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Abstract: This article takes the spatial vitality of Huaihe Road Commercial Block in Hefei city as the
research object and defines two evaluation dimensions, including external characteristic elements and
constituent elements of spatial vitality. The external characteristic elements are reflected by the data of
heat maps. As for the constituent elements, this article presents the corresponding influencing factor
indicators in the aspects of the road network configuration, functional commercial form and spatial
quality of the commercial block. In addition, it conducts a quantitative study on the multi-source data
of the influencing factor indicators relating to the spatial vitality of this commercial block by means
of heat maps, block PO], street view images and urban space. In the process of this quantitative
study, some tools, such as the ArcGIS platform, space syntax Depthmap modeling and street view
semantic analysis, are employed. A quantitative study is further carried out using the correlation
analysis method to analyze the relationship between the external characteristic elements and internal
constituent elements of spatial vitality of commercial blocks and explore the effects of different factors
on the spatial vitality of commercial blocks when these factors are interacting with each other.
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1. Introduction

With the acceleration of urbanization, cities are continuously expanding and under-
going significant transformations, leading to changes in people’s lifestyles. Commercial
blocks are typically the component of urban space with the greatest vitality. They have
diversified functional commercial forms and superior geographical locations, so they can
attract a large crowd of pedestrians, thereby promoting the development of a city’s con-
sumer economy. However, commercial blocks are affected by some external factors, such
as aged urban infrastructure, urban traffic congestion and emerging commercial complexes
in recent years. Moreover, it becomes more and more difficult for those commercial blocks
in old towns to meet the diversified life needs of urban residents. Both the spatial quality
and vitality of commercial blocks show a downward trend. As a consequence of the above
factors, the development of commercial blocks is trapped in a vicious circle [1].

With the rapid progress in digital technology and data intelligence, research on the
spatial vitality of commercial street areas can benefit from the analysis of multi-source
data such as population demographics, transportation patterns, climate conditions and
consumer behaviors. By delving into the spatial characteristics, pedestrian dynamics,
commercial potential and other aspects of commercial street areas, a more systematic and
comprehensive assessment of their spatial vitality can be achieved. This, in turn, can
provide a scientific basis for future urban planning and management decisions regarding
commercial street areas [2].

Early studies on the spatial vitality of commercial blocks have primarily relied on
on-site surveys and subjective analyses. These studies often involved pedestrian counts
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at specific intersections over a defined period to assess street space vitality. However,
this traditional research approach had its limitations, being time-consuming and prone
to data biases influenced by human factors. With the rise of urban renewal concepts
emphasizing a “people-oriented” approach and “inventory renewal”, there is an urgent
need to incorporate modern research methods into the examination of commercial block
spatial vitality [3]. Many scholars have explored the utilization of mobile phone signaling
data, location-based services (LBSs), heat maps and other resources to analyze urban spatial
vitality. This shift has changed the research focus from a purely qualitative perspective to a
combined qualitative and quantitative approach. This evolution in research methodology
has transitioned from analyzing single-source data to the application of multi-source data
when studying urban street area vitality [4].

In order to construct the spatial vitality evaluation system of commercial blocks, this
article takes Huaihe Road Commercial Block of Hefei city as an empirical research object and
collects spatial data of the commercial block from multiple sources. Based on field surveys
and the use of different tools, such as the ArcGIS10.8 platform, space syntax Depthmap
modeling and street view semantic analysis, we selected the heat map data in different
periods of time as the external characteristic elements and road network configuration,
functional commercial form, spatial quality and other established environments as the
internal constituent elements of spatial vitality for commercial blocks and then presented
different influencing factor indicators, such as integration, functional mixture and green
view index (GVI). Then, we conducted a quantitative analysis on the spatial vitality of
Huaihe Road Commercial Block and its influencing factors and studied the correlation of
its spatial vitality with the influencing factors, hoping to provide a scientific basis for the
revitalization of commercial blocks situated in old towns.

2. Research Scopes and Definitions
2.1. Overview of the Research Object

Current research on the correlation between the established environment and behavior
of commercial space always prefers those fully developed commercial districts with a stable
spatial vitality to eliminate the randomness and instability caused by the difference in
data sampling time. Therefore, the selection of research objects follows these principles:
a research object must be typical in terms of geographical location, scale and year of
completion in its city; there is an active population with stable mobility to facilitate the
acquisition of external data characterizing spatial vitality; the research area has been fully
developed, and all functional commercial forms tend to be stable in the area. Based on the
above principles, field surveys and comments of relevant experts, Huaihe Road Commercial
Block, a typical modern commercial block of Hefei city, was selected as the research object
of this article.

As shown in Figure 1, Huaihe Road Commercial Block is located in the east of the
old town of Hefei city, covering a total area of 59.63 hm?. As the core area of Huaihe Road
Commercial Block, Huaihe Commercial Pedestrian Street is 960 m long and 22 m wide.
It extends to East Huancheng Road in the east and to Suzhou Road in the west. Huaihe
Commercial Pedestrian Street is characterized by modern architectural styles. Traditional
architectural styles of Jianghuai Region have been integrated into its detail design. Its
various spatial layouts and numerous cultural tourism sites are always attracting local
residents and tourists from other places [5]. Known as a typical commercial block in an
old town, Huaihe Road Commercial Block has stable pedestrian flow. However, there is
a difference in the vitality of pedestrians in a certain node space of commercial blocks.
For this reason, this article further studies and analyzes the factors influencing the spatial
vitality of Huaihe Road Commercial Block.
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Figure 1. Location and research scope of Huaihe Road Commercial Block.

2.2. Definitions

The term “vitality” originates from biology, referring to the energetic state of liveliness
in organisms. With the evolution of disciplines, this concept has been introduced into
the field of urban planning. In urban planning, “vitality” is combined with the spatial
characteristics of commercial blocks to study the spatial form within districts. Commercial
block spaces themselves do not possess vitality; rather, vitality in district spaces arises
from the behavioral activities of people within those spaces. Research on district space
vitality is conducted through two evaluation dimensions: external representation of spatial
vitality and internal constitutive elements. The external representation of spatial vitality
primarily focuses on the characteristics of human activities within commercial blocks, while
the internal constitutive elements of spatial vitality stem from the commercial block itself.
By studying these two evaluation dimensions as shown in Figure 2, the mechanisms for
creating vitality in commercial block spaces can be further explored [6].

Vitality of block space

: fxternal : |
| of vitality I

Figure 2. Schematic diagram of spatial vitality relationship and evaluation dimension of commercial
block.

3. Data Source and Research Methods
3.1. Data Source

The research data principally consist of the external characteristic elements and the
internal characteristic elements of the spatial vitality of commercial blocks. The external
characteristic elements are expressed using the collected heat map data while the internal
characteristic elements use road network data, block functional commercial form data
(Point of Interest) and street view image data as the basic data for research and analysis [7].

(1) Heat map data

This study utilizes heat map data to study the space vitality of commercial blocks
due to their advantage of having less data bias compared to mobile phone signaling and
LBS data [8]. Heat map data, obtained through the application programming interface
(API) of Baidu Maps, is generated based on the location data of mobile users. It reflects the
distribution characteristics of pedestrian aggregation and dispersion in the form of heat
distribution. After importing these data into ArcGIS for geospatial matching processing,
the distribution of commercial block space vitality is visually expressed, obtaining relative
weight values (i.e., heat values) for the aggregation of pedestrian flows at different locations.
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This study focuses on Huaihe Road Commercial Block in Hefei, collecting real-time updated
heat map data at one-hour intervals from 8:00 to 22:00 on 26 October 2023 (Thursday) and
28 October 2023 (Saturday). A total of 30 heat map data images were obtained. By using the
heat map data as an external representation of vitality in Huaihe Road Commercial Block,
different levels of heat colors in the heat map are assigned values, as shown in Figure 3.
Eight colors in the heat map (gray, purple, blue, cyan, green, yellow, orange and red) are
assigned color levels ranging from zero to seven. Red and orange represent high heat areas,
yellow and green indicate moderate heat areas, while cyan, blue, purple and gray signify
low heat areas. Through color level assignment, information on the relative weight changes
in population flow at different time intervals was obtained.

- High-heatzone | 6.0

Medium-heat zone

Low-heat zone ( 20

Research scope

Figure 3. Heat map assignments.

(2) Road network data

The road network data for Huaihe Road Commercial Block were obtained through
WeServer (map software) and Open Street Map (OSM) (an open-source map platform) [9].
After comparing and adjusting street network data from different sources and comparing
them with satellite imagery data, operations such as overlap removal, repairing of dead-end
roads and topological checks were performed to obtain relatively accurate and complete
road network data for Huaihe Road Commercial Block.

(3) Street view image data

Street view image data can be obtained through the Baidu API, but there is a delay
in obtaining street view image data, which may not accurately reflect the actual street
environment. To ensure the authenticity and timeliness of street view image data, this
study adopted on-site shooting. Main collection points were set up on the streets of Huaihe
Road Commercial Block at space intervals of approximately 50 m. A total of 90 sampling
points were set up, with four angles (0°, 90°, 180° and 270°) selected horizontally at each
sampling point for capturing street view images. This method effectively ensures the
validity and reliability of the data.

The collected street view images were uniformly processed through denoising, re-
sizing, cropping and other operations. Local feature description, deep learning networks
and other feature extraction methods were used to extract representative features from the
pre-processed images. A trained classifier was then used for semantic classification and
object detection of street view images to obtain the proportion of environmental elements
required for the evaluation of street space quality-related indicators such as sky, greenery
coverage, building interfaces and vehicles [10].

(4) City POI data

In this article, the POI data of Huaihe Road Commercial Block were obtained by
connecting to the API platform, and then the obtained POI data were processed. As the
first step, we cleaned the data points with duplicate information and excluded the POI
data beyond the scope of Huaihe Road Commercial Block. Then, we divided the POI data
according to the commercial form categories and assigned them to 15 categories, includ-
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ing catering services, scenic spots, public facilities, companies and enterprises, shopping
services, transportation facility services, finance and insurance services, science, technol-
ogy and culture services, business residence, life services, indoor facilities, sports and
leisure services, medical and health-care services, government agencies and social groups,
accommodation services and so on [11].

3.2. Research Methods

The research methodology in this study primarily utilizes numerical computation,
kernel density analysis, natural breaks method and correlation analysis. The spatial syntax
software Depthmap+ Beta 1.0 2012 and street view image semantic recognition software
were used for quantitative analysis of road network data and street view image data in the
studied commercial block. This analysis generated indicators such as integration, selection,
green view rate and enclosure degree for each street. The relevant indicator data of road
network morphology, district functional formats and street space quality were input into
ArcGIS for kernel density spatial analysis. The spatial distribution density of various street
space indicator data sets was calculated, allowing for an understanding of the spatial
distribution patterns and hotspots of indicator data through kernel density analysis [12].

3.3. Formulation of the Spatial Vitality Indicator System

Formulation of the spatial vitality evaluation indicator system for commercial blocks
is identified as the premise and key to carrying out research on the external characteristic
elements and internal characteristic elements of spatial vitality. The multi-source data
research method can be applied to a wide range of fields. Therefore, this article refers
to the literature of relevant fields and effectively screens the spatial vitality evaluation
indicators by taking into account the actual research requirements and data accessibility
of road network elements, spatial quality elements and other aspects of the commercial
block [13]. In order to establish a scientific and targeted evaluation research system, an
influencing factor evaluation indicator system was formed consisting of eight indicators
on the basis of road network configuration, functional commercial form and street space
quality. These eight indicators include integration, selection, functional mixture, functional
density, green view index and so on. See Table 1 for details.

Table 1. Indicator list of external characteristic elements and internal constituent elements for the
spatial vitality of this commercial block.

Elements Relating to the Spatial
Vitality of This
Commercial Block

Evaluation Elements Evaluation Indicators Indicator Descriptions

External characteristic elements of
the spatial vitality of this
commercial block

Heat maps of the commercial

block Spatial activity Spatial pedestrian gathering

Internal constituent elements of
the spatial vitality of this
commercial block

Connection of the space with the

Integration .
surrounding areas

Road network configuration of

this commercial block . Traffic potential of the space in the
Selection .
entire area

Functional densit Shop density in the space
Functional commercial form of y P Y P

this commercial block

. . Richness of types of commercial forms in
Functional mixture

the space
Green view index Visual greening in the space
Proportion of the enclosure consisting of
] Enclosure visual buildings, walls and other
Street space quality structures in the space
Sky view factor (SVF) Ratio of visual sky in the space

Ratio of visual motor vehicles and urban

D f torizati .
cgree of motorization roads in the space to the street space
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(1) Road network configuration of the commercial block

Integration refers to the convenience of movement from any road in the commercial
block to another road and reflects the potential of street space to attract accessible traffic.
Selection refers to the sum of the shortest topological paths of any road to any other street
in the system and reflects the probability of any road in the commercial block selected for
traffic [14].

N Py)
NQPDA(x) - ZyeRx d(xy) W
TPBt(x) = ZygN ZzeRy OD(y.z, x)LIZI(;’zy) ?

Here, NQPDA(x) is the integration results of node x; p(x) is the weight of node x
within the research radius R; d(x,y) is the shortest topological distance from the node
x to the node y; TPBT(x) is the selection results of the node; OD(y, z, x) is the shortest
topological path between the node y and the node z through the node x within the search
radius R [15]. In this article, the research model search radius is 500 m.

(2) Functional commercial forms of the commercial block

Functional density refers to the distribution of POI in the space of the commercial
block, and the spatial kernel density is calculated to reflect the degree of target element
aggregation in the spatial grid.

Functional mixture refers to the diversity of different types of commercial form POI in
the block unit space, and the research takes 25 m x 25 m fish net as the unit space.

£ = Ly k) ®)
H(x) =) pilogp; 4)
i=1

Here, h is the distance attenuation threshold; 7 is the number of element points with
the distance from the location s being less than or equal to #; k is the spatial weight function;
f(s) is the kernel density calculation function at the spatial location s. p(i) is the proportion
of i commercial forms; hi(x) is the functional mixture of variable x in the block space fish
net [16].

(3) Street space quality

Green view index refers to the proportion of vegetation and other elements in the
space within the field of view. Vegetation can improve the street micro-climate environment.
An appropriate green view index in the street space can increase people’s intimacy with
the environment. However, if the green view index is too high, it will block the commercial
building facade, obstructing the line of sight and affecting the spatial cognition. Enclosure
refers to the proportion of public space enclosed by buildings, walls and other structures
in the entire line of sight of pedestrians. A good street space enclosure will bring people
a certain sense of safety and meet the safety needs of pedestrians. Sky view factor (SVF)
is a measure of the proportion of the sky area in the street visible to all people’s line of
sight, as well as the visible scope of the sky. The degree of motorization refers to the
area ratio of motor vehicles and urban roads in the street space. It mainly measures the
efficiency of urban streets carrying traffic flow and reflects the walking environment of
urban residents [17].

Gn

GVI, = 22
= (5)

E,

EVI, = 2
=y (6)
SVI, = S )

Va
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Cvl, =2 (8)

Here, G, is the sum of the pixels occupied by the trees and vegetation in the street
view image n; V;, is the sum of all pixels in the street view image n; CV I, is the green view
index of the street view image n. E, is the sum of the pixels occupied by the building
obstructions in the street view image #; V}, is the sum of all pixels in the street view image
n; EV1, is the enclosure of the street view image n. S, is the sum of the pixels occupied
by the sky in the street view image n; V;, is the sum of all pixels in the street view image 7;
SV1, is the SVF of the street view image n. C, is the sum of the pixels occupied by motor
vehicles and urban roads in the street view image #; Vj, is the sum of all pixels in the street
view image 1n; CV I, is the degree of motorization in the street view image 7.

4. Distribution Characteristics of the Elements Relating to Spatial Vitality

The data analysis in this article was performed on the basis of the Arcgis data process-
ing platform, and some of the data are divided into six levels for visual expression by the
natural breaks method.

4.1. Spatial Vitality Distribution Characteristics

After importing the obtained heat maps into the Arcgis platform for georeferencing, the
color pixel size of different heat grade areas in the heat maps of Huaihe Road Commercial
Block was read through the histogram function of Adobe Photoshop cc 2015.5 software [18].
By comparing the number of pixels, the area size and the change trend of the areas at
different heat grades were evaluated by objective measurement, and the relative heat
value of each street space in Huaihe Road Commercial Block was obtained accordingly.
The spatial vitality distribution characteristics of Huaihe Road Commercial Block were
measured by observing the temporal and spatial distribution law of the relative heat values
of different streets during working days and rest days of the commercial block. See Figures 4
and 5 for details [19].

Figure 4. Spatial vitality distribution characteristics of the commercial block during working days.

As reflected by the temporal distribution, the peak flow of pedestrians during working
days mainly occurs in the period from 12:00 to 15:00, while the peak flow of pedestrians
during rest days mainly occurs in the period from 11:00 to 13:00 and 19:00 to 22:00. The
overall vitality during working days is lower than that during rest days. It was observed
that the spatial vitality of the commercial block shows a significant change trend in the
following three time periods, including morning (8:00-12:00), afternoon (13:00-17:00)
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and evening (18:00-22:00). The spatial vitality during working days begins to change
significantly from 8:00 to 10:00. In this period, the crowd in the commercial block gradually
gathers, reaches the early peak at about 10:00, decreases, reaches the afternoon peak at
14:00, begins to decrease and then the evening peak occurs after 17:00 and continues to
22:00. During this period, the average crowd gathering fluctuates slightly and gradually
goes down after reaching the peak at 21:00, and finally the city begins to enter the state of
night rest. During the period from 9:00 to 12:00 on each rest day, the overall spatial vitality
shows an upward trend and quickly goes down to a low point around 11:00 and reaches a
small peak at 12:00. The spatial vitality of the commercial trend shows an overall stable
trend in the period from 13:00 to 17:00. In the period from 18:00 to 22:00, the spatial vitality
of the commercial block increases and then begins to go down after reaching the peak at
20:00 and 21:00 but continues for a longer period of time compared with night vitality of
the commercial block during working days.

7o €

22:00

Figure 5. Spatial vitality distribution characteristics of the commercial block during rest days.

From the perspective of spatial distribution, the overall coverage of Huaihe Road
Commercial Block has higher spatial vitality, but the overall distribution of spatial vitality is
uneven, and the relative vitality values are quite different. The peak pedestrian aggregation
is mainly located in the area around Huaihe Road Pedestrian Street and brings the positive
radiation of vitality to the surrounding areas, with Intime Center Commercial Complex
and Parkson Shopping Center Plaza as two spatial nodes. According to the comparison of
heat maps representing working days and rest days, the area with higher spatial vitality
during rest days is larger, the overall changes in spatial vitality in Huaihe Road Commercial
Block during working days and rest days are quite similar, and the aggregation behavior of
pedestrians changes with time, showing a specific rule. Affected by work factors during
working days, pedestrians usually move to some specific locations, including primary
schools, office buildings and residences. However, during rest days, pedestrians move to
more locations, and there are more sites for the aggregation of pedestrians.

4.2. Spatial Distribution Characteristics of Influencing Factors

Starting with the internal constituent elements of spatial vitality and the spatial envi-
ronmental factors of Huaihe Road Commercial Block, such as road network configuration,
functional commercial form and street space quality, this article performs quantification
and visualization to all related indicators using the numerical calculation method and
natural breaks method in ArcGIS, thus analyzing the spatial distribution characteristics of
Huaihe Road Commercial Block.
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4.2.1. Road Network Configuration Elements of This Commercial Block

(1) Integration

After importing the building outline and road network data of Huaihe Road Commer-
cial Block into the calculation and analysis module of Depthmap+ Beta 1.0 2012 software, we
obtained the integration results of Huaihe Road Commercial Block, as shown in Table 2. By
importing the data into the ArcGIS platform for visual presentation, as shown in Figure 6,
we found that the road sections with higher integration show a dual-core situation in
Huaihe Road Commercial Block, and the high-integration areas are mainly located in the
trunk road of Huaihe Road Pedestrian Street, Shouchun Road, the north section of Suzhou
Road, Beiyoufang Lane, Cuozaoshan Lane and other streets. The medium-integration
areas include East Huancheng Road, Huizhou Avenue, the south section of Suzhou Road,
Jiushiqgiao Street, Tuanjie Lane, Yaba Lane and other streets. The low-integration areas
are distributed from the south of Huaihe Road Pedestrian Street to the south of Middle
Changjiang Road. This layout makes the high-accessibility streets within Huaihe Road
Commercial Block extend to the whole area, and residents there can easily reach any
location of the space by walking in the commercial block.

Table 2. Integrations of Huaihe Road Commercial Block.

Indicator Name Value
Mean value 0.849288
Maximum value 1.227375
Minimum value 0.549911
Standard deviation 0.142957
N

== 0.549911 - 0. 659258 A

0659259 - 0. 743275
0. 743276 - 0.823733

\ 0.823734 - 0.918415

0.918416 - 1.028341
—
— ] 028342 - 1. 227375

——
|

',-~_.\

350
m

Figure 6. Visual diagram of integrations of Huaihe Road Commercial Block.

(2) Selection

The selection calculation results of Huaihe Road Commercial Block are shown in
Table 3, and the visual diagram is shown in Figure 7, featuring concentrated surface dis-
tribution. The areas with high selection are mainly distributed from the north of Huaihe
Road Pedestrian Street to Shouchun Road, starting from the north section of Suzhou Road
and ending at Xiaoyaojin Road. The continuous streets with high selection in Huaihe Road
Commercial Block mainly include Huaihe Road Pedestrian Street, the north section of
Suzhou Road, the middle section of Middle Changjiang Road and Huaihe Road. According
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to the overall analysis of the road network configuration elements of Huaihe Road Commer-
cial Block, there is an overlap between the streets with high selection and the streets with
high integration, and the trunk roads with high integration and selection play a significant
role in promoting the spatial vitality of the streets around the commercial block. This kind
of street with good traffic potential is an important factor in achieving the spatial vitality of
the commercial block. Therefore, it is convenient for residents to reach their destination
across the commercial block for spontaneous and necessary activities.

Table 3. Selections of Huaihe Road Commercial Block.

Indicator Name Value
Mean value 0.071523
Maximum value 0.379601
Minimum value 0
Standard deviation 0.080159
N

0.000000 - 0.016186 ) \

0./016187 - 0.037177

0.037178 - 0. 069993

0. 069994 - 0. 122690
o 0. 122691 - 0.209091
ﬁ T\ S— (), 209092 - 0. 379601
\\
\l / =
= L
= —\

Figure 7. Visual diagram of selections of Huaihe Road Commercial Block.

4.2.2. Functional Commercial Form Elements of This Commercial Block

(1) Functional density

The POI data of Huaihe Road Commercial Block were imported into the ArcGIS
platform to calculate the spatial kernel density, and the functional density of the commercial
block was visualized as shown in Figure 8. The functional density is more balanced in
the commercial block and shows a higher functional density in Intime Center, Parkson
Shopping Center, Huaihe Road Pedestrian Street and the north—-south street space. In
terms of quantity, the top four categories collected within the scope of the research in the
commercial block are shopping services, catering services, public life services and leisure
services, accounting for 28.22%, 23.13%, 13.95% and 7.09% of all commercial forms in the
commercial block, respectively. The POI locations of shopping services and catering services
present the spatial characteristics of high coverage and high density. They are mostly
located around commercial complexes such as Intime Center, Gulou Famous Products
Center, Department Store, Parkson Shopping Center and Haiya World and are evenly
distributed in Huaihe Road Commercial Block (Table 4).
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Figure 8. Visual diagram of the functional density of Huaihe Road Commercial Block.

Table 4. Proportions of main commercial forms in Huaihe Road Commercial Block.

Name of Commercial Form Value
Shopping services 28.22%
Catering services 23.13%
Public life services 13.95%
Leisure services 7.09%

(2) Functional mixture

We selected Huaihe Road Commercial Block as the research scope, divided it into a
25 m x 25 m square fish net unit space, calculated the mixture of functional commercial
forms in each unit space of Huaihe Road Commercial Block and finally visualized the
functional mixture calculation results of this commercial block. See Figure 9 for details.
The functional commercial form diversity of Huaihe Road Commercial Block is relatively
uniform, and the aggregation of areas with very high mixture was avoided accordingly. The
functional diversity is mostly distributed at different locations of Huaihe Road Commercial
Block, while the areas with low functional mixture are mainly located in residential areas
and urban parks and green space. Xiaoyao Shiba Lane and other lane spaces in Huaihe
Road Commercial Block are areas with high functional diversity (Table 5). There are many
commercial forms with small-scale shops in the lane space, showing a higher functional
mixture. The characteristics of this situation are closely correlated with the scale and
structure of shops. These highly mixed areas are spatially dispersed, which can attract
the gathering activities of pedestrians in the commercial block from the level of functional
diversity and provide a balanced attraction for the development of the commercial block.

Table 5. Functional mixture of Huaihe Road Commercial Block.

Indicator Name Value
Mean value 0.774029

Maximum value 2.404992

Minimum value 0

Standard deviation 0.680125
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Figure 9. Visual diagram of the functional mixture of Huaihe Road Commercial Block.

4.2.3. Street Space Quality Elements

(1) Green view index

The analysis results of the green view index of Huaihe Road Commercial Block are
shown in Table 6, and the visual diagram is shown in Figure 10. The spatial distribution
of high green view index values is uneven, showing the layout of high values outside
but low values inside. Streets with a green view index below 10% occupy a relatively
large proportion, while streets with a green view index within the range of 10% to 40% are
more evenly distributed. However, there are fewer streets with a green view index in the
range of 40% to 80%. Among the above streets, the urban trunk roads along Huaihe Road
Commercial Block, such as the streets around the intersection of Middle Changjiang Road,
East Huancheng Road, Shouchun Road and Fuyang Road, have a higher greening rate with
a maximum of 73.16%, showing a higher greening level. Furthermore, effective vegetation
planting conditions are distributed along these streets. However, the areas around Huaihe
Road Pedestrian Street and the intersection of Huaihe Road and Suzhou Road have a green
view index lower than 10%.

1, 596. 555786 — 66, 049, 14704

66, 049. 14705 - 123, 340. 339

o 176

350
— m

Figure 10. Visual diagram of the green view index of Huaihe Road Commercial Block.
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Table 6. Green view index of Huaihe Road Commercial Block.

Indicator Name Value
Mean value 0.171249
Maximum value 0.731558
Minimum value 0
Standard deviation 0.164185

(2) Enclosure

The enclosure analysis results of Huaihe Road Commercial Block are shown in Table 7,
and the visual diagram of the enclosure of the commercial block is shown in Figure 11.
According to these results, the enclosure shows a more balanced spatial distribution as
a whole, and the street space enclosure is mostly within the range of 20% to 50%. The
enclosure distribution trend is further verified by the statistics of normal distribution,
which confirms that Huaihe Road Commercial Block shows a relatively balanced spatial
distribution in terms of street enclosure and is free of obvious aggregation or uneven
distribution. Most of the areas with a high enclosure are densely distributed on Huaihe
Road Pedestrian Street and its associated secondary streets and lanes, such as Shouchun
Branch Lane, the east section of Cuozaoshan Lane, and the middle section and east section
of Beiyoufang Lane. They show an enclosure in the range of 70% to 90%. Feiqigiao Lane,
Lizhi Lane, Tuanjie Lane and Fenglin Lane also show a high enclosure in the range of 50%
to 70%. For these small-scale street environments, an appropriate enclosure can further
promote community activity and interaction between people, thereby creating a more

prosperous and vivid urban atmosphere.

Table 7. Enclosures of Huaihe Road Commercial Block.

Indicator Name Value
Mean value 0.460856
Maximum value 0.89514
Minimum value 0.015732
Standard deviation 0.226163

0
—

175

350
m

Figure 11. Visual diagram of the enclosure of Huaihe Road Commercial Block.
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(3) Sky view factor (SVF)

The sky view factor (SVF) analysis results of Huaihe Road Commercial Block are
shown in Table 8, and the visual diagram is shown in Figure 12. The SVF shows the multi-
core spatial distribution as a whole. The street SVF in Huaihe Road Commercial Block
shows an overall downward trend. Streets with SVF of less than 2% are more common,
but streets with SVF of 2% to 10% take the largest proportion. The areas with high SVF
are located in the middle section of Fuyang Road, the front and middle sections of Huaihe
Road Pedestrian Street and East Huancheng Road with the highest SVF of 41.05%. The
north section of Fuyang Road and the east section of Middle Changjiang Road have a
higher greening rate, and rich urban green space can be found on both sides of these streets.
These factors have a certain effect on the street SVF at these two locations, leading to a
lower street SVE.

Table 8. SVF of Huaihe Road Commercial Block.

Indicator Name Value
Mean value 0.103492
Maximum value 0.410498
Minimum value 0
Standard deviation 0.093956
N

A

4 - 38, 588. 50154

6. 1818 - 178, 018. 9273

I 178, 018.9274 - 228, 070. 875

Figure 12. Visual diagram of SVF of Huaihe Road Commercial Block.

(4) Degree of motorization

The analysis results relating to the degree of motorization of Huaihe Road Commercial
Block are shown in Table 9, and the visual diagram is shown in Figure 13. According to
these results, there is an overall spatial distribution of high degrees outside and low degrees
inside. Roads with a degree of motorization around 10% account for the majority. There
are only a small number of roads with high and low degrees of motorization. The sections
of the commercial block with a higher degree of motorization are mostly distributed in the
urban trunk roads, while the streets with a lower degree of motorization are scattered in
each area. As typical spatial characteristics, these streets have a smaller spatial scale. The
streets with the highest degree of motorization are located at the intersection of Fuyang
Road and Shouchun Road, East Huancheng Road, Huaihe Road, Suzhou Road and other
places. For these streets, the degree of motorization can reach up to 44.89%. The streets
with a high degree of motorization are mainly distributed on the trunk roads of the city.
We also noticed that some small-scale streets have a relatively high degree of motorization.
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In the process of field surveys, we found that these streets are usually packed with cars and
electric bicycles. As a result, the traffic easily exceeds the capacity of these streets during
rush hours.

Table 9. Degrees of motorization of Huaihe Road Commercial Block.

Indicator Name Value
Mean value 0.128743
Maximum value 0.448879
Minimum value 0
Standard deviation 0.117774

0 175 350

m

Figure 13. Visual diagram of the degree of motorization of Huaihe Road Commercial Block.

5. Analysis of Correlation between Spatial Vitality and Influencing Factors
5.1. Correlation Analysis

In order to make the research more scientific, the street space in Huaihe Road Commer-
cial Block was taken as the basic unit, 17 sections of representative urban roads at different
grades in this area were selected and some longer streets were divided. After processing
the street space, a total of 27 street samples were obtained. The heat map data collected on
the working day of 26 October and the rest day of 28 October were overlaid and subjected
to averaging. The heat map data were then mapped to each street, as detailed in Table 10.

Table 10. Classification of streets around Huaihe Road Commercial Block.

Mean Heat Value on Mean Heat Value on

Street Name Street Length (M) Working Days Rest Days
o ancheng Roa T s Soeet) 300 238 3'42
P Geet North Hanehan Road) 249 0 o
Section @ of Middle Changjiang Road (Suzhou 383 407 4.25
Road-Fuyang Road)
Section (D of Fuyang Road (Middle Changjiang 405 338 3.51

Road-Huaihe Road)
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Table 10. Cont.

Mean Heat Value on Mean Heat Value on
Street Name Street Length (M) Working Days Rest Days
Section (@ of Fuyang Road (Huaihe
Road-Shouchun Road) 220 445 449
Section (D of Shouchun Road (Fuyang
Road-Suzhou Road) 350 401 3.5
Section (2 of Shouchun Road (Suzhou
Road-North Hanshan Road) 302 4.66 4.93
Section (3 of Shouchun Road (North Hanshan
Road-Xiaoyaojin Road) 227 4.51 521
Section @ of Shouchun Road (Xiaoyaojin
Road-East Huancheng Road) 366 366 463
Section (D of East Huancheng Road (Shouchun
Road-Huaihe Road Pedestrian Street) 139 3.68 4.34
Section Q) of East Huancheng Road (Huaihe Road 177 3.48 491
Pedestrian Street-Middle Changjiang Road) ’ ’
Section (D of Suzhou Road (Shouchun
Road-Huaihe Road) 248 509 4.88
Section ) of Suzhou Rf)ad (Huaihe Road-Middle 306 445 413
Changjiang Road)
Section D of North Hanshan Road (Shouchun
Road-Huaihe Road Pedestrian Street) 209 5.03 4.89
Section (2 of North Hanshan Road (Huaihe Road 234 485 462
Pedestrian Street-Middle Changjiang Road) ’ ’
Section (D) of Huaihe Road Pedestrian Street
(Suzhou Road-North Hanshan Road) 320 5.07 5.00
Section @ of Huaihe Road Pedes’frlan (North 312 517 551
Hanshan Road-Parkson Shopping Plaza)
Section () of Hualhe Road Pedestrian Street 284 460 492
(Parkson Shopping Plaza—East Huancheng Road)
Anging Road 215 3.41 3.59
Jiushiqgiao Street 167 3.22 3.47
Xiaoyaojin Road 105 5.00 5.47
Cuozaoshan Lane 290 443 447
Beiyoufang Lane 512 4.73 4.86
Lizhi Lane 380 458 4.67
Zhongcaishi Lane 335 4.67 4.62
Qinlao Lane 286 3.55 4.21

Before the correlation analysis, data normalization was carried out, because the indi-
cator factor data of the internal constituent elements of street space vitality have different
magnitudes, and the linear function normalization method is used to normalize the in-
dicator data of the constituent elements, so as to better analyze the correlation between
spatial vitality and the constituent elements [20]. Moreover, the raw data associated with
the internal constituent elements of spatial vitality were converted into the numerical range
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of [0, 1] through the linear function normalization method and proportional scaling. Then,
it was calculated using Equation (9):

Y — Y
Ynormzyimn

max Ymin

©)

where Ynorm is the result of normalization; Y is the raw data set of different dimensions;
Ymax is the maximum value in the raw data set; Yiin is the minimum value in the raw data
set [21].

Correlation analysis refers to the analysis of correlation between two different variables
and consists of correlation degree and correlation coefficient [22]. In the research, the
correlation between external characteristic elements and internal constituent elements of
street vitality was reflected using the Pearson correlation coefficient. The equation used for
calculating Pearson correlation coefficient is as follows:

n

po X (i —0)(yi—y) (10)
VI G — 02y —y)?

where r is the correlation coefficient of samples to describe the linear correlation degree
between two variables. Larger |r| indicates a stronger correlation between variables. If
the value of r is positive, the two variables are positively correlated, which means that the
value of one variable increases with the value of the other. If the value of r is negative, the
two variables are negatively correlated. If the value of r is zero, the two variables are not
linearly correlated. Typically, when 0 < |r| < 0.1, the correlation coefficient indicates a
weak correlation. When 0.1 < |r| < 0.3, it indicates a low correlation. When 0.3 < |r| < 0.5,
it indicates a medium correlation. When 0.5 < |r| < 0.8, it indicates a high correlation.
If 0.8 < |r| < 1, it represents a significant correlation. If |r| is 1, it represents a complete
correlation [23].

5.2. Correlation Analysis

According to the correlation analysis results of street space vitality in Tables 11 and 12,
the eight specific spatial vitality evaluation indicators selected by this article show different
degrees of correlation with the spatial vitality of the commercial block. Integration, selection,
functional density, functional mixture, street sky view factor and street enclosure have
a positive correlation with the spatial vitality of Huaihe Road Commercial Block. These
indicators are identified as enhancing factors. However, street green view index and
degree of motorization show a negative correlation with the spatial vitality of Huaihe Road
Commercial Block and are thus defined as inhibiting factors.

These influencing factor indicators share some common features with street spatial
vitality in the positive/negative value and actual value of correlations. As one of the
indicators, integration has correlation coefficients of 0.585 and 0.532 during working days
and rest days, respectively, which causes the most significant effect on the street spatial
vitality. The improvement of the urban road network relationship has a positive impact on
the spatial vitality of the commercial block. Other indicators, such as functional density,
functional mixture and street enclosure, have a moderate effect on the street spatial vitality.
They show a moderate correlation since their correlation coefficients are in the range of
0.3 < |r] < 0.5. In addition, selection and street sky view factor have a weak effect on
the street spatial vitality with the correlation coefficients in the range of 0.1 < Ir| < 0.3,
indicating a low correlation. For street green view index and degree of motorization,
the correlation coefficients to street spatial vitality are in the range of 0.3 < [r| < 0.5,
representing a medium correlation.

According to the comparison and analysis of street spatial vitality correlation results
during working days and rest days, the correlation coefficients of integration, functional
density, functional mixture, street green view index, street enclosure and other related
indicators during working days are larger than those during rest days. However, the
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correlation coefficients of selection, sky view factor, degree of motorization and other
related factors during rest days are larger than those during working days, demonstrating
a closer correlation between the activity of pedestrians and these indicators.

Table 11. Correlation analysis of street spatial vitality during working days.

Influencing Factor Indicator

Pearson Correlation (r) Significance (P) Correlation

Integration
Selection
Functional density
Functional mixture
Street green view index
Street SVF
Street enclosure
Street degree of motorization

0.585 ** 0.001 High correlation
0.245 0.200 Low correlation
0.398 ** 0.032 Medium correlation
0.368 ** 0.050 Medium correlation
—0.455 ** 0.013 Medium correlation
0.119 0.537 Low correlation
0.474 ** 0.009 Medium correlation

—0.337 0.073 Medium correlation

** At the level of 0.01 (two-tailed), the correlation is significant.

Table 12. Correlation analysis of street spatial vitality during rest days.

Influencing Factor Indicator

Pearson Correlation (r) Significance (P) Correlation

Integration
Selection
Functional density
Functional mixture
Street green view index
Street SVF
Street enclosure
Street degree of motorization

0.532 ** 0.003 High correlation
0.298 0.116 Low correlation
0.324 0.087 Medium correlation
0.322 0.088 Medium correlation

—0.422 ** 0.023 Medium correlation
0.121 0.533 Low correlation
0.418 * 0.024 Medium correlation

—0.367 * 0.050 Medium correlation

** At the level of 0.01 (two-tailed), the correlation is significant. * At the level of 0.05 (two-tailed), the correlation
is significant.

It can be seen that strong traffic accessibility, dense and diverse commercial forms and
various street facades are sensitive factors for the promotion and maintenance of Huaihe
Road Commercial Block, while a broad line of sight and easy access have a greater positive
effect on commercial space than environmental greening, and the degree of motorization
should be maintained at a reasonable level. Furthermore, it is necessary to optimize and
adjust the car spatial scale and the layout of street greening and to reduce the effect on the
street spatial vitality to an appropriate level. All above studies and analyses represent a
preliminary exploration into the spatial vitality evaluation system of modern commercial
blocks. In this process, we have verified that spatial vitality is the result of the interactions
among multiple influencing factors. An aggregation of different factors, such as plan-
ning and design, commercial layout and publicity and operation, is indispensable for the
establishment of a commercial block full of vitality.

6. Conclusions

This study investigated the factors influencing the spatial vitality of Huaihe Road
Commercial Block and developed an evaluation system for its spatial vitality. Utilizing the
spatial syntax software Depthmap, street view semantic recognition technology and ArcGIS,
this study delved into the factors impacting the spatial vitality of the commercial street
area on Huaihe Road in Hefei city. Various specific indicators such as integration, selection,
functional density, functional mixture, street green view index, street openness, street
enclosure and street motorization degree were measured and calculated using multiple
data sources. The calculated results were then analyzed through feature analysis and
multi-factor correlation analysis.

The findings revealed that the spatial vitality of Huaihe Road Commercial Block is
higher on weekends compared to weekdays, with human activities concentrated around
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the Huaihe Road pedestrian street, the Yintai commercial complex and the Parkson Shop-
ping Center square. Integration, selection, functional density, functional mixture, street
openness and street enclosure were positively correlated with the street spatial vitality of
Huaihe Road Commercial Block, while street green view index and motorization degree
showed a negative correlation. Integration exhibited the most significant association with
spatial vitality, followed by street enclosure, street green view index, motorization degree,
functional density and functional mixture. Selectivity and street openness had a smaller
impact on street spatial vitality.

Moreover, this study aimed to offer new insights for urban planning and design in
commercial street areas. The rejuvenation of old commercial street areas in China is imper-
ative. Designers should create appealing commercial street environments by optimizing
street layouts, enhancing commercial facilities and designing public spaces meticulously to
stimulate the development of commercial functions and improve consumer experiences.

Lastly, the spatial vitality-related indicator system developed in this study is specifi-
cally applicable to Huaihe Road Commercial Block and may have limitations when applied
to urban street areas at varying developmental stages. Future research on the spatial vitality
of different commercial street areas should refine constituent elements, introduce additional
evaluation indicators and establish a more comprehensive evaluation system. Various
analytical methods should be employed to analyze the mechanisms of influencing factors,
thereby enhancing the effectiveness and reliability of research results.
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