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Simulation of Evacuation Dynamics of Three Types of
Pedestrians with Morality

Sang-Hee Lee

ABSTRACT

The problem of evacuating pedestrians from a room or channel under panic conditions is of obvious importance
in daily life. In recent years, several computer models have been developed to simulate pedestrian dynamics.
Understanding evacuation dynamics can allow for the design of more comfortable and safe pedestrian facilities.
However, these models do not take into account the type and state of mind of pedestrians. They deal with pedestrians
as particles and the state of mind as a social force, which is represented by conservative and long-range interactions
between individuals. In this study, I used the lattice model proposed in my previous study to explore the evacuation
behavior of pedestrians with morality. In this model, three types of pedestrians are considered: adults, children, and
injured people. Collisions between adults and children result in injured people. When the number of injured people
continuously in contact with each other reaches a given value £, the injured people are removed from the lattice
space. This situation is the same as that in which pedestrians start stepping over injured people. This behavior was
interpreted as the morality of pedestrians. Simulations showed that the evacuation showed down and eventually
became jammed owing to the injured people acting as “obstacles” in relation to the morality £.
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1. Introduction

In recent years, vehicular traffic and pedestrian flow

have attracted considerable attention in the field of

[1-5]

physical science’ . Many observed self-organization

phenomena in vehicular traffic and pedestrian flows have

been successfully reproduced by the use of various models:

cellular automaton models®”

1,5,8]

, lattice gas models of

(31 and

biased-random walkers! , car-following models
hydrodynamic models ™. In particular, a one-dimensional
cellular automata(CA) model is widely used to explore
highway traffic, and a two-dimensional CA model is
primarily utilized to understand city traffic””. In contrast,
a lattice gas(or fluid) model has been extensively used to
investigate pedestrian motion in evacuation situations'*'".
It has also encouraged physicists to study evacuation

12-14
processes[ ].

These studies have revealed physical
phenomena such as dynamical phase transitions and
nonlinear waves'”. However, in spite of the similarities
between pedestrian and vehicular flows, the former has
not been studied as extensively as the latter"'®), because
pedestrian movements are more complex and chaotic in
several aspects. In the present study, we explored the
pedestrian behavior in urgent situation.

In this study, I used the lattice type model proposed
in my previous study'” in order to understand the
evacuation behavior of pedestrians with morality. What
we address is the morality of pedestrians. The pedestrians
consists of adults, children, and injured people. The
three types of pedestrians are distinguished by their
drift strengths. “Adults” move in a preferred direction,
whereas “Children” move in a more random way. Injured
people have no drift strength. I showed that a jamming
transition occurs at a critical pedestrian density on lattice
space. I further demonstrated the dependence of the
jamming transition on the different densities of pedestrians
entering into the system and the various moralities.

This paper is organized as follows. First, I describe
my model. Then, I present results from simulations with
a parallel update under periodic boundary conditions.
Finally, I discuss the simulation results in order to provide
insights into how the model used in this study can be
applied to various situations for pedestrian flows.
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2. Related Work

Pedestrians are more intelligent than vehicles, and they
can choose an optimum route in a given circumstance.
And pedestrians are more flexible in changing directions
and not limited to “lanes,” unlike vehicular flow. A
slight bumping between pedestrians is acceptable and
not absolutely avoided, unlike traffic flow models. The
pedestrian’s properties mentioned above make the
understanding difficult. However, to know the behavior
is important in our life. It is necessary to know the flow
rate of pedestrian for rush hour and panic escape. It is
also important to avoid the jammed state of pedestrians in
the channel of the subway. In simulation studies, pedestrian
flows have been mimicked by using interacting particles.
Henderson conjectured that pedestrian crowds behave
in a similar way to gases or fluids!"™. Helbingm has
shown that human trail formation is interpreted as self-
organization effect due to nonlinear interactions among
persons. Muramatsu et al.™” proposed a biased random
walker model to mimic the pedestrian counter-flow in
the channel of a subway. They have found that the
Jjamming transition occurs in the pedestrian counter flow
within a channel when the density is higher than the
threshold. Tajima et al."” have shown that the clogging
transition occurs in the unidirectional channel flow with
a bottleneck if the density is higher than the threshold.

These studies mentioned above are helpful to understand
pedestrian’s behavior in evacuation. however, they had

limitation in considering pedestrian’s morality.

3. Model description

3.1 Model formulation

The model for pedestrian flow was established in a
channel under open boundary conditions. The channel
is represented by an L x W(W = 20100 and L = 200)
site grid, where L and W are the length and width,
respectively, of the channel. Pedestrians enter the channel
from the left boundary(entrance) and leave the channel
through the right boundary(exit). The density of pedestrians
on the left boundary is set by the constant probabilities
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Fig. 1. All possible configurations of pedestrians in lattice
space. The gray, black, and striped cells represent
adults, children, and injured people, respectively.
The arrows indicate the movement direction of each
pedestrian

Pgurs and Pepizaren. When a pedestrian arrives at the right
boundary, it is removed from the channel; when the
pedestrian reaches the top and bottom walls, the pedestrian
is reflected by the wall.

Figure 1 shows all possible configurations of a
pedestrian’s movement. Pedestrian movement has three
fundamental elements: forward stepping, cross stepping,
and waiting. Forward stepping means that a person
moves toward the front site in the forward direction.
Cross stepping means moving in a diagonal direction
between a side site and front site; this movement occurs
when a person on the side and person on the front
interfere with movement. Waiting means not moving
owing to the presence of an injured person. In this model,
pedestrians cannot pass over injured people until the
latter are removed from the lattice space. This waiting
behavior is interpreted as the morality of the pedestrian.
The arrow sign indicates the movement direction of each
pedestrian. Each pedestrian can move only one site in a
time step. The update is synchronous for all pedestrians.

In this study, Pab denotes the probability of movement
of pedestrian b in direction a, and Db denotes the drift
strength of pedestrian b. Here, subscript a can be F
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(forward), R(right-cross), or L(left-cross); subscript b can
be “1” (adult) or “2” (children). The following rules were
formulated to decide how each generation is determined
from the previous one:

PF1:D1+(1-D1)/3, PR1:PL1=(]-D1)/3
for configuration (a),

Pri=0,Pri=P;=0.5 for configuration (b),
Pri=1,Pr;=P1;=0 for configuration (c),
Pri=Pg;=0,P1;=1 for configuration (d),
Pr=P1;=0,Pg;=1 for configuration (e),

Pri=D;+(1-Dy)/2, Pri=0, Pr;=(1-D;)/2
for configuration (f),

Pr=D;+(1-D))/2, Pri=(1-D;)/2,P1;=0
for configuration (g),

Pri=Pg;=P1;=0 for configuration (h),
PF1:D1+(1—D1)/3, PR1:PL1:(]—D1)/3,
Pry=D>+(1-D)/3, Pro=P1,=(I-D>)/3
for configurations (i), (j), and (k),

Pp=Pr;=P1;=0 for configuration (I).

Injury can occur only when an adult and child collide.
As soon as they collide, they become injured. When a
child collides with another child or an adult collides
with another adult, no injury occurs. This explains what
will happen just after the injury events of (i), (j), or (k).
Pedestrians behind injured people cannot move until
the number of injured people continuously connected
with each other reaches a given threshold value k. This
value can be interpreted as a kind of morality of the
pedestrians, which is important in areas with high pedestrian
density. When more than one pedestrian competes for
one cell, only one will be chosen randomly, with equal
probability.

Similarly, the pedestrian transition probability Pab
can be defined for the possible configurations when
children may encounter children, adults, or injured
people. In this simulation, I used the drift strengths of
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D; = 0.9(adults) and D, = 0.5(children). I assumed that
adults know where they are going, how to get there,
and have a very low probability of being distracted on
the way(purposeful and familiar), whereas children are
relatively unsure of how to get there and as a result
may get distracted(purposeful and unfamiliar).

3.2. Flow—Chart of the present model
To facilitate understanding for the relationship among

moduls of the present model, flow-chart is presented as
follows;

I. Pedestrian Introduction Module

1 Generation Pedestrians
- Adults generation at the left boundary)
- Children generation at the left boundary)
2. Pedestrian Movement
3 - Generating random number in [0.0-1.0]
If the random number > Py
Then right turning
If the random number > P_
Then left turning
If the random number > P:
Then going straight

!

I1. Pedestrian Collision Checking Module

3. Collision Checking
- Location checking for pedestrians
4. Checking adult-children collision

!

IT1. Injured People Generation Module

5. Changing adult-children to injured people
7. Flowing time after collision between
adult and children > Recovery time

8. The injured people becomes normal
pedestrian

4. Simulation results

Figure 2 shows the time evolution of pedestrian dist-
ribution in the lattice space for children, injured people,
and adults at ¢ =1,000((a)~(c)), = 5,000((d)<(f)), and
t =15,000((g)1)), where Pepiigren = 0.5, Paguis = 0.8, k =
5, L =200, and W = 60. Each solid dot represents a
single pedestrian. While the patterns at snapshots of ¢ =
1,000 and 5,000 showed typical well-moving flows, the
snapshots at ¢ = 15,000 represent the typical pattern of
jamming, In this case, adults and children become injured
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Fig. 2. Time evolution of patterns of pedestrians at (a)—(c)
t=1,000;(d)—(£)#=5,000;and(g)-(i)t=15,000,where
§=5,Paauiis= 0.8, Pepitare= 0.5, L=200,andW=60.

people mostly near the entrance. This eventually causes
pedestrian jamming.

I investigated the pedestrian flow rate J, where <Jygus>
is for adults and <Juare> is for children, against different
values of the entrance densities of Puaus and Pepitaren-
The flow rate is defined as the mean number of
pedestrians moving through the exit per unit time for
a sufficiently long time when the pedestrian flow reaches
a steady state. The flow rate is measured by averaging
10 samples over 50 time steps. Figure 3 shows the plots
of pedestrian flow versus Puuus for different Pejigren at
k =2 and 6. As the values of Peuren became higher at
morality k = 2, <Juiagrer> decreases with Paaus(Fig. 3(a)),
while <Juaus> increases with Pau(Fig. 3(b)). With an
increase in the number of adults entering the channel,
the collision frequency between children and adults also
increased. As mentioned above, whenever a collision
occurred between a child and an adult, they became
injured. Therefore, the number of children entering the
channel decreased with the increase in collision frequency
(Fig. 3(a)). Otherwise, even though the number of adults
also decreased with increasing collision frequency, the
higher Puuus value compensated sufficiently for the loss
of adults. This is why <Juaus> increased with Pogus
(Fig. 3(b)).

At higher values of k(k = 6), it was difficult for
pedestrian flow to move owing to the higher morality,
which acted as a major obstacle and eventually caused
a lower flow rate of pedestrians(Figs. 3(c) and (d)).
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Fig. 3. (a) Saturation flow rate of children <Juuer> versus density of adults P.uus for various Peuigren at morality k=2.
(b) Saturation flow rate of adults <Juuus> versus density of adults Puuus for various Peuigren at k=2.
(c) Saturation flow rate of children <Jjig-en> versus density of adults Puus for various Peidren at morality &=6.
(d) Saturation flow rate of adults <Juuus> versus density of adults Puuus for various Peuigren at k=6.
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Fig. 4. Saturation flow rate of (a) children Jusigren and (b) Juauns versus density of adults Pugus for morality £=2,3,4,5, and 6 when
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Figure 4(a) shows the plots of saturated flow rates of

children <Juiarer> versus the entrance density of adults
Padults for five different moralities(k = 2, 3, 4, 5, and
6). The saturated flow rate <Jurer> decreased with

increasing Padults. For k£ = 2, slow jamming occurred

because the lower value of k played an important role

in preventing the accumulation of injured people. The

critical entrance density of pedestrians, P, indicated by

H20 AMiE 2011 3¢



—m—p =01

1D s
—-o—F_ =02
—8—p =03
[B: ! —O— PN_- =0.4
. —a—P_ =05
—A— P“_ =0.6

e
\

[E B a

P.(children)

D2+

[ 1]

[

Morality (k)

P_{aduits)

Fig. 5. (a) Plots of critical density P.(children) for children entrance density Pepigrenversus moralityk.
(b) Plots of critical density P.(adults) for adult entrance density Puusversus moralityk.

arrows was defined as the density when the saturated
flow rate became almost zero. With increasing morality £,
the critical entrance density P, for children decreased.
This is owing to the increase in injured people acting
as “obstacles” in the vicinity of the entrance. Figure 4(b)
shows the plots of the saturated flow rate of adults
<Juaus> versus the entrance density of adults, Pagus.
The saturated flow rate <Juuus> increased with increasing
Poauis. The fluctuation in Jadults was attributed to the
nonlinearity caused by the injured people. The trend of
decrease(Joniaren) OF increase(Juaus) as shown in Fig. 4
can be explained in a manner similar to those for trends
shown in Figs. 3(a) and (b).

Figure 5 shows the plot of the critical density P. versus
the morality & for (2) Puaus = 0.170.6, Pepitgren = 0.1-0.9
and (b) Peitgren = 0.170.6, Paaurs = 0.1-0.9. As morality
increased, the critical density Pc for children or adults
decreased. With larger morality, a pedestrian is confronted
with a large obstacle posed by injured people. These
obstacles impede the movement of the other competing
pedestrians.

5. Discussions and conclusions

The simulation of traffic and pedestrian motion has
attracted much attention in recent years. It is necessary
to study the motion of pedestrians in various emergencies
such as a fire in a room, because the obtained results
can aid the development of space-efficient designs for
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the interiors of buildings, bridges, or heavily congested
metropolitan areas. For example, it is useful to know
how to lead persons through a shopping mall or how to
increase the efficiency of an evacuation process onboard
a cruise ship. The latter point is of interest to ship
designers when they are designing corridors and stairs
that can allow for fast evacuation while providing as
many cabins as possible. It is also interesting for insurance
companies to evaluate the risk to passengers on such a
ship. In this study, I used a lattice model to understand
the evacuation behavior of three types of competing
pedestrians with morality in a pedestrian channel flow.
A jamming transition occurred when the moving phase
transformed to the jammed phase, at the critical entrance
density of pedestrians, P.. As morality increased, P.
decreased. I numerically proved that injured people and
morality have a significant effect on pedestrian flow.
To the best of my knowledge, this study is the first to
show dynamical jamming transition occurring in pedestrian
flow with three types of pedestrians with morality
under open boundary conditions. The model I used in
this study was considerably simplified in terms of pedestrian
behavior in order to decrease the number of variables
involved in mimicking real pedestrians. For this reason,
the simulation results may deviate from real pedestrian
behavior. However, this model has high potential for use
by clients, practitioners, and developers in the decision-
making process for the planning and design of pedestrian-
frequented areas.
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