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Abstract  Social force model is a classic model in crowd movement simulation. The model expresses the subjective wishes of pe-
destrians and the interaction between pedestrians in the form of “force”. The model is concise and easy to explain. However, there
are many factors that affect pedestrian movement, and the calculation of self-driving force and social psychological force in the
primitive social force model is insufficient. In order to enable the model to simulate the real movement process,many researchers
have improved the social force model. This paper mainly studies the subject in the process of crowd evacuation, pedestrians. Pe-
destrians are modeled from two aspects: pedestrian characteristics and pedestrian roles. The characteristics of pedestrians include
the social relationship between pedestrians,the personality of pedestrians and individual emotions. The degree of interference be-
tween pedestrians with different levels of intimacy is different,and pedestrian emotions will also affect the judgment of pedes-
trians. The role of pedestrians considers leaders and ordinary pedestrians,and analyzes the impact of different pedestrian roles on
the evacuation process. Leaders can help ordinary pedestrians to evacuate. Crowd self-organization simulation experiments verifies
that the improved model can simulate the real crowd evacuation situation and retain the advantages of the original model. At the
same time,the evacuation efficiency and exit utilization rate of the crowd under four simulation models are counted,and the aver-
age value and distribution of the experimental data are analyzed. Experimental results show that the main reasons for the long
evacuation time are the time-consuming search for exits and the unbalanced utilization rate of exits. Generally.pedestrian charac-
teristics and leaders have a positive impact on pedestrian evacuation efficiency. Pedestrian characteristics can accelerate pedestrian
aggregation and optimize pedestrian expectation speed. On the basis of helping pedestrians to find exits,leaders can balance pedes-
trian’s use of exits.and ensure that the number of evacuees at each exit is basically the same.
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Table 2 Parameter setting of original social force model

i 5B o

m TARE 80 kg

r TAEE 0.3m

A Ao R bR 2000 N

B HeH R A MAIEE S 0.08m

k HHRRE R H 120000/ Ckg/s2)
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Table 3 Average total evacuation time in original social force model

(BT 2 s)
B E W E A W A
100 A 572.327 498. 637 165. 658
200 A 588. 784 457,639 198.538
300 A 712.764 463. 428 248.472
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Table 4 Average total evacuation time with pedestrian characteristics

(A e s)
BHOoEE  REoEHE R A
100 A 487.512 264. 845 175.352
200 A 567.935 318. 500 186. 450
300 A 576.913 342,493 184. 290
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Fig.5 Average total evacuation time with pedestrian characteristics
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Schematic diagram of leader model simulation environment
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Table 5

Average total evacuation time with pedestrian characteristics

and leaders

CHLA 2 s)
B0 B v g I A
100 A 463.549 249.104 196.918
200 A 555. 200 267.917 168. 356
300 A 467.637 294. 457 185. 970

FH 2% 5 AT, B 1] A B84 AS [R] 5 5T 349 6 10300 R 1Y
WA AR, 7E -5 L 19 5 1B] P 5 300 B 56 ) 114 ST X4 A4 1% 15 B i)
9 467.637s, Lt 200 A B HLHS 19 -3 {H 555. 200s AT, 7EXW
s e RN T w7 T O NG 5 s 8 T = s R T
B,

S SRR AT H A O FE BT I T LA AR e
RO, B R 7E 0T 5 R A AT T L7 3
IF) P9 32 S 0E B 7 18] 4 51 9 HLAE A AGO BIPE TR L Al L g
R BT BAT A AR IE 0 B B,

7] A 44 52 30 5 DA 4 R A O SRR AT TR R &L 7 BT

800

600

400

FTARBHEE /s

200

100 300

200
RRHEAL/A
Ca) Bty CUIFE IR R AT S B 11

@
8

o

1400
w 500 ” °
N Sy
= = 300
& 400 E=4
£ -3
8 30 5 200
- i
o 20 2 10
100
100 300 100 300

200 200
RABBHAZ/A RAHAZ/A

Cb) X VI R AT B B L ) Co) Y IS T R AT 8 i A ]

B 7 GURFAEIE T AT AT S G A A
Fig. 7
M7 AT LLE W 7E 3 AR A H R B R, 100 AL 200
A FN 300 A T 357 5 55 10 B i) 04 o 2 4505 40 A - A AR AL,
A MAEIE T, 2 A 45 9 0 N B ART 300 A, (ATEREER
P R ATE SR AEAE 5 A D DR L AT A B I T A AT R 4y
T — R B D), B ] Y A TR T
AT AR SE H .
T 3 X S AR A WLEE & B, BT A S 0 RS B
BE LA AN, Hoh PR e, G 6 S B s AT A
B AL
5.4 3ttb&#r
TEMLZ MO T 8 0 AT AL RS H

Average total evacuation time with leaders



M I 55 2 AT N HRRIE 5 0535 A 6 1 ot Ak 2 R A

353

BRI E R O B — TR B b Oy T e AT AT 1
B 55 BEJS U BR BE AT E SR 1R AR L BE B U A RT LA AR
B A R T AT A 2 A W5 AT R BE BT
T

N TS M LB R R i ORICR s 4 MR R 47
B2 8 g H T 17 T 2 1T ) O SR AT J s, AN TR 8 s

@
8

@
8

s
8

w
8

»
8

FTATFH BB /s

g

L] il H 7 e
e B

(a)100 NFIE T AT A2 it B )

-
=1
S

700
” »
= 500 = 600
4 &
400 3 500
" "
2 300 sy 400
g g
B 200 §- %0
jé }ézoo
100 A
L Wil e e LY B i

HH HE H o B
(6200 NI T A7 AT B G B A (02300 ARG T AT AT 24 5 i i 11
&8 AN [FRE R AT AT 2 6 i i fi)

Fig. 8 Average total evacuation time with different models
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Table 6 Average evacuation number of exits with original social
force model

AW E A
100 A 7 .54 A 146
200 A 7 :110 4 .90
300 A £ :163 A 137

R
£:22 T:23 £:19 4:36
£:62 T:45 £ :51 A 142
F:95 T:63 £:64 478

7 FIALT NFREGTE T 4 107 35 H A KL
Table 7 Average evacuation number of exits with pedestrian
characteristics

W o g
100 A 7 56 A 44
200 A 7% 120 4 :80
300 A A :190 A 110

1
.24 T:30 £:18 %28
F .87 T .44 £.38 4 .31
b .72 T:48 £.97 4 .83

£ 8  BIALT NFRE RIS HF G TE T & 10 P4 8 i A%
Table 8 Average evacuation number of exits with pedestrian
characteristics and leaders

W B A
100 A 7 :50 & :50
200 A 7101 £ .99
300 A 721143 A :157

W u A
.23 T:32 £.23 H:22
k.54 T:55 /& .45 £ :46
£ .82 F.77 £ :65 4 .76
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Table 9 Average evacuation number of exits considering
pedestrian evacuation along wall

B E g e W T A
100 A 7158 A :42 £:23 T:26 /&£ :24 4 .27

200 A % :125 4 .75 £ .49 T 51 £ .53 4 .47
300 A 72164 4 :136 .85 T:81 £.74 4 :60
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