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Abstract: Research has shown that night markets play a positive role in improving urban sustain-
ability. In Taiwan, many people go to night markets for leisurely strolling and to eat out with family
and friends. The variety of food choices is a major reason for visiting. This preference and the shops’
locations affect not only how pedestrians move around but also the business of the night market.
Pedestrian vision has been considered in only a minority of studies regarding pedestrian movement
in shopping environments. Although some studies have focused on the impulse stops of pedestrians,
few have considered “destination attractiveness” and its influence on surrounding shops. This paper
aims to improve the pedestrian movement model in night markets with the incorporation of the
“destination attractiveness” factor. The proposed microscopy agent-based model, implemented in
NetLogo, uses “field of vision” as the possible destinations of the pedestrian’s next movement. Inside
the “field of vision”, each shop competes for the pedestrian’s attention based on its “destination
attractiveness”. The model’s parameter values were calibrated and the simulation results were
verified with real-world observed data with good agreement. The proposed pedestrian movement
model can benefit the retail sector by improving customer satisfaction and profitability by enhancing
the layout of the facilities.

Keywords: pedestrian simulation; NetLogo; agent-based modeling; visual attraction; vision angles;
destination attractiveness; night market; pedestrian behavior

1. Introduction

This paper proposes an improved pedestrian movement model in night markets
with the incorporation of a “destination attractiveness” factor. The proposed pedestrian
movement model can benefit the retail sector by improving customer satisfaction and
potentially profitability by enhancing the layout of the facilities.

More than half of the world’s population lives in cities, and the number is continuing to
increase. Thus, there is a need to study pedestrian movement to make living in cities more
comfortable and enjoyable. Living in a bustling city tends to make a person be exhausted
from simply going to work; thus, people require leisure activities to refresh and relax their
minds. In Taiwan, people visit night markets for leisurely strolling, shopping, and eating
out with friends and family. Eating out is considered to be an everyday leisure activity
that not only prevents starvation but also satisfies a person’s psychological needs [1].
Research has also shown that the night markets play a positive role in improving urban
sustainability since “The night market traders are able to increase their incomes which
come from lower-middle economic class” [2].

Mainly operating at night in urban or suburban areas, night markets are street markets
visited for leisurely strolling, shopping, and eating. Night markets represent the history,
society, and economics of Taiwan and provide the “true experience of modern Taiwanese
nightlife”. Market fairs that sold products near temples or other areas where people

Sustainability 2021, 13, 8015. https:/ /doi.org/10.3390/su13148015

https:/ /www.mdpi.com/journal/sustainability


https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://doi.org/10.3390/su13148015
https://doi.org/10.3390/su13148015
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13148015
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13148015?type=check_update&version=3

Sustainability 2021, 13, 8015

2 0f 29

assemble continually developed into country fairs and later became the night markets
known today [3]. Each of the more than 70 night markets in different cities all over Taiwan
has its own distinctive established practices, configuration, attributes, and delicacies that
represent the local residents [4]. These markets range from tourist destinations to smaller
neighborhood markets. This collection of street stalls caters not only to tourists but also to
local residents. The night market is a preferred shopping destination because of the variety
of local delicacies, entertainment activities, and product offerings [5]. Night markets vary
in terms of consumer preferences and the type of food served. These factors also affect
where pedestrians go and how they move when strolling in the night market: some areas
may have more visitors than others. This common but unique experience sparks interest
in research on how visitors’ movements are influenced by the variety of food (attractions)
and differences in the night market configuration.

Pedestrians explore their environment and take advantage of their surroundings to
reach a particular destination, whether in a private or public space. Challenges ranging
from functionality and design improvement of public spaces to emergency evacuation
continue to be fundamental scientific challenges, despite the abundant studies of pedes-
trian movement [6]. Substantial research in numerous fields, such as building evacuation,
transportation, physics, urban design, and marketing [7-9], has been conducted to deter-
mine and predict pedestrian movement with the aid of computer-generated simulations.
However, only a few studies have considered the effect on pedestrian behavior with regard
to visual perception, especially in a shopping area. Movement and visual perception are
interrelated. A person can perceive space through movement and, in turn, movement is
affected by the perceived space [10]. The theory of natural movement was investigated
through space syntax, which discussed the relationship between configuration, attrac-
tors, and movement in the context of an urban grid. In an urban context, attractors are
likely to be gathered in a particular location, for instance, shops on a primary business
street, wherein it is assumed that the choice of these locations had been configurationally
influenced. In this condition, these clusters of attractors likely act as influencers of the
fundamental movement pattern created by the configuration. Otherwise, the effects of the
attractors can be equalized when evenly distributed. Therefore, movement is an essential
ecological behavior created by the interaction between a person and the environment [11].

A few studies using microsimulation to investigate human pedestrian behavior in
a built environment have been conducted and have found that human movement can
be replicated by encoding Gibson’s principle of affordance, creating rules through which
an agent chooses a destination within a 170° visual field, and reassessing every three
steps. The exosomal visual architecture (EVA) model was developed to simplify the agent’s
method of calculating visibility data in real time. This program computes the partial isovist
at every grid point [12]. A new natural movement model was proposed with the trajectory
of the wall vector field (WVF) model using NetLogo instead the movement trajectory of
the EVA model in Depthmap. Movement data were collected from an exhibition space, the
Tate Gallery, by comparing the actual tracks of visitors for each area in the gallery for 5 min
3 times throughout the day. The WVF model produced a better movement pattern than
that of the previous model [13]. Another new model based on a navigational pedestrian
movement model with vision-driven agents was proposed. In this model, agents use the
potential field values of their neighbors to identify the shortest route to a destination. The
movement patterns of agents in the proposed model were smoother and more believable
than those of a model with blind agents. Furthermore, agents with narrow visual field
angles are more likely to miss the shortest path than are agents with wide visual field
angles that process more information about the environment [14].

Although recent studies have applied visual perception, the attractiveness of a partic-
ular shop or destination has not been considered in determining current and future target
destinations. Therefore, this research uses the theory of natural movement [11] to support
and analyze the effectiveness of considering pedestrian visual perception and destination
attractiveness in determining the shopping behavior of pedestrians in a night market street
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segment through microscopic agent-based simulation. The findings of this research will
help expand pedestrian studies and understand the interrelationships among movement,
vision, destination attractiveness, and site configuration. This study considers how pedes-
trian movement is affected by the surroundings. In turn, the environment influences the
pedestrian’s flow of action in a shopping segment through the application of vision range
and shop attractiveness. These factors can help to identify possible visual attractions in
night markets or other shopping segments, likewise in spaces that desire attention from
pedestrians, such as pop-up stores or seasonal event displays. Field observation in a
museum [15] has shown that the visual attractor in an area may help increase visits in
areas that do not receive much attention or create a new attraction in the area. Pedestrian
modeling can benefit many industries, especially the retail and entertainment sector, to
improve customer satisfaction and profitability and enhance the layout of facilities.

2. Materials and Methods

This research explores microscopic agent-based modeling (ABM) of pedestrian shop-
ping behavior in a night market street segment via the theory of natural movement [11],
individual visual attention range [16], identification of hotspots [17], field observations,
data collection, and analysis.

This study is divided into two parts: field observations and analysis through video
data collection and reproducing pedestrian movement through microscopic agent-based
modeling using NetLogo software (Figure 1).
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Figure 1. Overall process of the research.
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2.1. Data Collection and Analysis

The data collected for this research can be divided into two parts: initial field ob-
servations and final field observations for the Shida Night Market street segment. Both
observations are accompanied by video data. These field observations and data collec-
tions are essential to this research to obtain the parameters that will be inputted into the
simulation model.

2.1.1. Initial Field Observation, Video Data Collection, and Analysis

To determine and understand pedestrian behavior, three night markets with con-
trasting layouts located in different cities in Taiwan were selected for the initial field
observations. Data collections were conducted for approximately 3 to 5 h in each night
market. The schedule of data collection for each market differed depending on the opening
day and the busiest shopping day. For Guanshan, data collection was performed on a
Thursday since that is the only day the night market is open. Xiaobei Xinchenggong
opens on Tuesdays and Fridays, but data collection was conducted on a Friday, whereas
Shida Night Market was observed on a Saturday. Site layout measurements and shop stall
identification and video data collection were performed by following selected pedestrians
walking from the entrance and strolling through the night market until they departed.

A cross-comparison was performed to determine the similarities and differences of
the three night markets (Table 1). The pedestrian’s duration of stay differed substantially,
with Guanshan Night Market having the shortest visit duration of less than 10 min and
Xiaobei Xinchenggong and Shida Night Markets having longer visit durations of almost
one hour. Although the observed group types differed in the on-site observations, all three
night markets had individuals, groups of twos and threes, and families. Patrons and casual
visitors were observed, in addition to passersby in Shida Night Market. Each segment
width was also measured. The Guanshan and Xiaobei Xinchenggong Night Markets have a
similar width range of approximately 4 m at the widest, except for one 0.95 m walkway in
the latter. These two night markets are situated near residential and commercial areas. On
the other hand, the Shida Night Market has a wider segment width of 7.61 m in segment A
because it is located within the inner roads of a residential area next to an institutional area.

The three night markets have different user movements due to the differences in
layout. The Guanshan Night Market has a loop-type layout; therefore, user movement
follows a loop. By contrast, the Xiaobei Xinchenggong Night Market has a grid-type
layout, and pedestrians tend to move in a meandering manner. Moreover, the Shida Night
Market is straight and branches out; thus, pedestrian movement is linear with stops at
intersections to assess where to proceed. The shop compositions of the markets are similar,
with food, retail, and games. The buying tendencies are also similar: pedestrians tend to
(1) stroll first, then buy and eat while strolling or (2) stroll, sit, and eat, then continue to
stroll. A preference for food shops is also prominent in all three night markets, with similar
tendencies of entering and exiting at the same point, except in the Shida Night Market,
where some pedestrians enter and exit at different points.

The initial observation, data collection, and analysis of the three night markets indicate
that contrasting night market layouts results in different pedestrian movements, but as a
whole, night markets consist of linear segments and intersection points. Due to limited
time and resources, the observation and simulation of pedestrian movement is performed
in one of the main segments: movement at intersections will be left for future studies.
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Table 1. Initial observation and data collection cross-comparison for Guanshan, Xiaobei Xinchenggong, and Shida
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Estimate Area 7450 sq. m. 12,200 sq. m. 16,170 sq. m.
Shop Composition Food, Retail, Game Food, Retail, Game Food, Retail, Game
. Thursday only Tuesdays and Fridays Everyday
Operating Hours 6:00 pm to 10:00 pm 4:00 pm to 1:00 am 8:00 am to 12:00 am
Observation Time 4:45 pm to 7:45 pm 4:30 pm to 9:30 pm 6:00 pm to 9:00 pm
.. . Individual, Family, Group of Individual, Family,
Observed User Group Individual, Family twos Group of twos and threes
Visitor Type Patron, Casual Patron, Casual Patron, Casual, Passerby
Visit Duration 6 to 7 min 8 to 52 min 5 to 60 min
Segment width range 448 m,3.20m,2.19 m 414 m,2.33m,0.95m 7.61 m,4.87 m
Estimated Segment lengths 60m, 82 m 8 m, 56 m, 100 m 83 m, 185 m, 195 m
Number of People Observed 3 Adults, 2 Children 7 Adults, 2 Children 7 Adults, 2 Children
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Table 1. Cont.

Xiaobei Xinchengong

Description Guanshan Night Market Night Market Shida Night Market
User Movement ‘
—
Looping Meandering —
Linear

Shopping preference

A lot of visitors on segments A lot of visitors on segments
with food stalls but starting with food stalls but starting
from 8:30 and beyond, alot of  from 8:30 and beyond, a lot of
people visit the retail and people visit the retail and
game stalls game stalls

More visitors on segments A
and D which has mostly
food stalls

To explore pedestrian shopping behavior, the final field observation was conducted
along one of the street segments of one of the three selected night markets. Shida Night Mar-
ket’s main street segment A was selected for its accessibility and manageability as the final
site. The collected video data for this segment were compared to the simulation results.

2.1.2. Final Field Observation, Video Data Collection Analysis

Shida Night Market (Figure 2), a night market located within a residential area and
near a local university in Taipei City, was selected for the final field observation. The
majority of the shops are located on the ground floor of residential buildings, while some
are in one-story shops on the university side of the night market.

1. Field Observation

Based on the initial observation, segments A, B, and C (Table 1) have the most foot
traffic. For this research, street segment A (Figure 3) was chosen for the final field observa-
tion and video data collection because it is the night market’s entrance segment and has the
most pedestrians. Presumably, these pedestrians have not yet been influenced or attracted
by other shops.

LOCATION MAP
Legend:
Il Shida Night Market Segment A
Shida Night Market
Institutional Bidg.
Residential Bldg
Greenery
Road
@ Public Transportation Pts "
10 50 100 200 300 m A{

Figure 2. Shida Night Market location map (edited by the author, based on [18]).
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Figure 3. Shida Night Market street segment A layout plan (by author).

Information was gathered through on-site measurement of the segment and shop
front widths, shop identification, and elevation photos. Segment A is composed mainly of
food shops with some book, appliance, clothing, and game shops. This research focuses
on food shops along this street segment. The total length of segment A is approximately
74 m, with an average road width of 7.61 m along Lane 39 Shida Road, which inclines
approximately 11 degrees to meet Longquan Street and 15 m Shida Road on the left side
perpendicular to the segment. This research concentrates on pedestrian visual attraction
and shop preferences; therefore, the smell of food when passing through the segment and
the depth of the shops are ignored. Segments A-N are shops on the north side of the
segment (Figure 4a), and the south side is labeled segment A-S (Figure 4b).

12 Squid and Duck

13 Fried Food
Stew

11 Shaved Ice

14 Tofu Pudding

17 Luwei

16 Shawarma

15 Noodle
(@)

Figure 4. Cont.
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Claw Machine

3 Salted Chicken

Residential Entrance, Game
Stall

5 Fried food 4 Dumpling Shoe Stall, Convenience Store

Appliance Store, Res.
Bookshop Entrance, Convenience 2 Crepe 1 Luwei
store

(b)

Figure 4. (a) Elevation photos of shops 9 to 17 in Shida Night Market street segment A-N (photos by author). (b) Elevation
photos of shops 1 to 8 in Shida Night Market street segment A-S (photos by author).

2. Video Data Collection and Analysis Process

To better understand pedestrian shopping behavior in segment A, video data were
obtained on a weekend for a duration of 25 min. Two time-lapse cameras were placed at
both ends of the segment to capture images every two seconds. Time-lapse camera 1 was
located in the park on the west side, camera 2 was located at the east end of the segment,
and an additional 360-degree camera was placed in the middle of the segment to capture
25 min of video data to observe and follow the movement of the pedestrians thoroughly.

After all the information and data collection were conducted, the behavior of the
pedestrians was mapped. This research is limited to the observation of pedestrians (or
groups of pedestrians) entering from the west to east. Only pedestrians visiting food
shops and pedestrians strolling along the segment are considered. The movement of the
pedestrians walking through the segment was mapped, and the attraction (buying) and
stopover locations were marked. The tracking of pedestrians ended if the pedestrian stayed
in a shop for more than 5 min or if they reached the end of the segment. Five minutes is a
common time interval in the pedestrian behavior survey [19]. In this study, an over 5 min
stay in one food shop implies a “serious” eat and may change one’s appetite. It would
likely lead to the change of the attractiveness of other food shops. Such behaviors are
beyond the scope of this study. The entry points of the observed pedestrians were noted,
as well as the number of pedestrians coming from each point. The number of stops at
each shop was also noted to determine the top-visited shops along the street segment. The
collected data, including the total number of pedestrians and their corresponding entry
points and top-visited shops (attraction factor), were then inputted into the simulation
model for calibration.
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2.1.3. Shida Night Market Street Segment A: Analysis and Results

Based on the final field observation and video collection, there are seventeen possible
visual attractors (food shops) in segment A. The paths of pedestrians walking from the west
end to the east end of the segment were observed and tracked, along with their attractions
and stopovers.

A total of 149 pedestrians were tracked on a weekend night from 6:20 pm to 6:45 pm
in April 2020. As recorded, 66 attracted pedestrians accounted for 44% of the total tracked
pedestrians, and 83 strolling pedestrians accounted for the remainder. The percentage of
pedestrians entering the three entry points was also recorded. The highest percentage of
entry was on the west side, with 65 pedestrians (44%). The south and north sides were
relatively similar, with 44 and 40 pedestrians, respectively (Table 2). Attracted pedestrians
are pedestrians who visited and purchased items from a shop, while strolling pedestrians
are pedestrians who passed through the segment. Figure 5 shows the cumulative paths
of tracked pedestrians along the street segment. Most pedestrians, both attracted and
strolling, walk on the south side of the segment along shops 1 to 8, with some diverting to
the north due to high foot traffic in the middle of the segment. To improve understand-
ing, the results of the behavior mapping are divided into two categories: attracted and

strolling pedestrians.

Table 2. Percentage of attracted and strolling pedestrians and percentage of pedestrians per

entry point.

Entry Points
Total Pedestrians % North Side @ West Side  South Side
Strolling 83 56% 20 39 24
Attracted 66 44% 20 26 20
Total 149 100% 40 65 44
Percentage 27% 44% 29%

Legend: 1 5 10 25m ‘
Mlﬂedplmesmm Stroliing Pedestrians Shop Legend: e’ A
1 Luwei 4 Dumpling 7 Dimsum, Luwel, Noodles 10 Crepe 13 Fried Food 16 Shawarma
O awectee Stopover 2 Crepe SFiedFood 8 Besf Noode 11 Shaved lce 14Tofu Pudding 17 Luwel
X stopover 3 Salted & Mala Chicken & Luwei 9 Hotpot 12 Squid & Duck Stew 15 Noodle

(a)

Figure 5. Cont.
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Figure 5. (a) Cumulative paths; (b) attraction and stopovers of attracted and strolling pedestrians.

1. Strolling Pedestrians

Pedestrians strolling along the street segment were accounted for. By observing
and mapping their shopping behavior, these pedestrians can help in identifying which
shops have the most stopovers and which part of the street segment attracts the most
pedestrians. Figure 6a shows the cumulative recorded paths of strolling pedestrians.
Strolling pedestrians tend to walk along the south side (shops 1 to 8) but are occasionally
diverted to the middle and north side due to pedestrians gathered near shops 4 and 5,
which sell dumplings and fried food, respectively. Then, pedestrians exit through either

the northeast or southeast end of the segment.
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Stopovers are more apparent in the middle of the street segment, mainly near shops 4,
5, and 10. Pedestrians may be attracted to the menu display of shop 10, while shops 4 and
5 have many pedestrians waiting for their food to be served. Some stopovers occur in the
front of the section, such as at shops 1 and 9, which are both located at the entrance of the
street segment. Pedestrians tend to wait and stop near these shops, resulting in a greater
number of stopovers. Shop 9, a new hotpot restaurant, takes advantage of these stopovers
by providing menu displays at the entrance. The back part of the segment had the fewest
stopovers, with two stopovers near shop 17 (Figure 6b,c).

2.  Attracted Pedestrians

Attracted pedestrians are pedestrians who visited and purchased items at shops along
the street segment. Pedestrians entered through all three possible entry points and followed
paths mostly on the south side. The most consistent paths are near shops 1 to 5 (Figure 7a).
Some pedestrians walk along the north side of the segment (shops 9-17) and visit a shop
on the same side. The exit paths are not defined because many of the attracted pedestrians
visit a shop and stop for more than 5 min; therefore, their exit routes were not recorded.
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Figure 7. (a) Cumulative paths; (b) attraction and stopovers of attracted pedestrians; (c) attracted pedestrians per shop stopover.

The top five attractions are shops 1, 4, 5, 6, and 9, which are luwei, dumpling, fried
food, luwei, and hotpot shops, respectively (Figure 7c) (Table 3). These shops are located
in the front, middle, and back parts of the street segment, and the front and middle parts
have higher attraction tendencies. Shops 7, 8, 15, and 17 had no attraction at all. Contrary
to the number of attractions, the back part has the greatest number of stopovers, where
pedestrians would stop for a while near shop 8 before deciding where to exit. The front
part stopovers consist mainly of pedestrians waiting for companions to join them before
entering the street segment. In the middle part, pedestrians tend to stop near shop 10, a
relatively new shop, and shop 9, which also displays the shop’s menu.

Table 3. Attracted pedestrian’s shop attractions and stopovers (top 5 shops in bold).

No. of No. of No. of

Shops Shop No. Food Type Location Attractions Stopovers Total
1 9 Hotpot Front 10 2 12
2 5 Fried Food Middle 10 10
3 1 Luwei Front 5 2 7
4 6 Luwei Back 5 5
5 4 Dumpling Middle 4 1 5
6 12 Squid and Duck stew Middle 2 1 3
7 16 Shawarma Back 2 2
8 10 Crepe Middle 1 1 2
9 2 Crepe Front 1 1
10 3 Salted and Mala Chicken Front 1 1
11 11 Shaved Iced Middle 1 1
12 13 Fried Food Back 1 1
13 14 Tofu Pudding Back 1 1
14 8 Beef Noodles Back 4 4
15 7 Luwei, Noodles, Dimsum Back 0
16 15 Noodles Back 0
17 17 Luwei Back 0

Total 44 11 55
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The back part has the greatest number of shops per location; however, it had the fewest
attractions, even though shop 6 (luwei) is one of the top shops. The front and middle shops
had more top options, including hotpot, luwei, dumpling, and fried food shops. Although
the front and middle areas had fewer shops, 4 and 5 shops, respectively, these shops had
more attractions and stopovers (Table 3). This tendency was also observed with regard
to the overall attractions per location: the middle shops had the most attractions, with
18 visits (40.91%), followed closely by the front shops, with 17 visits (38.64%), while the
back shops had the fewest attractions, with 9 visits (20.45%), as shown in Table 4. This
result may be due to differences in food type, location, and proximity to top shops. The
front and middle areas each had two top shops; these top shops help boost the attraction of
nearby shops.

Table 4. Attracted pedestrian’s shop attractions and stopovers count and percentage.

Location No. of Shops No. of Attractions %
Front 4 17 38.64%

Middle 5 18 40.91%
Back 8 9 20.45%
Total 17 44 100.00%

The data collected along the Shida Night Market street segment, such as the total
number of pedestrians tracked (both attracted and strolling pedestrians), strolling tenden-
cies, percentages per entry point, number of attractions per shop and per location, and
percentages of attractions per location, were applied in the simulation model for calibration
and validation.

2.2. Simulation Model: NetLogo 5.2.0

NetLogo is open-source microscopic agent-based modeling software that can visualize
and mobilize agents over a grid environment. Agents (turtles) can explore independently,
connect with other agents at a microscopic level, and interact with macrolevel patterns.
The environment is a grid divided into cells, which are referred to as patches [20]. The basic
concept of agent-based modeling (ABM) is self-governing agents (turtles) that interact in a
common environment, also known as individual-based models (IBMs). These agents act
individually and have their own individual internal properties. The behavior of an agent
can be depicted as a state-determined automata (finite state machine), and a state transition
may occur when the agent interacts with another agent [21]. This simple behavior rule
generates complex behavior. This software will aid research in simulating pedestrian
shopping behavior by formulating a visual attraction model.

After the initial observation, data collection, and analysis were conducted, the data
were applied to the simulation along with the theory of natural movement. This concept
considers the configuration as the primary generator of pedestrian movement patterns, and
attractors generally work to strengthen the fundamental pattern created by configuration.
The presence of attractors can affect movement but cannot change the fixed spatial layout
of a space. Likewise, the locations of attractors cannot influence the configuration [11].
This theory takes shops as attractors, the night market segment layout as the configuration,
and pedestrian shopping behavior as movement (Figure 8). Moreover, the pedestrian’s
individual visual attention range is considered when selecting a destination [16].
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Figure 8. Theory of natural movement [11] applied to the research: shops as attraction; night market
layout as configuration; pedestrian’s shopping behavior as movement.

The simulation model input data includes the pedestrian’s visual attraction navigation
parameters and the environment parameter, which yield the visual attraction model. The
simulation model is calibrated and validated with the final observation and data collection
results to assess whether the simulation accurately reflects pedestrian behavior in the Shida
Night Market street segment.

2.2.1. Environment Parameters

NetLogo’s grid environment is composed of cells that are referred to as patches. For
this research, each patch size was approximately 75 cm X 75 cm, where the value was
derived from the average step length of mature humans—approximately 0.77 m [12,22].
Through this setting, the data collection of the layout of the Shida Night Market street
segment is applied to the simulation model. Figure 9 shows the software interface.

The implementation of the street segment layout produced a test space of approxi-
mately 141 x 61 patches, with a total of 17 shops identified in the street segment. Shops are
divided into three parts: front, middle, and back, which are assigned red, blue, and orange
colors, respectively. Shops are also numbered for easy identification. Entry point patches
are assigned on the left side of the test space, and exit patches are on the right.

Attraction factors, such as attraction level and radius of influence, are introduced
to attract agents to a particular shop. The attraction level refers to the amount of patch
influence a shop has. The radius of influence represents the distance of the attraction.
Therefore, the higher the attraction factors are, the more likely it is that agents will visit
the shop (Figure 10). Moreover, the identification of hotspots may help in determining the
effects of these most visited shops on nearby stores [17].
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Figure 9. NetLogo interface of the visual attraction simulation model with the Shida Night Market street segment layout.
Entry points: (a) north side, (b) west side, (c) south side; (e) shop number; Shopsshops: (d) front, (f) middle, (g) back shops;
Exit; exit patches: (h) north exit patches, (i) south exit patches. The numbers in the square boxes are the shop numbers.

Table 5. Simulation parameters and values.

Agent’s Configuration Profile Values Sl‘r;; llllllitsed Unit Description
No. of Pedestrians 1 to 400 150 agents total number of agents to be released in
' the environment
Average waiting time 1030 10 ticks waiting time/ticks when agent stops at the
counter patches
. agent’s speed of walking when going
Walking Speed 0.5,1.0 0.5 patch through the environment
Visitor view angle 1to 170 90, 120, 150 degrees agent’s view angle when evaluating a
current and new target patch
Visitor Vision Depth 14, 26, 40 14, 26, 40 patches agent’s vision depth when evaluating a
current and new target patch
Pedestlc?sr; tI;:r;;;teage per % Simulated % Unit Description
% of Goal-Oriented Visitors 0-99 46 o agents with a predetermined destination
? ° (dest-patch)
% of Strolling Visitors 0-99 54 % walking agents WIt}.l ne.
predetermined destination
PercentEaﬁfr;fP\;;s:tt ors pet % Simulated % Unit Description
. g o agents coming from the north when
North Side 0-99 27 o entering the segment
West Side 0-99 44 % agents coming from the west

South Side 0-99 29 % agents coming from the south
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Table 5. Cont.

Shop Attraction Factor Values 51‘1}; 111111aetsed Unit Description
Front (red)
Shop 1
Attraction Level 1,5,10 5 patches amount of patch influence of a shop
Radius of Influence 1510 5 patches extension of the amount of influence of
r a shop
Shop 2
Attraction Level 1,5,10 1 patches
Radius of Influence 1,5,10 5 patches
Shop 3
Attraction Level 1,5,10 5 patches
Radius of Influence 1,5,10 1 patches
Shop 9
Attraction Level 1,5,10 10 patches
Radius of Influence 1,5,10 10 patches
Middle (blue)
Shops 4, 12
Attraction Level 1,5,10 5 patches
Radius of Influence 1,5,10 5 patches
Shop 5
Attraction Level 1,5,10 5 patches
Radius of Influence 1,5,10 10 patches
Shop 10
Attraction Level 1,5,10 5 patches
Radius of Influence 1,5,10 1 patches
Shop 11
Attraction Level 1,5,10 1 patches
Radius of Influence 1,5,10 5 patches
Back (orange)
Shop 6
Attraction Level 1,5,10 5 patches
Radius of Influence 1,5,10 5 patches
Shops 7, 8,13, 14, 15, 17
Attraction Level 1,5,10 1 patches
Radius of Influence 1,5,10 1 patches
Shop 16
Attraction Level 1,5,10 5 patches
Radius of Influence 1,5,10 1 patches

As agents pass through the patches in the environment, the patch influence increases.
The patch influence for each patch is initially set to a default value of 1, and this parameter
indicates where agents have passed and the overall visitation frequency of a patch. A
sample occupancy heat map is shown in Figure 11.
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Figure 10. NetLogo Shop attraction level and radius of influence application to the simulation model (see Table 5 for full

details on the parameter setting). The numbers in the square boxes are the shop numbers.

| e I

scale bar

less more occupancy
Figure 11. NetLogo patch occupancy heat map.

2.2.2. Pedestrians’ Visual Attraction Navigation Parameters

Goal-directed and exploratory behavior is observed in pedestrian movement when
navigating through a complex environment [23]. The desire to move to a specific location
is referred to as goal-oriented behavior. Exploratory behavior is prompted by detecting
objects in a path that are visually attractive when traveling toward a goal destination.
This behavior affects the agent’s destination selection with respect to internal demands
(pedestrian) and external factors (shops).

Pedestrian exploratory behavior has four stages: (1) strolling, walking along a path to
the final goal (when no attractors are identified); (2) evaluating, checking if any attractors
are within the visitor’s view angle and depth choosing the nearest attractor and the one
with the greatest patch influence value; (3) attracting and visiting, switching to the new goal
and stopping for a brief time; (4) re-evaluating, pedestrians rechecking whether additional
attractors remain after being attracted to and stopping at an attraction. After proceeding
through all four stages, the agent will exit the environment (Figure 12).
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Figure 12. Agent’s visual attraction movement process derived from [16] and the added “re-evaluating” parameter for this

research (drawn by author).

1. Strolling Behavior

The strolling parameters are set such that the agent enters from any of the three entry
points identified in the final observation and data collection steps. These entry points
are north, west, and south on the west end of the street segment. Then, the agent passes
through the segment and eventually reaches the end, exiting at the northeast or southeast
end of the segment, according to the exit point set upon entering the environment.

When entering the environment, the agent is already set to have a particular demand
level, demand type, and exit patch. The demand level refers to the agent’s (pedestrian’s)
internal demand level, which takes values of 0 or 1, where 0 indicates visitor agents with
no predetermined destination. These agents are not attracted to any of the attractions in the
environment. A value of 1 indicates visitor agents that have a shop as their predetermined
destination, which is then divided in four demand types with a value range from 0 to 3: 0
is when the agent’s predetermined destination (dest-patch) is one of the shops in the front
part of the street segment; 1 refers to the shops at the middle; 2 are the shops at the end;
3 refers to the agents with demand levels of 0, with no predetermined destination. An exit
patch is also assigned to each agent upon entering and serves as the exit point (Figure 13).
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Figure 13. NetLogo Agent monitors showing its predefined parameters.

2. Attraction Behavior, Vision Angle, and Depth

The attraction parameters are referred during the evaluation stage, where the agent
checks if the patches within the visual attraction range match the internal demand and
have the highest patch influence. This parameter determines if the agent goes to the
predetermined destination patch (dest-patch) or a new target patch. When the agent is
attracted to a different patch, the agent remains for a short period that depends on value
of the “waiting time” slider in the interface, which is incremented by 1 for attraction visit
(Figure 14a—d).
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Figure 14. Evaluating, visiting, and attracted stages: (a) visual attraction range of the agent; (b) evaluating stage; (c) agent
checking which patch to go; (d) agent being attracted and stopping at the shop with visit count reflected on shop counter
patch; (e) visual attraction ranges to be tested in the model using 90°, 120°, and 150° angles and 14, 26, and 40 patches (10,
20, and 30 m; respectively) (illustrated by author).

To identify a current and new target, the agent needs to check for any possible attrac-
tors within the visual attraction range: visitor view angle (vva) and visitor view depth
(vvd). The visitor view angle is simulated based on the 170° vision angle of the pedestrian’s
field of view in a gallery, and different view angles (90°, 120°, and 150°) are used to check
the attention range of pedestrians in a shopping scenario [12,16]. Three visitor view depths
(10 m, 20 m, and 30 m) are simulated to identify the visual attraction range in the night
market street segment.

In addition to the predefined destination (dest-patch) assigned to the agent upon
entering the environment, the current destination is selected based on attractors within
the visitor’s visual attraction range. The agent will identify if the demand to visit a new
attraction is the same or even greater than that to visit the initial destination; then, the
agent will choose a new temporary destination or proceed to the predefined designation.
As the agent travels to the destination, a shop counter patch counts the number of visits to
that particular shop (Figure 14a—d).
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Figure 14e shows the attraction ranges tested in the simulation model. By testing these
simulation groups, the simulation model can be calibrated and validated, and the visual
attraction range of pedestrians in Shida Night Market street segment A can be determined.

2.2.3. Visual Attraction Model: Parameter Settings

Table 5 shows the parameter settings used in the simulation model. These settings
can be adjusted to calibrate the simulation model based on observed data; therefore, the
accuracy of the model can be validated and verified.

The model is divided into four main categories: (1) the agent’s configuration profile can
be used to adjust each agent’s (visitor’s) parameters, including the number of pedestrians
in the environment, their average waiting time in a shop, walking speed, visitor view angle,
and visitor depth; (2) pedestrian percentage of visitor type, which can be used to adjust the
input percentage of goal-oriented and strolling visitors; (3) the percentage of visitors per
entry point, which represents the percentages of visitors coming from the north, west, and
south side entry points; (4) the shop attraction factor, which is composed of the attraction
level and radius of influence of each shop.

The simulated values of the attraction level and radius of influence for each shop were
based on the observed data regarding the visits and stopovers for each shop. Values of 1, 5,
and 10 are possible. The attraction level was based on the number of visits to each shop,
while the radius of influence (ROI) depended on the number of stopovers at or near the
shop. The length of time that a shop has been open is also considered for the ROI, where
the newer a shop is, the greater its radius of influence, resulting in agents (visitors) being
more likely to visit that shop. For instance, shop 9 had values of 10 for both attraction level
and radius of influence because it is a relatively new shop in the segment and received
many visits.

3. Results and Comparisons
3.1. Simulation Results

The calibration of the simulation model with the field-observed data depicts the
number of attractions per shop with regard to the pedestrian’s visual attraction range,
the shop’s attraction level, and radius of influence. This was accomplished by simulating
different groups, as shown in Table 6. Figure 15 shows a representation of different visitor
view angles (vva) and visitor vision depths (vvd) as the agent walks through the simulation
environment. A total of 30 simulations were performed for each simulation subgroup,
where each subgroup had a different visitor view angle and visitor vision depth. The
percentages of visitor types and visitor per entry points from the observed data were
inputted into the simulation model. Prior to the final simulations, eight test simulation
groups were considered to identify the attraction factors: attraction level, and radius of
influence of each shop. These test simulations had varying specified attraction factors
and were used to re-examine the results from the observed data. Applying the results
from the observed data regarding the top attractors (shops) is vital in the configuration
of the attraction factor parameters. The identification of the top shops, such as shops 1
and 9 (front), shops 4 and 5 (middle), and shop 6 (back), was considered when setting the
parameters for the attraction level and radius of influence. Table 6 displays a detailed list
of the simulation parameters.
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Table 6. Simulation groups for checking the visual attraction range in the street segment.

Simulation Groups a b c
SG1 vva90 vvdl4 vval20 vvd14 vvals0 vvd14
SG2 vva90 vvd26 vval20 vvd26 vval50 vvd26
SG3 vva90 vvd40 vval20 vvd40 vval50 vvd40

150°

Figure 15. Simulation snapshot showing agent’s view angles and vision depths at west entry point. The numbers in the

square boxes are the shop numbers.

Figure 16 shows a snapshot from each simulation group with the respective count of
attractions per location and a chart to show the average percentage of visits per location for
30 simulations. Simulation group 1 (SG1) shows good results, as all subgroups (5G1a, SG1b,
and SG1c) have high average percentages of 40.86%, 50.44%, and 43.49%, respectively,
for the middle part of the street segment. Then, it is closely followed by the front shop
percentages of SGla and SGlc, but SG1b has a greater percentage difference from the
middle shops. The back part of the segment attained the lowest average percentage. Of the
three subgroups of SG1, a and c obtained better results because the percentage difference
for the front and middle is closer to the observed data. For simulation group 2 (SG2), the
average percentages of the simulations were highest for the front shops, followed by the
middle and back shops, which had the fewest visits. Simulation group 3 (SG3) produced
the worst results, with the front part receiving the most visits. Instead of the front and
middle shops being closely related, SG3 produced similar results for the middle and back
parts of the street segment.
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Figure 16. Simulation snapshot and average percentage per subgroup per simulation group. The numbers in the square

boxes are the shop numbers.

3.2. Comparison against the Observed Data

Comparisons of the observation data and simulation results can help determine
whether the simulation model accurately reproduced the visual attraction behavior of
pedestrians in the street segment. In Figure 17, the paths of pedestrians in the observed
data show a walking preference for the south side (along shops 1 to 8) with few pedestrians
walking near the north side (along shops 9 to 17). In the middle of the street segment,
some pedestrians divert to the north side because pedestrians gather near shops 4 and 5.
Pedestrians proceed to exit separately to the northeast or southeast of the street segment.
There are also notable stopovers, such as front shops 1 and 9, middle shops 4, 5, and 10,
and back shops 8 and 16. This walking tendency of pedestrians can also be observed in the
simulation snapshot (Figure 18). The dark spots in the snapshot indicate that agents have
passed through those patches, which translates into higher occupancy. Pedestrian walking
preference is also on the south side and is most visible near shops 1 to 3.



Sustainability 2021, 13, 8015 26 of 29

Visit per location:
10 Front—17
\ Middie — 18
\\ Back— 9
\
\ ﬂ!:f'=-*'~gﬂ
\‘ _— )
— <L

= . ,_ms_...—.‘.dhr:_!__, Attractions per Shop:
e 4’—“& i | 9 Hotpot— 10
| e 1 oyl | 5 Fried Food — 10
I‘ —_ w% i?i' ) ST I \ L 1 Luwei —5
| Lty 5k ——— 77 6 Luwei —5
| 1!y, 4 Dumplings — 4
f . umplings
|
|
|

12 Squid & Duck Stew — 2
16 Shawarma — 2
10 Crepe — 1
2 Crepe —1
3 Salted & Mala Chicken — 1
11 Shaved lce — 1
13 Fried Food —2

14 Tofu Pudding — 1

8 Beef Noodles — 0

| | |

7 Luwei, noodles, dimsum — 0
15 Noodles — 0
‘ 17 Luwei —0
Legend: 1 5 10 25m
Aftracted Pedestrians Strolling Padastrians Shop " " — A
—— Pah Path Legend:
1 Luwei 4 Dumpling 7 Dimsum, Luwel, Noodles 10 Grepe 13 Fried Food 16 Shawarma
O Atracted X stopover 2 Crepe SFriedFood 8 Beef Noodle 11 Shaved lce 14Tofu Pudding 17 Luwel
X stopover 3 Salted & Mala Chickan & Luwei

9 Hotpot 12 8quid & Duck Stew 15 Noodle
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Figure 18. Visit count per location: simulation snapshot (a) SG1-sim5 with vva90 vvd14 (SGla) versus simulation snapshot
(b) SG1-sim2 with vval50 vvd14 (SG1c).

Although the total number of pedestrians per shop and per location in the observed
data and simulation were not entirely equal, SG1 achieved the closest percentage per shop
location group, as shown in Figures 2-16. SG1 had different visitor view angles (90°, 120°,
and 150°) but the same visitor vision depth of 14 patches (10 m). Despite attaining a
slightly lower percentage difference compared to the observed data for SGla (Figure 19),
the narrow 90° visitor view angle restricts agents from being attracted to the north side
of the street segment. A wider view angle of 150° and a short depth of 14 patches (10 m)
leads to more attractions (visits) to both sides of the street segment, which better emulates

the observed pedestrian movement pattern; thus, the parameter configuration of SGlc
matched the observed data.
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Figure 19. Chart comparison between simulation vs. observation data: (a) SGla; (b) SGlc.

4. Conclusions

This research introduced a visual attraction model at a microscopic level using NetL-
ogo. The model concentrates on determining the interrelationship of vision, destination
attractiveness, and configuration with respect to how pedestrians interact with the envi-
ronment. The model results are used to determine appropriate parameter values for the
pedestrian field of vision and the destination’s visibility, attraction level, and influence.
Referring to previous studies by Wang [16], goal-oriented and strolling pedestrians were
designated as two types of agents in the model. Upon entering the environment, agents
have a predetermined destination and engage in exploratory behavior that follows four
stages. The fourth stage, the re-evaluation stage (last stage before exiting), is introduced
for the purpose of this research. This additional stage allows the agent to reassess the
environment after choosing a destination. The agent either chooses another destination
or exits.

The new parameters introduced in this model are the settings for the shop’s attraction
factors. A series of test simulations were conducted to identify the appropriate attraction
level and radius of influence for each shop to match the observed data. The parameter
composition of the attraction factors for different shops was shown to have a substantial
effect on the movement of agents. Thus, appropriate factor settings will result in an
accurate representation of the attractions. Moreover, the identification of top shops aids in
determining their influence on nearby shops.

The pedestrian’s range of vision is limited and disregards some physical elements,
such as vertical elements of shops and signage. Different visitor view angles (vva) and
vision depths (vvd) were assessed to identify the effective vision range. In terms of the
visitor view angle (vva), pedestrians with narrow view angles tend to visit shops on only
one side of the market. However, a wider view angle allows pedestrians to visit both sides
of the segment. Regarding visitor view depth (vvd), a shorter depth reduces the number of
elements being perceived or calculated, which reduces the time and calculations required
for determining a destination. Simulated pedestrian movement with 150° in vva and 10 m
in vvd was validated with the observed data.

The dependability of the visual attraction model is evident, as the simulations emulate
the actual shopping behavior of pedestrians strolling along the Shida Night Market street
segment with a less than 3% difference from the observed data. As pedestrians stroll, they
casually walk and turn left and right to view possible shop options nearby. In terms of
shop location, the front and middle shops have the highest attraction because each area has
two top shops. Moreover, being in close proximity to top shops has a positive impact and
improves the shop’s visibility and profitability. Therefore, the pedestrian’s effective vision
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range for the street segment is a wide view angle and short vision depth, which allows
pedestrians to assess the environment and available attractors in a leisurely manner.

The current model validates individual pedestrians’ shop-sensitive movement be-
havior based on observed data and is an important step toward an extended agent-based
pedestrian movement model that includes multiple visitor group types, group interactions,
shop types, and complex spatial configurations.

Qualitative data from long-term observations may further validate some general con-
cepts, such as frequent visitors and tourists having different perceptions of shop attractive-
ness, the changing popularity of the shop over time, and new shops attracting more curious
visitors. These findings will give rise to the extended version of the “destination attractive-
ness” function for broader applications of the proposed pedestrian movement model.
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