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The subway is the primary travel tool for urban residents in China. Due to the complex structure of the subway and
high personnel density in rush hours, subway evacuation capacity is critical. The subway evacuation model is explored in
this work by combining the improved social force model with the view radius using the Vicsek model. The pedestrians are
divided into two categories based on different force models. The first category is sensitive pedestrians who have normal
responses to emergency signs. The second category is insensitive pedestrians. By simulating different proportions of the
insensitive pedestrians, we find that the escape time is directly proportional to the number of insensitive pedestrians and
inversely proportional to the view radius. However, when the view radius is large enough, the escape time does not change
significantly, and the evacuation of people in a small view radius environment tends to be integrated. With the improvement
of view radius conditions, the escape time changes more obviously with the proportion of insensitive pedestrians. A new
emergency sign layout is proposed, and the simulations show that the proposed layout can effectively reduce the escape
time in a small view radius environment. However, the evacuation effect of the new escape sign layout on the large view
radius environment is not apparent. In this case, the exit setting emerges as an additional factor affecting the escape time.
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1. Introduction

The rapid development of the urban economy has shown
a large number of residents settling in cities. This swift in-
crease in the urban population puts significant pressure on
urban transportation systems.[1–4] The subway has become
the primary travel tool for city residents due to its charac-
teristics of large volume, punctuality, and fast speed.[5–7] The
disadvantages of the subway are concentrated personnel den-
sity during rush hours and the need for unique underground
structures.[8] These factors create a significant safety concern
in the event of a fire, where evacuation becomes a considerable
problem.[9–11] To address this problem, simulation technology
has emerged as an essential method for studying subway sta-
tion evacuation.

Numerous scholars have proposed various pedestrian dy-
namics models for studying the behavior and characteristics
of crowd flow, including the cellular automata model,[12–15]

the social force (SF) model,[16,17] the multigrid model,[18,19]

the agent-based model,[20,21] and the Vicsek model (VM).[22]

Among them, VM can effectively express group motion,
where the particles with constant velocity interact with the sur-
rounding particles through the direction of motion. Compared
with VM, the SF model proposed by Helbing and Molnar[16]

can better reflect the impact of people on the environment (sur-
rounding pedestrians or obstacles). The SF model is one of

the most simplified mathematical models and has been widely
used in pedestrian evacuation for all types of buildings. Many
scholars have revised this model to study effective exit[23–28]

and pedestrians’ classification.[24,29,30] Wang et al.[31] pro-
posed a new avoidance model to remove the exclusion force in
the social force model, which was more conducive to pedes-
trians reaching their destinations. And Ma and Wang[32] in-
troduced the view radius into the original SF model, studying
the relationship between view radius and escape time. Many
scholars have also studied the effect of information transmis-
sion in evacuation. Yuan et al.[33] analyzed the impact of two
types of emergency signs (wall and ground signs) on evacua-
tion. Ma et al.[34] studied the influence of different positions
of emergency signs on evacuation under different field radii,
and Hou et al.[35] studied the influence of evacuation lead-
ers on the overall evacuation dynamics through an improved
model. Zhou et al.[36] combined the improved social force
model with the perceiving probability model, proposed three
emergency sign distribution schemes, and quantitatively ana-
lyzed the impact of the number and distribution of emergency
signs on pedestrian evacuation. Most of these studies focus on
the type and location of emergency signs, and all pedestrians
are considered as a single category. However, due to individual
differences in the ability of pedestrians to identify emergency
signs, it is necessary to classify pedestrians to account for their
different movement patterns with different emergency signs.
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In this study, pedestrians are divided into two categories:
sensitive and insensitive to emergency signs. We also intro-
duce the visual field radius into the collective behavior of
pedestrians.[34] The relationship between the proportion of in-
sensitive pedestrians and the escape time is studied under dif-
ferent view radii. The remaining number of people in the sta-
tion hall at different time points is analyzed. We also intercept
the overall evacuation of pedestrians under four visual condi-
tions and examine the distribution of pedestrians at different
time points. A new layout method is proposed, and the pedes-
trian evacuation under the new layout is compared.

The remainder of this study consists of the following
parts. Section 2 introduces the original model and the revised
social force model. Section 3 applies the modified model to
an example for simulation. Finally, Section 4 summarizes our
findings and presents prospects.

2. Mathematical model
2.1. Vicsek model

The VM proposed by Vicsek is a motion model for study-
ing the interaction between particles.[22] In this study, we in-
troduce the view radius Ri in the original model, and the posi-
tion of the ith particle is updated according to

𝑥i (t +1) = 𝑥i (t)+𝑣i (t)∆t, (1)

where 𝑣i represents the velocity of the ith particle. We add the
view radius to the original model and do not consider the noise
factor, the particle direction is then updated according to

𝜃 (t +1) =
〈
𝜃̂ (t)

〉
Ri
, (2)

where 〈𝜃̂(t)〉Ri represents the average angle of all particles of
the ith particle within the view radius of Ri. 〈𝜃̂(t)〉Ri is repre-
sented by arctan[〈sin𝜃(t)〉Ri/〈cos𝜃(t)〉Ri ].

2.2. Modification of the SF model

2.2.1. Social force model

The SF model is a multifactor driving model based on the
Newtonian mechanics.[16] It is used to simulate the movement
of pedestrians based on their interactions. It can effectively
determine the individual movement of pedestrians and the in-
teraction between pedestrians in a high-density crowd.

In the original SF model, the movement of pedestrians is
affected by the attraction of the exit, the interaction between
pedestrians, and the interaction between pedestrians and walls.
The motion formula of the SF model is listed as follows:

d𝑣i

dt
= 𝑓desire +∑ j 𝑓i j +∑w𝑓iw, (3)

where i, j, and w denote the pedestrians, surrounding pedes-
trians, and obstacles, respectively. 𝑓desire is the attraction of
the exit to pedestrians. 𝑓i j is the interaction force between

pedestrians. 𝑓iw is the interaction between pedestrians and ob-
stacles.

The component 𝑓desire refers to the attraction of the exit
to pedestrians, that is, the self-driving force of pedestrians to
evacuate. It is defined as

𝑓desire = mi
v0

i (t)𝑒
0
i (t)−𝑣i(t)

τi
, (4)

where mi is the mass of pedestrian i, 𝑣i(t) is the expected speed
of pedestrian i, 𝑒i(t) is the direction of the desired velocity,
𝑣i(t) is the actual speed of pedestrian i at time t, and τi repre-
sents the interval of pedestrian response time.

Component 𝑓i j is the resultant force between pedestrian i
and adjacent pedestrian j

𝑓i j = Ai e[(ri j−di j)/Bi]𝑛i j + kg(ri j−di j)𝑛i j

+κg(ri j−di j)∆vt
i j𝑡i j, (5)

where Ai e[(ri j−di j)/Bi]𝑛i j is the psychological repulsion of
pedestrian i to adjacent pedestrian j, Ai is the coefficient of the
strength of the repulsive force, Bi is the constant to evaluate the
effect of distance on the repulsive force, ri j is the sum of the
radius of pedestrians i and j, di j is the distance between pedes-
trian centroids i and j, kg(ri j−di j)𝑛i j and κg(ri j−di j)vt

i j𝑡i j

are the impact force and friction force, respectively. Addi-
tionally, k and κ denote the collision coefficient and friction
coefficient, respectively. 𝑛i j is the normal direction of i and
j. 𝑡i j is the tangential normal. vt

i j𝑡i j is the tangential velocity
difference.

Component 𝑓iw is the resultant force between pedestrian
i and obstacle w

𝑓iw = Ai e[(r−diw)/Bi]𝑛iw + kg(r−diw)𝑛iw

−κg(r−diw)(𝑣i · 𝑡iw)𝑡iw, (6)

where r is the radius of the pedestrian, diw is the distance be-
tween the pedestrian’s center position and the obstacle w, 𝑛iw

is the normal direction of i and w, and 𝑡iw is the tangential
direction.

The function g(x) is expressed as

g(x) =

{
x, x≥ 0,
0, x < 0,

(7)

when x is less than 0, the value of g(x) is equal to 0, meaning
that the pedestrians do not have contact.

2.2.2. Modified SF model considering sensitivity to
emergency signs

The original SF model is modified in this study, and the
pedestrians are divided into sensitive and insensitive pedestri-
ans. Hou et al.[35] added the leader factor to the original SF
model, in which the leader was aware of a clear exit direction,
and their speed was slower than sensitive pedestrians. The re-
sults showed that the presence of a leader was more conducive
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to guiding evacuation. Therefore, we believe that evacuation
signs also significantly impact the pedestrian evacuation pro-
cess. When the pedestrians find an evacuation sign during the
evacuation process, they will continue to move in the direction
indicated. Thus, evacuation signs can help pedestrians get out
of the station hall more effectively.

According to the VM,[22] the view radius is introduced
into the SF model, it reflects the range that the pedestrian can
see in the smoke environment of fire. When pedestrians can-
not see the exits and evacuation signs because of their reduced
field of vision, they will exhibit herding behavior. We also
consider that some pedestrians will be insensitive to evacua-
tion signs due to low safety awareness, panic during the evac-
uation, etc.. Therefore, insensitive pedestrians may not be able
to follow the instructions with evacuation signs to make corre-
sponding movements. The specific pedestrian classification is
shown in Fig. 1. The following equation represents the direc-
tion of pedestrian movement under different conditions:

𝑒e
i =

𝑟e−𝑟i

|𝑟e−𝑟i|
, (8)

if the pedestrian can see the exit in the field of vision, pedes-
trian i will move towards the exit, where 𝑟e indicates the mid-
dle of the exit;

𝑒s
i =

𝑟e−𝑟s

|𝑟e−𝑟s|
, (9)

if pedestrian i cannot see the exit, but the evacuation sign ap-
pears in the field of vision, the pedestrians move according to
the direction of the evacuation sign, where 𝑟e−𝑟s stands for
the direction of the evacuation sign to the exit. When two or
more emergency signs appear at the same time in the pedes-
trian’s field of vision radius, the probability of the pedestrian i
choosing evacuation sign n is

Pn =
1
H

e−sin , (10)

where H = ∑n exp(−sin), sin represents the distance between
pedestrian i and evacuation sign n . Pedestrians are more likely
to choose signs closer to themselves, as shown in Fig. 2. When
the exit is not in the field of vision, the probability of pedes-
trians choosing the exit is the same. When the exit appears in
the vision, only the distance is considered as the standard for
the exit selection. The pedestrian’s field of view radius Ri and
distance function g(r) are listed as follows:

g(r) =
{

rin, rin ≤ Ri,

Ri, rin > Ri,
(11)

pn (r) =
g(r)−kr

∑
N
n=1 g(r)−kr

, (12)

where Ri represents the radius of the current field of vision, rin

is the distance between pedestrian i and the exit, and kr is the
distance index, taken as 1 in this study. Helbing et al.[17] in-
troduced the pedestrian panic factor pi. The following formula

expresses the herd behavior of people in panic:

𝑒n
i = Norm

[
(1− pi)𝑒i + pi〈𝑒0

j(t)〉i
]
, (13)

where pi reflects the panic level of pedestrian i, 〈𝑒0
j(t)〉i rep-

resents the average motion direction of pedestrian j around
pedestrian i, and Norm is vector normalization. The whole
equation shows that the degree of panic affects individual
movement. When there are no exits and evacuation signs in
the field of view radius of sensitive pedestrians, they are prone
to panic and exhibit herd behavior. We also believe that in-
sensitive people are prone to herding behavior before the exit
due to their low sensitivity to evacuation signs. Thus, when pi

increases, the herd behavior of pedestrians is more prominent.
When the value of pi is smaller, it indicates that pedestrians
have a clear escape direction and individual behavior is more
noticeable.

Pedestrians

Insensitive to 
evacuation 

signs

Can see
the exits

Cannot see
the exits

Can see
the exits

Cannot see
the exits

Sensitive to 
evacuation 

signs

Can see the 
evacuation 

signs

Cannot see the 
evacuation 

signs

Fig. 1. Pedestrian classification flow chart.

Pedestrian
Sign 2

Sign 1

Si

Si

Fig. 2. Pedestrian selection probability when multiple signs appear in the
pedestrian field of vision.

3. Simulations and analysis
The h-shaped station hall of a subway station in Nanjing

was taken as an example, written in C language, and simu-
lated on Linux (shown in Fig. 3). The evacuation in the fire
of a subway station was simulated, and the smoke concentra-
tion was reflected by the view radius. To ensure the authen-
ticity of the simulation, the size of the subway station hall is
from the operational station with 70 m long and 16 m wide.
The exit width is about 3 m, and three exits are distributed on
both sides of the station hall. The evacuation indication signs
were restored according to the actual situation. The number
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of simulated people was N = 400, which simulated the actual
population density at rush hour according to the code for safe
evacuation of metro.[37] The positions generated by pedestri-
ans in each simulation were random, and the expected speed
of pedestrians in different states was varied. The initial speed
of each pedestrian was vn

i = 1 m/s, and when sensitive pedes-
trians encountered evacuation signs or exits, the speed reached
ve

i = 1.5 m/s.[17]

The insensitive pedestrians did not accelerate when they
saw the evacuation signs. Only when they were attracted by
the exit, their speed reached 1.5 m/s. The panic factor of
pedestrians before encountering evacuation signs or exits was
pn

i = 0.8. When signs or exits appeared in the vision of sen-
sitive pedestrians, they could obtain clear escape information,
their behavior became more apparent, and the panic factor was
0 (pe/s

i = 0). However, only when insensitive pedestrians saw
the exit, the panic factor dropped to 0 (pe

i = 0). When pedes-
trians left the exit passage, the system automatically removed
them. The detailed pedestrian parameters used in the simula-
tion are shown in Table 1.

Table 1. Detailed parameters of pedestrians.

Parameters Insensitive pedestrians Sensitive pedestrians

m (kg) 75 75
vn

i (m·s−1) 1.0 1.0
vs

i (m·s−1) 1.0 1.5
ve

i (m·s−1) 1.5 1.5
pn

i 0.8 0.8
ps

i 0.8 0
pe

i 0 0
r (m) 0.25 0.25
τ (s) 0.5 0.5
A (N) 2000 2000
B (m) 0.08 0.08

k (kg·s−2) 120000 120000

1
6
 
m

3 m3 m

5
 
m

10 m

70 m

Fig. 3. Plan of subway station hall.

3.1. Pedestrian dynamic of original emergency signs lay-
out

The relationship between the proportion of insensitive
pedestrians and escape time under different view radius condi-
tions is shown in Fig. 4. As it is impossible for all pedestrians

to be insensitive pedestrians, we set the upper limit of the pro-
portion of insensitive pedestrians to 60%. The different pro-
portions of the two types of pedestrians are shown in Table 2,
where each group is simulated 10 times. When the view ra-
dius of pedestrians increases from 5 m to 10 m, it can be seen
that the escape time decreases significantly with the increase
of the view radius. This shows that sensitive pedestrians can
obtain more evacuation information and have a clear escape
route with the increase of the view radius. Their movement
direction also affects insensitive pedestrians. In this case, sen-
sitive pedestrians play the role of dynamic information guides
to lead insensitive pedestrians to the correct exit. With an in-
crease in the proportion of insensitive people, this guidance
effect is gradually weakened, which increases the escape time.
However, it should be noted that the impact of the proportion
of insensitive pedestrians on the escape time is significantly
greater when Ri = 10 m than when Ri = 5 m.

Therefore, taking Ri = 5 m and Ri = 10 m as examples,
we compare the rest of the number of these two types of pedes-
trians with the same number in the station hall at different time
nodes. The result is shown in Fig. 5. It can be observed that
when the view radius is large, there are more insensitive people
left in the station hall at the later stage of evacuation. When
t = 40 s in Fig. 5(a), there are 53 insensitive people and 25
sensitive pedestrians. However, Fig. 5(b) shows that when the
escape time reaches 40 s, 40 insensitive pedestrians are left,
while only 11 sensitive pedestrians are left. When t = 50 s, the
number of sensitive pedestrians in the station hall in Fig. 5(b)
is 0.

Table 2. Proportions of the two categories of pedestrians.

Group Insensitive pedestrians (%) Sensitive pedestrians (%)

1 0 100
2 10 90
3 20 80
4 30 70
5 40 60
6 50 50
7 60 40

0 10 20 30 40 50 60
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Fig. 4. Relationship between the proportion of insensitive people and
escape time under different view radii.
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Fig. 5. The number of pedestrians in the station hall at different time nodes under two vision conditions when the proportion of the insensitive
population is 50%.

(a) Ri=5, t=10 s (d) Ri=10, t=10 s

(b) Ri=5, t=20 s

(c) Ri=5, t=30 s (f) Ri=10, t=30 s

(e) Ri=10, t=20 s

Fig. 6. Pedestrian evacuation at three time nodes under two visual conditions when the proportion of the insensitive population is 50%.

In the early evacuation stage, the number of the rest of
the two types of pedestrians in the station hall is very close
under any vision, but the time of the turning point is different.
When the radius of vision is 5 m, a large number of sensitive
pedestrians walk out of the station hall between 20 s and 30 s.
However, when the field radius is 10 m, this situation occurs
between 10 s and 20 s. Therefore, we analyze the evacuation
process of the station hall with the same number of the two
types of pedestrians, as shown in Fig. 6. The red dots repre-
sent insensitive pedestrians, and the black dots represent sensi-
tive pedestrians who respond quickly to evacuation signs. Fig-
ures 6(a) and 6(c) show the pedestrian distribution in the evac-
uation process at each time node when the visual condition
is 5 m. The visual conditions are relatively poor, the escape
information that pedestrians can obtain is limited, and pedes-

trians are seriously disturbed by herd behavior. Thus, the es-
cape time is relatively longer. We select some pedestrians with
black dashed frame lines when t = 10 s. It can be observed that
the overall trend of pedestrian evacuation is the same with an
escape time between 10 s and 30 s. Figures 6(d) and 6(f) show
the pedestrian distribution in the evacuation process when the
view radius is expanded to 10 m. It can be observed that with
the expansion of the view radius, more pedestrians can ob-
tain escape information, and the escape time of pedestrians is
reduced. Meanwhile, the individual behavior of pedestrians is
more evident because of the improvement in visual conditions.
In the black dashed frame line, sensitive pedestrians will over-
take insensitive pedestrians to reach the exit faster. Comparing
Figs. 6(b) and 6(e), sensitive pedestrians with clear escape in-
formation go to the exit more quickly because of the improve-
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ment in visual conditions. There are more insensitive pedestri-
ans in the middle of the station hall. This phenomenon is more
evident in Figs. 6(c) and 6(f). Therefore, with a small view
radius, the escape time increases slightly with the increase of
the proportion of insensitive people. However, with the im-
provement of visual conditions, the change in escape time with
the proportion of insensitive people will be more obvious. As
shown in Fig. 4, when comparing the view radii of 15 m and
20 m, it is found that when the visual field range enlarges to a
certain extent, the escape time changes lightly. The visibility
may no longer be an essential factor affecting the escape time.
As there are two exits on the left side of the station hall, the
utilization rate of the left exit is higher than that of the right
exit. The pedestrian density at the right exit is high, and the
pedestrians become increasingly crowded, forming a blocking
effect at the exit. In this case, the exit setting may also become
an essential factor affecting the escape time.

3.2. Pedestrian dynamic of new emergency signs layout

To make the whole evacuation process more coherent, re-
duce information blind areas during the evacuation, and maxi-
mize the utilization of each escape indication sign, we present
a new layout of the ground emergency signs in the station hall.
The proposed layout is shown in Fig. 7. The current view
radius Ri is taken as the distance between emergency signs
so that sensitive pedestrians can maintain the correct escape
direction during the whole evacuation process. At the same
time, the moving direction of sensitive pedestrians also affects
the moving direction of insensitive pedestrians. Four visual
environments are simulated to test the rationality of the layout
under this layout condition.

Figure 8 shows the relationship between the proportion
of insensitive pedestrians and escape time under the new lay-
out conditions, compared with the previous simulation results
in Fig. 4. A significant variation in escape time can be ob-
served under the new escape sign layout. Firstly, the escape
time of pedestrians is significantly reduced, indicating that the
improved sign layout is indeed conducive to pedestrian evacu-
ation. The view radius is taken as the standard of the distance
between emergency signs. The information blind area is sig-
nificantly reduced. From Figs. 8(a) and 8(b), the changing
trend of escape time in the new layout is more noticeable than
that of in the original escape sign layout. This phenomenon is
more evident in the small view radius environment. In addi-
tion, we also find that the smaller the proportion of insensitive
pedestrians, the more significant the role of the new evacuation
sign layout. With an increase in the proportion of insensitive
pedestrians, the escape time difference between the two layout
conditions gradually decreases. Figures 8(c) and 8(d) show the
relationship between the proportion of insensitive pedestrians
and escape time under the new evacuation sign layout when

the field of vision reaches 15 m and 20 m. It can be observed
that compared with the original layout, the impact of the new
evacuation sign layout on the escape time will become increas-
ingly weaker. When Ri = 20 m, there is almost no difference
between the escape time under the new layout and the original
layout. This shows that the impact of the new layout on the
escape time is more evident in the small view radius.

Ri

Ri

Ri

Ri Ri

(a) Ri=5

(b) Ri=10

(c) Ri=15 (d) Ri=20

Fig. 7. The layout of ground escape signs improve according to the field
of view radius.
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Fig. 8. The relationship between escape time and the proportion of insen-
sitive pedestrians under four visual conditions using the new emergency
sign layout and compared with the previous layout simulation results.

In order to further explore the impact of the new layout
on pedestrian evacuation from a small view radius, we ana-
lyze the distribution of pedestrians in the evacuation process
when Ri = 5 m. Figure 9 shows the evacuation situation at
different time nodes with three proportions of 10%, 30%, and
50%, and the view radius is 5 m. The evacuation of pedes-
trians in Fig. 9 is very different from that in Fig. 6. No mat-
ter what proportion, insensitive pedestrians are separated from
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the crowd. With an increase in their proportion, more insensi-
tive pedestrians stay in the station hall. The evacuation will
no longer be holistic, even in the small field of vision en-
vironment. Because the layout of the new emergency signs
can provide more escape information to sensitive pedestrians,
the individual behavior of sensitive pedestrians will be more
prominent, and they will quickly surpass insensitive pedestri-

ans. Figure 9 shows that an increasing number of insensitive
pedestrians will be left in the station hall with an increase in
the proportion of insensitive pedestrians. Therefore, compared
with the original escape sign layout, the escape time of pedes-
trians will change significantly with an increase in the propor-
tion of insensitive people, and the guidance effect of the new
escape sign layout will weaken.

(a) %, t=10 s

(c) %, t=10 s

(e) %, t=10 s (f) %, t=30 s

(d) %, t=30 s

(b) %, t=30 s

Fig. 9. Pedestrian evacuation in the station hall at different time nodes with the new emergency signs layout when the view radius Ri = 5 m and
the proportion of insensitive pedestrians is 10%, 30%, and 50%.

To verify the effectiveness of the modified SF model, we
compare the evacuation simulation results of the four visual
fields under the new layout with pathfinder simulation results.
The comparison is shown in Fig. 10, and Table 3 provides the
detailed parameter settings. With an increase in the propor-
tion of insensitive pedestrians, the modified SF model has the
same trend as the pathfinder simulation results. Due to the dif-
ference in parameter settings, the escape time will be slightly
different, but the same growth trend proves the effectiveness
of the modified SF model.

Table 3. Detailed parameters of the pedestrians in pathfinder.

Parameters Sensitive pedestrians Insensitive pedestrians

Speed (m/s) 1.5 1.0
Diameter (m) 0.5 0.5

Reduction factor 0.8 0.7
Acceleration time (s) 1.1 1.0

Collision response time (s) 1.5 2.0
Personal distance (m) 0.08 0

In this situation, the exit setting may become the main
factor affecting the escape time. Therefore, taking the view
radius Ri = 20 m as an example, we change the station hall’s
exit width and conduct the simulation again. The results are

shown in Fig. 11. When the exit width is expanded from 3 m
to 4 m, the escape time is reduced, but the escape time is not
notably different. Due to the long length of the station hall,
the three exits are distributed on both sides. It may be more
effective to add another exit in the middle of the station hall
than to increase the width of the original exit. However, the
exit layout is not the focus of this study.
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Fig. 10. Comparison between the simulation results of four visual fields
under the new signs layout and pathfinder simulation results.
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Fig. 11. The relationship between escape time and the proportion of in-
sensitive pedestrians when the exit width is 3 m, 3.5 m, and 4 m.

4. Conclusion

In this work, the modified SF model with the view radius
from VM was proposed by dividing pedestrians into sensitive
and insensitive pedestrians. A subway station hall in Nanjing
was used as the simulation scene to observe how pedestrians
escape from a station hall. The results are listed as follows:

(i) The escape time was directly proportional to the num-
ber of insensitive pedestrians and inversely proportional to the
view radius. However, when the view radius was large enough,
the change in escape time was no longer noticeable.

(ii) The results indicated that the evacuation of people in
a small view environment tended to be more integrated. With
the increase in visual field radius, pedestrians could obtain
more evacuation information, and the individual behavior of
pedestrians was more prominent.

(iii) A new emergency sign layout was presented by tak-
ing the current pedestrian field of vision radius as the distance
between emergency signs, which could ensure the continuity
of pedestrian evacuation and reduce the blind area of pedes-
trian evacuation.

(iv) This new layout could effectively reduce the escape
time, when Ri = 5 m, the change in escape time was more ob-
vious with an increase in the proportion of insensitive pedes-
trians. But, when the view radius was larger, the change was
little.

(v) When the radius of view was large, the escape time
under the new layout was not much different from the original
layout. When Ri = 20 m, there was almost no disparity.

(vi) Increasing the exit width could reduce the escape
time to a certain extent.

In subsequent work, we will study the choice of two types
of pedestrians for multiexits, set the corresponding evacuation
mechanism according to the pedestrian density of exits. And
consider how the model can be applied to real life.
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Appendix A
Table A1. The following symbols are used in this study.

Notations

Ri field radius of pedestrian
mi mass of pedestrian
𝑓desire self-driving force
𝑓i j interaction force between pedestrians i and j
𝑓iw resistance force for pedestrian i from obstacles
sin distance between pedestrian i and evacuation sign n
𝑒e

i direction of exit guidance
𝑒s

i direction of escape sign guidance
ve

i the desired speed at which a exits appears in the view
vs

i the desired speed at which a sign appears in the view
vn

i the desired speed at which no exits or signs in the view
pn

i panic factor before pedestrian meet the emergency signs or exits
ps

i panic factor after pedestrian meet the emergency signs
pe

i panic factor after pedestrian meet the emergency exits
τi time interval of the reaction time of pedestrian
ri pedestrian radius
diw distance between the center of pedestrian i and an obstacle w
di j distance between the centers of mass of pedestrians i and j
tiw tangential direction
niw normalized vector
Ai strength constant
Bi distance constant
k collision coefficient
κ friction coefficient
Lr length of room
Wr width of room
We width of exits
∗Bold symbols represent vectors.
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