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Abstract: The floor field cellular automata ( FFCA) model is
employed for integrating the combined effects of crowd
personalities and
simulate a crowd evacuation with different personalities.
Herein, the space-time network diagrams of the environment
in a crowd evacuation are constructed. A static floor field is

indoor environments on evacuation to

established by computing the least travel cost path. According
to their personalities, the evacuating crowd is divided into
three categories. Each category is likely to use different
strategies to find a balance between energy and time. Every
pedestrian will choose a moving destination at each time step
using the time-varying FFAC. Pedestrians continuously plan
new routes or choose to wait until they reach the exits based on
their decision-making mechanisms.
conducted in various complicated environments, including a
multi-exit room, a classroom, and a subway. The evacuating
crowd has a dense population of different personalities.
Simulation results provide a novel tool for revealing the
intrinsic connection between psychology, environment, and
evacuation.

Simulated studies are
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ith the ongoing urbanization in China, all types of
megastructures and public places have sprung up
everywhere. However, this process inevitably leads to ur-
ban public security issues. The evacuation simulation is a
useful tool for reducing potential risks and ensuring public
safety in an emergency. Furthermore, it may be used for
analyzing the feasibility of contingency plans and enhan-
cing the evacuation capability. However,
design requires the study of crowd behavior characteristics
and mobility norms in the evacuation process.
Evacuation is a group behavior in which people are af-
fected by the combined effects of their surroundings, the

architectural
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behavior of others, and their psychology. The factors in-
fluencing an evacuation simulation mainly include archi-
tectural environment, pedestrian behaviors, and emergen-
cy situations. In evacuation events, each of the three fac-
tors overlaps. The characteristics of all three factors
should be comprehensively considered for completing a
safe evacuation in the shortest amount of time.

The architectural environment and emergency situation
overlap in building structures that are directly related to
such as exits, escape routes, aisles, and
. The facilities in a building, such as furniture,

evacuation,
stairs' ™!
which will obstruct an evacuation, belong to this area.
Pedestrian behaves abnormally in an emergency because

and a lack of information”™,

of nervousness, fear,
which are then manifested in congestion avoidance, guid-
ing or following behavior, etc. Evacuation factors related
to the building environment and human behavior include
path planning, walking habits, familiarity with the envi-
ronment, and human visual range. Fire, stampedes, ter-
rorist attacks, floods, and earthquakes are typical emer-
-8 Density, distribution, age, and even the race

of the crowd are primary factors affecting evacuation in

gencies

emergencies.

In this paper, we consider three main components of
these cross-cutting factors: personality, exit, and path se-
lection. Evacuation crowds with different personalities—
radical, conservative, or steady—will choose different
evacuation routes and exits because of their different strat-
egies for congestion expectations. The crowd evacuation
environment and its corresponding static floor field are es-
tablished using cellular automata. Simulation experiments
in different scenarios show that the evacuation model pro-
posed in this paper can realistically simulate crowd evacu-
ation behavior with high credibility.

1 Related Works

Macroscopic and microscopic evacuation models can be
distinguished based on modeling scales. Fluid dynamics
is used to describe the trend of crowd velocity and density
with time as partial differential equations in the macro-
The microscopic model takes a single
pedestrian as the research object and generates complex
population dynamics through personalized descriptions of

. 9
scopic model"” .

individual pedestrians. Compared with the macroscopic
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model, individuals in the microscopic model can interact
with each other, which more realistically reflects the be-
havior patterns among evacuating people. Social force,
agent-based, and cellular automata models exemplify tra-
ditional microscopic models.

Cellular automata (CA) is a dynamic system built on a
cellular space composed of discrete and finite state cells
and evolves in a discrete-time dimension. In the cellular
automaton model, space is divided into certain regular
grid cells. The status of a cell at the current time step is
determined by the status of its neighbors at the previous
time step. The CA model has the advantages of lesser
calculations and higher efficiency than traditional models,
and it is more suitable for simulating massive crowd evac-
vations. In 2001, Blue and Adler'” modeled bidirection-
al pedestrian walkways using CA and proved that a small
rule set may accurately estimate pedestrian behaviors at
the microlevel while attaining realistic macrolevel activi-
ty. The floor field cellular automata ( FFCA) model was
proposed by Burstedde et al. """ in 2001; its main feature
includes the transformation of long-range interactions into
neighboring cells by importing a floor field. Alizadeh!™
proposed a dynamic CA model for depicting the evacua-
tion process within a building while accounting for the
effects of obstacles and crowd distribution. By improving
CA models, Zheng et al."™ proposed an extended floor
field model to investigate pedestrian evacuation dynamics
under the influence of fire and smoke spreading. A con-
tinuous FFCA (CFFCA) model was proposed by Zhao et
al. "' in which pedestrians do not occupy cells anymore
but are treated as particles in continuous space.

Because the FFCA model can discretize the interior
structures of buildings, it is often used to simulate indoor
crowd evacuation. The internal structure of a building,
such as stairs,
and the facilities placed in it, such as furniture, greatly
influence an evacuation. Using a floor field enables ana-
lyzing how easy it is to reach the nearest exit from any
building position. Huang and Guo''*! simulated pedestrian

evacuation in rooms with internal obstacles and multiple
(1s)

aisles, intersection areas, and columns,

exits. Peng and Chou
mation of congestion in a “T” intersection using a cellular
automata procedure with multi-floor fields. Yue et al. '
considered the effects of pedestrian jams around exits and
the width of exits on evacuation path selection to reduce
the evacuation imbalance caused by exit layout asymme-
try. Using an extended floor field model to consider the
effect of aisles, Zhu et al. !’ found that congestion often
occurs at the intersections of the main aisles rather than
the area near the exits. The fine discrete FFCA model is
modified by integrating the fatigue function to explore the
influence of fatigue on the crowd ascending evacuation'".

reported a study of the confor-

Individual behaviors and habits lead to different evacu-
ation results. The leader-follower (L-F) relationship and

the herding effect are basic collective behaviors in crowd
simulations.
evacuation, while the herding effect may cause conges-
tion'"™. Hesitation—the other universal behavior during
an evacuation—decreases the probability of pedestrian
movement and even results in falls and stampedes'.
However, few studies focus on the cause of these behav-
iors—personality, which considerably
evacuation of a crowd. Burstedde et al. ' divided the

However, L-F behavior may expedite an

influences the

people involved in an evacuation into two modes: “hap-
py” and “unhappy.” “Happy” pedestrians try to move in
a preferred direction, whereas “unhappy” pedestrians
move more randomly. In the proposed methodology of
Hsu and Chu"™, two types of pedestrians are defined:
congestion-averse and congestion-neutral. Congestion-
neutral pedestrians will always follow the least cost paths
to their destination, regardless of the congestion situa-
tion. Conversely, congestion-averse pedestrians identify
congestion locations as obstacles and avoid them. An an-
ticipation effect, the ability of pedestrians to avoid colli-
sions by forecasting other pedestrians’ movements, is in-
troduced by Suma et al. "
developed models for investigating emotional contagion.

Three aspects of emotional contagion are discussed in this
(241

22-23
. Many researchers'” ™ have

study intra-group contagion, inter-group contagion,
and third-party authority-based emotional contagion.
Zhan et al. ™ focuses on the potential relationship be-
tween the pedestrians’ choice of evacuating route and final
exit and their personality traits.

The combined effect of multiple factors—pedestrian be-
haviors, architectural environment, and emergency prop-
erties—has not been adequately studied. In this paper,
we explore the path and exit options chosen by different
personalities under various indoor evacuation circum-
stances. We first use CA to discretize the evacuation en-
vironment. Subsequently, the least travel cost ( LTC)
path algorithm is employed to calculate the static floor
field. Finally, when different personality crowds are im-
ported, pedestrians will change paths and exits based on
their congestion prediction. Different scenarios are select-
ed to implement evacuation simulations. Simulation re-
sults show that the model conforms to crowd flow rules
and could realistically simulate the evacuation processes
in megastructures and public places.

2 Crowd Evacuation Modeling

The overall framework of our simulation is shown in
Fig. 1.
simulate indoor evacuation. We study the evacuated scene
model and obtain the relevant space-time network based

First, we employ the floor field CA model to

on the architectural plan and facility layout. The LTC
path in the space-time network is calculated to create the
static flood field. Second, we categorize pedestrians into
conservative, steady, and radical types and build behav-
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ior models for each personality. Different pedestrians will
choose to move to a neighbor cell or remain put based on
Finally, we update the posi-
tion and time and start a new time step.

their movement conditions.

Evacuating scene

| Static ﬂoor field |

Conservatlve
pedeslrlans

Pedestrian position

Steady

(]
Radical
pedestrians pedestrians

Updatmg |
|_ tlme 1

Updatm _;
L position

| Moving decision ‘

Fig.1 Overall framework of the simulation model

2.1 Space-time discretization

We employ a CA model to discretize the evacuating en-
vironment and time for simulating the evacuation of press-
ing crowds in a confined location. Grids of uniform size
are used to partition the simulation space. The size of
each grid is determined by estimating how much space
each individual occupies. The size of the grid used in our
simulation is 0.4 m x 0.4 m,
body dimensions. Each cell can only accommodate one pe-
destrian at a time, and each pedestrian can only occupy
one cell at a time. These regions are categorized as obsta-
cle cells based on their size if any inaccessible items are in

in accordance with human

the evacuated space, such as walls, pillars, or furniture.
The state of each cell affects the status of its neighbors.
In our research, we use the Moore CA model, in which
each cell, except edge cells, has eight neighbors. Every
cell has one of three states: obstacle, occupied, or unoc-

()

Fig. 2

available cells

Least travel cost and static floor field. (a) Cell numbering of a building; (b) Node-linking diagram of (a);

cupied. In addition to the spatial discretization of the
evacuation environment,
The position of the pedestrian is updated at each time
step. A pedestrian can move to an unoccupied neighbor-
ing cells or remain put when there is congestion.

In this paper,

time is discretized into steps.

all pedestrians take the same time to
reach their neighbors. radi-
cal, and steady pedestrians take the same time. The floor
field of each cell can be determined by discretizing time

and space.

Consequently, conservative,

2.2 LTC path

In our model, we adopt the decreasing order of time al-
gorithm ( DOT algorithm) proposed by Chanibi™ for
computing the shortest path. At every time step, the DOT
algorithm updates the travel cost to reach the destination
in chronological order. A pedestrian usually chooses the
LTC path rather than the shortest path. Based on the DOT
algorithm, the arc cost for horizontal and vertical move-
ments is one unit. Additionally, the cost for a diagonal

movement is 1. 4 units,
[20]

while that for waiting is 0. 8
units
Travel costs are used to estimate pedestrian expense
during the evacuation process. If a cell is an obstacle (a
wall or column), a pedestrian cannot pass through it;
hence, the travel cost to that cell is specified as . Mo-
reover, the travel cost at the exits is specified as 0.

The travel cost of a path is the sum of the cost at each
time step. The LTC is the minimum of all costs of all
possible paths and is usually obtained by searching for the
minimum consumption of nodes from the starting point.

As depicted in Fig. 2(a), a building has 16 available
cells numbered 1 to 16 ( white grids) and four unavailable
cells ( black grids).
Fig. 2(b) depicts the node-linking diagram. Every cell is

The exit ( destination) is cell 15.
considered a node. The lines between two nodes show
that a pedestrian can move between cells in a single step.
Notably, the line between cells 3 and 8 is allowed, al-
though an obstacle cell lies between them. People can in-
crementally advance from the initial to the ending cell
over time.

(c) Cost to exit using
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Several routes with possibly varying travel costs are
available for getting from one place to another. Taking
cell 4 as an example, if we choose the path 4—3—7—10
—13—14—15, the consumption is 7.2. The correspond-
ing consumption of the path 4—9—11—15 is only 3.8,
the minimum consumption of all paths. For one cell,
more than one LTC path may exist. For example, the
path 4—8—11—15 is another LTC path for cell 4. Fig.
2(c) depicts the travel cost of available cells.

2.3 Static and dynamic floor field

Using the concept of a gravity floor field, we extend the
idea of the static floor field to an evacuation space. The
static floor of each cell is defined as the minimum trip cost
spent by a pedestrian to move to one of the multiple exits.
The floor field of each cell is determined by calculating the
LTC. According to the above algorithm, there is only one
exit in Fig. 2(c), and the static floor of cell 4 is 3.8.

Because many people have frequently raced toward the
evacuation exit(s), the next nodes on the LTC path are
likely to be occupied by other people. Hence, pedestrians
will have to either wait or skip at certain time steps.
Therefore, the actual travel expenses from their starting
points to respective exits equal or exceed the value of the
static floor field. The dynamic floor is the actual motion
consumption. This time-related consumption is challenging
to define in the static floor field but is straightforward to in-
dicate in the space-time network. We will update the floor
field at every time step to make the model more realistic.

Cell node 8 or 9 is the next cell on the LTC path of cell
4 in Fig. 2(c). If they are both occupied at a given time
step, the person in cell 4 must wait one extra time step.
The actual path 4—4—8—11—15 is chosen, and the dy-
namic floor changes from 3.8 to 4. 6. In contrast, the pe-
destrian in cell 4 may have a different option that costs
less: 4—5—9—11—15 (cost is 4.4).

2.4 Path planning of different-type crowds

Whether or not pedestrians change their routine is de-
termined by their behavior. Individuals are likely to take
different measures to deal with congestion in a particular
floor field. All pedestrians will initially attempt to evacu-
ate along the LTC path. However, they must wait occa-
sionally or reroute sometimes because the front nodes are
already occupied by other people.

Our model categorizes pedestrians into three personality
types: conservative pedestrians (labeled as circles), radi-
cal pedestrians (labeled as triangles), and steady pedestri-
ans (labeled as bowknots) (see Fig. 3). They take differ-
ent approaches to deal with the congestion ahead. Conser-
vative pedestrians do not mind traffic delays and prefer to
wait when congestion occurs. Therefore, they always follow
the LTC path, irrespective of the level of crowding. Radical
pedestrians despise congestion and avoid it at all costs. They

will predict traffic congestion nodes and choose to avoid
them. The steady pedestrians weigh the costs of waiting vs.
bypassing and select the optimal option.

T <

l o A
® @

(a) (b)
Fig.3 CA model including human factors. (a) Moore’s FFCA
model; (b) Competition for vacant cells

Based on Moore’s FFCA model, a particle in the cen-
tral cell can either move to any of the eight neighboring
cells or stay put, as shown in Fig. 3(a). Each particle is
given a direction of preference at a certain moment ',
We improve the CA model by considering different hu-
man personalities. The particle in the central cell can ei-
ther be a radical, steady, or conservative pedestrian.

F, is the field of the current occupied cell, while F; is
that of the unoccupied neighboring cell i. C, represents
the cost of traveling from the current cell to nearby cell i.
Its value is 1.0 (‘horizontal or vertical direction) or 1.4
(diagonal direction), as explained in Section 2.2. C, is
the cost of waiting in the current position. The value of
C,is0.8. If C,=F, - F,, cell iis just on the minimum
cost path.

Table 1 lists the moving conditions for the three types
of pedestrians. Because C, > C, >0, a radical person is
more likely to move to a neighboring cell than a conser-
vative person, consistent with the actual situation. In a
real evacuation, impatient people are more likely to move
rather than wait, although sometimes running blindly is
not the best option. If two or more nearby cells satisfy the
movement criterion, the cell with the lowest value is
picked as the next cell; otherwise, people will wait.

Table 1 Moving conditions for different crowds
Type of Condition of Probability Processing
people moving of moving sequence
Conservative F,=F,-C; Small Last
Steady F,+C,<sF,+C, Medium Second
Radical F;<F, Large First

As shown in Fig. 3(b), if multiple people want to oc-
cupy the same cell, the radical pedestrians are chosen to
move to the next cell first, followed by the steady pedes-
trians and then the conservative pedestrians. The explana-
tion is that people with more impatient personalities are
likelier to make snap decisions, whereas conservative
people are more likely to deliberate for a while before de-
ciding.

Fig. 4 depicts a simple example of the three types of
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people making different decisions when faced with traffic
congestion. The room has 3 x3 cells, and every accessible
cell is numbered, as shown in Fig. 4 (a). The middle cell
is an impediment, while cells 4 and 7 are exits. The floor
field of this room is depicted in Fig. 4(b). T represents
the number of time steps since the evacuation began.

(b)

LG

o Al Ala Bla §
ANA | A

(d)
T=0 =1 7=2
(e)

Fig. 4
Cell numbering of a simple building; (b) Cost to exits of (a); (c)Evac-

Evacuating path for different types of pedestrians. (a)

uating paths of a conservative person; (d) Evacuating paths of a steady
person; (e) Evacuating paths of a radical person

In our example, three people are in the room, inclu-
ding two radicals. The third person in node 5 is different:
a conservative person in Fig. 4(c), a stable person in
Fig. 4(d), and a radical person in Fig. 4(e), respective-
ly. They are in the same starting positions, as shown in

Fig. 3 when T =0. Because other people hold the unique
target node 7, the conservative individual decides to wait
for two time steps. However, when faced with the same
situation, the radical person refuses to wait and takes the
other exit. A steady person compares the expenses of sta-
ying to those of departing. At 7 =1, the costs of remai-
ning in node 5 vs. switching to node 2 are 2.2 and 2.8,
respectively. Thus, the steady individual chooses to wait
because the overall cost is lower. At T =2, the expenses
of staying at node 5 vs. going to node 8 are 2.2 and 2.0,
so he chooses to travel to node 8 rather than wait at node
5. Conservative, steady, and radical individuals have to-
tal expenses of 3.0, 2.8, and 2.8 and take 3, 3, and 2
time steps, respectively.

3  Crowd-Evacuating Simulations of Different
Personalities

The proposed model is used for simulating crowd evac-
uation in various scenarios, such as basic one- and two-
exit rooms and a complex subway station. First, the vir-
tual environment is constructed in accordance with the ar-
chitectural design along with appropriate facility configu-
rations.
space-time network, where the position of walls, obsta-
cles, and exits are marked. Information on pedestrians’
numbers, types, and initial positions is provided at the
beginning. Subsequently, the number of people who are
still alive during a simulation is monitored and represen-

The evacuation space is discretized into the

ted with figures. Finally, a flat channel scenario is devel-
oped to show the model’s viability. Results demonstrate
that our model can realistically simulate the evacuation
process of a mixed crowd with different personalities.

3.1 Simple scenario simulation with one exit

For example, consider the room represented in Fig. 2.
Two steady, one conservative, and three radical pedestri-
ans are at various parts of this room. The evacuation has a
total of eight time steps. Participants in the same category
are numbered in Fig. 5 for clarity. The conservative,
steady, and radical pedestrians travel to the same exit.

@ piA) @

(a) (b)

2

=

(H) (2

(h) (1)

Fig.5 Evacuation process in a simple scenario. (a) 7=0; (b) T=1;(c) T=2;(d) T=3;(e) T=4;(f) T=5;(g) T=6;(h) T=7;(i) T=8
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The evacuation data are shown in Table 2. The LTC is
used by Radicals 1 and 3, while others chose to wait or
take a detour. The maximum value of the total time steps

is the evacuation time. A higher difference between the
static and dynamic floors suggests increased travel costs
due to waiting or detours.

Table 2 Evacuation paths and costs of different people

Type of Static Dynamic . Total
LTC path Real path Difference .

person floor floor time steps
Conservative 16-10-13-14-15 1-1-6-10-13-14-14-14-15 5.4 7.8 2.4 8
Steadyl 3-8-11-15 34-8-11-16-16-15 4.2 6.2 2.0 6
Radical 1 4-8-11-15 4-8-11-15 3.8 3.8 0 3
Steady 2 59-11-15 5999-11-11-16-15 3.4 6.4 3.0 7
Radical 3 6-10-13-14-15 6-10-13-14-15 4.4 4.4 0 4
Radical 2 7-10-13-14-15 7-6-10-13-14-15 4.8 5.4 0.6 5

3.2 A square room with a different number of exits

We establish a 20 x 20 cell area and execute four sce-
narios, each with a different number of exits, as seen in

Figs. 6(a)-(d). The maximum floor gradually decreases
with increasing number of exits. In Figs. 6(a)-(d), the
maximum floors are 21.2, 20.4, 12.2, and 10. 8, re-
spectively. When the exit positions vary, the cell with

the highest floor also changes. For instance, the maxi-
mum is at or near the corner on the opposite side in Figs.
6(a) and (b) but is located at the center of the back wall
in Figs. 6(c) and (d).

In Fig. 6, 100 pedestrians, including 40 radicals, 30
steady individuals, and 30 steady people, are put in the
space in randomly selected initial positions. As seen in
Fig. 7, the number of exits influences evacuation speed
Static floor:

24
22
20
18
16
14
12
10
8
6
— 4
2
; mo
(a) (b) (¢) (d)
Fig. 6 Static floor of a square room with different numbers of exits. (a) One exit; (b) Two exits; (c) Three exits; (d) Four exits
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Evacuations corresponding to different exit numbers. (a) One exit; (b) Two exits; (c) Three exits; (d) Four exits
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considerably. Doubling the number of exits saves approx-
imately half the evacuation time. Conservative people,
probably mostly the elderly, may slow down evacuation
times, particularly if fewer exits are available. When
there are more exits, radical people, probably mostly
young people, may choose other exits due to fear of wait-
ing. The delay in total evacuation time will be minor.
Fig. 8 depicts an evacuation for mixed groups starting
from a fixed place. Initially, 40 people are present in this

space. This group is composed of seven radicals, seven
moderates, and twenty-six conservatives. The total num-
ber of time steps in the two-exit room evacuation scenario
is 25. Although it is not their LTC route, three radicals
choose the middle lane. One of them even reselects a dif-
ferent exit. Four groups of conservatives are traveling
along the LTC path. Moreover, all steady people use the
same evacuation exits and choose the same path on the

right side.

(b)

Fig.8 Evacuation simulation in a two-exit room. (a) T=0; (b) T=2;(c) T=9;(d) T=13;(e) T=19

(a)

3.3 Classroom simulation

The classroom depicted in Fig. 9 (a) is an actual facil-
ity at our university. The classroom has two exits, one in
the front and one in the back, and measures roughly 13. 6

Yy 06

CN. < e
—l ST T T T y11] O
[T 1.0 TTTT T | CIT]

————

13.6%

;

(a)

117 students already assigned personalities at random, as
shown in Fig. 10. In terms of evacuation results, 45 peo-
ple used the front door, while the remaining people used
the back door. The maximum travel cost for the person in
the third row in the middle is 468. The student sitting in
the third row on the far right is the last to leave the class-
room.

3.4 Subway station evacuation simulation

Here, we use a subway station as an example because
it has huge traffic and few exits. A station platform has
many steps (exits), structural pillars and partition walls
(obstacles), stopped trains, and other accessible spaces.

s A rOO
SENEENLANEEEEE o
Heenm HEe)

(o)

e
oo d
4
*)d

AL
* A ArOd
/ENEE SENEEE EEEE

(e)

(d)

m wide by 11 m long. The classroom has 117 seats. The
front and back rows of tables are separated by 0. 8 m,
while the aisles are 1. 0 m wide. Fig. 9(b) depicts the
classroom’s static floor.

Assume that at the end of class, the classroom contains

(b)

Fig.9 Classroom scene. (a) Schematic (unit: m); (b) Static field (LTC of every position)

Evacuation will be difficult in event of a fire or other dis-
aster. However, our modeling method is well suited for
simulating large-scale population flows and has high cal-
culation efficiency.

A subway station with a width of 70 m and a length of
200 m is shown in Fig. 11. The blue zones in the upper
part of the image depict destinations, which are stairs or
elevators. The borders, pillars, and trains are represented
by the black grids in the upper, middle,
regions of the image, respectively. These areas are inac-

and lower
cessible. However, doors between the five railcars are
accessible. Fig. 12 depicts the static floor of the subway
station. There are 100 pedestrians that are waiting to exit
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Fig.10 Evacuation simulation in a two-exit classroom containing 117 students. (a) T=0;
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Fig.12 Evacuation simulation of 100 pedestrians in a subway station. (a) T=0; (b) T=10;(c) T=16;(d) T=30

the subway station behind six doors. On the platform,
there are 35 radical pedestrians, 35 stable pedestrians,
and 30 conservative pedestrians.

At time T =0, 100 pedestrians,
types of personalities, are ready to leave the railcars.
When T=10 and T =16,
ans reduces rapidly because they employ intelligent path
prediction, congestion anticipation, and collision avoid-
ance during the evacuation. The radical pedestrians prefer
to choose the exits on the two sides rather than the mid-

comprising all three

the number of steady pedestri-

dle. They choose the path with the shortest waiting time,
although the distances to the exits are farther. All conser-
vative pedestrians try to find their paths with the mini-

mum consumption. Therefore, most of them remain on
the platform when T =30.

In the same scenario, we increase the evacuation time
considerably after increasing the population to 400, as
shown in Fig. 13. This population includes 136 radical,
162 steady, and 102 conservative persons.
waiting time for conservative persons is approximately
twice that for radical persons. As displayed in Table 3,
the difference between the actual travel cost and static
floor per person is far smaller for conservatives than for
the other two types of pedestrians.

The average

This comparison indi-
cates that conservative pedestrians tend to accomplish
evacuation in a way that conserves physical effort, al-
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though they may waste a little time. In contrast, 77% of
radicals are more likely to abandon the original path and
choose a new exit that requires slightly more effort.
Meanwhile, steady persons, most of whom are probably
middle-aged, try to find a balance between physical effort

and time.
_ 400 —=— Total number
2350+ —— Radical person number
§ —— Steady person number
23001 —=— Conservative person number

0

010 20 30 40 50 60 70 80 90100
Time step

Fig. 13

subway station

Crowd evacuation simulation of 400 pedestrians in a

Table 3 Evacuation data of 400 pedestrians in a subway sta-

tion
Difference between .
Number of Average Proportion of
Type of i L the actual travel L
different  wait time . people switching
person cost and static )
types  per person to other exits/%
floor per person
Radical 136 9.25 228.8 71
Steady 162 9.49 206. 1 67
Conservative 102 18.08 161.9 0

4 Conclusions

1) This essay investigates the comprehensive effect of
human behavior and evacuation environment on crowd
evacuation using FFCA. Different personalities have dif-
ferent decision-making mechanisms for deciding escape
routes and exits. Radical people (more young people) are
more inclined to save time, while conservative people
(more old people) are more inclined to save physical en-
ergy. Middle-aged people fall somewhere in between.

2) When different personalities are using the same es-
cape space, exits should be increased if the number of
conservative pedestrians is greater. Evacuation time is
closely related to the personality classification of the peo-
ple in the crowd.

3) Several simulations and analytical instances reveal
the usefulness of our crowd evacuation concept. The out-
comes indicate that our model can convincingly and cor-
rectly simulate the crowd evacuation process involving
different personalities. This new model opens opportuni-
ties for optimizing building interior design under emer-
gency escape psychology.

References

[1] FuZJ, Zhan X Z, Luo L, et al. Modeling fatigue of as-

cending stair evacuation with modified fine discrete floor
field cellular automata[J]. Physics Letters A, 2019, 383
(16): 1897 —1906. DOI: 10. 1016/j. physleta. 2019. 03.
030.

[2] MaJ, Lo S M, Song W G. Cellular automaton modeling
approach for optimum ultra high-rise building evacuation
design[J]. Fire Safety Journal, 2012, 54:57 —66. DOL:
10. 1016/j. firesaf. 2012. 07. 008.

[3] LuL L, Chan CY, Wang J, et al. A study of pedestrian
group behaviors in crowd evacuation based on an extended
floor field cellular automaton model[J]. Transportation
Research Part C: Emerging Technologies, 2017, 81: 317
—329. DOI: 10.1016/j. trc. 2016. 08. 018.

[4] Xie W, Lee EW M, Lee Y Y. Simulation of spontane-
ous leader-follower behaviour in crowd evacuation[J].
Automation in Construction, 2022, 134: 104100. DOI:
10. 1016/j. autcon. 2021. 104100.

[5] Xie W, Lee EW M, Li T, et al. A study of group
effects in pedestrian crowd evacuation: Experiments,
modelling and simulation[J]. Safety Science, 2021, 133:
105029. DOI: 10. 1016/j. ssci. 2020. 105029.

[6] Huang K K, Zheng X P, Cheng Y, et al. Behavior-based
cellular automaton model for pedestrian dynamics[J]. Ap-
plied Mathematics and Computation, 2017, 292: 417 —
424. DOI: 10.1016/j. amc. 2016.07. 002.

[7] Zheng Y, Li X G, lJia B, Simulation of
pedestrians’ evacuation dynamics with underground flood
spreading based on cellular automaton [ J]. Simulation
Modelling Practice and Theory, 2019, 94: 149 — 161.
DOI: 10.1016/j. simpat. 2019. 03. 001.

[8] Zheng Y, Jia B, Li X G, et al. Evacuation dynamics
considering pedestrians’ movement behavior change with
fire and smoke spreading[J]. Safety Science, 2017, 92:
180 — 189. DOI: 10.1016/j. ssci. 2016. 10. 009.

[91 Li Y, Chen M Y, Dou Z, et al. A review of cellular au-
tomata models for crowd evacuation[J]. Physica A: Sta-
tistical Mechanics and Its Applications, 2019, 526:
120752. DOI: 10.1016/j. physa. 2019.03. 117.

[10] Blue V J, Adler J L. Cellular automata microsimulation
for modeling bi-directional pedestrian walkways [ J].
Transportation Research Part B: Methodological, 2001,
35(3): 293 - 312. DOI: 10. 1016/S0191-2615 (99)
00052-1.

[11] Burstedde C, Klauck K, Schadschneider A, et al. Simu-
lation of pedestrian dynamics using a two-dimensional cel-
lular automaton[J]. Physica A: Statistical Mechanics and
Its Applications, 2001, 295(3/4): 507 —525. DOI: 10.
1016/S0378-4371(01)00141-8.

[12] Alizadeh R. A dynamic cellular automaton model for
evacuation process with obstacles [ J]. Safety Science,
2011, 49(2): 315 —323. DOI: 10. 1016/j. ssci. 2010.
09. 006.

[13] Zhao R F, Zhai Y, Qu L, et al. A continuous floor field
cellular automata model with interaction area for crowd

et al.

evacuation[ J]. Physica A: Statistical Mechanics and Its
Applications, 2021, 575: 126049. DOI: 10. 1016/]. phy-
sa. 2021. 126049.

[14] Huang H J, Guo R Y. Static floor field and exit choice
for pedestrian evacuation in rooms with internal obstacles
and multiple exits [ J]. Physical Review E: Statistical,



Crowd evacuating simulation of different personalities with floor field cellular automata 409

Nonlinear, and Soft Matter Physics, 2008, 78(2 Pt 1): trc. 2014.08. 021.
021131. DOI: 10.1103/PhysRevE. 78.021131. [21] Suma Y S, Yanagisawa D, Nishinari K. Anticipation

[15] Peng Y C, Chou C I. Simulation of pedestrian flow effect in pedestrian dynamics: Modeling and experiments
through a “T” intersection: A multi-floor field cellular au- [J]. Physica A: Statistical Mechanics and Its Applica-
tomata approach[J]. Computer Physics Communications, tions, 2012, 391(1/2): 248 —263. DOI: 10. 1016/j.
2011, 182(1): 205 —208. DOI: 10. 1016/j. cpc. 2010. physa. 2011. 07.022.

07.035. [22] Li M, Zhang L Z, Zhang M Y, et al. Crowd behavior

[16] Yue H, Guan H Z, Shao CF, et al. Simulation of pedes- simulation based on psychological emotion, sociological
trian evacuation with asymmetrical exits layout[ J]. Physi- role and personality [ C]//2019 IEEE 8th Joint Interna-
ca A: Statistical Mechanics and Its Applications, 2011, tional Information Technology and Artificial Intelligence
390(2): 198 —207. DOI: 10. 1016/j. physa. 2010. 10. Conference (ITAIC). Chongqing, China, 2019: 371 —
003. 377. DOI: 10. 1109/ITAIC. 2019. 8785519.

[17] Zhu K J, Yang Y, Shi Q. Study on evacuation of pedes- [23] Liu T T, Liu Z, Chai Y J, et al. Simulating evacuation
trians from a room with multi-obstacles considering the crowd with emotion and personality[J]. Artificial Life and
effect of aisles [J]. Simulation Modelling Practice and Robotics, 2019, 24(1): 59 —67. DOI: 10.1007/s10015-
Theory, 2016, 69: 31 —42. DOI: 10. 1016/j. simpat. 018-0459-5.

2016.09.002. [24] Mao Y, Yang S W, Li Z N, et al. Personality trait and

[18] Zheng Y, Li X G, Zhu N, et al. Evacuation dynamics group emotion contagion based crowd simulation for emer-
with smoking diffusion in three dimension based on an ex- gency evacuation[ J]. Multimedia Tools and Applications,
tended floor-field model [ J]. Physica A: Statistical Me- 2020, 79(5): 3077 —3104. DOI: 10. 1007/511042-018-
chanics and Its Applications, 2018, 507: 414 — 426. 6069-3.

DOI: 10.1016/j. physa. 2018. 05. 020. [25] Zhan X, Yang L Z, Zhu K J, et al. Experimental study

[19] Zou B B, Lu C X, Mao S R, et al. Effect of pedestrian of the impact of personality traits on occupant exit choice
judgement on evacuation efficiency considering hesitation during building evacuation [ J]. Procedia Engineering,
[J1. Physica A: Statistical Mechanics and Its Applica- 2013, 62: 548 —553. DOI: 10.1016/j. proeng. 2013. 08.
tions, 2020, 547: 122943. DOI: 10. 1016/j. physa. 099.

2019. 122943. [26] Chabini I. Discrete dynamic shortest path problems in

[20] Hsu J J, ChuJ C. Long-term congestion anticipation and transportation applications: Complexity and algorithms
aversion in pedestrian simulation using floor field cellular with optimal run time[J]. Transportation Research Re-
automata[J]. Transportation Research Part C: Emerging cord, 1998, 1645(1): 170 —175. DOI: 10. 3141/1645-
Technologies, 2014, 48: 195 —211. DOIL: 10. 1016/j. 21.

ETEEFTHBINVNHNABNTEANBFRBBE
REA RS ARH W’

(Ao kFEaASFS TREE, E7 210096)
CHhHRENBHASE T35, 7 210096)

WE AT HAF BEAFENEAT NIRBAT R 256w, KA #4770 B shAL(FFCA ) B A AL Bl A
H AR B EABIT AR SR 2R T ABER IR 02 W& B, St i 3+ H ki3 3 #£ (LTC) 3642
I HERRY. RRABRIBERBI IR Y A 3 £, F £ ABAT i 42 A R R 89 Kok ok T AP 498
FhFa bt 18] 7 A, BB W, BT AAREARIE R BT K AL 8y FFAC A it 35 F — A3 B A7 T ALK
B TG R FAUH R AR AR5 X R EFF A, AR B X o REEPGEEERRE G L LRk R P,
o % B 7 G E Fe sk, R EABE G REBAS R EAFERS TR EATRABTITASE AR
¥ 5 BABAT A Z R 6 MR ZARAE T — AP 3769 o ik

KR AT AAT A ARG B E M & 4L 39 LR B St

FE 45 ES:U391.9



