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Crowd simulations are used to predict dangerous situations during crowded events such as festivals,
or to estimate if a sports stadium can be evacuated within a certain amount of time. During
emergency incidents or escape panics situations, crowds are getting nervous and tend to do blind
actions. Panicking crowds can be chaotic, irregular and unpredictable. Pushing, arching, clogging,
jamming happens at exits. Most of the visual cues such as signage or exit marker has been ignored
during panic or evacuation situation. This paper will explore the importance of visual cues in dynamic
crowd simulation. It is also to discover the agent’s responses to visual cues may influence navigational
choices in emergent, panic or evacuation situation thus allow us to provide better situational
awareness navigational aids in the virtual environment.
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I.

INTRODUCTION

velocity, goal and perception in the dynamic crowd
simulation.

Crowd simulations are used to predict dangerous situations
during crowded events such as festivals, or to estimate if a

II.

MATERIALS AND METHODS

sports stadium can be evacuated within a certain amount of

Visual information plays an important role for agents to

time. In dynamic crowd simulation such as in emergent or

plan their movements adaptively. According to Moriarty

evacuation situation, agents will perceive the environment

(2004), visual cue is a signal and reminder of something,

to find a way out. At the beginning, most agents prefer

aiming to be self–explanatory. Some of the unfamiliar

nearer exit. However, some of the rooms or hall have

environments have insufficient navigation guides and

multiple exits that made the agents faced a problem to
decide the exit choice. The decision is influenced by several
factors. When abrupt obstacles occur, agents must make
decisions either to react fast to avoid the collision or do
adjustable path planning to achieve goal with collision free

confusing cues. Thus, it is important to have a navigation
aids or visual cues to enhance the knowledge based of the
virtual environment. Ant and honeybees use panorama
skylines and visual panorama as their visual cues. Rats
follow auditory cues to understand their environment
(Rossier, et al., 2000). In robotics, visual cues can be

path. Thus, collision prediction is important to develop

detected through colours, edges, shape, texture, and

solutions for real-time path finding to be able to react and

motion. The need for the navigation aids in virtual

readjust to any abrupt obstacles. The prediction methods

environments (VEs) occurs for three reasons (Lawton,1994;

consider the objects or agent’s behaviours including state,
_________
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Vinson,1999). The reasons are many VEs require the user
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to

navigate,

navigation

disorientation

is

in

VEs

upsetting.

is

difficult,

Navigating

and

clogging, faster is slower effect due to impatience, phantom

unfamiliar

panics and ignorance of available exits may happen in panic

environments can cause a problem. Visual cues usage in

situation.(Helbing,2002)Jams,

VEs allows further understanding of how human perform in

happens at exits, fallen and injured people become

real world environment. Agents need to perceive for the

obstacles. Herding behaviour may occur in exit path. Some

visual cues to observe urgency, importance, or uncertainty

of the people tend to follow other people (leader following)

to decide which path to exit.

to find alternative exits. In mass behaviour, confused

Visual

cues

influence

on

navigation

in

arching

and

clogging

virtual

people will follow someone else. Therefore, visual cues or

environments. It affects perceptions and behaviour, and

navigation aids are important to be clear and self-explain.

task performance on agents’ vision. There are five types of

Assembly points are well-labelled and designated with

elements in people’s cognitive maps which are paths, edges,

visual cues. With a good visual cues or signs, lives can be

districts, nodes and landmarks (Lynch,1960). Landmarks

saved, and the chaos can be reduced. Visual safety cues

that are noticeable and visible help navigators or agents

such as universally known emergency imagery or maps can

remember their positions in the environment. Visual aids or

also inform non-native language speakers about any

cues must be clear and easy to understand. There are also

dangers. Figure 2 shows the scenario of dynamic crowd

visual cues in visual notification include digital signage,

evacuation with abrupt obstacles. Figure 3 shows the

email notification, flat panel and message board displays.

examples of signage or cues.

Visual cue works as directional cues for drawing attention
to the areas of importance, such as interact with the
environment.
According to Duarte et al., (2014), static, dynamic and
memorized directional information are three different types
of directional information. Signs or cues can be static and
dynamic. (Bodeetal.,2014). Signs like arrow can catch
people attention. However, there are some misleading and
confusing visual cues. Figure 1 shows the example of
confusing and misleading signage or cues.

Figure 2. Crowd evacuation

Figure 1. Confusing signage
Panic and chaos easily happen during emergency or
evacuation situation. Emergencies situation may include
fires, explosions, floods, earthquakes, storms, poisonous

Figure 3. Signage

substantial leakages, workplace accidents and violence.
Signs or cues are easier to interpret when people are not
distracted by other. However, during panic or emergent

Another great way to provide visual cue on the floors

situation, people are getting nervous and tend to make an

especially as paths for emergency situation is footsteps

unpredictable decision. Most of the visual cues and

marker with a glow-in-the-dark(Stop-painting,2017). In

confusing signs has been ignored during panic or

aviation safety, most of the flight has floor proximity

evacuation situation. Collective

lighting that aids airplane evacuation under dark or smoky

phenomena

such

as

freezing by heating, transition to incoordination due to

2
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conditions. (Anderson,2011). Figure 4 and 5 shows the

The test will compare the evacuation time for 1 exit, 2

example of footsteps marker and floor proximity lighting.

exits and 3 exits without visual cues and with visual cues.
The performance measure will be the evacuation time based
on the tests below:
Test 1: Crowd simulation exit without visual cues
Test 2: Crowd simulation exit with visual cues
Test 1 scenario is to determine the time span needed for
the agent’s path finding to escape when no visual cue or exit
direction signs are available. The agent’s path is not

Figure 4. Footprint floor markers as visual cues

predetermined, and each agent has a radius of vision. In
this simulation, the number of agents tested is 100 and
200.

Figure 5. Floor proximity lighting
This crowd simulation will use Agent Based Modelling
(ABM). Basically, agents will perceive the environment. If
there is an event of emergency or evacuation, agents will
check for visual cues (exit signs) and follow the cues to exit.

Figure 6. Castello Ursino museum

If there are no visual cues, agents will check for the nearest

Figure 6 shows the Castello Ursino museum from the view

exit according to the perceived information and the agent’s

of Stratos Mororad (2018). Figure 7 below shows the floor

radius of vision. The choice of the exit is based on the prior

plan with 3 exits for the simulation in Netlogo.

knowledge of the agents. While moving, agents constantly
need to query the environment in order to avoid colliding
with obstacles (Shao and Terzopolous,2005).

III.

RESULTS AND DISCUSSIONS

This study was inspired by the work of Platynotan (2014),
which

presented

the

agent-based

modelling

(ABM)

simulation of the Castello Ursino museum in Catania
(Italy). The goal is to find out the importance of visual cues
in crowd evacuation. There are ten rooms and three

Figure 7. Floor plan for simulation in Netlogo

internal exits to the courtyard. There is only one main
entrance/exit door at the museum. A series of tests are

A. Result of test simulations

performed with different exit configuration. According to
Pluchino et al., (2014), the number of 200 visitors is good
to represent the real carrying capacity of the museum.

Testing was conducted for 100 agents and 200 agents. The

Therefore, for the testing, the maximum number of agents

same test case was repeated for five different runs.

will be 200.

Basically, when emergency happen, agents will check if
there is an exit within their radius vision. If yes, he moves

3
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towards the direction. If not, he will follow the same path

Table 2: Escape times per second for all exits without visual
cues for 200 agents

he came from until the exit door is found. If there are visual
cues present and visible to him, he will follow the cues.

Escape time per seconds

No of test

1 exit

2 exits

3 exits

1

185.6

168

158.8

2

186.4

164.5

159.9

Environment: Exits with no visual cues. Five test runs

3

189.1

168.5

158

had been conducted for all exits without visual cues. The

4

185.6

163.2

157.2

5

184

163.5

157.1

Average

186.14

165.54

158.2

Analysis for Test 1:
No of agents: 100, 200

result for 100 agents is as stated in table 1 and figure 8
below:

Table 1: Escape times per second for all exits without visual
cues for 100 agents

Exit without visual cues

1 Exit

2 Exits

3 Exits

1

160

155

135.9

2

156

155

137.9

3

159

153.8

135.9

4

162

157.1

135.3

5

155.6

156.3

137.2

Average

158.52

155.44

136.44

ESCAPE TIMES PER SECONDS

Escape time per seconds

No of
test

200
180
160

185.6

186.4

189.1

185.6

184

168

164.5

168.5

163.2

163.5

159.9

158

157.2

157.1

3

4

5

158.8

140
120
1

2

NO OF TESTS
1 Exit

2 Exits

3 Exits

Figure. 9. Exits without visual cues for 200 agents
For both 100 agents and 200 agents, result for 1 exit ,2
exits, and 3 exits shows that the escape time for the agents

Exit without Visual Cues
ESCAPE TIME PER SECONDS

165
160
155
150
145
140
135
130
125
120

in crowd evacuation are different. The escape time for 3
162

160

156

155

155

159
153.8

exits are faster compared to the 1 exit and 2 exits. It shows

155.6
157.1

that more exits help the agents to escape the environment

156.3

quicker. It also reduces the average value of evacuation
137.9

135.9

135.9

135.3

time.

137.2

Analysis for Test 2:
1

2

3

4

No of agents: 100,200

5

Environment: Exits with visual cues.

NO OF TESTS
1 Exit

2 Exits

3 Exits

Figure 8. Exits without visual cues for 100 agents
Five test runs were conducted for all exits without visual
cues for 200 agents. The result is as stated in table 2 and
figure 9 below:
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Table 4: Escape times per second for all exits with visual
cues for 200 agents
No of
test

Escape time per seconds
1 exit

2 exits

3 exits

1

172.3

157.3

151.2

2

169

158.9

152.1

3

171.9

158.4

152.3

4

171.6

158.3

151.9

5

172.8

159.9

152.2

Average

171.52

158.56

151.94

Figure 10: 3 Exits with visual cues
Figure 10 shows the exits with visual cues in Netlogo.
Five test runs were conducted for all exits with visual cues
for 100 agents. In this simulation, the visual cues are
represented by arrows. The result is as stated in table 3
and figure 11 below:
Table 3: Escape times per second for all exits with visual
cues for 100 agents
Escape time per seconds
No of
test
1 exit
2 exits
3 exits
1

137.2

125.6

Figure 12. Exits with visual cues for 200 agents

123.2

Results for 1 exit, 2 exits and 3 exits show that the

2

131.3

126

121.3

escape time for the agents in crowd evacuation with visual

3

130.8

124.2

121.8

cues are faster compared to the environment without visual

4

132.3

125.5

122.3

5

133.1

125.7

121.2

Average

132.94

125.4

121.96

cues (Figure 8 and 9). Agents take longer time to find the
way out without cues or signs. It shows that visual cues help
and guide the agents to the exit. It also reduces the average
value of evacuation time. The result also shows that when
the agents saw the visual cues, he will follow the cues and
reducing their evacuation time instead of coming back to

ESCAPE TIME PER SECONDS

Exits with visual cues
140
135
130
125
120
115
110

the entrance.

137.2

125.6
123.2

131.3
126

130.8

132.3

124.2

125.5

121.3

121.8

2

3

122.3

133.1

IV.

SUMMARY

125.7

This paper explored the importance of visual cues in

121.2

dynamic crowd simulation. Table 5 and Figure 13 shows the
1

4

5

result summary for 100 agents.

NO OF TESTS
1 Exit

2 Exits

3 Exits

Table 5: Escape times per seconds for visual cues and
without visual cues for 100 agents
No of
With visual
No visual cues
%
exit
cues
1
158.52
132.94
(16.14)
2
155.44
125.4
(19.33)
3
136.44
121.96
(10.61)

Figure 11. Exits with visual cues for 100 agents
Five test runs had been conducted for all exits without
visual cues for 200 agents. The result is as stated in table 4
and figure 12.
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navigational aids in the virtual environment.

ESCAPE TIMES PER SECONDS

Evacuation time comparison
200
158.52

155.44

150
132.94

100

125.4

V.

136.44
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121.96
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NO OF EXITS
No visual cues

With visual cues

Figure 13. Exits with visual cues and no visual cues for 100
agents
Table 6 and Figure 14 shows the result summary for 200
agents.
Table 6: Escape times per seconds for visual cues and
without visual cues 200 agents
No of exit

No visual
cues

1
2
3

186.14
165.54
158.2

With
visual
cues
171.52
158.56
151.94

%
(7.85)
(4.27)
(3.95)

Figure 14. Exits with visual cues and no visual cues for
200 agents
Based on the results of the simulation, visual cues did
help to reduce the escape times for agents in crowd
evacuation. The number of exits also contributes to
decrease the escape time. The visual cues or signage guide
agents in making navigational choices to go to the exit door
quicker.
The present of visual cues contributes more rapid exits
compare to the absence of any visual cues results a slower
exit. Thus, it improved the dynamic crowd simulation for
emergent cases or evacuation. It is hoped that a good visual
cues or signs help to provide better situational awareness
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