenic area is located has become increasingly prominent due to the increasing number of
tourists. The contradiction between the functional composition of its streets and its road
network has had a significant impact on tourists’ sightseeing and citizens’ lives, thereby
limiting the sustainable development of the region.

The planning of Guilin since the Tang Dynasty was based on the topography of the
land; there is a strong “feng shui concept” and “choose the land to build the city” urban
construction idea. Roads are mostly parallel or perpendicular to the water system, leading
to the formation of an irregular road network that differs from the traditional square grid
or radial pattern. Therefore, the method of selecting the structure of the street network in
Guilin city, on the other hand, requires multidimensional considerations.

In fact, the structure of street networks has always been a focus of research for planners.
The concept of modernism in the last century made transportation function the dominant
factor in urban form design. The description of street network morphology is also based
on the dynamic characteristics of traffic flow. Hagget and Chorley proposed that network

Sustainability 2024, 16, 1757. https://doi.org/10.3390/su16051757 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su16051757
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0009-0009-8791-2451
https://orcid.org/0000-0002-9176-8159
https://doi.org/10.3390/su16051757
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16051757?type=check_update&version=1


Sustainability 2024, 16, 1757 2 of 22

analysis techniques should be divided into two categories: network geometric structure
analysis and network topological structure analysis [1].

Over the last decades, scholars believed that the interpretation of urban street networks
based on transportation cannot truly reflect all the characteristics of urban network space,
making the change from simple transportation functions to the urban place functions and
experiences of street space [2,3].

During this period, most studies on urban streets used qualitative methods to conduct
characteristic analysis of street networks. With the increasing demand for cognitive under-
standing of street systems, people need more precise descriptions to guide design. A series of
new quantitative description technologies for street systems have emerged. Giuseppe Borruso
identified and defined urban boundaries by analysing the spatial distribution patterns of
network density during his research on the boundaries of urban centres in Trieste, Italy, and
Swindon, UK [4]. Tsiota constructed urban street network models using different modelling
methods and analysed different feature indicators [5]. The content and methods for analysing
the structure of street networks are constantly improving, and suitable research methods need
to be selected based on the characteristics of the research scope.

Since Hillier proposed spatial syntax, new access points have emerged for spatial
understanding, which is the study of street spatial topological relationships in 1970s. With
the deepening of spatial syntax research, it has become an effective scientific method for
topological analysis of street spatial structure, which has been widely recognized and
used by professionals in the international industry. Hillier proposed spatial syntax as a
form analysis theory and method practice for deconstructing urban space through spatial
cognition, which was subsequently widely applied in the topology research of street
space [6]. Marshall proposed path structure analysis on this basis [7].

International scholars have applied spatial syntax to analyse urban spatial morphol-
ogy [8], explain the growth and development structure of urban space [9], explore the
relationship between human behaviour and street space [10], and explore the relationship
between urban spatial structural features and spatial shaping features [11]. At the same
time, many scholars combine spatial syntax with other methods, theories, and technical
methods when exploring urban spatial issues, which increases the scientific nature of the
research. Esposito used a combination of spatial syntax and spatial cognition to cross check
and verify the results of overlap, and validated the results of spatial syntax methodology
using spatial cognition [12]. Atakara combined spatial syntax with GIS technology to
analyse the urban spatial growth of Famagusta city, enhancing the rigor of the research
and paying attention to the details of the spatial growth and morphological evolution of
Famagusta city [13]. Srivanit utilised POI reflect economic activity functions, to explore
the space syntax to measure the values of urban morphology, Finally, the Pearson index
was used to study the relationship between the degree of spatial configuration of economic
activities and spatial diversity patterns [14]. The combination of multiple research and
technical methods to analyse urban issues has become a trend internationally.

In empirical research and quantitative analysis of urban space in China, most of them
are based on spatial syntax, which also proves the inherent logic between spatial form and
spatial function. Scholars mainly use spatial syntax to study spatial structure [15], road
network morphology [16], and street space shaping [17]. Most scholars use geometric and
topological analysis methods to analyse street space morphology. The research results
have certain reference significance, but the results are limited to the study of street space
morphology at the geometric and topological levels.

With the widespread use of mobile devices and the advancement of various location
sensing technologies [18], the big data environment provides diverse technical support for
conducting various researches. Scholars have used AI combined with computer vision
technology to extract data related to vehicle trajectories, street view maps for business
analysis, and heat maps to analyse the degree of crowd congregation [19,20].

Points of interest (POIs) are places of interest that are frequented by foot traffic during
the day, including restaurants, supermarkets, transportation hubs, parks, cafes, and tourist
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attractions. POI data, characterized by its large sample size and fast updates, has been
widely used in the fields of urban vitality measurement, intelligent transportation, and
public service facilities. In the process of development in China, the number of published
research results of POI has been on the rise since 2011. Nowadays, it has become one of the
preferred data for many scholars. Multiple scholars have conducted in-depth research on
the acquisition, mining, and classification processes of POI [21–23]. Bui believes that POI
and urban road networks are important information for location-based services (LBS) and
navigation. The association between POI and urban road networks has gained complemen-
tary advantages for each data source, which not only benefits various applications but also
validates the reliability and accuracy of POI [23,24].

Xinglong Zhang conducted a study on the accessibility evaluation of public service
facilities using POI, and concluded that POI data are widely used in spatial analysis and
are applicable to accessibility analysis and evaluation [25]. Yu Wenhao and Ai Tinghua
found that using the kernel density distribution of information can effectively explain
the aggregation characteristics of certain elements in a region [26]. Li Ping conducted a
correlation study on the distribution of POI data in street space [24,27]. Liang Fan [28] and
Wang Mengdi [29] combined spatial syntax with POI data when studying urban space, and
found that their validation results support each other.

Several scholars have proven that the research method of combining big data with
existing traditional methods for street spatial structure is fully feasible. However, scholars
only use big data to demonstrate the topological relationship of street spatial structure
and have not delved into the mechanism of interaction between the two. At present, the
complex spatial structure of streets in cities requires more rigorous research methods. The
aim of this study was to fill the gap of spatial syntax in advanced spatial analysis and
quantitative analysis. By combining spatial syntax with POI data, the structure analysis
of the street road network was carried out, and the correlation of the two analysis results
were investigated to understand the interaction between the two; further in-depth research
was conducted on the geometric characteristics of the streets themselves, as well as the
distribution and aggregation of POIs in order to identify the streets with abnormal street
values in the “Two Rivers and Four Lakes” scenic area. Ultimately, the cause of the
contradiction between individual streets and the overall road structure of the block and its
solutions were explored, with the aim of using a single street optimisation method to drive
the optimisation of the local area and even the overall road network structure of the street.

2. Data Sources and Research Methods
2.1. Data Sources
2.1.1. Data of Collection

The urban street data was collected from OSM (open street map) [30] and combined
with the Baidu map to obtain the Guilin city satellite map and the current situation of the
street to calibrate to each other, calculate the geometric length of the road to the axis of the
drawing, and was then subsequently imported into Depthmap for analysis.

2.1.2. Data of POI

POI is also called point of interest data. POI data is the point data of real geographical
entities, with spatial and attribute information, high accuracy, comprehensive coverage, fast
updates, large data volume, etc., which is widely used in urban research. The POI point data
of Guilin was acquired through the Baidu map API interface, downloaded, preprocessed and
imported into ArcGIS10.2 software for visual representation. This study referred to Professor
Long Ying’s classification of POIs. It combined the characteristics of urban development and
the actual situation of Guilin city, the crawled POI data were screened and organized [31],
and the study was carried out in six aspects, namely: government agencies, medical services,
public facilities, shopping services, living services, science and education.
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2.2. Research Methods
2.2.1. Spatial Abstract Model—Spatial Syntax

The commonly used spatial abstraction model method in “street urbanism” method
is called spatial syntax. In this paper, spatial syntax was employed to analyse the street
structure within the scope of the study and the inherent spatial connections.

Spatial syntax theory is a descriptive theory on the perception and understanding
of inhabited space in the physical and social dimensions proposed by Professor B. Hillier
of Barlett College, University of London, in the 1970s, and is a typical spatial abstraction
model. The method focuses on the quantitative study of space and has been applied in
the study of urban spatial morphology, the evolution of urban structure and pattern, the
construction of urban transport networks, and the design of urban public space. Nowadays,
the theory of spatial syntax has formed a relatively perfect theoretical system, methodology
and application tools and is more and more applied to urban planning [32].

This research collected road data through OSM, and used CAD to further extract
roads in the form of axes and imported them into Depthmap1.0 software. It quantitatively
analysed the street structure and individual characteristics of the research scope and
surrounding areas, mainly using integration to summarise the overall and individual
characteristics of the street.

The degree of integration reflected the degree of agglomeration and deaglomeration
of space and local space. In general, the larger the value of the integration degree, the
higher the accessibility of the space in the whole spatial system; integration was used to
describe how far this street was from other streets, measuring the space potential that
reaches that street. On the contrary, the lower the value of the integration degree, the less
the accessibility of the space in the entire spatial system [33]. The formula is as follows.

Total Depth(di) = −∑n−1
j=1 dij, i ̸= j (1)

Mean Depth(di) =
Total Depth(di)

n − 1
(2)

RA(di) =
Mean Depth(di)− 1

n − 2
(3)

RA(di) o f Diamond =
n
(
log2

( n
3
)
.1
)
+ 1

(n−1)(n+1)
2

(4)

RRA(di) : Relativized RA(di) =
RA(di)

RA o f Diamond
(5)

Integration(di) =
1

RRA(di)
(6)

di is a space, n is the number of axis lines. The total depth is the sum of the topological
distance from any axis to all other axis.

Mean depth is the ratio of total depth to n − 1.
RA(di) (relativized asymmetry) is a theoretical attributive method. RA of diamond is

the axis model for scholars to choose on the basis of experience close to the average value
of the total depth distribution of the real city. This pattern is called the “diamond” mode.

RRA(di) is a comparison of the real city axis RA(di) with the RA of diamond with n
axis lines.

Integration (di) is the inverse of RRA(di).
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2.2.2. Spatial Analysis and Statistics

(1) Kernel density method
To clarify the statistical effect of space, the kernel density method and interpolation

method are the more commonly used research methods. What is reflected is the aggregation
of POIs [27], which is calculated by the formula:

f n(x) =
1

nh ∑n
i=1 K[

x − xi
h

] (7)

The kernel density is the value of the kernel density. If the value is higher, it means
the denser the POI distribution in this area; if the value is lower, it means the more discrete
the POI distribution.
(2) Functional Density

The functional density of the street and the density of POIs around the street are
related to vitality [34]. The formula is:

Functional Density = POl_num/street_length (8)

2.3. Statistical Analysis Using Pearson Correlation Coefficient

Pearson’s correlation coefficient is also known as the sample correlation coefficient,
product-moment correlation coefficient or correlation coefficient. It was introduced by
Galton in 1877 and later developed by Pearson. It measures the linear relationship between
two random variables. For example, it was used in this study to analyse the degree of
association between two sets of data [35], The formula is as follows:

The Pearson correlation coefficient between two variables is defined as the quotient of
the covariance and standard deviation between the two variables:

ρX,Y =
cov(X, Y)

σXσY
=

E[(X − µX)(Y − µY)]

σXσY
(9)

The above equation defines the overall correlation coefficient, commonly represented
by lowercase Greek letters. Estimating the covariance and standard deviation of the sample
yields the Pearson correlation coefficient, often represented by lowercase English letters:

r = ∑n
i=1(Xi − X̄)(Yi − Ȳ)√

∑n
i=1(Xi − X̄)2

√
∑n

i=1(Yi − Ȳ)2
(10)

The value of r is usually taken as an absolute value followed by an interval from 0 to 1
for linking intensity levels as shown in the table below (Table 1).

Table 1. Classification of correlation strength based on correlation coefficients.

Correlation Value 0 0.2 0.5 0.8 1

Correlation Strength None Weak Moderate Strong Perfect

2.4. Technical Streamline

In order to better display the content of the paper, the research process is summarized
by the technical streamline (Figure 1).
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3. Analysis of the Current Situation of Street Network Structure
3.1. Research Scope

The “Two Rivers and Four Lakes” in Guilin city are important scenic spots in the
central urban area of Guilin, depositing the historical and cultural heritage of Guilin. Due to
the limitations of water system and terrain, the distribution, density, and direction of streets
within the research scope in Guilin city are complex. Many famous scenic spots in Guilin,
such as the Sun and Moon Twin Towers, Elephant Trunk Mountain, Jingjiang Prince’s
Mansion, Mulong Lake, and Gunanmen, are connected by scenic streets, surrounded by
the surrounding water system. At the same time, these streets also carry the dual functions
of vehicle movement and residents’ daily commutes. Therefore, studying the streets within
the scope of the “Two Rivers and Four Lakes” scenic area in Guilin can provide a new
analytical method and theory for the sustainable development of the street space around
the core scenic area in the urban centre. Section.

The research objects selected in this study were a total of 35 streets in the “Two Rivers
and Four Lakes” urban water system belt, including the main roads, secondary roads, and
branch roads that allow traffic and pedestrians to pass through (Figure 2). Specifically, it
included six main roads, 12 secondary roads, and 17 branch roads. North to Dongzhen
Road and Tiefo Road, south to Nanhuan Road, west to Yiwu Road and Xinyi Road in Guihu,
east to Longzhu Road, Binjiang Road, and some sections of Nanhuan Road in Lijiang.
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3.2. Analysis of Spatial Abstract Models—Integration Analysis

After the output of the Depthmap calculation, the integration visualisation results
were obtained, and the change from warm to cold colours was usually used to represent
the transition from high integration value to low integration value (Figure 3). Results were
categorised using the natural discontinuity method. In order to avoid the selection of the
scope limitations that led to the bias of local spatial analysis results, this paper selected the
“Two Rivers and Four Lakes” scenic area of each level of streets and some streets outside
the scope of the axial map drawing.
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In general, streets with the highest level of overall integration were located at the
geometric centre of the “Two Rivers and Four Lakes” area. The integration levels form a
pattern of decreasing grades radiating outward from the central “cross-shaped” hub. Specif-
ically, “Zhongshan Middle Road”, “Jiefang East Road”, and “Jiefang West Road” exhibited
the highest overall integration levels, representing the highest accessibility. These three
streets align with the core distribution of commercial, entertainment, cultural, and tourism
functions, including the Micro-Smiling Pavilion, Dongxi Lane, Wangcheng Department
Store, and Zhengyang Pedestrian Street.

On a local level, roads classified as orange (middle integration level) within the
study area were primarily oriented perpendicular to “Jiefang Road” and “Zhongshan
Middle Road”, while most other roads displayed warmer colours, indicating generally
good overall street accessibility. Within this range, streets that connected more smoothly
with surrounding roads were found in areas with greater coherence in their layout. In
areas beyond this range, except for main roads and some secondary roads with higher
integration levels, most internal streets were represented by cooler colours, indicating lower
street accessibility. In summary, the streets within the “Two Rivers and Four Lakes” area
generally exhibited good overall accessibility, and their quantified indicators aligned with
the functional positioning of the “Two Rivers and Four Lakes” region.

3.3. Spatial Analysis and Statistics—Analysis of POI Spatial Distribution

The application above of spatial syntax software for Depthmap integration analysis
involved selecting a larger area than the study scope. Subsequently, in the following
sections analysing POI data, POI distributionand kernel density calculation were analysed
within the “Two Rivers and Four Lakes” scenic area and categorised using the natural
discontinuity method as shown in Figure 4. The specific spatial characteristics of POI
distribution are shown in Figure 5.

The results showed that POI points were linearly distributed along the street and were
obviously clustered in the commercial complexes and pedestrian streets on both sides of
Jiefang East Road and Jiefang West Road. However, the purely quantitative distribution
map produced the phenomenon of overlapping points and incomplete display in the visual
range, so the kernel density calculation by ArcGIS software was needed to reflect the degree
of POI aggregation. The results showed that the highest kernel density was concentrated
in the geometric centre of “Two Rivers and Four Lakes”, and the three kernel density
poles were located on both sides of Jiefang Road and Zhongshan Middle Road, covering
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Zhengyang Pedestrian Street, and Weixiao Hall and Cultural Palace. In addition, the area
of higher secondary nuclear density in the south was the neighbourhood of the Guilin
department store building, i.e., to the right of Zhongshan Zhong Road. The distribution
of other kernel density values was consistent with the street orientation. This distribution
was similar to the hierarchical structure distribution of integration, and the relationship
between the two will be further verified subsequently.
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3.4. Spatial Data Correlation Testing

After the above analyses, it was found that there were multiple structural overlaps
between integration and POI kernel density, so it was hypothesised that there was a
correlation between the street characteristics themselves and the POI distribution. To verify
this inference, the correlation analysis of the integration degree and POI kernel density
values transformed the two kinds of data into the same dimension for data reprocessing. In
this paper, grid analysis was performed in ArcGIS, and the two data were placed in the
same range of fishing nets for spatial connection, with the results shown in Figure 6.
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The grid through which each street passes was selected for data counting and process-
ing and the corresponding values in the same range of each street were derived (Table 2)
and subsequently imported into SPSS for bivariate Pearson analysis in Table 3.

Table 2. Summary of road integration and POI core density after processing.

Street Name Street Level Road
Integration

Kernel
Density Street Name Street Level Road

Integration
Kernel
Density

Zhongshan North Road Main Road 0.769 0.053 Fuhouli Road Side Road 0.885 0.521
Zhongshan Middle Road Main Road 0.986 0.364 Yiren Road Side Road 0.933 0.744

Jiefang East Road Main Road 1.044 0.387 Libin Road Side Road 0.903 0.461
Jiefang West Road Main Road 0.988 0.406 Furong Road Side Road 0.767 0.25

Xinyi Road Main Road 0.717 0.058 Dongzhen Road Side Road 0.690 0.004
Nanhuan Road Main Road 0.855 0.202 Shanhubei Road Side Road 0.825 0.016

Yiwu Road Secondary Road 0.802 0.046 Rongcheng Road Side Road 0.910 0.245
Wenming Road Secondary Road 0.800 0.314 Huguang Road Side Road 0.929 0.447
Longzhu Road Secondary Road 0.686 0.05 Rongyin Road Side Road 0.921 0.233
Fengbei Road Secondary Road 0.834 0.115 Wenhuagong Road Side Road 0.959 1
Diecai Road Secondary Road 0.782 0.241 Sanhuang Road Side Road 0.844 0.233

Binjiang Road Secondary Road 0.915 0.09 Taiping Road Side Road 0.849 0.632
Sanduo Road Secondary Road 0.873 0.376 Tiefu Road Side Road 0.700 0.001

Sihui Road Secondary Road 0.809 0.17 Ronghunan Road Side Road 0.805 0.033
Lequn Road Secondary Road 0.880 0.315 Lingui Road Side Road 0.800 0.235

Xicheng Road Secondary Road 0.836 0.425 Tongquan Road Side Road 0.871 0.353
Chongshan Road Secondary Road 0.784 0.201 Jiaotong Road Side Road 0.841 0.306

Wumei Road Secondary Road 0.848 0.159
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Table 3. Correlation analysis between integration and kernel density values.

Integration Kernel Density

Integration
Pearson Correlation 1 0.628 **
Sig. (Two-tailed) \ 0.000
Cases 35 35

Kernel Density Value
Pearson Correlation 0.628 ** 1
Sig. (Two-tailed) 0.000 \
Cases 35 35

Note: ** Significant at the 0.01 level (two-tailed).

The correlation coefficient from Table 3 was 0.628, which showed that integration
was positively correlated with POI kernel density values, and the correlation laid between
moderately strong and very strong. It showed that the street network structure was
positively correlated with the POI kernel density values as a whole, although there were
individual streets that deviated from the overall trend values.

The following section identified POI values that deviated significantly from the overall
street network by using the deviation degree, with integration as the reference target,
and explored the reasons for the contradiction between individual streets and the overall
structure. The formula is as follows:

Deviation degree =
Kernel Density

Integration
(11)

To explore the reasons for the contradiction between individual streets and the overall
structure, it was necessary to incorporate the characteristics of the street itself into the
research process in order to make the research results more reliable. Next, we observed
the geometric characteristics of streets from the perspective of axes. Street length was one
of the geometric features of a line segment and was used as a measure of a planar axis.
Considering that the length of a roadway contained a lot of information, there was bound
to be a significant gap between the businesses on either side of shorter and longer streets,
with longer streets tending to have more urban activities. In addition, in the quantitative
system indicators of street vitality in China [31], “street length” was used as the calculation
of functional density (Formula (8)). Unlike the kernel density, functional density reflected
the degree of POI aggregation per metre of the street.

The number of POIs was also gridded, and the street length was obtained via the
Baidu Maps measurement tool and OSM road network processing, as shown in Figure 7.
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After obtaining the length of each street POI and the length of the street, the functional
density results were calculated according to Formula (8) and shown in Table 4.

Table 4. Calculation of street POI quantity, street length, and functional density.

Street Name Number
of POI

Street
Length (m)

Functional
Density Street Name Number of

POI
Street

Length (m)
Functional

Density

Zhongshan North Road 342 890 0.384 Fuhouli Road 506 340 1.488
Zhongshan Middle Road 1800 1968 0.915 Yiren Road 726 554 1.310

Jiefang East Road 756 637 1.187 Libin Road 394 481 0.819
Jiefang West Road 622 592 1.051 Furong Road 194 307 0.632

Xinyi Road 256 394 0.650 Dongzhen Road 80 445 0.179
Nanhuan Road 402 846 0.475 Shanhubei Road 190 416 0.456

Yiwu Road 376 1843 0.204 Rongcheng Road 268 304 0.881
Wenming Road 460 525 0.876 Huguang Road 194 164 1.183
Longzhu Road 122 764 0.160 Rongyin Road 238 362 0.657
Fengbei Road 258 527 0.490 Wenhuagong Road 546 282 1.936
Diecai Road 276 342 0.807 Sanhuang Road 84 165 0.509

Binjiang Road 670 2179 0.307 Taiping Road 320 237 1.350
Sanduo Road 534 588 0.908 Tiefu Road 60 283 0.212

Sihui Road 202 414 0.488 Ronghunan Road 200 537 0.372
Lequn Road 258 500 0.516 Lingui Road 202 397 0.509

Xicheng Road 348 462 0.753 Tongquan Road 542 396 1.369
Chongshan Road 246 285 0.863 Jiaotong Road 406 456 0.890

Wumei Road 226 470 0.481

In fact, the kernel density of POI was achieved by creating an influence area (usually
based on radius) around each point and calculating the number of points within that area.
The functional density index was related to POI data and street geometric length.

In theory, the relationship between the two was close. To verify the functional den-
sity, while considering the geometric characteristics of the street, it can also reflect the
aggregation ability like the POI kernel density calculation. In addition to the need for
a correlation test between kernel density data and functional density data, it was also
necessary to explore whether functional density had a similar correlation with integration
for subsequent entry into the study. The results are shown in Table 5.

Table 5. Correlation analysis between integration, kernel density, and functional density.

Integration Kernel Density Functional
Density

Integration

Pearson
Correlation 1 0.628 ** 0.622 **

Sig. (Two-tailed) \ 0.000 0.000
Cases 35 35 35

Kernel Density

Pearson
Correlation 0.628 ** 1 0.901 **

Sig. (Two-tailed) 0.000 \ 0.000
Cases 35 35 35

Functional Density

Pearson
Correlation 0.622 ** 0.901 ** 1

Sig. (Two-tailed) 0.000 0.000 \
Cases 35 35 35

Note: ** Significant at the 0.01 level (two-tailed).

The results showed that there was a strong correlation between functional density
and nuclear density. At the same time, the functional density and integration degree was
0.622 between highly strong and very strong. This study replaced the kernel density index
with the functional density index to represent the degree of POI aggregation on each street
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and applied it to the calculation of deviation degree. The calculated results are shown in
Table 6.

Deviation degree =
Functional Density

Integration
(12)

Table 6. Calculation of Deviation Degree.

Street Name Functional
Density

Road
Integration

Deviation
Degree Street Name Functional

Density
Road

Integration
Deviation

Degree

Zhongshan North Road 0.384 0.769 0.500 Fuhouli Road 1.488 0.885 1.682
Zhongshan Middle Road 0.915 0.986 0.931 Yiren Road 1.310 0.933 1.405

Jiefang East Road 1.187 1.044 1.136 Libin Road 0.819 0.903 0.907
Jiefang West Road 1.051 0.988 1.063 Furong Road 0.632 0.767 0.823

Xinyi Road 0.650 0.717 0.906 Dongzhen Road 0.179 0.690 0.261
Nanhuan Road 0.475 0.855 0.556 Shanhubei Road 0.456 0.825 0.554

Yiwu Road 0.204 0.802 0.254 Rongcheng Road 0.881 0.910 0.969
Wenming Road 0.876 0.800 1.095 Huguang Road 1.183 0.929 1.274
Longzhu Road 0.160 0.686 0.233 Rongyin Road 0.657 0.921 0.714
Fengbei Road 0.490 0.834 0.587 Wenhuagong Road 1.936 0.959 2.019
Diecai Road 0.807 0.782 1.032 Sanhuang Road 0.509 0.844 0.603

Binjiang Road 0.307 0.915 0.336 Taiping Road 1.350 0.849 1.591
Sanduo Road 0.908 0.873 1.040 Tiefu Road 0.212 0.700 0.303

Sihui Road 0.488 0.809 0.603 Ronghunan Road 0.372 0.805 0.463
Lequn Road 0.516 0.880 0.586 Lingui Road 0.509 0.800 0.636

Xicheng Road 0.753 0.836 0.901 Tongquan Road 1.369 0.871 1.572
Chongshan Road 0.863 0.784 1.101 Jiaotong Road 0.890 0.841 1.059

Wumei Road 0.481 0.848 0.567

Figure 8 summarises the detailed derivation and calculation process. Table 6, on the
other hand, represents the calculated data and results of the deviation.
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Figure 8. Schematic diagram of the relationship between integration, kernel density, functional
density, and deviation.

Figure 9 shows that the deviation degree of Longzhu Road, Yiwu Road, Dongzhen
Road, Tiefo Road, Binjiang Road, Ronghu South Road and Wenhua Palace Road was
abnormal, and the relationship between their functional density and integration degree
deviated from the overall law.
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Figure 9. Deviation degree result arrangement.

According to the results of deviation, the abnormal streets are analyzed and classified
as shown in Table 7.

Networks ranged between 0.65 and 0.95. Generally, the streets were easily accessible.
The main reason for the high or low deviation degree was the functional density. The
table above analysed the reasons for the high or low deviation values. Based on this, the
streets were classified into “potential streets” and “abnormal streets”. In the subsequent
research, specific optimisation suggestions are proposed based on the specific conditions of
the streets.
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Table 7. Deviation from street values and causes.

Street Functional Density Integration Deviation Degree

Longzhu Road 0.160 0.686 0.233 This kind of high integration degree
of the street is on behalf of good
accessibility. However, the low

functional density value meant that
the number of POI per metre in the

street was small.
This kind of street had the potential

to enhance the mixed function on
the premise of good accessibility

and sufficient street space. This type
of street was characterized by a low

deviation degree value

Yiwu Road 0.204 0.802 0.254
Dongzhen Road 0.179 0.690 0.261
Tiefo Road 0.212 0.700 0.303
Binjiang Road 0.307 0.915 0.336
Ronghu South Road 0.372 0.805 0.463

Wenhuagong Road 1.936 0.959 2.019

This type of street space had a high
density of functional facilities, with
a large number of points of interest

(POIs) per metre of street. This
indicated that the street space was
compressed, leading to abnormal

situations such as traffic congestion
and pedestrian crowding. Streets

with these characteristics exhibited a
high deviation degree value.

4. Street Space Optimisation Strategy

Through the spatial abstraction model and spatial analysis statistics, streets with
significant deviations from the overall street network were identified. The specific reasons
for the contradiction between individual streets and the overall structure were explored,
and optimisation strategies were proposed as seen in Table 8.

Table 8. Deviation from street categorisation.

Street Name Longzhu Road Yiwu Road Binjiang Road Tiefu Road Dongzhen
Road

Ronghunan
Road

Wenhua
Gong Road

Street Level Secondary Road Secondary Road Secondary Road Side Road Side Road Side Road Side Road

Type Potential Potential Potential Potential Potential Potential Abnormal

The roads in the table above were divided into two categories of streets and targeted
optimisation strategies were proposed.

4.1. Potential Street Optimisation Strategy

(1) Utilise Resource Advantages and Optimise the Proportion of Business Formats
The geographic characterization of the six streets in the “Potential Roads” identified

that four roads have similar characteristics (Table 9). “Yiwu Road”, “Binjiang Road”, and
“Ronghunan Road” were adjacent to water systems and “Dongzhen Road” was adjacent to
scenic spots. The difference in POI distribution between a normal roadway and a potential
roadway is illustrated in Figure 10. Normally, POI are linearly distributed on both sides
of the road. In contrast, among the potential roads, the waterfront roads showed the
phenomenon of linear distribution of POIs on one side. The POI distribution of the scenic
road was less and scattered.
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Table 9. Four streets with similar characteristics among the potential streets.

Street Name Street Level Type Street Features

Yiwu Road Secondary Road Potential Street Alongside Gui Lake
Binjiang Road Secondary Road Potential Street Alongside Li River

Dongzhen Road Side Road Potential Street Near Scenic Area
Ronghunan Road Side Road Potential Street Alongside Rong Lake
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According to the Ecological Infrastructure of Guilin and the Guilin Urban Master Plan,
the number and height of buildings are generally controlled or limited around urban water
system zones and scenic spots. At the same time, one side of the waterfront street was
planned in a waterfront space-oriented manner. As a result, waterfront streets have a linear
distribution of POIs on one side, while streets near scenic spots control the number and
height of buildings around them, resulting in a decentralized POI distribution. Therefore,
the functional density is low.

Under the guidance of policy and planning, streets with such characteristics do not
aim to increase the number of POIs to enrich functions. Instead, POIs on the other side
of the street were analysed by function type. While the number of POI points remained
unchanged, some unreasonable POI points were replaced with functions, such as adding
convenience or sports facilities in the street space. The optimisation strategy was based on
the example of Yiwu Road.As shown in Table 10 and Figure 11.

Table 10. Number POI formats on Yiwu Road.

Street
Name

Shopping
Services

Public
Facilities

Medical
Services

Government
Agencies

Living
Services

Science and
Education

Yiwu Road 109 0 18 10 48 14
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From the circular map, we can see that Yiyiwu Road had 55% of shopping facilities
accounting for more than half of the total, followed by 24% of living service areas, culture,
sports, science and education, and government agencies; medical services accounted for
a similar proportion to meet the needs of residents in their daily lives. According to the
integration analysis, the road had high integration and good accessibility but lacked public
facilities. Under the premise of not changing the number of POIs, adding fitness equipment
and leisure seats in the street space increases the distribution density of public facilities
and expands the service radius. Also, adding suitable nonprofit living service facilities and
replacing the function of relocated and vacant governmental organisations’ spaces with several
public activity venues with public service facilities or small-scale public service facilities, such
as increasing the number of public toilets and breastfeeding rooms for mothers and babies,
improves the convenient functions of the street in terms of public services so that it can become
a street with a mixed process of leisure, daily life and shopping.
(2) Stimulating Composite Potential and Improving Street Functionality

Longzhu Road and Tiefo Road were far away from the centre area of the study area, at
the edge of the Two Rivers and Four Lakes Scenic Area, and were roads with a strong sense
of life. They are both potential streets (Table 11). Despite the difference in the number of
POI distributions between the two roads (Figure 12), the percentage of POI types is similar.
(Table 12 and Figure 13).

Table 11. Other potential streets.

Street Name Street Level Type Street Features

Longzhu Road Secondary Road Potential Street \
Tiefu Road Side Road Potential Street \
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Table 12. Number POI formats on Tiefo Road and Longzhu Road.

Street Name Shopping
Services

Public
Facilities

Medical
Services

Government
Agencies Living Services Science and

Education

Longzhu Road 15 3 2 4 5 6

Tiefu Road 19 0 2 4 7 7

In terms of POI types, Longzhu Road and Tiefo Road had suitable walking distances
from Folongzhou Park, Gui Lake and Mulong Lake Scenic Area, which can appropriately
increase the number of public facilities POIs such as public toilets and sports and leisure
facilities. The original science, education and cultural facilities, government agencies, etc.,
can be upgraded to enhance the service quality and provide more diversified services, such
as increasing the number of cultural performances, public lectures, and other activities in
order to improve the satisfaction of residents and tourists, and to diversify the functions
that the street carries in the original space.
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4.2. Potential Street Optimisation Strategy

Wenhuagong Road is a abnormal Street. The street connecting Jiefang East Road to
the POI agglomeration pole. (Table 13).

Table 13. Categorised abnormal streets.

Street Name Street Level Type Street Features

Wenhuagong Road Side Road Abnormal Street \

Compared to normal streets, the POIs on Wenhuagong Road exhibit a phenomenon of
agglomeration and compressing street space (Figure 14).
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As shown in Table 14 and Figure 15, shopping services account for 64% of the POI
types, reflecting the primary function of the street for shopping and catering. Still, the
street was only 280 m long, and the street space was limited, so the street space had high
functional density. Reflecting on the current situation of the street, the compression of
the street space occurs, and there was a certain period, such as congestion of traffic and
pedestrian flow. Optimisation strategy for such cases was needed to optimise the space from
the street itself. This can be summarised as resolving functional conflicts and improving
branching space. Specific measures were: (1) adjusting the spatial sequence, which can be
considered in the form of enlarging the space of the entrance and exit nodes and expanding
the buffer zone when connecting the transition with other roads; (2) controlling the side
interfaces formed by commercial and other facilities in the architectural interfaces, and
reserving the spatial scale to meet the passage of pedestrian traffic without encroaching on
the model roads; (3) enhancing the connectivity between the branch roads and the density
of the road network, so as to make the geometric characteristics of the roads more balanced,
in order to disperse pedestrian and vehicular traffic.
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Table 14. Number POI formats on Wenhuagong Road.

Street Name Shopping
Services

Public
Facilities

Medical
Services

Government
Agencies Living Services Science and

Education

Wenhuagong
Road 35 1 2 4 13 4
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5. Conclusions

The roads in the above table were classified into three types of streets, and targeted
optimisation strategies were proposed to enhance the function of the roads, optimise the
proportion of business, and optimise the space of the side streets.

By analysing the street network structure of the “Two Rivers and Four Lakes” in Guilin
city, it can be seen that the integration degree of these roads was positively correlated with
the POI value. Still, there were individual streets that did not match the overall trend. It
can be seen that the integration degree of the roads in the “Two Rivers and Four Lakes”
scenic area was positively correlated with the POI value, but there were individual streets
that were inconsistent with the overall trend; through the analysis of the functional density
index combined with the degree of integration, we identified “potential streets” such as
Yiwu Road, Longzhu Road, Tiefo Road, etc., which were significantly deviated from the
overall trend, as well as “anomalous streets” such as Wenhuagong Road. We proposed
different optimisation strategies, namely “optimise the proportion of business”, “enhance
the function of the street”, and “improve the street space”.

The present study, although valuable for researching urban street network structures,
has limitations in its practical application for urban management and city planning. One
reason was that the assumptions of spatial syntax analysis may not fully correspond to the
actual situation. Another reason was the quality of points of interest (POI) data was not
good enough and there were possible inaccuracies in the calculation methods for indicators.

In the future, we will conduct more comprehensive and meaningful research. One of
the development directions involves analysing the impact of urban travel systems using
new models or data. For example, collecting and organizing data on crowd behaviour,
travel preferences, and modes of transportation, and using mathematical models and addi-
tional tools for analysis. This will assist urban planners in gaining a better understanding
of the operational mechanisms of travel systems and in formulating more effective travel
planning schemes [36–39]. Consequently, it will improve the travel efficiency of the city
and enhance the convenience for tourists.

Another area of research worth exploring is the operational mechanism and spatial layout
of urban transportation systems. Specifically, we can study the impact of traffic flow and
mobility on urban streets. In this research analysis, we found that point of interest (POI) data
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has gradually been utilised in the field of contemporary urban transportation systems. Some
researchers have combined the monitoring of points of interest (POI) activity flow with genetic
algorithm (GA) techniques to estimate road traffic flow, potentially resulting in reduced
economic costs [40]. Researchers have incorporated points of interest (POI) into land use,
population movement, and other data to predict the spread of viruses using the “node-place”
model [41]. Furthermore, some researchers have integrated points of interest (POI) with GPS
trajectories to develop urban heavy truck mobile networks [42]. Research has also found
that integrating various methods and data sources, such as Chat GPT, NLP, and RL models,
along with traffic flow data, public transportation data, and travel survey data [43–45], can
further uncover the dynamic characteristics and evolving trends of urban street transportation
systems. These findings offer new insights for our research on urban streets.

Furthermore, we can delve deeper into the intersection of spatial syntax with other
fields. For example, integrating spatial syntax with transportation engineering, logistics
management, and geographic information systems. By continuously expanding the re-
search methods for street network systems and exploring new technologies, we aim to
offer a more comprehensive and in-depth understanding of urban street networks. This
approach and method can help identify additional future development opportunities for
the sustainable growth of scenic areas such as Guilin’s “Two Rivers and Four Lakes” and
other cities, ultimately contributing to the achievement of sustainable development goals
for street and urban transportation systems.
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