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ABSTRACT

In the present paper, we propose a dynamic cellular automaton (CA) model to simulate the evacuation
process in a room with obstacles. To make this simulation more realistic, our strategy for updating the
situation of each pedestrian in every step is not only based on the pedestrian interactions, placement of the
doors and position of the obstacles, but also on the distribution of the crowd and field of Vision. In this
approach each cell depending on the positions of the doors and obstacles has a static weight and depending
on the pedestrians distribution has a dynamic weight. In order to describe our algorithm , simulation of the
evacuation process of a theatre room and also a classroom are presented, then optimal pedestrians
positions, field of vision and virtual exits width are discussed and these numerical results are compared
with those obtained.
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1- INTRODUCTION

Model presented in [14] based reform model in [12] , that a dynamic two-dimensional Cellular
Automaton model to simulate the evacuation process in a room with obstacle, to cover Problems and issues
related to incomplete evacuation process in terms of non-uniform. In the above model a person is totally
logical and simple in their decisions to select the appropriate exit, in addition to distance, amount of
congestion would also contribute. But with a little hesitation in the revised model, conditions can be raised
that some passers movements is irrational and unreasonable. Since this problem occurs in the improved
model, in addition to the amount of congestion around the exit doors, road congestion to passers will also
impact. For example, Environment related to the figure 1 is an example of conditions with its
implementation we noticed that people choose red path environment for exit, while is not the same in the
normal model.
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Figure 1: The environment consists of 15 x 15 cells with an exit door and 27 pedestrians

* Corresponding Author: Ashena Mahmoodi, Department of Computer, Krmanshah Branch, Islamic Azad
University, Krmanshah, Iran
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Figures 2 and 3, respectively, model [12,13] after 5 and 10 stages on the environment is related to figure 1:
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Figure 2: Environment related to figure 1 after the 5 stage, according to the model provided by Varas.
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Figure 3: Environment related to figure 1 after the 10 stage, according to the model provided by Varas.

And against with 5 and 10 stage related to model presented in (see [1-10]) , [14] on environment of figures
4 we reach figures 4 and 5.
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Figure 4: environment related to figure 1 after the 5 stage, according to the model provided
in [14].
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Figure 5: environment related to figure 1 after the 10 stage,
According to the model provided in [14].

2 - Model description
Certainly in Figure 1, those persons that marked with green, has choose absurd way for evacuation, And
it is better that some pedestrians, rather than choosing red path, use a path that includes side cell
environment (green path), Although these cells are longer than red path, but if we consider the delay
because of the pedestrians congestion on the red path, the red path is much better for some people.
In the next section, in addition to the parameters such as position of exit doors, pedestrian distribution,
obstacle position . . . [11] other parameters as "Field of Vision™ will consider. Before that, let us introduce
the word "Virtual Exit". A set of cells to prevent the line between two separate call a virtual exit, As seen in
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the hypothetical environment of figure 6 we consider the cells between tow hypothetical barrier A; and A,
as read exit and also as a virtual exit which the virtual exit is with width 2 cells. For further information, set
of hypothetical barrier cells between cells E2, E1 or D1, E1 or E2, F2, are each virtual exit separately with
a cell width.
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Figure 6: an environment in which the number of virtual exit have specified.

As in the past, we show Virtual Exit width A with da.

In order to consider the distribution of pedestrians during the evacuation process, we construct a
dynamic floor field. Here the CA is equipped with an engine which processes the distribution and computes
the weight of the cells in every step. In this model for determining the weight of a cell x with respect to a

virtual exit A in the ith step WiA(X) , we consider two following parameters:
. A . . .
() Wstatics (X) : The distance from x to virtual exit A.

A
(ii)Ti_1 (X) : The required time need during the time i-1 which persons from the cell X get the virtual exit
A. We set:

W (X) Wstatlcs (X) Ta 'Ti—Al(X) 3.1)
H_J H_J

static weight dynamic weight
Where:
‘PA(X)‘4—‘ EA ()

T (0 e

A
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PA(x) = { y ‘ Wi () <Wari (X)), v is occupied by a personin the ith step }

and:

EA(X) = { y ‘ W (Y) =W2A.  (X) ,yis occupied by a person in the ith step }

A A
Indeed Pi (X) ( Ei (X)) is the number of pedestrians which have less (equal) distance than (to) x

from the door A in the ith step.

Concept of distance in the above formula, compared with other concepts presented so far have been a
little different because previously distances than the main exit doors were calculated , but now to calculate
distance for each pedestrian, we independently doing, first, determine the most appropriate virtual exit for
each pedestrian and then calculate his distance to Virtual exit above.

But how to find appropriate virtual exit? We act as follows:

(@) . Determine all virtual exit of environment.

(b) . According to the algorithm presented in [14], for each person determines the appropriate
exit.

(c) . A pedestrian may selected virtual exit are many, in between these virtual exits, the virtual
exit that according Metrics presented in [14] is closer to the door will be chosen.
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Figure 7: Paths, that pedestrian specified in green Aided them can go outside of environment.

In figure 7, for each specified pedestrian there are three path R; and R, and Rs, that virtual exit g is
related to the path Ry, virtual exit f is related to the path R, and virtual exit d is related to the path R3.

Among them, virtual exit d as appropriate exit and path R; as appropriate path is selection. Therefore,
to calculate the distance to the pedestrian specified, we consider the virtual exit D. It should be noted that,
for each pedestrian in every phase of displacement, all the above steps are repeated independently. Figure 6
and 7 show respectively the simulation environment of figure 1 based on Model presented in [14] and the
current model, after 5 and 10 steps. Their evacuation time according to above models, respectively, is 90
and 65 stage.
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Figure 8: Figure 1 after 5 steps, according to model presented in [14] (a) and the current model (b).
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Difference in the number of pedestrian who leave the environment in the early stages of
implementation of the algorithm according to the above two models is not noticeable, But after a few
implemented, the situation will change, and number of people who have left the environment will be more
(Fig. 10).
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Figure 10: Comparison of evacuation time in figure 8 according to new model, VVaras model and
model presented in [14].

As shown in the figure, at first the new model, may act the same as the model the former model, but as
more time passes the performance is determined.
In the following diagram, excellence model can be better understood.
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Figure 11: Comparison of evacuation time in figure 8 according to new model, VVaras model and
model presented in [14].

3 — Simulation results

In this section, we intend to compare current model and former models and investigate the effect of
field of vision. Also we present the effect of this parameter on evacuation time. For this purpose we give
two examples, and their performance in the above model will look precisely.

Example 1

In this example we consider theater look like figure 8 with 56 persons. Suppose for leaving the theater
you should leave the theater and after passing the corridor, leave the building completely.
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Figure 12: A theater with 56 persons.

To evacuation people in the environment according to the former model, we need 125 stages, but
according to the current model we need 90 stages. As we said earlier, this difference due to the impact of
field of vision is to find a suitable route, that reduces the amount of congestion in each path to be. After the
necessary considerations, reached to diagrams of figure 13 and 14.
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Figure 13: Comparison of evacuation time in figure 10 according to new model, VVaras model and
model presented in [14].
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Figure 14: Comparison of evacuation time in figure 10 according to new model, VVaras model and
model presented in [14].
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Figure 15: an environment with 56 persons.

After the necessary considerations, we reached to results similar to the Figure 10 and 11.

4- Conclusions

In this paper, a dynamic CA model was proposed to simulate the evacuation process with obstacles. The
model has been designed in such a way that persons in every step consider the position of the obstacles,
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exit doors, virtual exit doors and distribution of the crowd and make the best decision for exit. Our
simulations show that:

» The evacuation time in the dynamic case is efficiently less than the static case.

If distribution of the pedestrians is uniform, then the static and dynamic models give the
same results.

The new model may not work well early run. But when continue to work, is much faster and
more logical works than the two former models in [14].
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