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Abstract Axial and visibility graph analysis models are combined with GIS and Space Syntax
to study the corresponding relationship between street network and specific city life in
Hankou, China, based on three scales - city, district, and community, so as to interpret the
hidden structure out of complex urban form through the spatial logic of street network. In this
paper, a quantitative analysis is made on selected parameters in Space Syntax, including
Integration, Choice, density of road, and Ht index. The result indicates that there is certain
correlation among these parameters. Moreover, these parameters also present certain changing
patterns along with the increase of analysis radius. The results reveal that the street network of
Hankou presents a multi-hierarchical structure and spatial wholeness from all these three
scales. This characteristic creates vitality and diversity while maintaining the feature of
wholeness for the urban space. Research has turned out that community-scale street network
performs a positive role to keep neighborhoods alive. Therefore, it is an important strategy for
maintaining the vitality of urban space and realizing coordination and unification between
parts and the whole. It is proposed in this paper that a good street network is a key factor for
carrying forward urban context of Hankou. Undoubtedly, it is worthy of reflecting on
large-scale demolition of existing urban space, especially in historical areas. Afterwards, the
paper proposes a hierarchically synergetic planning strategy based on the analysis. More
attention should be paid to street network to preserve diversity, continuity, and integrity, and
finally archive holistically sustainable development within a city.
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1 Introduction

Street is the physical carrier for the occurrence of urban activities [28]. Establishment of urban
network modeling is a reasonable approach for analyzing urban space and relative activities. It
was argued that visual aspect of street network could distinguish different cityscape from
others [42]. According to previous research experiences, street network is somewhat correlated
with pedestrian flow and traffic flow on the premise of excluding the interference from other
influencing factors [7, 16]. Many studies on street network have been focusing on
spatial-temporal evolution [8, 33, 49], and the correlation with urban activities [12]. Attempts
of quantitative measurements are also applied with computational methods, including space
syntax [13, 14], Isovists analysis [5], data mining techniques [10], and Geographic Information
Systems (GIS) functions [6, 45, 51].

In recent 30 years, great charges of urban appearance have been resulted from high-speed
urbanization in China. Many historical blocks with unique regional characteristics disappeared
dramatically [11]. It is increasingly weakened for the role of the street network in efficiently
organizing public activities [44, 50]. On the one hand, ever-increasing motor vehicles aggra-
vated energy issues [41]. On the other hand, pedestrians are pushed to the sides of road. The
Blost spaces^ are increased in cities [46]. Although streets become wider and wider, less and
less parts are left available for people [31]. Various super-scale development projects can be
found everywhere. It is still quite serious for enclosed management of city blocks as well as for
the phenomenon of encroachment of public space. Street network alike capillary of
human-being is being erased for massive urban regeneration. The flattening trend of urban
spatial hierarchy also weakened richness and diversity of city life.

Along with the development of information technology, more new GIS tools and other new
computational techniques are used in the spatial analysis of urban studies. With Hankou as an
example, therefore, relevant techniques of GIS and space syntax are used to research the
corresponding relationship between urban form and urban life. Appropriate morphological
parameters are determined for selected areas to analyze from three scales as: city, district and
community. Documentation, phenomenon observation, statistical and other methods are used
in combination to research and analyze relevant social activities in the street network. Attempts
are also made to explain the sense of place concealed under complex urban form.

2 Data and research methods

2.1 Overview of selected study area

Hankou is located at the shallow water area of the confluence between Yangtze River and Han
River. In 1474, Han River flowed into Yangtze River from the north of Turtle Mountain, and
became an ideal harborage for merchant ships. Further development of dock trading promoted
commercial prosperities. A large number of merchants built docks and warehouses along Han
River. As a result, an area mixed with commerce, residence and industry was formed. Its urban
form was featured with a fishbone-shaped street network. Those accesses paralleled with Han
River are called Bstreets^, which are mainly functioned for commercial usage. While those
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accesses vertical to Han River are called Broads^, which are mainly used to connect the
primary and the secondary paths and for communication and transportation [9]. In late Ming
and early Qing dynasties, Hankou was listed among the four famous towns (including Zhuxian
Town in Henan Province, Foshan Town in Guangdong Province and Jingde Town in Jiangxi
Province). In 1861, Britain, Russia, France, Germany, and Japan set up concessions at Hankou
in succession. The development center of Hankou was gradually extended from the area along
the north bank of Han River to the area along Yangtze River [43]. At first, various concessions
were separately ruled, and independent docks were constructed. Therefore, main internal roads
were vertical to docks leading to the riverside [54]. For the sake of communication between
these docks and concessions, an early form of the present Yanjiang Avenue, Zhongshan
Avenue, Jinghan Avenue and Jiefang Avenue was formed and paralleled with Yangtze River.
Moreover, a road network was formed with other urban roads vertical to Yangtze River. Thus,
it formed the basic pattern of street network in the old city of Hankou (Fig. 1).

Jiefang Avenue is a main trunk urban road more than 60 m wide. Moreover, most sections
of Jiefang Avenue are high-speed lanes or overhead sections with significant visual interfer-
ence. The urban fabric in the north is obviously different from riverside areas in the south.
Therefore, the wing-shaped area between Jiefang Avenue and two rivers is researched in this
paper (Fig. 2). The street segment was drawn according to the urban land use map provided by
Wuhan Planning Bureau in 2012. In total, 992 road segments are included. Most segments are
between 50 and 200 m in length, and 138 m in average length. The variable coefficient is 0.73.
Various street segments are of distinctive difference in length, and approximate to the
power-law distribution. In this paper, street segments are analyzed using Depthmap developed
by Alasdair Turner et al. [47].

2.2 Space syntax and its form variables

Fundamental principle of space syntax is to divide a space into axial, convex and grid for
accessibility analysis of street network configuration using Depth, Integration, Synergy and
other parameters, so as to analyze internal change laws of the urban topological configuration.

Fig. 1 Location of Hankou and selected study area
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(1) Depth, integration and synergy
Depth and Integration are two core indexes of space syntax. Depth reflects the

distance dispersion degree of a space against other spaces in a system. Greater Depth
value indicates stronger centrality of this space in the system. Conversely, the centrality
of this space is lower [3]. Integration is the result from depth standardization by using
relative asymmetry (RA) and real relative asymmetry (RRA) [27]. It eliminates systematic
differences caused by unequal number of elements and structural asymmetry in the
spatial system. Its formula is shown as follows:

Int ¼ RA=RRA ð1Þ

RA ¼ 2 MD−1ð Þ
n−2

ð2Þ

RRA ¼
2 n log2

nþ 2

3

� �
−1Þ þ 1

� �� �
n−1ð Þ n−2ð Þ ð3Þ

Int stands for integration, n for the number of units in the system, andMD for average
depth of the spatial unit i. Its computational formula is shown as follows:

MD ¼

Xs

d¼1

d � Nd

n−1
ð4Þ

In above formula, d indicates the depth from a unit to other ones. The minimum depth
is 1, and the maximum depth is s. Nd stands for the number of units with the same depth
as this unit.

Synergy refers to the degree of correlation between whole integration and local

Fig. 2 Choice analysis for different radiuses (the segments with high values are represented with warm colors,
and low values are in cold colors)
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integration in a space. It indicates the degree of perception of this space. Higher Synergy
value will result in strong correlation between whole and local space. Similarly, it will be
easier for local centrality of this space to integrate into the whole spatial structure and
thus to generate multiplier effect and lead to diversity and complexity of system
functions. Its formula is shown as follows:

R ¼
X

Intr−Intr
� �

Intn−Intn
� �h i2

X
Intr−Intr
� �2X

Intn−Intn
� �2 ð5Þ

In above formula, Intr stands for local integration when the step number is r, and Intn
for whole integration.

(2) Integration core
In a spatial system, a few elements with high integration are called Bintegration cores^

which constitute the core of the whole system. Integration core, with the strongest
integration core and integration force, represents the area with the strongest urban
centrality. Integration values of all road segments can be sorted in a descending way,
and then totaled from the segment with the greatest value till the total value reaches 10 %
of the total value of all segments (when the number of elements is greater than 200, 5 %
should be adopted). Core elements in this part constitute the integration core of the whole
system [40].

(3) Choice
Choice is a measure to evaluate to what extent a given street belongs to the

shortest-path between any pairs of two streets. Among all the shortest paths in a street
network, choice of a street refers to the number of shortest-paths which contain the given
street over the number of all the shortest-paths. A space has a strong choice value when
many of the shortest paths, connecting all spaces to all spaces of a system, passes through
it. That is to say, choice concerns how many times we need to pass this street if we travel
through all the shortest-paths from street to street. In Hillier and Iida’s [15], they used the
definition defined by as:

Choice ¼
X

j

X
k

d jk ið Þ
d jk

j < kð Þ ð6Þ

Where djk refers to the shortest-path between line j and line k, and djk(i) refers to the
shortest-path containing line i between line j and line k.

(4) Street density
Walking is the most important way to experience urban environment. Research

has found that experience of walking is correlated with road density and the number
of road intersections in a specific area. A comparative research was made on areas
within one square mile in 97 cities [17]. Among these cities, the number (1500) of
road intersections in Venice is much greater than that in other cities. Relevant
reasons for its good reputation were explained from the perspective of spatial
organization. In space syntax, road density is mainly converted by the total number
of units with a preset radius. The value of i is evaluated with the total number of
spatial units within a certain radius by taking the center of a unit i in the space as
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the centre of a circle. Afterwards, the values of all units in the system are evaluated,
and these evaluated values are reflected in the axial map through color changes.

3 Analysis

3.1 Street network on city scale

Under general conditions, the walking speed of a pedestrian is approximately 5 km/h, and
about 2500 m for its radius. Considering that the lengths of most streets in our case are less
than 200 m, therefore, it is necessary to extend to several streets in the research process and to
make an in-depth analysis within the walking range between 15 and 60 min. Local indexes are
calculated for each preset radius (600, 800, 1000, 1200, 1500, 2000 and 2500 m). The global
index is also calculated when radius is set as n.

Firstly, we take Choice for calculation. Different colors represent different values as the
result. Segments in red have the highest values. Segments in blue have the lowest values
(Fig. 2). The value of choice represents the through probability of pedestrian flow and traffic
flow at this road segment. The local indexes indicate spatial topological relation of the road
segment under different radiuses.

According to relevant results, there are multiple independently clusters of Choice under the
radius of 600 m. These centers are located at Yiyuan Road, Changchun Road - Wuhan Tiandi,
Jiqing Street, Chongshan Road, Minzhong plaza and around the business district of Hanzheng
Street (Fig. 2a). The result of axial model is basically consistent with the real sub-center of
urban activities on the local scale. When the analysis radius is extended to 800 m, clusters of
Choice still exist, but the degree of dispersion is reduced. Moreover, these clusters gradually
merge toward the middle section of Zhongshan Avenue, Wuhan Art Museum, and Hanrunli,
until forming a single cluster (Fig. 2d) under the radius of 1200 m. Values of Choice decrease
from Hanrunli and the middle section of Zhongshan Avenue toward their peripheral areas. In
the process of transformation from the pattern of multi-clusters to the patter of single-cluster,
areas with higher Choice values gradually show a linear trend. For instance, Jinghan Avenue,
Zhongshan Avenue, Shengli Street, Lihuangpo Road and Hanzheng Street are paralleled with
main trunk roads along two rivers, with good continuity. When the analysis radius is expanded
from 1500 to 2500 m, clusters gradually disappeared as linear center tends to be obvious. In
this process, the middle section of Zhongshan Avenue gradually becomes single linear center
with high value (Fig. 2g). Along this area, large-scale commercial and recreational centers are
distributed. Places with good accessibility usually become important sites for public life. When
the radius is infinite, the spatial distribution feature of choice entirely becomes a linear model
distributed on main trunk roads (Fig. 2h) paralleled with the two rivers, such as the middle
section of Jinghan Avenue and the middle section of Zhongshan Avenue. A comparison is
made between Choice and the integration core under different analysis radiuses, which can
basically overlap with each other (Fig. 3).

On district scale, the selected area of Hankou is featured with multi-hierarchical street
network. This hierarchical spatial order is an important factor for urban vitality [2]. Alexander
termed it as spatial Bwholeness^. Such wholeness can be tested through the Ht index [1],
which is used to test the complexity of a fractal object and reflect certain potential vitality of a
form [21]. In this method, all value sets are sorted in a descending way for head/tail break at
the mean. The parts greater than the mean are extracted for iterative computation till these parts
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exceed 50 % of total number, saying the head part values are no longer heavy-tailed distributed
[19]. The heavy-tailed distribution could be format as:

y ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffi
2πσ2x

p exp
− ln xð Þ−μð Þ2

2σ2

 !
ð7Þ

Where: the parameters σ and μ are the mean and standard deviation of ln(x), respectively.
Accordingly, Ht index could be counted as:

Ht hð Þ ¼ m rð Þ þ 1 ð8Þ

Wherein: m(r) indicates the number of valid average values at iterative computation.
Analysis on Ht index under different radiuses further verifies potential impact of local street

network on the whole structure (Tables 1 and 2). With expanding radius, Ht index of Choice
maintains relatively stable; while Ht index of Integration keeps slightly declining. When the
radius is relatively small, areas with higher road node density usually have higher Choice
values (Fig. 4). Moreover, a majority of these areas are distributed within the radius range
between 600 and 1200 m. These small-range spatial nodes are usually of good walking
suitability, and convenient for forming stable social network. Close and stable social life is
helpful for constructing good neighborhoods and energetic community centers. As locally
dispersed clusters are gradually merged as linear whole centers, the Ht index of integration

Fig. 3 Integration cores for different radiuses

Table 1 Ht index of Choice on city scale

m(r)=1 m(r)=2 m(r)=3 m(r)=4 m(r)=5 m(r)=6 m(r)=7 m(r)=8 Ht(h)

600(m) 40.1 % 42.2 % 33.3 % 42.9 % 41.7 % 40.0 % 75.0 % 7

800(m) 39.5 % 41.3 % 37.0 % 36.7 % 50.0 % 5

1000(m) 39.0 % 40.0 % 31.6 % 44.9 % 95.5 % 5

1200(m) 38.5 % 37.2 % 31.7 % 51.1 % 4

1500(m) 37.6 % 35.9 % 30.6 % 48.8 % 40.0 % 37.5 % 66.7 % 7

2000(m) 35.0 % 36.9 % 29.7 % 42.1 % 50.0 % 5

2500(m) 35.6 % 38.2 % 33.3 % 42.2 % 52.6 % 5

n(m) 30.1 % 32.4 % 45.4 % 56.8 % 4
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tends to decrease (Fig. 5). Such trend indicates that long-distance travel may reduce organic
vitality of the whole urban structure [18].

3.2 District scale

After then, we zoom in to the riverside area bounded by Yanjiang Avenue, Zhongshan Avenue,
Jianghan Road and the Second Wuhan Yangtze River Bridge. This area contains 83 blocks,,
with 4 km in length and 218 ha in size. Besides, this area has good local identification and
walking accessibility. Since the establishment of British, Russian, French, German and

Table 2 Ht index of Integration on city scale

m(r)=1 m(r)=2 m(r)=3 m(r)=4 m(r)=5 m(r)=6 m(r)=7 m(r)=8 Ht(h)

600(m) 44.2 % 41.5 % 48.4 % 47.7 % 42.9 % 38.9 % 57.1 % 7

800(m) 46.3 % 42.3 % 47.4 % 45.7 % 33.3 % 35.7 % 40.0 % 50.0 % 8

1000(m) 47.0 % 42.8 % 46.0 % 43.5 % 32.5 % 38.5 % 60.0 % 7

1200(m) 46.8 % 42.5 % 41.1 % 38.3 % 45.2 % 35.7 % 40.0 % 50.0 % 8

1500(m) 48.8 % 43.2 % 43.5 % 41.8 % 34.2 % 61.5 % 6

2000(m) 52.7 % 1

2500(m) 54.0 % 1

n(m) 47.9 % 42.5 % 56.4 % 3

Fig. 4 Correlation between street density and Choice (a) 600 m (b) 800 m (c) 1000 m (d) 1200 m
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Japanese concessions in 1861, this area had been gradually developed into an important
industrial and commercial center in the three towns of Wuhan and even all over China. At
present, a large number of governmental offices are still distributed in this area, including the
Municipal Government of Wuhan, the CPPCC and the NPC, reflecting the importance of its
political and geographical location.

In this area, 243 road street segments are obtained. Pearson correlation coefficient and
Spearman correlation coefficient are used to test the correlation between Integration and
Choice on both city and district scales. According to the results (Tables 3 and 4), Choice
and Integration are in significantly positive correlation at the confidence level of 1 %. On both
scales, the correlation coefficient is approximate to or higher than 0.70. Especially on district
scale, the correlation coefficient is even higher than 0.80 in most cases. Under the same radius,
correlation on district scale is generally higher than that of city scale (Fig. 6). Therefore, it
indicates that the feature of street network structure is more prominent on district level. It could
explain why the good wholeness makes the old city of Hankou present very high identifica-
tion. To some extent, it also explains why it is easy to leave an outstanding image to citizens.

Except that the Spearman coefficient on district level presents a declining trend, the other
three correlation coefficients present an up and down tendencies within the radius of 600 –
2500 m. Most crests are located at the radius of 1200 m. And when the radius is set as
infinitely great, values are resilient at the radius of 2500 m (Fig. 6). Areas with higher
Integration and Choice overlap with some districts between Tianjin Road and Cai’e Road.
This area is located at the core zone of the original Russian and French concessions. It was a
place with the largest population at that time, with strong living atmosphere and assembling of

Fig. 5 Comparison of the Ht Index between Choice and Integration on district scale

Table 3 Correlation of Integration and Choice on city scale

600(m) 800(m) 1000(m) 1200(m) 1500(m) 2000(m) 2500(m) n(m)

Pearson 0.674 0.735 0.757 0.759 0.746 0.712 0.703 0.722

Spearman 0.686 0.744 0.765 0.775 0.768 0.746 0.732 0.773
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hotels, theatres, and cinemas [43]. After the completion of Pinghan Railway, Dazhimen
Railway Station was built here, which became, together with Yuehan Dock to the south, an
important node connecting Pinghan Railway and Yuehan Railway, forming a vital communi-
cation hub from north to south. Numerous passengers and goods could be found there,
representing extremely high traffic convenience. Its street network was designed to conform
to fundamental needs of Hankou, a consumptive city at that time. Hierarchical urban devel-
opment framework is realized through reasonable spatial distribution. Commerce, trade,
finance, transportation and traffic, as economic foundation of the city, located at the upper
layer, and public administration affairs for integrated coordination of various concessions at the
middle layer, and daily life, cultural activities and spiritual needs of people at the base layer,
thus forming relatively complete urban life chains. On the premise of meeting urban economic
operations, these chains promote communication and fusion of all urban residents.

However, most buildings in the riverside historical blocks were redistributed after
1949, so as to contain more urban residents, because the original houses could not meet
spatial needs of soaring family. The residents reconstructed the original buildings,
making these blocks full of extensions or temporary structures. Traditional urban fabric
is replaced by high-rise and building complex. Newly built residential districts are close
to each other, but they are isolated as enclosed communities by walls. Some historical

Table 4 Correlation of Integration and Choice on district scale

600(m) 800(m) 1000(m) 1200(m) 1500(m) 2000(m) 2500(m) n(m)

Pearson 0.763 0.793 0.823 0.826 0.812 0.747 0.708 0.762

Spearman 0.836 0.824 0.816 0.809 0.810 0.795 0.752 0.730

Fig. 6 Correlation of Integration and Choice on different scales using Pearson and Spearman Coefficients for
comparison
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buildings become office buildings or independent courtyards, separated from surrounding
neighbors. Although the urban fabric of this area suffered from certain change or even
destruction, the street network is basically maintained. To some extent, the continuity of
urban life is maintained as well.

3.3 Community scale

In Hankou, Li-fen was a combination of western town houses and Chinese traditional
courtyard houses. Li-fen buildings in Hankou were constructed from the late 19th
century to the 1940s. For a Li-fen building, masonry and concrete are used as the main
structure. Most Li-fen buildings are two or three stories. Primary and secondary lanes are
used for internal connection as public space. An indoor courtyard is used for transition to
a semi-private space. This compact pattern and economical cost met the housing needs of
considerable middle classes at that time. It is one of important components in the old city
of Hankou (Fig. 7). In the initial stage of planning, internal street of Li-fen was regarded
as an important part of urban network system. On the one hand, urban public facilities
and traffic systems were tapped into and well utilized to reduce construction costs of
internal supporting facilities. On the other hand, Li-fen residential districts are made to
integrate into external urban environment in a better way. The existence of Li-fen space
makes Hankou form a capillary spatial system with rich hierarchies, intensifying terminal
service capability of the street network.

On the community scale, human basically relies on vision to take external information [48].
Human activity is limited by the visibility of surrounding space and the spatial attribute within
a certain distance. Action and decision of are correlated with the fact whether one can see in
the space. Therefore, visibility graph analysis (VGA) is used to analyze the street space. In
Depthmap, sampling grid is set as 10 m. Visual integration is calculated then. The data are
output into GIS software Arcmap for inverse distance weighted interpolation (IDW). Its
formula is shown as follows [4]:

Int ¼

Xn
i¼1

Inti
d2iXn

i¼1

1

d2i

ð9Þ

d2i ¼ X−X ið Þ2 þ Y−Y ið Þ2 ð10Þ

Wherein: Inti refers to the integration of visual grid I, and di is the distance from the target
grid to other grids within the range of threshold.

According to the analysis results, the street space of Li-fen residential districts has
conspicuous impact on the whole spatial structure of street network. Urban public life
and interior Li-fen have respectively definite spatial attribute through structural hierar-
chy. In Fig. 8a, cold colors stand for the street space in Li-fen, with low Integration
value, indicating relatively private space. Warm-colored areas are mainly distributed on
urban streets and public squares, presenting higher Integration value and publicity.
According to the analysis on internal spatial structures of typical Li-fen, the inner space
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is of distinctive urban texture. The semi-open street space in Li-fen increases the depth of
urban public space, and further intensifies hierarchical spatial structure of the street
network. Although Li-fens distinctively differ from each other, their inner spaces share
some common order according to spatial the hierarchical layout. Such order and hierar-
chy can be embodied through main channels and nodes (Fig. 8b-e). These places usually
become sites for communication and gathering-together.

For those who are not living in these communities, the special experience in the inner
space of Li-fen is full of interest (Fig. 9). Many positive urban activities could gradually
penetrate to the interior of these communities, inoculating many family-based work-
shops, convenience stores, private clinics and tailor’s shops. Some house owners even
reconstructed their Li-fen buildings into coffee shop, boutique restaurant or other creative
spaces. These spaces could easily nourish positive symbiotic relationship with Li-fen

Fig. 7 A typical Li-fen quarter and a unit
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communities. Many storekeepers are quite familiar with surrounding residents, keeping
their business running well. Such an internal community street is of good accessibility
and cheap rentals. At the same time, it can also attract many external customers. For
residents nearby, a semi-open street space becomes an extended private household space.
People are happy to add various kinds of relaxation, recreational and life settings, and
consciously manage and maintain these settings, increasing spatial interest and life
sentiment. Additionally, the street space of Li-fen makes it convenient for daily life of
residents. As the internal street space extends in all directions, residents can conveniently
obtain external resources. According to relevant statistics, traditional Li-fen residential
districts have more door openings when compared with other residential quarters. It is

Fig. 8 VGA Integration analysis (a) Riverside area (b) Sande Li (c) Haishou Li (d) Hanrun Li (e) Xian’an Fang

Fig. 9 Scenarios in Li-fen streets showing the liveliness
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also found through observation that door openings are popular with residents for
communication, free from threat or disturbance from motor vehicles. It is easy for people
to stay there and communicate with other neighbors, providing safe guarantee for playing
children. These spaces, together with other external public spaces, constitute a diversified
urban life system.

4 Discussion and conclusion

In this paper, GIS and space syntax methods are used to analyze the street space on
three scales: city, district and community. A quantitative analysis is made on multiple
morphological parameters, such as Integration, Choice, Ht index and road density.
Research has found that there is certain correlation among these parameters and that
there are also certain changing patterns with different analysis radiuses. According to
the research, the street network of Hankou presents certain hierarchy and order on
different scales, making the street space have very high vitality and diversity while
maintaining the feature of wholeness. On community scale, this paper further reveals
how positive daily lives emerge within the inner space of Li-fen. Finally, this paper
discusses how to realize diversified unification of localness and wholeness through
mutually supportive street network. This is an important factor why this area can
maintain distinctive features of strong living atmosphere, and breed vibrant urban life
after sufferings of time and tide.

According to relevant researches, a good street network is one of important reasons
for continuity of urban context in Hankou. It’s particularly worth noticing that street
network plays a positive role at local level within the whole system. Therefore, unifica-
tion of local and whole is an important strategy for maintaining urban spatial vitality.
However, it is worthy of reflecting on large-scale demolition of existing urban space,
especially in historical areas. For the future urban planning practice, we should make
more practical planning strategies, and form the philosophy of multi-hierarchy collabo-
rative planning at different levels. On city level, we should emphasize the whole
structure of the street network, make improvement to the spatial quality of important
nodes, enhance effective cohesion of planning, management, design and post-
maintenance management, and positively guide and realize synergetic development of
space, history and culture in the city. On district level, we should positively advocate
progressive and moderate small-scale organic renewal strategy, retain the integrity and
continuity of city pattern and street system, intensify construction of walking system,
encourage green transport, create pleasant, continuous and open site environment, and
improve publicity and democracy of urban space. On community level, we should fully
expand spatial network of existing street systems, vigorously construct public activity
spaces, create warm and pleasant communication atmosphere, and promote benign
interaction between spatial environment and residents. Additionally, we should pay more
attention to the needs of vulnerable groups based on local residents, enhance the degree
of participation of interpersonal communication and public life, and realize improvement
to city enchantment by activating community vitality. Besides, some novel technologies
would be used to extend the research result to the application field, such as HCI [37–39,
53], GIS [29, 30, 36], Network [20, 22–26], Optimization Algorithm [34, 35], Hardware
[32, 52].
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