
Human Behavior Based Evacuation in A Large Room Using 
Cellular Automata Model For Pedestrian Dynamics 

 
 

 

Tri Harsono1, Ali Ridho Barakbah2, Kohei ARAI3, Muariffin4 
Postgraduate of Information Engineering and Computer,  

Electronics Engineering Polytechnic Institute of Surabaya1, 2, 4 
Graduate School of Science and Engineering, Saga University Japan3 

1trison@eepis-its.edu, 2ridho@eepis-its.edu, 3arai@is.saga-u.ac.jp, 4civer.yoshioka@gmail.com  
  

 
Abstract 

 
Comfort and safety of the public service space for 
pedestrians is determined by the availability of facilities 
and infrastructure based on established quality 
standards. One important factor for this condition is the 
existence of a supporting infrastructure for pedestrian 
evacuation, including information related to evacuation 
systems; maps; access to the exit from the chamber. 
Regarding to the evacuation process, in this paper, a 
cellular automaton model is presented to simulate the 
evacuation process in a room. This model defines the 
behavior of pedestrians in three characters, namely: 
partially of them behave as agents; the other ones as 
diligent; and the rest have the character of panic. Some 
simulation results show the model description of the 
pedestrian dynamics. Total evacuation time is 
considered as an indicator of the progress of the 
evacuation and its efficiency. By considering three 
pedestrian behavior, obtained evacuation time getting 
down in a certain density with increasing number of 
agents, this condition also occurs at the time of 
percentage diligent increasing. Contrary to the above 
situation, the evacuation time will increase with the 
increase in the percentage of pedestrians who have the 
character of panic 
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1. Introduction 

Pedestrian flow based on the three methods, namely: 
continuum model, social force model, and cellular 
automata (CA) model. Modeling and analysis of the 
macroscopic of pedestrian flow uses a continuum model. 
Three of the macroscopic variables of pedestrian are 
speed, density, and flow. Some published papers of the 
macroscopic of pedestrian flow discussed about the 
continuum model [1][2][3]. A concept of continuum 
model for the flow of pedestrians including the 
equilibrium system was presented by [1], he compared 
the stability of disturbances in subcritical flows and that 

in supercritical flows. Revisit of Hughes‟s dynamics 
continuum model for pedestrian flow was performed by 
[2] and they developed an efficient solution algorithm. In 
their algorithm is used time-varying for the pedestrian 
generation, the interaction of each variables: pedestrian 
density, flux, and walking speed is performed by the 
conservation equation. An algorithm for an extended 
reactive dynamic user equilibrium model of pedestrian 
counterflow as a continuum is developed by [3]. It is 
based on a cell-centered high-resolution finite volume 
scheme with a fast sweeping method for an Eikonal-type 
equation on an orthogonal grid. The numerical results 
demonstrate the rationality of the model and efficiency 
of the algorithm. 

On the  other hand, method of social force model is 
microscopic pedestrian simulation model. The motion of 
the pedestrians defined by the social force is based on a 
measure for the internal motivation of the individuals 
including the panic behavior to perform certain actions 
(movements) [4][5]. When describing the experimental 
data of pedestrian flows in normal conditions, The Social 
Force Model has some limitations [6]. They modified it 
that consists of a self-stopping mechanism to prevent a 
simulated pedestrian from continuously pushing over 
other pedestrians. By this sample change, the modified 
model have been able to reproduce the specific flow 
rates and fundamental diagram of pedestrian flows for 
normal conditions. The basic theory of the Social Force 
Model has been combined with the Gaussian Puff Model 
[7]. They have applied a Combined Social Force Model 
for a real situation where there is a sudden toxic gas 
event. The model can be used to demonstrate some 
individual behaviors in evacuation, such as competitive, 
grouping and herding. 

The other method of pedestrian flow is cellular 
automata (CA) model. CA has very high simulation 
speed due to the simple rules of it. When be compared 
with the social force model for the pedestrian flow, CA 
model has the calculation efficiency is higher than that 
the social force model. A CA model is a microscopic 
discrete model, in case of the evacuation model for 
pedestrians, characteristics that have been used as 
parameters related to individual behaviors. A two-
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Figure 8. Behavior of the people leaving a room with 

two doors at the time t. Displayed are three typical stages 
of the dynamics with density k = 20% and number of 

agent a = 3, for (a) % diligent d = 20% (% panic around 
80%); (b) % diligent d = 50% (% panic around 50%); 

and (c) % diligent = 80% (% panic around 20%). 
 
 
 
 

4. Conclusion 
In this paper, a CA model is presented to simulate 

the evacuation process in a large room. Characteristics of 
pedestrian classified into three, namely pedestrians 
behave as agents, the others behave as diligent 
pedestrians, and the rest are the panic pedestrians. 
Experimental simulation carried out with the specific 
composition of the density, the number of agents, 
percentage of diligent, and percentages of panic. 

By considering three pedestrian behavior, obtained 
evacuation time getting down in a certain density with 
increasing number of agents, this condition also occurs 
at the time of percentage diligent increasing. Contrary to 
the above situation, the evacuation time will increase 
with the increase in the percentage of pedestrians who 
have the character of panic. 

By using a certain composition of the density, 
number of agents, percentage of diligent, and panic, 
obtained pedestrian movement patterns that the diligent 
pedestrians tend to gather and following the pedestrian 
who behave as agents. While pedestrians who have the 
character of panic have tendency to spread, this situation 
in accordance with their character that have a tendency 
to move with direction uncertain (random) because of 
confusion determining the direction of moving  
  
5. Future Works 
Future studies related to the modeling and simulation of 
the pedestrian behavior in the room in case of an 
evacuation due to a disaster are:  
a. Creating the intelligent agent from some pedestrians 

that can affect and lead the other pedestrians walk 
towards the exit by calm. 

b. Determining the type of disaster that happened in 
the room, such as fires, earthquakes, and other. The 
behavior of pedestrian in a room is depend on type 
of disaster that occurs. 

c. Determining the structure of the room or building 
used in this study to obtain the modeling and 
simulation more realistic. 
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