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ABSTRACT

In the past decades, Space Syntax offers a series of theories
and techniques to study the relationship between urban space
and social-economic activities, and has been proved effective in
analysis and design practices thanks to the open sources in the
big data era. Taking the Chaoyang Square Renewal project in
Jilin City, Jilin Province as an example, this article introduces
the analyses of traffic volumes and visual integration of the
square and the connected streets with modeling tools such

as Segment Map and the intelligent multi-agent systems in
Visibility Graph Analysis. All these analyses provided a basis
for the full design process, from conceptual design to proposal
evaluation, in order to activate this site through introducing
pedestrian vitality. Prospects on new technologies in Artificial
Intelligence, such as machine learning, are also explored to
promote the research of Space Syntax and related application
in urban design.

KEY WORDS

Space Syntax; Data-Based Design; Multi-Source Data; Traffic
Flow; Visual Integration; Intelligent Multi-Agent System
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Data of vehicle flow
in and around the
Chaoyang Square
captured from videos
taken by UAV

Data of pedestrian
flow in and around
the Chaoyang Square
captured from videos
taken by UAV
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Project Background

In recent years, due to the rapid construction
of urban railways and road networks, the
accessibility of China’s large- and medium-
size cities has been largely improved. It

has encouraged relevant research and
practices to shift focus towards optimizing
urban spatial design for transportation
infrastructures (such as railway stations),

to improve the quality of pedestrian space
through data-based spatial modeling, and

to create pedestrian-friendly public space,
including streets and squares. Space Syntax,
a theory and design method that has been

developed for over 30 years, can help quickly

108

process these big data and promote design
efficiency due to its simple principle and

M 1n recent years,

efficient operation
Space Syntax has been proved effective in
evaluating and optimizing urban planning,
urban design, and architectural design
through spatial modeling supported by data
processing™“™.

In 2017, Space Syntax Limited, UK,
collaborated with Jilin Urban and Rural
Planning and Design Institute and the
Space Syntax-Beijing Jiaotong University
Joint Laboratory, conducted a research on
the railway network planning of Jilin City
supported by available multi-sourced data.

As a follow-up, the design team developed

(a

8 ET&BBENHET
HABERALEHEST
TR AN

8.  Prediction of areas
with high pedestrian
flow in and around the
Chaoyang Square in
Segment Map

BHITREBREEAGXE
Areas enclosed by paths with
high pedestrian flow

=
llaEpeS 3
Spatial
Accessibility

D H

0 50m 100m

(e}

200m
y

individual urban design plans for four station
squares. Taking the Chaoyang Square, one of
the squares to be designed, as an example,
this article introduces the processes of
data collection and analysis of vehicle and
pedestrian flows, and the application of the
processed results in spatial design.
Chaoyang Square covers an area of 4 hm’
and is located at the intersection of the
Jilin Street and the Guanghua Road, on
a focal axis of the downtown, adjacent to
the bustling East Market (Fig. 2). In field
investigations, the design team found that,
though the square is of large area of green
scape and open to the public, the railings

enclosing and the loop path along the border

VOLUME 6 /ISSUE 2/ APRIL 2018



9. BRI ERERSAT

9. Conceptual design
which indicates
challenges and
opportunities for the
Chaoyang Square
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Challenge

The heavy traffic and unfriendly
environment for pedestrians block
the ways to the square.
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The accessibility analysis indicates
that the square may provide main
paths for pedestrians.
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The square could be extended
to the main roads.

BHEE

Monorail

Lzl

Chaoyang Square

FETBLE

Main traffic lines
|

BTN T EERIERY
e Main paths connected to streets

around the square
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Potential extension to the square
BB TFREBEAD
v Underground tunnel entrance

moved northward
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Potential underground tunnel
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The sidewalk could be extended to
Dadongmen Square.

FEL RN ITRE S~ ERER
m, BERTUE HRWN.
Challenge

The freight routes not only decrease
the pedestrian flow, but also block
views to the landscape in the square.

BRI T MRS
5.,

Challenge

The monorail viaduct becomes
physical and visual barriers.

make the square less attractive to citizens,
leaving it a place for the staff from the office
buildings in the south. The low pedestrian
vitality of the site is in stark contrast to

the dynamic traffic of the neighboring

commercial areas.

Data Collection

Theoretically, the application of Space
Syntax modeling in urban research and
design mainly includes generating analyses
on various traffic flows and spatial function
arrangement in topological forms. The
human behavioral studies of this modeling

[71~19]

is based on spatial cognition™", which can

LANDSCAPE ARCHITECTURE FRONTIERS / THEMATIC PRACTICES

ERFER TER—FTFR
T R S A MEKE

=R,

An underground tunnel built

here may better support local

transportation and intermodal

logistics. om 25m 50m 100m

identify the obstacles in spatial perception

and wayfinding“m. For example, in spatial
network analysis, the algorithm adopts
the angle between two streets (instead

of street length) to measure accessibility
and to predict humans’ desire to go. At
present, software kits such as Depthmap,
Axwoman, sDNA, and Place Syntax are
often used. In Depthmap, for example,
the analyzing models of Segment Map
and Visibility Graph Analysis (VGA) are

widely used in urban research and design.

A Segment Map is generated by an axial

model which abstracts street space as a

group of intersected straight-line segments

under the algorithm that takes the longest

109

length yet the minimum segments. As

one of its advantages, Segment Map can

be extensively used in data-based spatial
analysis at different scales, from territorial
to architectural. VGA, on the other hand,
allows users to scan space into grids in
different resolution levels and to compare
the changes in visual domains with the shifts
of grid nodes in static or dynamic states. It
can also be used to indicate the traffic flows.
More importantly, the intelligent multi-agent
systems equipped in VGA may simulate
pedestrians’ movement within a certain
area, randomly or particularly designated.
This model is usually applied in architectural

or neighborhood-scale spatial analysis and

~0 0 Y5 FHKE
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Pedestrian flow prediction
of the renewed Chaoyang
Square

. Visual integration

prediction of the renewed
Chaoyang Square

Site plan of the Chaoyang
Square renewed on the
basis of the analysis
results from the Space
Syntax model
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design. In the Chaoyang Square project,
these two models, Segment Map and VGA,
were both applied throughout the whole
design process.

In this project, the urban-scale spatial
analysis was to compare the accessibilities of
different roads connected with the square. To
achieve this goal, the model studied a larger-
scale urban area (Fig. 3). With regard to the
collection of data, a transportation-function-
space regression equation is established
based on traffic flow data, POI (points of
interest), and public comments from open
sources, providing a quantitative model for
the commercial potential estimation and
traffic analysis of the site. Thanks to the
rapid development of Unmanned Aerial
Vehicle (UAV) and open information on the
Internet, the collection of required data is
much easier, which greatly facilitated the
modeling process in this project. Moreover,
this model can also be used to compare and
evaluate the public space usage of each design
proposal (Fig. 4.

Site Analyses and Research on Traffic
Flow Modeling

Due to the heavy traffic of the site, the
vehicle and pedestrian flows of the streets
were recorded by UAV, instead of section
flow shoots. UAVs recorded the traffic
flow in videos at four different locations
from 400 meters above the square, in four
time frames of a day (8:00 and 11:00 am,
and 1:00 and 4:00 pm), on both weekdays
and weekends. The data of vehicle and
pedestrian flows of each street were
collected from the videos and calculated
in weights. The impact caused by traffic
incidents was excluded.

The visualized results of the vehicle flows
and the traffic tracks at the intersection of
the Chengdu Street and Jilin Street showed
that the underground tunnel was rarely
used (Fig. 5-1). The statistics results of the
existing pedestrian flow proved that the East



Market attracts the most pedestrians, and
less people chose to walk through the center
of the square (Fig. 5-2).

To test the fitting degree of the existing
pedestrian flows with the simulated results
and to integrate visual domains, the design
team proportionally put the intelligent
agents from VGA in Depthmap at the bus
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stops, pedestrian malls, and other places
of high traffic, and put the agents randomly

at the rest area of the site. The simulation
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results is shown as in Figure é: the East
Market and Guanghua Road attracted more
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pedestrians, in comparison to the lower

7))
m

usage inside the square. The result indicated
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in simulating traffic flows. The analysis on Vi A ’j/ r
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visual domains was to evaluate the visual , [ ‘ | ( ‘
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distance between spaces which is used to
reveal the potentials to attract traffic flow.
According to the analysis, the existing visual

focuses at Guanghua Road and Chaoyang

Street, as well as the northwest corner Cha il
— oyang Street
of the square, were identified as main (\ -----------------------
, .
focuses, while the Changsha Road blocked o 4 \CQmmunityActivi;ieé'
by the traffic flow from Jilin Street was less ) & f = >
attractive to pedestrians (Fig. 7). 7 ',:;/ JLEER, e Y
\ & #Children’s Playground
. o o P 7R j
Modeling Application in Design ,&,f% ) & Flow Distribution ! & ]
S HXiER ‘
_ & Community Activities..
The design team was asked to develop 748 o~ o
a renewal plan for the spatial organization : ‘\: |
and path network of the square in order - Z‘*Eﬁ A
P 2 Art Exhibition /
to improve the connectivity between the oo 1
planned station house with the streets // ,’l oy
around and to increase the vitality of the B _,"—’ aﬁ
site. The Segment Map applied to quickly g%
dig the connection possibilities between the @ om  50m 100m 200m v (1
streets around the square helped form the
early design ideas. The predicted results )
. . . BN EEANTRE AR
[Flg' 8) show that three lines mlght be of Main pedestrian flow in the site Accessible landscaped space
high pedestrian flows, including the shortcut it RTE R 5 7oy AURRYEE
o o '
Connecting Chengdu Street and Chaoyang Hard pave:meth inside the square Inaccei5|ble lar?dscaped space
ERXFREE it AR B A

Street (Line 1), the extension of Changsha
Road (Line 2), and the shortcut connecting
Jilin Street and the path on the west side
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of the Children’s Hospital (Line 3). The
predicted flows of Line 1 and 2 were slightly
higher than the Line 3. It supported the idea
that if the three lines can be connected,
pedestrians might be directed into the
center of the square which is poorly used at
present.

On the basis of these analyses, a
conceptual design was proposed. First,
the square can be activated by connecting
the three pedestrian lines of high
predicted traffic flows. Secondly, a zone
for recreational activities at the northwest,
a large zone for gathering at northeast,
and a zone for cultural events at the south
were designed according to the projected
attractions and traffic flows on the three
lines, and the opportunities and challenges
defined by the physical settings and their
various functions. Thirdly, the design team
proposed a long-term plan according to
which the existing tunnel mouth will be

relocated to the north, which would help
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disperse the heavy vehicle flow in the Jilin
Street, improve the connection between
the square with the East Market, and leave
space for future programs in the east of the
square (Fig. 9].

Evaluations on the increase of pedestrian
flows were also conducted. By setting the
same modeling parameters, the comparison
between the existing usage and projected
scenarios revealed that there would be a
greater improvement in both the pedestrian
flow and visual integration (Fig. 10, 11). The
square center could be designated as a
highly visited area with attractive landscapes
and cultural programs. While the pedestrian
flow in the northwest corner would be
quite low that provides a good possibility
to create a place for daily and recreational
activities for residents from the surrounding
communities (Fig. 12, 13). In addition, a twin-
cabin-shape station house was designed to
celebrate the city’s history of shipbuilding.

Its elevated structure could provide space for

children’s playground and people gathering
(Fig. 1, 14, 15).

Further Research and Application of
Space Syntax

Space Syntax was first developed in the
1970s. Along with the fast development
of Artificial Intelligence, Space Syntax
has leveraged the mutual promotion
between empirical research and software
technology, and their research has greatly
benefited from open data sources, such
as POI, public comments, and street view
applications — POl and public comments
that provide the location, usage, and other
real-time information of certain places may
contribute to extract the spatial distribution
characteristics of various commercial
activities and help develop more precise
designs on urban space; Street view
applications, especially the “Time Machine”

application that is designed to present
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Rendering of the
Chaoyang Square. The
renewed square center
will attract a large
amount of pedestrians
to support activities
such as art exhibitions.
Rendering of the
Chaoyang Square.

The entrance and exit
located at the east
bottom of the cabin-
shape transport
station are connected
to the skywalk to the
Changsha Road, where
the East Market will
be more bustling with
visitors travelling from
afar by the convenient
rail transit.
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historical images of a city, are expected to
offer bases for studies on urban identity

and image evolution, and to support traffic
data collection. The authors’ other research
efforts, including the “Data Ranger” teaching
program, have tested the method applied

in traffic data collection by UAV and street

view applications'?

and the feasibility of
pedestrian flow data collection by the “Time
Machine.”" As Machine Learning becomes
more and more mature in image recognition,
the automation of data collection will be
realized in a near future, which would
further improve efficiency and reduce cost,
and effectively promote the application of
Space Syntax model in urban research and

design. LAF
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