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Abstract

It is an important issue that all occupants should be able to evacuate to safety from sports stadium under emergency. The behavior
of occupants is quite complex, and individual behavior will greatly affect the result of the evacuation. Such as the phenomenon of
counter-current behavior, sub-group behavior, following behavior and so on. In this paper, we mainly study the counter-current
behavior, and a system simulation model is presented, which based on the agent technology. And in order to study the effect on
evacuation, two cases have been studied to analyze the impact of evacuation. Simulation processes and results display that the
counter-current behavior will be harmful for the movements of people. Simulation processes and results display that the model is
very close to real movements of people.
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1. Introduction

In recent years, the socio-economic and sports architecture have been experiencing surprisingly rapid growth, and there are
more people in the building. In order to simulate the behavior of evacuation, we not only consider the environment, but also
consider the social relationship. And the work on human behavior has attracted a lot of researchers, such as Mr. J. D. Sime who
has made a lot of useful studies on the affiliation model and movement with a panic [1].

It is not easy to predict evacuation performances for sports stadium with complex layouts. The situation will become even more
sophisticated when considering the interaction between occupants and other factors. The development of simulation models
makes it possible to find out relevant quantity distribution in field without practical experiments. The investigation on human
psychology and behavior play an important role in the research on evacuation efficiency. In this paper, a basic Agent-based
evacuation models is applied to study the typical behavior of counter-current and to investigate the disadvantages of the
evacuation caused by the kin behavior.

2.Model

Under the guidance of a complex adaptive system theory, the Agent-based evacuation models combined cellular automata model
and computer simulation techniques to study complex systems. It is an effective method.

A. Individual Decision-Making Model
Agent is an emerging technology in the field of artificial intelligence and computer software. It has the following features [2]:
e Autonomous: Agent can conduct some control of their acts and internal state, it can operate without direct intervention by
human or other agents.
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e  Social: Agent can communicate with other agents.
e  Reactive: They can sense the environment and respond promptly to environmental changes.

The agent can not only reflect the environment, but also take the initiative to achieve the goal. And it can be driven by various
factors with time flow. The individual decision-making model (as shown in Fig.1) is proposed.
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Figurel. Individual decision-making model

As shown in the agent model, we know that within a certain viewing range the agent could take actively by individual perception,
judgment and response. And in this paper we introduce the conception of neighborhood to simulate the effect of local visual field.
Around each agent, there exists a neighborhood, which could simulate the occupant’s view field in some case. The current state
parameters of the gird within the neighborhood will affect the agent’s decision in the next step. And in the model, we select Moore
neighborhood [3] (as shown in Fig.2) as the neighborhood of each individual. The current behavior of each individual is totally
decided by the environmental parameters within the neighborhood and the cooperation with other agents. It is reasonable that the
movement of people in the building is normally based on the local environment rather than the whole building.

Figure2. Moore

B. Gird model

In this paper we will use the CA model which is a two-dimensional grid, CA-based pedestrian flow model has been defined on a
discrete M x M cell grid in a two-dimensional system, and the size of a grid corresponds to 0.4m x 0.4m , which is the typical
space occupied by an occupant in a dense crowd [4]. Each sell can either be occupied by one pedestrian or empty. The simulation
procedure is divided into discrete time steps. In every step, the individual can only select a cell. It means that the evacuation model
generates all the occupants in the environment and produces the simulation for each occupant at each time step, the agent may
choice made concerning pause or movement. And the agent need to select the possible moving directions in the 9 directions [5] (as
shown in Fig.3).

Figure3. Possible moving directions of each agent
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C. Individual behavior model

The behavior response to the emergence is complex with changing situations. In order to understand the typical behavior, we
should consider the influence on environment and the socio-psychological between the individuals.

During evacuation the kin-behavior is very important, such as : the behavior of going with the crowd (means one gives up his
own mind and takes the actions as the most people behavior around), get together (occupants are willing to close with the crowd
before evacuation), counter-current and entering the room again (the main purpose maybe saving personal belonging, help other
people and so on), the counter-current is normal, such as, parents often backtrack if their children are lost or people go back to
retrieve their valuables, but the backtrack behavior will bring negative influences and be harmful to other occupant, so we mainly
research the counter-current behavior in two aspects in this paper: First, the children are stay in the room until their parents are
coming, and it means that the people is stay in place until others to help them; Second, the children will move to the exit without
waiting for their parent.

D. Math model

The agent decision model was constructed through the integration of intelligent simulation methods including agent technology
and rule reasoning etc. As a representation of the occupants, the agent makes decision on behavior at each time instant according to
certain rules [6].

To different occupants the behavior will be different, we can study the behavior for different agents [7]. And the math model will
be different, such as the sub-groups which will get together before simulation, but the counter-current occupants will backtrack to
the Sports Stadium, in this paper, we will study the counter-current behavior.

At each time step, each agent need to decide the target exit, the optimal or sub-optimal direction, but to the counter-current agent
before moving out the stadium. They need to decide the backtrack behavior, in order to help other people or get back their values
which are lost in the stadium.

1) The backtrack action

In this paper we mainly research the counter-current behavior. For the follower occupant, the behavior can be divided into two
categories.

One is that the follower will move to the exit without consider the leader, if the distance between the leader and the follower is
less than D. The other is that the follower will take back behavior until the distance reaches the give value D. But the backtracking

behaviors are all affected by the attraction Gg of the counter-current individual.

G, could be expressed with the following formula:
. . SN2 . N2
G, \/(XLI —xé) +(yL' —yé) (1)

Gy

the distan ce of Gé is less than D,

G - the evacuationof the follower isnormal @
g 0 the distance of Gé islargethan D,

the follower will backtrack

D=Axn, (xﬂ, yﬂ) is the location of the leader, (xiF , yiF) is the location of the follower, A is the size of the grid, nis the
coefficient of the regulation distance.

2)The wait behavior
The leader will take different actions, as define in the following function.
0 the distance of g'g islessthand,
3 the leader will moving

9 |2 the distance of g,islargethand, ®)
the leader will waiting

The function of g'g is the same to G'g.

3) The general action
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The occupant in order to the safe area, they need select the target exit and the move direction [8], and the process is the same to
every occupant.

According to the process of evacuation, the target exit is abstracted asE,,,, and it could be expressed with the following
formula:

E,=f(R,+0,+D,+d +p, +0,) )]

Where Py is the number of people in the viewing range. Oy is the number of obstacle in the viewing range. Dy is the function
of distance and dt' is the distance between leader and follower. pt' is the occupant density of viewing. o, is the obstacle density of

viewing.
The function of P,; is shown as follow:
Prt = f (pt) ®)

Where p, is the number of the occupants in the viewing .

R= 2 R0

X,y')eR (6)

. Co 1 occupied by occupant
f(x,y)=
While f (x,y) {0 empty
The function of O, is shown as follow:
On =f (Ot) 7

Where o, is the number of the obstacle in the viewing range.

0, =( Z f,(x,y")

X,y")eR (8)

1 occupied by obstacle

While f,(x,y)= {o empty

The density of people and obstacle are shown as follow:

P = NULM )
C 0t
O = NOM (10)

NUM is the number of the grid in the viewing.
The function of D, is shown as follow:

Drt = f (dt) 11)

Where d, is the function of the distance, and d, could be expressed with the following formula:

2 2
d, = (X% +(y - Vr) (12)
Where (x, y) is the location of the 9 moving directions, (x,y,) isthe location of the exit.

d; is the distance between the leader and the follower:

0, = -%) +(v- %) 13)
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Where (x,, y,) is the location of the leader, (x,,y,) is the location of the follower.

There is a probability between the optimal and sub-optimal direction. Such as we set the probability of the optimal direction as
90%, then the probability of the sub-optimal is 10%. The agent will select the direction between the optimal and the sub-optimal
according to the probability.

3. Simulation and result analysis

E. Simulation

This article considers that occupants are familiar with the architectural environment. Occupants are generated randomly before
evacuation starts. The initial location and inherent qualities like gender are randomly given to each individual. Then some
evacuation properties relevant to qualities are assigned according. And different individual will have different properties.

In this paper, we will use the framework as shown in Fig.4.

Figure4 The framework of simulation evacution model for counter-current behavior

As shown in Fig.4, the character of the environment and the occupants are as follow:
e The studied building covers an area of 17.2m>2.8m.

e  There are 82 pedestrians in the building, and in order to reflect the phenomenon of counter-current we set the individual
with blue color in the building (as shown in Fig.5 (a)), and the shape of counter-current is rectangle.

e The stadium is one-way corridor, and the direction of movement is right, and the width of the corridor is 5 gird.
e In order to simulate the counter-current behavior, in this paper, we use two cases to simulate the behavior.

1)Case 1: The backtrack behavior
The total number of the agent is 82 and the counter-currents have 6 occupants. We define the backtrack agent as the follower,
and the other one is the leader.

(d)
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Figure5 Evacuation of counter-current behavior with moving leader

From Case 1 we can see that:
a) During the evacuation the non-counter move to the exit spontaneously (as shown in Fig.5(b) ,(c) and (d)).

b) In the evacuation process, the leader moves to the exit and the followers have move to the opposite direction which is
away from the exit, there is an apparent counter-current behavior (as shown in Fig.5(b) and (c)).

c) An clogging behavior can be observed (as shown in Fig.5(b)and (c)), and with the developing of clogging behavior the
crowd becomes denser and denser.

d) In the evacuation process, with the counter-current, An blocking behavior can be observed (as shown in Fig.5(b)and (c)).
e) The leaders move to the exit without waiting the follower occupant (as shown in Fig.5 (b), (c) and (d)) .

With different capacities of individuals, there are casualties as the time flow (as shown in Fig.5 (d) and (g)).

Through changing the number of the counter-current occupants, we can see that when the number is different, the evacuation
time and steps are different, and the conclusion is given in table I.

TABLE I EVACUATION TIME AND STEPS

Counter-current Evacuation Evacuation

number time(s) steps
3 48.9 2034
6 59.6 2214
12 76.6 3198

From the table we can see that as the increase of the counter-current number, non-linear increase can be shown in the evacuation
time and steps, and the efficiency of evacuation is decrease.

2) Case 2: The waiting behavior
The occupant number is 82 and counter-currents is 6 occupants (as shown in Fig.6), which is the same to the backtrack behavior.
But in the simulation we mainly study the waiting behavior of the leader, who will wait the follower until the distance achieves the
given value (as shown in Fig.6).

ﬂz " m.:::.r ] I.I .::.::i
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Figure6 Evacuation of counter-current behavior with waiting leader

Form the case, we can see that the result is the same to case 1, except that during the simulation, the leader will wait in the
location until the distance between the leader and the follower achieves the given value, and then the leader will begin to move to

the exit, and the evacuation process is normal.

When the number of the counter-currents is different, the result must be different, as shown in table 2.

TABLE II. EVACUATION TIME AND STEPS
Counter-current  Evacuation Evacuation
number time(s) steps
3 52.1 2134
6 67.9 2336
12 127.5 3971

From the table we know that as the increase of the counter-current number, the phenomenon of non-linear increases can be

shown in the evacuation time and steps.
F. Result analysis

From the two cases, we get the result when there is the behavior of counter-current, the efficiency of evacuation is decrease. As

shown in table 3, the counter-current number is 6 or 0.

TABLE III. EVACUATION TIME AND STEPS
Counter-current  The leader  Evacuation Evacuation
number state time steps
0o e 52.3 1906
6 move 59.6 2214
6 wait 67.9 2336

From the table, we can see that when there are counter-currents, the evacuation time and steps are non-linear increase and when
the leader is waiting in the place, the evacuation time and steps are corresponding to increase in time. Thus, the above data showed
that the presence of counter-current not only hamper the normal evacuation, but also extend their evacuation time, and seriously
disrupting the orderly, making the evacuation time and steps increase. Therefore, the counter-current phenomenon reduced the

efficiency of the evacuation.

Through the simulation we also get a result that with different capacities of individuals, the casualties can be observed as time
goes on. And the more number of the counter-current, the more casualties can be shown in the building. From the result, we
concluded that we should try to avoid the counter-current phenomenon in the actual evacuation.
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4.Conclusions

With the increase of processor power and memory capacity of modern computers, it becomes more and more popular and
effective to conduct simulation experiments on computer. In this study, an evacuation simulation model based on individual
decision-making is proposed, which aims at simulating counter-current phenomenon. By the simple rules, the model consider the
social force among pedestrians (such as the attraction between the pedestrian, and mainly to the counter-current
pedestrian). Through the simulation we concluded that the counter-current phenomenon may reduce the efficiency of evacuation.
And with the increase of the counter-current occupants, there will non-linear increase in evacuation time.

From the simulation, we can see that the model is easy to operate and verify, and the results are demonstrated to be qualitatively
correct, and the model is useful for the reality. In future work, we would like to perfect the model and the evaluation methods of the
evacuation efficiency for architectural plans.
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