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Abstract: Simulation of pedestrian evacuation flow in aroom with fixed obstacles is presented based
on cellular automata (CA) in this paper. Pedestrian moving rules are established, according to
two-dimensional cellular automaton Moore neighborhood. The dynamic parameters are formulated to
smplify tactically the decision-making process of pedestrians, which can reflect the pedestrian
judgment on the surrounding conditions. We propose the improved Dijkstra metric to compute the
values of static floor field for evacuation system with obstacles based on the Euclidean distance. The
simulation results of the improved and previous model are compared and analyzed. Simulation results
show that evacuation time decreases nonlinearly when exit width is increased, there is a linear
relationship between evacuation time and pedestrian density. The simulation results correspond with
the actual, it isinstructional significant for pedestrian evacuation.

Introduction

Cellular automata (CA) model has been adopted widely and well received as an effective tool in the
study of this sphere [1], a rea-coded cellular automata [2] is proposed to simulate the pedestrian
dynamics in evacuation. The evacuation process with obstacles is simulated using lattice gas model. A
floor field model [3] was modified to simulate pedestrian evacuation flow with internal obstacles and
multi-exit. Dynamic Parameters Model [4-9] has been used to simulate and study the pedestrian flow.
An improved dynamic parameter model [10] is presented, which reflects the judgment of pedestrians
on surrounding conditions and the action of choosing or decision. It is well accepted that rational
pedestrians are intelligent and adaptive to the dynamic conditions around by constantly seeking and
choosing an optimum route. So pedestrians intend to leave room within the shortest possible time, will
try to reduce the evacuation imbalance caused by obstacles. However, the model [10] has not been to
taken into account the impact of obstacles on pedestrian evacuation, the obstacles will have an impact
on pedestrians’ evacuation routes and evacuation time, which is essential for pedestrian safety. In this
paper, the DPM with obstacles based on model [10] is presented to simulate the decision-making
process of pedestrians, considering the effects of obstacles and jam around exits.

M odel description

The model is defined on a discrete (W+2) *(W+2) cell grid in the two-dimensional system, pedestrian
cannot pass through obstacles and must leave evacuation system through exits. After leaving system,
pedestrian will not reenter the room. In each discrete time step, pedestrians choose to wait or move to
the next possible position in the movement field (see Fig. 1(b)). A 3*3 matrix of transition payoff (see
Fig. 1(c)) is constructed.
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Figure 1 Simulation model of evacuation pedestrian

Direction-parameter: Once the geometry of the room is determined, each cell is assigned a
constant value representing its distance to the exit. The smaller distance, the greater attractiveness it
has. However, model assumes pedestrians cannot pass through obstacles, so pedestrians must reach
destination detour or avoid obstacles. We propose the improved Dijkstrametric to compute the values
of static floor field based on the Euclidean distance. We define the cells around obstacles which
pedestrians must pass through as hinge cells, the direction will change while imaginary flow via hinge
cells. There is an hierarchical relationship between the hinge cells, exits are defined as the first-class
hinge cdlls, imaginary flow following pass through second-class, third-class, ..., i th-class hinge cells,
the i th-class hinge cells are the parent of the (i+1)th-class hinge cells and the offspring of the
(i-1)th-class hinge cells. Every cell has parent hinge cells and all parent hinge cells attributes to exits,
the value of static floor field is te sum of straight-line Euclidean istance between parent hinge cells.

B P-tabbed cell [ E-tabbed cell
[ celiposiion [  obstacle B obstacle O hinge cell
O hinge cell > imaginary flow > imaginary flow == imaginary line
(8) The evacuation route chain. (b) The Expanding of imaginary flow
Figure 2. Pedestrian evacuation route chain and the imaginary flow Expanding from P-Tabbed cell to E-Tabbed cell.
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Where Sbo—the shortest distance from the core cell in the movement field to the evacuation exits. S

—the shortest distance from the céll (i, j) in the movement field to the evacuation exits

Empty-parameter indicates whether the cell is occupied or not. The values of elements of
Empty-parameter matrix are given as

imax(D;), emptycels,
E, :}.O , thecorecdl , (2)
} max(D;) , occupy cells
Cognition-parameter describes the effects of pedestrian jam around exits and the width of exits.
The values of elements of Cognition-parameter matrix are given aS'

d % pl/S,)
Where A -the width of m-th exits; d, -the sum width of exits; P -the number of pedestrians in the

t t
systemat t time step; Prn -the number of pedestrians around m-th exits at t time step; S -the region of

t
the evacuation system at t time step; ~M- evacuation region around m-th exits at t time step .
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Rules

(1) In the model, the pedestrian can only move one cell and has nine possible target positions to
select in each time step.

(2) Define transition payoff P, as:
P =aD,+bE,+gC, (4)
a+b+9=1,.b.9°0) iy every time step, the pedestrian would choose the cell with the largest
value P (P =max (7)) in the matrix of transition payoff as his or her target position.

(3) If morethan one possibletarget cellsrank the highest in value R , only one of them will be chosen
as the target position randomly with equal probability.

(4) A conflict occurswhen any two or more pedestrians attempt to move to the same target position.
In this situation, only one of them will be chosen randomly with equal probability.

(5 When a pedestrian moves into the exit cell, at the next time step the pedestrian will leave the
room. After leaving the room, the pedestrian would not reenter the room.

(6) When all pedestrians leave the room and there is no pedestrian in the evacuation room, the
simulation procedure is terminated.

Simulation analysis
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Fig. 3. The comparison between previous and improve model with (and without) obstacles when W=20, L=1.

In order to show the advanced nature of our model, we compare it with the previous model [42] inthe
same conditions. W=20 , L=1, d_=0.6, d,=0.4, a =0.2, b =0.6, ,g=0.2. Asshown in Fig. 3, we plot

the evacuation time T versus pedestrian density K with respect to the previous model and our model.
When pedestrian density K<0.3, pedestrians could have their own activity freely when low-density,
thereisfew congestion, so the evacuation time almost no difference between previous models and our
model. However, with the pedestrian density gradually increasing (K 3 0.3), the mutual interference
between pedestrians is much more than low-density, pedestrians movement become difficult under
this condition. Since Cognition-parameter is considered in our model, when the exit which pedestrians
firstly choose istoo crowded, pedestrians will change their idea and move towards to another exit (or
the hinge cell) after several time steps. It has a positive effect of the evacuation, thus our model shows
clear superiority than previous model.
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Fig. 4. the evacuation time for evacuation system for different exit A positions when W=20, L=1,K=0.3

Fig. 4 shows the evacuation time for evacuation system without obstacles and with obstacles for
different exit A positions. Asshown inFig. 4 (a), the evacuation time presents “W” with the increasing
of exit positions and the minimum values often appear at the center of thewalls, such as 10, 25, and 50.
AsshowninFig. 4 (b), the evacuation time showsirregular change with the increasing of exit positions,
the minimum values appear at 15, 30, and 57. Since the existence of obstaclesin the evacuation system
interfere pedestrians' evacuation trgjectory, so with the changing of exit positions, a corresponding
change in evacuation route. By comparison, we find that two curves have the same minimum value
range at 25-35. When the symmetry of exit layout is taken into account, we recommend that the
optimum position of exit A is 30.

Conclusions

In this paper, smulation of pedestrian evacuation with fixed obstacles is presented based on cellular
automata (CA). A simple scaling law is proposed to model the dependence of evacuation time with the
number of persons, the obstacles and exit width, according to two-dimensional cellular automaton
Moore neighborhood. The dynamic parameters are formulated to simplify tactically the
decision-making process of pedestrians, considering the effects of pedestrian jam around exits (or the
hinge cells) and the width of exits on evacuation path selection in order to reduce evacuation imbalance
caused by the exits and obstacles layout, which can decide the pedestrian’s choice of action. The
simulation results of the improved and previous models are compared and analyzed. The relationships
of evacuation time versus pedestrian density and exit width are studied. Simulation results show that
evacuation time decreases nonlinearly (negative exponential distribution) when exit width isincreased,
there is a linear relationship between evacuation time and pedestrian density. The simulation results
correspond with the actual, it is instructional significant for pedestrian evacuation.
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