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Improved social force model based on analysis of pedestrian panic emotion
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(1 College of Civil Science and Engineering, Yangzhou University, Yangzhou Jiangsu 225127, China;
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Abstract;:  In order to deeply analyze the influence of pedestrian panic on the efficiency of group
evacuation under emergencies, this paper analyzed and constructed a quantitative model of pedestrian
panic, which was composed of two parts; self-panic and panic propagation. First, the model considered
factors such as detention time, local density, the distance between pedestrians and exits, the density of
people around and the spread of pedestrian panic. Then it was introduced into the social force model for
improvement and optimization, and verified the validity by comparing with the classical phenomenon.
Finally, the simulation analysis was carried out using Anylogic software. The results show that the
improved model can better reflect the evacuation movement characteristics of pedestrians in panic
situations. A moderate panic, such as when the panic degree is less than 0.3, can accelerate the
evacuation speed of the crowd. A high panic, such as when the panic value is greater than 0.3, can
exacerbate the bottleneck phenomenon, and the so-called " fast is slow" phenomenon occurs, thus
reducing the evacuation efficiency.
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Fig.1 Simulation scenario

AT B S I 3 2647 N H R 122 4k
TEOCANEE 2 s o o7 RGA R 3 A 53 0id
NEEL DY 1.2 3, AT 50 5% TR D5 =AM
LIEFRIE,

HRAE 07 B 5t i 23 18] 20 A Al i BN 51 1.2
3 UrAb A E BRI A BT, BN, 4 TR
[ 8 AT N 2 e (E 1 A2 AR R AR AL A 22 5
N 2a W] LUE Y BN BT 1Y 2 (R A4
I, 52 JRI LN 53 %85 32 18 5% el AN O D R 3K 3] 1l B¢
{H. K 2b BN G 2 9 A R E AR 5
Ffa TR a3 SR B TR e AR IA B i
KIE, BEOFRE, A7 Al T RS O R R B8O
HA—E WG B R, B iz she
R (ELTF A6 R 5 BE A TR LN 03 %% B A g m 13 2%
REAEZE TG R B A 1 ORI I, F R L2 T
Weeka B, o B T FRU D Ry T i B I TR] 9 52 ey 19 R
PefE A /MR A B, Kl 2 hEHLA R 3 BEES
P, B0 4 A 22 e (E 8K, B i O FE R 64T, A
R (B Gk 5 T, H T LA D %85 8 1 AN T 38 im %
Hir B IR B G, A MR (LR e BT 2 oA
L EATDUE I A7 NBE B Y 1B, |3 R i {7 K
K, 32 3 JE LN D 25 88 1y B Ao T ) s i A, i G

MBI R R E 3 2647 A0 B RA i E 52 2 1Y
W R —EES, AR 1| FE5EBEA
B AR OG s BRI B 2 5 1 O (%) B R ) [



L EINES O O = N S S e Hi34%
- 48 - China Safety Science Journal 20244F
Loy nEw, X f, o, Xf, (8)
0.8+ o 2 g N, =P X1 (9)
2, WAERARR - sunwk Aol j e ABB(E) FoR M BT § LD,
g e HAHN R=2 m (IRSIEE N AR IO A y, W
SEOBHRM BRI AR, FRAMK 5 2 Bk i % R
02 f BefG SRR s r, AT @ B0 25 BB,
ot : : 6 8 IS, PSRRI T AERAEHR T 0, o, JER)
. R 22 R AR PR 2R AR m, I O 45 %
(a) RN B2 1 T 1 2% U

10 [ 2) FERE T, 2 Anylogic B #1714
s | mAHBME EUREALL BRI 2 RS TR, 7EIAE 1 P R
. AR FEAR K AR IR AT, BIE R 54F B N
£ 00| SUnEMERR | SRASY e e
TR N e B VE F Il 4 BVE Al AR Lo | 3t 6
02 | KA, AP 3a R s ZEIR IS 2 v, FIRIE R T
00 s AN A PR TR A 4 I, PRI 0 LS
' whors S L I 3h BFR. Bt B 2 AR
(b) RN 2 F Rt i 2 120 A, BENLRIERAL AN RAL B, 1) H A 7 & sl

10 J— W 2 MERPAA (n=1.0) FI(n=0),
gow\%ém%ﬁ\J4»§(§@%% EA@§%mmﬁf§jﬂﬁ1¢mﬁ%ﬁ£%
Bol N mmm_ ! S o BSR4 SR, B AT T 1
@ | \!E@ﬁ\f7’ - AR AL B NSRS s P 3 227 e A7
\ 2;5$m%1 AR BRI 2 A2 B 2 4 B
o N Emf P TEFE 3a 7,2 0y 8 s I, T LA 62 0045 i
00 bennemmnns st e S U AR A BB 2 TR ST
o e B, 3302 PR A FRAR £ T A 4 o R B

B2 TABRREHZE

Fig.2 Curves of pedestrian panic levels

DB BERR G BREO R 3 2% 5 0 11 Y BE )
G RE B BN IR AR S DR A B e A e
TRARAT B PR G, 75 5 0 2 ] 2
BT 1 S BB R TR AT TR 1
WD BB
2.3 T ABIREEEEER
1) BRI, ST AR 2R , T
R AP 3058 R 38 1 25 5 | R R 4% AT
7, 8 50 B0 22 [ A5 0 4 O M A 438 R 38
B, SCHR SR T RO AT 407
pa(t) = Doy, xr x Mo j e 4BR() (6)
j R - d;
o=l R d; <R
0 d; >R

(7)

FHAESME; Y ¢ o 16 Fl 28 s B, 32 B RY 1% 25 1%
R ) AR R 22 | ELUAS [RS8 R A R 22 )
FAAE—E 25 . FERRPURA R AR TP AR
WA 25 5 R EOLZAE 4 G LR AR, 181 3b
AT AR Z BN A 22 5, DU TR e AR 25 5 3 L AT
LT A HEAE

W 1P AR R A A2 R 45 L4 1 N
WS R N ] A A S SR AN TEL 4 s . DAIET 4 AT LA
AR SR B R KR 5 i R ) S B
I A B R R 12 s I, 6 Fh S
Z PRI AL R B E TR e AR
LA 1) A2 A R JBE B R 5 25 I I ] TR ) 24
I, 6 Bh 27 32 B R A9 AN B0 B BUE TR A&
e, B AR AN BE AT 5 AR 55 1 32 3R R ) N
LAUSNUS T

TR ZE SRR W] R A AR I 2 0 AR 22 e 15
o= AR AN R AT AEAS R 28 IR, O
VR L TV A ) (R R G 4, R AE TR R



55 2 1) XSREZEEE  H T AT NN 28 AT 1) e Ak 2 T e T 49 -

~ O
aC
:‘rac ‘f‘ré o o
h r,;l
o4
o
o @
%«
6© o
50 p
&% %o ° x
o N o
0 x @ 0 %0
s t=0s =85
.ﬂ."
el e
*
'.*',"ﬁ"o':
.::.o.-;an' J
D e Y-
* B WS v}
AL
A
LE0a i bty
*e *
t=16s 1=28s
= 1] >
() KT ARBL B AL B 05 5
Se Doc' ° .
o o o % ° ce ® oo
o 00?2 ®o000 o oo
o o ] o o o
oo Y0 © o 0,0
09 ° 9 o © o © 00 ©9p%00 °
oo ) o o 00 o o0
069 0 4 o o o o o
oo % o o o%° 00 5% 00 00
00902 % oo o [<] 00 0 g0 0 50 090
© o o o 00" 0 000
o oo o © o C o
o o 00 0 LJ00 Qo0 0
0,9 000 000 020 %0 .0 X
000 0% o o © 0°0°505% 000 e
°o0 © 7% 0°o o © o o o 04 e®0
o 0 o o, Ooge i © 0oy o
o o
0% %co o 0% ° °
t=0s t=8s
o
oe e
e, 08 (O
LAY o
. .
. '.c.""gf’i"c.'..
0 0 s 0008 o0s®
0 a®0® Oo'-.’f
o e 0200 ee®9 Ll
0© o OOO... .
0% 0%50000%¢
o0 0 00
oo o
o
t=16s 1=28s

(b) R AT AT R 15 07 K
B3 AREZHETHBRREEGERRIN

Fig.3 Simulation and experimental analysis of

panic propagation simulation in different scenarios
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