ARG RERERY | 55 106 MM (AUMTKNREISEESET]) - 65~71 H » 2018 E 12 A
JOURNAL OF ARCHITECTURE, No. 106, Special Issue on Innovative Low-carbon and Green Building, pp. 65~71, Dec. 2018
DOI:10.3966/101632122018120106019

Simulation of Crowd Evacuation Using an Emotion-Based Cellular

Automata Model

Meng Shi'®  Eric Wai Ming Lee?*  Yi Ma®

! PhD, Department of Architecture and Civil Engineering, City University of Hong Kong, Kowloon, Hong Kong
2 Associate Professor, Department of Architecture and Civil Engineering, City University of Hong Kong, Kowloon,
Hong Kong
® Associate Professor, Institute for Disaster Management and Reconstruction, Sichuan University, China

*Corresponding author Email: mengshi7-c@my.cityu.edu.hk

ABSTRACT

In this paper, we present a novel impatience model where impatience level dynamically changes
with time. Quantitative formulas are introduced to calculate the dynamic impatience level considering
both self-growth and the impatience propagation. Unlike conventional methods using either random
updated sequence or fixed sequence. At each time step, all the pedestrians will move to the target cell
depending on the impatience level. The dynamic impatience model is implemented in Cellular Automata
model where space and time are discretized to simulate the crowd evacuation process.

Numerical simulations are conducted to demonstrate the feasibility of this model. The simulation
results show that this model can successfully reproduce typical collective behavior (e.g., clogging
phenomenon). We also performed parameter sensitivity study of the dynamics growth and the
propagation speed. Results show that with the increase of propagation speed, the evacuation efficiency is
initially promoted sharply and the efficiency begins to decline. Another finding is the psychological
impatience is not always negative to the moving efficiency. At low impatience value, the increase of the
impatience level can improve the evacuation efficiency, while at higher impatience value, the evacuation
efficiency drops continuously with the increase of impatience level. These findings will be helpful to

control pedestrian emotion (e.g.,impatience level) effectively.
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1 Introduction

In the last decades, microscopic evacuation models
have been widely used to simulate the movements of
each pedestrian and the interactions between them
(Zheng, et al., 2009; Ma, et al., 2017; Shi, et al., 2018).
Since they provide detail information of evacuation (i.e.,
overall evacuation time and flow pattern) for the building
designers to adjust their design for efficient evacuation
(Pelechano & Malkawi, 2008). Generally, microscopic
models include continuous structure and discrete
structure models. Social force model is one typical
continuous structure model considering that forces
between pedestrians and between pedestrians and the
wall (Helbing, et al., 2005).In cellular automata (CA)
model, evacuation space and time are discretized and
pedestrians are updated based on the set of local rules at
each time step (Varas, et al., 2007).

Update methods schedule the movement of
pedestrian and thus they are with great practical
importance in evacuation dynamic (Daoliang, et al.,
2006). In CA model, the update methods are mainly
divided

methods. Parallel update method controls all pedestrians

into parallel update and sequence update
update synchronously at each time step and when more
than one pedestrian try to move into the same cell, only
one can enter the target cell and others stay at initial
position (Hu, et al., 2014; Hao, et al., 2010). In sequence
update method, all pedestrians update asynchronously
depending on their update order. Update order can be
determined by either random shuffle update or

fixed-order sequential update methods. The main
difference between them is that in random shuffle update,
the order is randomly permuted every time step and in
fixed-order sequential update the update order is not
changed once created (Saegusa, et al., 2008; Cao, et al.,

2016). However, previous sequence update models just
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generate update sequence randomly and do not reflect
the real evacuation process.

Helbing et al. (2000) considered the impatience of
pedestrians in their development of the social force
model. However, they do not consider the growth of
impatience along with time. In fact, many studies show
that impatience is induced by waiting time. Kumar et al.
(2014) reported that people may experience more
impatience when waiting. The experimental study by
Gjafirian and Reitter (2016) presented that impatience is
induced by waiting.

The problem discussed above clearly indicate the
necessity to develop a new emotion-based model for a
more realistic simulation of the crowd movement. In this
paper, we propose a dynamic impatience algorithm in
which impatience level dynamically grows with time. In
this model, impatience-based sequence update method is
introduced to schedule the movement of each pedestrian.
The dynamic emotion-based update method will be
implemented in CA model to investigate pedestrian
behavior from the psychological way. The paper is
organized as follows. Section 2 introduces the algorithm
for impatience level and the update rule in this model.
Section 3 gives simulation results and corresponding

discussion, followed by conclusions in the final section.
2 Model

In our model, the mathematical equations is
proposed to calculate the impatience level considering
both self-growth and the impatience propagation
between pedestrians. At each time step, all pedestrians
are updated asynchronously following the update method

described below.
2.1 The dynamic impatience model

Helbing et al. used the desired velocity v/ (t) to

represent the impatience of a pedestrian (Helbing, et al.,
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2000) as follows:

v (0) =
[1—pi(®]v7 (0) + pi (V" , where p;(t) =1 -
i (t)/v{ (0) (1)

where v?(t) is the desired velocity at time t and
v is the maximum desired velocity. After taking
derivation of Eq. (1),
v (t)

dvi (t) _ Y
avi(t) 1 v? (0) <0 @

where 7;(t) is the average velocity. According to
2014; Ghafurian & Reitter, 2016), the

dynamic impatience level is velocity-dependent and

(Kumar, et al.,

time-dependent. Let ¢(v,t) be the impatience level at
time t with walking speed v. Applying Eq. (2) to our
proposed impatience model, the following feature of

impatience is obtained:

dp (v,t)
v <0 3)

This equation shows that the impatience level
increases when the pedestrian’s speed is reduced and
vice versa. Zeltyn and Mandelbaum (2004) investigated
impatient customers’ behavior in call centres and found
that the probability to quit the queueis positively
correlated with the service arrival time. The same theory
is also applicable to evacuation process. If a pedestrian
walks slower than the full speed(v,,,, ), the impatience

grows and the growth rate is governed by the algorithm.

Ap;(wit) _ _vi(®) v;i(t)
At - (1 Vmax ) e p [ (Vmax l) t] (4)

where a is a parameter of the impatience growth rate and
At is set to be 0.4sin CA model. When the velocity is
fixed, with the increase of o, the impatience growth rate

is reduced. Jones and Jones (1995) found that emotion
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can spread rapidly through a crowd. This observation can

also be applied to impatience model:

A ( ) j=Total

@i(v, t

B R CICHRICT)E
j=1

For cell in diagnonal directions
Forcell in N, E, W and S directions

Vi =Y
{y,. s (5)
where y; is the emotion propagation speed between
pedestrian i and his/her neighbours j . Total is the sum of
neighbours j. The propagation speed is V2 times for
neighbours in N, E, W and S directions compared with
neighbours in diagonal directions which is consistent
with result in Nilsson and Johansson (2009).The change

in impatience level over time is as follows:

Api(wit) _
At
(1) em[-e (2] +
Vmax ; Vmax ;
j=Total
Zj‘=1om y] ((p] (v]‘ t)_(pi (vi! t)),

Y, =Y For cell in diagnonal directions
6
Y = \/fy Forcellin N, E, W and S directions ©)
The dynamic impatience level at time t+ At is

calculated as the following function:

@ A (v, t 4+ AL) =

O S i G

((pj (v, t)—9; (s, t)) At +

@' (v, t) :
Y, =Y For cell in diagnonal directions

{y,- =2y

Forcellin N, E, W and S directions )
2.2 Floor field method

In our work, the room is discretized into foursquare

cells with sizes corresponding to 0.4 m x 0.4 m. Once the
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room geometry is determined, each cell is labelled with a
constant value called a static floor field (SFF), which
represents the cell’s distance from the exit. We adopted
the SFF method developed by Varas (2007).

2.3 The emotion-based update method

In this model, the Von Neumann neighborhood is
adopted. At each time step, the pedestrian moves towards
the neighboring four cells with the lowest SFF values. A
new sequence update method corresponding to
impatience level was adopted in our model. This method
is based on Nicolas’s finding that an impatient pedestrian
is more likely to move forward than the other relatively
patient pedestrians (Nilsson & Johansson, 2009). In our
emotion-based update method, the pedestrians are
updated in turn according to the descending order of their

impatience level.
3 Simulation result

We consider a two-dimensional lattice representing
a room with an exit, consisting of 32 x 32 sites labeled.
Each grid has approximately 0.4x0.4m? and the
maximum velocity in Eq. (7), , and the time step, At, are
set to be 1m/s and 0.4 s, respectively. Based on the
update method introduced in section 2.2, total 200
pedestrians update their position sequentially. The
simulation will stop if all pedestrians left the room.
Figure 1 shows the snapshots of evacuation process in
different stages. Initially, all pedestrians are randomly
distributed in the room as shown in Figure 1 (a). During
the evacuation process, as pedestrians move towards the
exit, the clogging appears around the exit. Over time, the
size of the clogged area becomes smaller as shown in
Figure 1(c). As shown in Figure 1 (d), in the final stage
of the evacuation, almost all of the pedestrians have left
the room, leading to the number of pedestrian in room

close to zero.
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Figure 2 shows the parameter analysis of both
self-growth rate o and propagation speed y. With the
increase of o value, the evacuation time is reduced
initially and the time begins to increase. Figure 2 (b)
indicates that the evacuation time reaches the minimum
value in y =1. With the further increase of y value,
thought the evacuation time is fluctuated, evacuation
time has an increasing trend.

Figure 3 is the scatter plots of evacuation time
against log of average maximum impatience level
distinguished by different o values and different y values
in Figure 3 (a) and (b) respectively. The result shows that
the impatience level is not always negative to the moving
efficiency. At low impatience value, the increase of the
impatience level can reduce the evacuation time, while at
higher impatience value, the evacuation time increases
continuously with the increase of impatience level. When
a=1, the evacuation process reaches the highest

efficiency.
4 Conclusions

This study presents a new impatience-based update
method for the evacuation process. Both impatience
growth and propagation have been introduced in this
model. To demonstrate the feasibility of this model, we
apply this method into a typical scenario that is
evacuation from a large room with single exit. The
results show that this model can successfully reproduce
clogging phenomenon. The parameter sensitivity study
of the two factors shows that with the increase of
propagation speed, the evacuation efficiency is initially
promoted and then begins to decline. Another finding is
the appropriate impatience level will improve the
evacuation efficiency and lead to a faster evacuation
process. Since it is only a computational study, we will
carry out evacuation experiments to verify the simulation

results as the future works of this research.
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(c)

(d)

Figure 1 The snapshot of evacuation in: (a) t=0s, (b) t=20s, (c) t=40 s and (d) t=60s
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