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We propose a potential field cellular automata model with a pushing force field to simulate the pedestrian evacuation in a domain
with a ramp. We construct a cost potential depending on the ramp angle and introduce a function to evaluate the pushing force,
which is related to the cost and the desired direction of pedestrian. With increase of crowd density, there is no empty space for
pedestrian moving forward; pedestrian will purposefully push another pedestrian on her or his desired location to arrive the
destination quickly. We analyse the relationship between the slope of ramp and the pushing force and investigate the changing
of injured situations with the changing of the slope of ramp. When the number of pedestrians and the ramp angle arrive at certain
critical points, the Domino effect will be simulated by this proposed model.

1. Introduction

Crowd dynamics is the universal phenomenon and also the
source of the catastrophe, for example, crowd disaster at the
2010 Love Parade electronic dancemusic festival inDuisburg,
stampede ensued during Beckham’s visit to Tongji University
in Shanghai on June 20, 2013, and stampedes during large-
scale sport and entertainment activities. Studying reasons of
the catastrophe is quite critical to reduce the occurrence of
disasters in the crowd. A plenty of research works, using
video analysis [1–3], field study [1, 4], and modelling [5–8],
focus on investigating the macroscopic crowd dynamics and
microscopic variable characteristics exhibited by different
individual pedestrians, analysing pedestrian dynamics in
various scenarios. One of critical behavioral reactions for
pedestrians is the pushing force among crowdunder usual sit-
uation, which cannot be ignored in exploring the causes of
crowd disaster.

As for our knowledge, the usual situation is that each
pedestrian who prepares to attend the activities in stadiums
or concerts is fully aware that he or she will experience high
density crowd before entering the field; hence, his or her

motion is stabile and the physical contact is the main factor
to produce the pushing force. When people are condensed
to some critical density, marginal physical forces of each
individual add up to a lethal pressure and this is even true
without the panic which inevitably bursts in such occasions.
In particular, if the walking domain is even, for instance,
a passageway with a ramp, the pushing force is affected by
this external condition. In this case, pedestrians hold rational
cogitations, so they desire to move with minimal travel cost
or travel time, as described in [8] and references therein. In
the potential field CA model, the cost potential [8] is the
navigation of pedestrian movement, and the pedestrian
moves along the direction of minimizing the cost, but this
model is inadequate to simulate the pushing force among
pedestrians.

A plenty of works focus on describing the avoidance
behavior between bidirectional pedestrian flows [5, 7–13],
others consider the friction [11, 14, 15] and repulsion [11, 15].
However, the contributions on investigating the pushing force
[11, 16, 17] reproduced by physical contacts amongpedestrians
are scarce. Henein and White [16] introduce a force vector
field to simulate the pushing force; Song et al. [17] investigate
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the number of overlapping grids occupied by pedestrians to
measure the pushing force. All these works did not discuss
the pedestrians evacuation in a domain with the ramp.

In this paper, we describe the pedestrian evacuation in a
domain with a ramp. This scenario can be used to simulate
the domain around the entrance of stadiums or concert halls.
Based on the basic rules of potential field CA model, we
construct a new cost potential depending on the ramp angle
and introduce a function to evaluate the pushing force, which
is related to the cost and the desired direction of pedestrian;
in other word, with increase of crowd density, there is no
empty space for pedestrian moving forward; pedestrian will
purposefully push another pedestrian on her or his desired
location to reach the destination quickly; the magnitude of
push force is determined by her or his potential value of
current location.The former who is close to the exit produces
small force and bears maximal pushing forces and the latter
produces large force, and bear minimal pushing forces; when
the pushing force is beyond a certain critical value, the pedes-
trian will fall onto the ground. What is more, the slope of a
ramp is an important factor to affect pedestrian evacuation
dynamics.When the slope of a ramp is deep, the critical value
of pushing force is small andmuchmore pedestrians could be
injured; when the slope of ramp is small, the critical value of
pushing force is large and fewer pedestrians may experience
injury; the value of critical value ismaximal when the angle of
ramp is zero. When the number of pedestrians and the ramp
angle are beyond certain critical points, the Domino effect
will be simulated by this proposed model.

The remainder of this paper is organized as follows. In
Section 2, we formulate a potential field cellular automata
model with a pushing force field. In Section 3, the process of
pedestrian evacuation in a domain with a ramp is simulated
and the injured phenomenon that resulted from the pushing
influences is reproduced to verify the practicality of this
model; What is more, we analyse the sources of pushing dis-
asters; one is the pushing force produced by local pedestrian
group, which is dependent on the potential field; another is
the deep ramp. Section 4 concludes the paper.

2. Potential Field CA Model with
Pushing Force in Ramp

In this paper, we investigate the pedestrian evacuation in the
walking domain with a ramp, where the walking domain is
represented by ̂Ω, and the scenario is shown in Figure 1. We
simulate pedestrians going across subdomain 𝐶, ramp 𝐵, and
subdomain 𝐴 and then leaving the walking domain from
the exit at left side of subdomain 𝐴. Initially, pedestrians are
assigned randomly to subdomains 𝐵 and 𝐶 with the initial
density 𝜌

0
.

The walking domain ̂Ω is divided into cells with the space
step ℎ along 𝑥 direction (𝑦 direction); each cell is empty or
occupied by at most one pedestrian. After determining his
or her movement direction, each pedestrian moves into his
desired direction. The current position and possible move-
ment direction of each pedestrian are shown in Figure 2(a).
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Figure 1: Illustration of the walking domain with a ramp.The walk-
ing domain ̂

Ω (gray) is constructed by three subdomains 𝐴, 𝐵, and
𝐶; level subdomains𝐴 and𝐶 are connected by ramp𝐵. Here, 𝐿

𝐴
, 𝐿
𝐵
,

and 𝐿
𝐶
are the lengths of subdomains, respectively; the black arrow

indicates the direction of motion.

Here we assume that ℎ = 0.4m which produces an average
area occupied by one pedestrian [10]; therefore, the dimen-
sionless maximal density 𝜌max = 1 corresponds to actual
density 6.25 ped/m2. Besides, as the average density of real
pedestrian is 1m/s, we assume that the maximum speed of
each pedestrian in our model is Vmax = 1m/s and it implies
that the time step is 0.4 s. The crucial step of the CA model
is to determine the transition probabilities of Figure 2(b). In
this proposedmodel, the transition probabilities are based on
a potential field and a pushing force field.

2.1. Potential Field in a Domain with a Ramp. The potential
field is a navigation of the pedestrian walking; here, the walk-
ing domain ̂

Ω is not on a two-dimensional plane. In order
to compute potential field in the uneven walking domain ̂

Ω,
firstly, using (𝑥, 𝑦) to represent the coordinate of the cell, we
compute the virtual potential 𝜙(𝑥, 𝑦, 𝑡) on two-dimensional
level domain Ω with the exit Γ

0
at each time 𝑡. Ω is set by

leveling down ̂

Ω; secondly, we reconstruct the potential
𝜙(𝑥, 𝑦, 𝑡) by introducing a ramp coefficient 𝜔(𝑥, 𝑦, 𝜃). The
mathematical formulations of calculating the potential field
̂

𝜙(𝑥, 𝑦, 𝑡, 𝜃) in ̂Ω are as follows.

(a) The virtual potential 𝜙(𝑥, 𝑦, 𝑡) is determined by solv-
ing the following Eikonal equation:
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where ‖∇𝜙(𝑥, 𝑦, 𝑡)‖ = (𝜙

𝑥
(𝑥, 𝑦, 𝑡)

2
+ 𝜙

𝑦
(𝑥, 𝑦, 𝑡)

2
)

1/2

and 𝜏(𝑥, 𝑦, 𝑡) is a cost distribution function which
satisfies that 𝜏(0) = 1, 𝜏(𝜌) > 0, 0 ≤ 𝜌 ≤ 1 [8, 12,
13]. The existence and uniqueness of the solution of
problem (1) are discussed by [8], and this problem can
be solved by using the fast sweeping method [18].

(b) The potential ̂𝜙(𝑥, 𝑦, 𝑡, 𝜃) is reconstructed by𝜙(𝑥, 𝑦, 𝑡)
multiplying a ramp coefficient 𝜔(𝑥, 𝑦, 𝜃); that is,

̂

𝜙 (𝑥, 𝑦, 𝑡, 𝜃) = 𝜔 (𝑥, 𝑦, 𝜃) 𝜙 (𝑥, 𝑦, 𝑡) , (2)
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Figure 2: (a) An occupied cell and its eight neighboring cells, corresponding to (b) the nine probabilities for the pedestrian in the occupied
cell to update his or her position.
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(3)

𝛼 is a parameter that reflects the sensitivity of poten-
tial to the slope of ramp.

Obviously, wemagnify the potential 𝜙(𝑥, 𝑦, 𝑡) by the coef-
ficient 𝜔(𝑥, 𝑦, 𝜃) ≥ 1, which suggests a stronger effect with
a deeper ramp angle; in other words, 𝜔(𝑥, 𝑦, 𝜃) is increasing
with the ramp angle 𝜃 ∈ [0, 90∘). Here, after giving an angle 𝜃
of the ramp, the weight function 𝜔(𝑥, 𝑦, 𝜃) is given; although
subdomains𝐴 and𝐶 are all flat, the height difference between
two flat subdomains 𝐴 and 𝐶 is different with different 𝜃;
thus, the values of weight 𝜔(𝑥, 𝑦, 𝜃) in subdomain 𝐴 are
different than the ones in subdomain 𝐶, which implies that
the potential values in subdomain 𝐶 are influenced by the
ramp angle 𝜃. In addition, the final potential ̂𝜙(𝑥, 𝑦, 𝑡, 𝜃) is
consistent with 𝜙(𝑥, 𝑦, 𝑡) if 𝜃 = 0.

2.2. Aggregated Pushing Force Field. In the crowd, each pedes-
trian is surrounded by other pedestrians, hence, physical
contacts among pedestrians occur, and pedestrians produce
the pushing forces to desire for increasing the personal free-
space and being close to the destinations. In the proposed
model, we introduce the aggregated pushing force field to
simulate the physical force effects.

While the density 𝜌(𝑥, 𝑦) is equal to themaximal density 1
(6.25 ped/m2), whichmeans that there is no empty neighbour
cell for the pedestrian in (𝑥, 𝑦) to arrive, the magnitude of the
pushing force produced by the pedestrian in (𝑥, 𝑦) at time 𝑡
is

𝑓 (𝑥, 𝑦, 𝑡) = (1 −

̂

𝜙 (𝑥, 𝑦, 𝑡, 𝜃)

max
(𝑥,𝑦)∈Ω̂

̂

𝜙 (𝑥, 𝑦, 𝑡, 𝜃)

)

4

.
(4)

This functional 𝑓(𝑥, 𝑦, 𝑡) reflects the sensitivity of pushing
force to potential field, which is not a real pushing force.
The functional 𝑓(𝑥, 𝑦, 𝑡) implies that the pushing force is
decreasing with potential ̂𝜙(𝑥, 𝑦, 𝑡, 𝜃). In practice, while the
pedestrian is near to the exit, his or her potential is much
smaller than the maximal potential of all the domain and he
or she holds stronger propulsion; on the contrary, the distance
between the pedestrian’s location and the exit is large; he
or she is patient with small pushing force. The pedestrian
considers that the pushing is helpful in arriving at the des-
tination quickly; thus, he or she pushes along the direction
of minimizing the cost potential ̂

𝜙(𝑥, 𝑦, 𝑡, 𝜃); that is, the
direction of ⃗

𝑓(𝑥, 𝑦, 𝑡) is ⃗

𝑙(𝑥, 𝑦, 𝑡) = (𝑙

1
, 𝑙

2
) = −(

̂

𝜙

𝑥
,

̂

𝜙

𝑦
)/‖∇

̂

𝜙‖.
In fact, the pedestrian’s pushing force is repeatedly

retransmitted from person to person through interpersonal
contacts within crowds [19]. In this proposed model, we
model this process by adding up the pushing force in each
time step. The incremental pushing force ⃗

𝑓

add in each cell
(𝑥, 𝑦) at each time step is produced bywhether this pedestrian
in (𝑥, 𝑦) is directed by another pedestrian’s desired direction.
Here, using ⃗

𝑓

add
(𝑥, 𝑦, 𝑡) to represent the pushing force expe-

rienced by pedestrian in (𝑥, 𝑦), if there exists a pedestrian
in (𝑥, 𝑦)’s neighbour (𝑥, 𝑦) whose desired walking direction
(𝑙

1
, 𝑙

2
) = (𝑥 − 𝑥, 𝑦 − 𝑦), pushing force ⃗

𝑓(𝑥, 𝑦, 𝑡) is produced
by pedestrian in (𝑥, 𝑦) and experienced by the pedestrian in
(𝑥, 𝑦), where the magnitude 𝑓add

(𝑥, 𝑦, 𝑡) is equal to 𝑓(𝑥, 𝑦, 𝑡)
and the direction is also along (𝑙

1
, 𝑙

2
); otherwise, ⃗

𝑓

add
= 0.

Therefore, the aggregated pushing force (vector-wise)
experienced by the pedestrian in the cell (𝑥, 𝑦) is the vector
sum of forces generated by the aggregated force from the
beginning to time step 𝑡−1 and the incremental pushing force
⃗

𝑓

add
(𝑥, 𝑦, 𝑡). Obviously, 𝑓add

(𝑥, 𝑦, 𝑡) ≥ 0. Using function (4),
we define the aggregated force vector field ⃗

𝐹(𝑥, 𝑦, 𝑡) experi-
enced by each pedestrian in (𝑥, 𝑦) as

⃗

𝐹 (𝑥, 𝑦, 𝑡) =

⃗

𝐹 (𝑥, 𝑦, 𝑡 − 1) + 𝑓

add
(𝑥, 𝑦, 𝑡) ⋅

⃗

𝑙

= (𝐹

1
(𝑥, 𝑦, 𝑡) , 𝐹

2
(𝑥, 𝑦, 𝑡)) ,

(5)

where 𝐹1(𝑥, 𝑦, 𝑡) and 𝐹2(𝑥, 𝑦, 𝑡) are two components of ⃗

𝐹(𝑥,

𝑦, 𝑡) along axes 𝑥 and 𝑦, respectively. For convenience,

‖

⃗

𝐹(𝑥, 𝑦, 𝑡)‖ = ((𝐹

1
(𝑥, 𝑦, 𝑡))

2

+ (𝐹

2
(𝑥, 𝑦, 𝑡))

2

)

1/2

represents the
magnitude of ⃗

𝐹(𝑥, 𝑦, 𝑡).
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If ‖ ⃗

𝐹(𝑥, 𝑦, 𝑡)‖ exceeds a threshold, the pedestrian will
become injured, and the injured pedestrians could not
move again. Here, the threshold parameter, represented by
𝐹

∗
(𝑥, 𝑦, 𝑡), is the increasing function of pushing force 𝑓(𝑥,

𝑦, 𝑡) and is dependent on the angle of ramp.Themathematical
formulation of 𝐹∗(𝑥, 𝑦, 𝑡) is defined as

𝐹

∗
(𝑥, 𝑦, 𝑡) =

{

{

{

{

{

{

{

{

{

{

{

{

{

{

{

{

{

𝛽 ⋅

𝑓 (𝑥, 𝑦, 𝑡)

cos 𝜃
,

𝑥 ∈ (𝐿

𝐴
, 𝐿

𝐴
+ 𝐿

𝐵
cos 𝜃) ,

𝛽 ⋅ 𝑓 (𝑥, 𝑦, 𝑡) ,

𝑥 ∈ [0, 𝐿

𝐴
] ∪ [𝐿

𝐴
+ 𝐿

𝐵
cos 𝜃,

𝐿

𝐴
+ 𝐿

𝐵
cos 𝜃 + 𝐿

𝐶
] ,

(6)

where 𝛽 is a sensibility parameter and the formulation of 𝛽 is
defined as

𝛽 = {

10, 𝜃 = 0,

csc 𝜃, 𝜃 ∈ (0, 90

∘
) .

(7)

Here, 𝛽 is a decreasing function related to the angle of ramp.
While 𝜃 is zero, 𝛽 is a large value and it implies that the
pedestrian in this situation is not easily pushed onto fall the
ground; with increase of 𝜃, 𝛽 decreases and it implies that
the pedestrian is gradually easily pushed down. Obviously,
another choice of critical threshold can be used to deeply
investigate the different pushing processes of crowd dynam-
ics.

2.3. Update Rules. The cost potential field ̂

𝜙(𝑥, 𝑦, 𝑡, 𝜃) is cal-
culated using (1) and (2) with current density distribution
𝜌(𝑥, 𝑦, 𝑡). The force field ⃗

𝐹(𝑥, 𝑦, 𝑡) is calculated by formula
(5). In this section, the transition probabilities and the injured
probabilities are bounded by the comparisons between the
‖

⃗

𝐹(𝑥, 𝑦, 𝑡)‖ and 𝐹

∗
(𝑥, 𝑦, 𝑡). Assign (0, 0) to cell occupied by

uninjured pedestrian and then the update rules from time
step 𝑡 to 𝑡 + 1 are as follows.

(1) If ‖𝐹(𝑥, 𝑦, 𝑡)‖ ≤ 𝐹

∗
(𝑥, 𝑦, 𝑡), the pedestrian moves by

the transition probabilities 𝑝
𝑖,𝑗
shown in Figure 2(b).

(1.1) 𝑝
𝑖,𝑗
is determined by

𝑝

𝑖𝑗
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{

{

{

{

{
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𝑆

𝑚









, (𝑖, 𝑗) ∈ 𝑆

𝑚
,

0, (𝑖, 𝑗) ∉ 𝑆

𝑚
,

if 𝑆
𝑚

̸= 0, 𝛿

̂

𝜙min (0) < 0;

(8)

otherwise

𝑝

𝑖𝑗
= {

1, (𝑖, 𝑗) = (0, 0) ,

0, (𝑖, 𝑗) ̸= (0, 0) ,

(9)

where 𝛿 ̂𝜙
𝑖𝑗
(0) ≡ (

̂

𝜙(𝑖, 𝑗) −

̂

𝜙(0, 0))/𝜄

𝑖𝑗
for (𝑖, 𝑗) ∈

𝑆

0
is the difference quotient, with 𝑆

0
= {(𝑖, 𝑗) |

(𝑖, 𝑗) is empty}, and 𝜄

𝑖𝑗
is the distance between

the cells (𝑖, 𝑗) and (0, 0). Besides, the set

𝑆

𝑚
= {(𝑖, 𝑗) | 𝛿

̂

𝜙

𝑖𝑗
(0) = 𝛿

̂

𝜙min(0)} ⊆ 𝑆

0
, where

𝛿

̂

𝜙min(0) = min
(𝑖,𝑗)∈𝑆0

𝛿

̂

𝜙

𝑖𝑗
(0), and |𝑆

𝑚
| is the

number of elements in 𝑆
𝑚
.

(1.2) Under the parallel update, conflicts that resulted
from the fact that an empty cell (𝑖, 𝑗) could be a
target cell of 𝑚 (0 ≤ 𝑚 ≤ 8) pedestrians in the
𝑚 neighboring cells (0(𝑘), 0(𝑘)) if 𝑚 ≥ 2 can be
resolved by the following probabilities:

𝑝 (0

(𝑘)
) =

{

{

{

{

{

{

{

{

{

{

{

{

{

1









𝑆

𝑚𝑚









,

if 𝑚 ≥ 1, (0

(𝑘)
, 0

(𝑘)
) ∈ 𝑆

𝑚𝑚
,

0,

otherwise,

(10)

where

𝑆

𝑚𝑚
= {(0

(𝑘)
, 0

(𝑘)
) | 𝛿

̂

𝜙min (0
(𝑘)
) = 𝛿

̂

𝜙min, 1 ≤ 𝑘 ≤ 𝑚} ,

𝛿

̂

𝜙min = min
1≤𝑘≤𝑚

Δ

̂

𝜙min (0
(𝑘)
) .

(11)

(2) If ‖𝐹(𝑥, 𝑦, 𝑡)‖ > 𝐹

∗
(𝑥, 𝑦, 𝑡), the pedestrian will be

injured by the probabilities 𝑝
𝑖,𝑗
.

(2.1) The injured probabilities are defined by

𝑝

𝑖,𝑗
= 𝑟

injured
𝑝

𝑖,𝑗
, (12)

where 𝑟injured ∈ [0, 0.5] is a random parameter.
In this case, the pedestrian in (0, 0) is injured
and falls in the location (𝑖, 𝑗) with the probabil-
ities 𝑝

𝑖,𝑗
; when (𝑖, 𝑗) ̸= (0, 0), this pedestrian will

fall in an empty cell along the direction of his
or her aggregated pushing force; otherwise, this
pedestrian will fall in the current location.

(2.2) In this case, to avoid the situation that dif-
ferent neighbor pedestrians fall into the same
empty cell simultaneously, we set equal falling-
in possibility to different neighbor pedestrians;
namely,

𝑝 (0

(𝑘)
) =

{

{

{

1

𝑚

, if 𝑚 ≥ 1,

0, otherwise.
(13)

One of injured pedestrians falls in the desired cell, and
others fall in the current locations.

3. Simulation

In this simulation, the sizes of walking domain are 5 × 3 cells
for subdomain 𝐴, 5 × 4 cells for ramp 𝐵, and 5 × 20 for
subdomain 𝐶. The cost distribution 𝜏(𝑥, 𝑦, 𝑡) is given by

𝜏 (𝑥, 𝑦, 𝑡) = 1 + 𝑔

0
𝜌

𝛾
(𝑥, 𝑦, 𝑡) , (14)

where we set 𝑔
0
= 0.075 and 𝛾 = 2.
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(a) (b)

(c) (d)

Figure 3: Evacuation process simulated by the proposed model, at 𝑡 = 0, 10, 20, and 30 (color online).The initial density 𝜌
0
= 1 and the angle

of ramp 𝜃 = 0. The open circles represent pedestrians.

(a) (b)

(c) (d)

Figure 4: Evacuation process simulated by the proposed model, at 𝑡 = 0, 6, 15, and 30 (color online). The initial density 𝜌
0
= 1 and the angle

of ramp 𝜃 = 50

∘. Here, the light gray domain represents the projection of the ramp (subdomain 𝐵), and the gray is the subdomain 𝐶; the
normal pedestrians and the injured pedestrians are indicated by open circles and the full circles, respectively.

Initially,𝑁 pedestrians (𝑁 < 5× 4+ 5× 20) are randomly
assigned to the inner cell in subdomains𝐵 and𝐶with the ini-
tialmean density𝜌

0
= 𝑁/(5×4+5×20). In the simulations, we

simulate the injured phenomena and investigate relationships
between the angle of the ramp and the crowd falling onto the
ground under different initial densities 𝜌

0
. Figure 3 shows the

evacuation process simulated by the proposed model. In this
simulation, the walking domain is without the ramp. Figures
3(a)–3(d) are the snapshots of an evacuation simulation at
𝑡 = 0, 10, 20, and 30, respectively. This is in accordance with
the underlying principle that the path-choice strategy in the
propose model is somewhat optimal due to the pedestrians’
awareness of the destination and the surroundings.

The other simulation is to investigate the evacuation
dynamics in the walking domain with the ramp. Figure 4
shows the overlooked evacuation process in this situation
here, angle of the ramp is 𝜃 = 50

∘. Obviously, Figures 4(b)–
4(d) show the injured phenomena; several pedestrians were
injured by aggregated pushing force. In addition, the pushing

force can result in the Domino effect; from Figure 4(a) to
Figure 4(b), after the front pedestrian falls onto the ground,
the latter lacking the brace to fall down resulted from the
large pushing force. And then, the injured numbers are not
significantly increased from Figure 4(c) to Figure 4(d).

The functional relationship between the injured numbers
and the angle of the ramp is shown in Figures 5(a) and 5(b),
which are simulated by the proposed model. Figures 5(a) and
5(b) correspond the low initial density (𝜌

0
∈ (0, 0.5)) and

the high initial density (𝜌
0
∈ (0.5, 1]), respectively. According

to these curves, the injured numbers increase as the angle of
the ramp increases. Moreover, one curve is always above the
other, which corresponds to a higher average density, imply-
ing that the injured numbers increases with 𝜌

0
for a fixed

ramp. These results concur with common sense, especially
when the initial average density𝜌

0
is increasing, which should

give rise to many more pushing effects. Obviously, the curves
in Figure 5(a) increase continuously as the angle of the ramp
increases; with the high initial density, that is, 𝜌

0
> 0.5, while
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Figure 5: Functional relations between the injured number and the angle of the ramp for a variety of the average densities 𝜌
0
, simulated by

the proposed model. (a) 𝜌
0
≤ 0.5; (b) 𝜌

0
> 0.5. For each data, an average over 10 runs is plotted.

the ramp is more than 20

∘, the curves in Figure 5(b) reach
a critical value and then the injured number will increase
slowly and it implies that the Domino effect is obtained.

4. Conclusion

In this paper, a potential field CA model with an aggregated
force field is proposed to reproduce pedestrian evacuation in
a walking domain with ramp exit. And A potential field is
defined to navigate pedestrian movement along minimizing
the travel cost paths. In addition, an aggregated pushing
force vector field is introduced to simulate the pushing force
among pedestrians when pedestrian cannot move forward in
high density domain. We investigate the effects of both the
aggregated pushing force for pedestrian evacuation and the
slope of ramp exit, the conclusion is that these two factors
are the key causes of disasters. We will adjust the model
parameters according to plentiful experiments and field
studies in future work and will jointly simulate the pedestrian
dynamics quantitatively and qualitatively using the proposed
model.
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