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Abstract: In order to study the impact of individual cooperative behavior on the overall pedestrian
evacuation efficiency, combined with cellular automata and social force model, the co-evolution of
evacuation system dynamics and "cooperative behavior" is studied, and an evacuation dynamics research
method based on evolutionary game theory is proposed. The cellular automata model is used as the
basic simulation framework, and the social force model is used to represent the psychological repulsion
among the practitioners. The evacuation individual strategy is updated through evolutionary game. The
simulation results show that when the game gain coefficient exceeds a certain threshold, the stable
cooperation ratio of the group will rise sharply, and the cooperative behavior can effectively promote the
evacuation efficiency.

Keywords
cellular automata, social force model, cooperative behavior, game gain coefficient

Authors
Qiaoru Li, Jinxiu Yan, Xiaoyong Tian, Kun Li, and Xia Li

Recommended Citation
Qiaoru Li, Jinxiu Yan, Xiaoyong Tian, Kun Li, Xia Li. Evacuation Dynamics Research Based on Evolutionary
Game Theory[J]. Journal of System Simulation, 2023, 35(2): 300-307.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol35/iss2/7


https://dc-china-simulation.researchcommons.org/journal/vol35/iss2/7
https://dc-china-simulation.researchcommons.org/journal/vol35/iss2/7

Li et al.: Evacuation Dynamics Research Based on Evolutionary Game Theory

35 %5 2 ,%é}ﬁﬁjﬁ#iﬂi@ Vol. 35 No. 2

2023 42 A Journal of System Simulation Feb. 2023

F AL IR ER B sl 71 A A

?;5%’ ,mbff ;‘ \QHJLW 5 ?E{'—" é’g\
AL Tl K 3 jﬂk'—?ﬁu@%ﬁmy T 300401)

WE: AT HRAREAAT A AT AERR A FE N0, ST A SR AR A HH
FABNFE SEITH ERLEFTTHAR, RETATEMEEELGERD N FAR ST
k. RATIE G VAR G K ahty BAAER, F| LR 7 A R EAEATANE] 69 2L )7 7y, dBL571E
A LI GHANRE S LA, B AFREREY: G155 5 2 408 3 — 2 BEN AR 918 2 &
YR L2 R EHt, BAVE4T A feh AT S SRR

KGR I A S, AR HBEE; SEATH; HHEHAERK

S TP391 kAR AR A Y E S 1004-731X(2023)02-0300-08

DOI: 10.16182/j.issn100473 1x joss.21-0927

SRR Z15an, MR S5, HBE I, % ST LR s sl 7140 5L [J]. RGi05 HA74R, 2023, 35(2): 300-307.

Reference format: Li Qiaoru, Yan Jinxiu, Tian Xiaoyong, et al. Evacuation Dynamics Research Based on Evolutionary
Game Theory[J]. Journal of System Simulation, 2023, 35(2): 300-307.

Evacuation Dynamics Research Based on Evolutionary Game Theory
Li Qiaoru, Yan Jinxiu, Tian Xiaoyong, Li Kun, Li Xia

(School of Civil Engineering and Transportation, Hebei University of Technology, Tianjin 300401, China)

Abstract: In order to study the impact of individual cooperative behavior on the overall pedestrian
evacuation efficiency, combined with cellular automata and social force model, the co-evolution of
evacuation system dynamics and "cooperative behavior" is studied, and an evacuation dynamics research
method based on evolutionary game theory is proposed. The cellular automata model is used as the basic
simulation framework, and the social force model is used to represent the psychological repulsion among
the practitioners. The evacuation individual strategy is updated through evolutionary game. The simulation
results show that when the game gain coefficient exceeds a certain threshold, the stable cooperation ratio of
the group will rise sharply, and the cooperative behavior can effectively promote the evacuation efficiency.
Keywords: cellular automata; social force model; cooperative behavior; game gain coefficient

0 8= R S A X
B LR 1 KR, I B AT A
RELAICIPTEGRR IR SRR RO o im0 59 30 3304707 20 AT S 1 g
T3 B2 MRITL 2 i 38R NREH ELIIER g oo e it i e 5 B o

SCOTFRIGHER, RIFHARRET. R e ok, S, BONBURE R B

SRR SERMBTIR, EEEN i g, e B WE T AIESH IR
R RIS, M, T SRR A TR R T R A
7 A BEHOLE DL R T B MK 2% B

WA H A 2021-09-09 &l H#H: 2021-10-28
FHEWH: EZx B AR EE4E(51908187)
W—AEE: FI94i(1972-), &, EIEER, WL, BERITRONIER ASEE B 51 R . E-mail: qiaorulil29@hebut.edu.cn

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 2, Art. 7

35455 2 Vol. 35 No. 2
2023 42 A 20540, S5 BRSNS B a1 A Feb. 2023
NI o EAR TN BSOSy S R ARSI R ALY RN EEREE; ER

TEHE B BRI i e Y 2

TG B SR A R B A B A v B 4 B A
v ) LS S0 L R 0 T AE B O ST AR
2, IR A T B T I [ R R R AT 4ERES
BB AT B f /N IR () B 5T A BRI A%, 3
T 50 70 B (A% ) B o FH R B SR A AU A AR 12 Bl i
T2 o J0 MR () A T Bk R b B0 T B SE B )
FIEPL, 0 P A P R Y s A
FERIBF IR MBS, @ — M AR B C R E )
HUBEE ;. Weng 25" 2 tH 7 — F A UBEILAT A B
Bl eI R A AN B B PR R SR AT N R o H
EHMUEAL, s RN T A S L, B
FAT N EE AT NG RN IR G AL
B ST N ER B 54 s Chen 25" I 70 il B 2 ML
AR 2 8 M S A P AFAE RERE AT N AT N2 30 .

Fhe IR A S AR M 1) 0% S RO
B, Helbing 25" 7E Lewin A 26 B A8 3L Rk |- 2
TR A . B AT AN B IR BT
i, BT NORLSZ B B 30 AT N BOAR R 1 52
XA UL SRR BL, Bk, AT A
TE 582 1) P ) B 2 A8 Ak m] FH 53 7 2 A ik 1)
B RO T O E U, kS R T
iKY S BN =R S s WD SRR RSN
TE RS b BA RO IR 3", (EH 5 4
WSR2 . o IR S PRI 7 IR SE 6 0 1
CHLED AR Cop AT o« S 4T o
NS S ) S

B B 45 G T i B sh il A2 iR AL )
K 4b wh i UG 20 B 220 e g B BOWL B 0 2 R, %
T AR 52 2% B DT STt R KA i 07 5 o

[, BRECRAT N BIAE B AE E e X DLIgE )
BRAdA T 2 18— & R A ZRAT A, TAE fa S5
HIX— SN E .. D E O A E IR B
VR AR v B ) R P T AE R B, R BT
AL, B2 D& R HEON R
PRI —Fh AR Sam PR TR MR R

ZETZAEER O T RSERESSNEZ
[ RF JEMRSE, T —Fh 5 T 15 s
HR. BEMEE NI S A OB 1) sk
MGG, 1ENFFBL R R 1 250 0T ph SR gk 47 2
Y, 2 SRR SRR P 2 R R R (R SR
AMA S Y, ) T R0 B 7008 A A AT AL
R, FR AT AN [F BN 3% AN [R] SR W (v A it
o HEAMRE, RXTHBUSHEAES SR LT
TER R/ HoR AR R, B B R Bch “ &
1|7 WS AV 0T B B S)) 1 2 B A ) R A G AL
BT ERE, AXEETRENSES7
BRI B S B S 7125 B 0 B ZRAT AT %)
H o CKEAT NIy “ B 1ERL” Bea fl “ 8B
B GiECE, A L 25 (public goods game,
PGG) KRB H M 540 & M A H., IR E
RS AREAT N e R A 1 “Re ™ 18, %
e IR I W 5 RE A ) BRI SR . H A SRR
. BRERHOSCRT E, S E BB HCE T AL B
B A AN, A AIERE, M
WURIETE— @R RE BgfR T “ At aBR” (P By
AR S 5 H A AT et i 2R BT ) -

1 ETERACEREN G 2R

AT A AR A
W PRI S B B Poo P IV HY 2 5625 K
R TUBEESRFRTRNG: PIAERR A
LRSI < E AL AV . LR BB N
Burstedde %" th K BT 1 77 S B bR, A
B P BT R 2., ) D5 55 R 15
0, 55w, TH R b 2 T I 3 g
J i R 1A R .

WA SRR BT, A5 R F P RE S 2
F G TC IR A SN, 330 A G 2 oy
ST RS BRI, T % eI
WS B o SRR A 3847 PGG R 2
M 48 2 TN 0 354 IV

http: // www.china-simulation.com

* 301 »

https://dc-china-simulation.researchcommons.org/journal/vol35/iss2/7
DOI: 10.16182/j.issn1004731x.joss.21-0927



Li et al.: Evacuation Dynamics Research Based on Evolutionary Game Theory

35 B 2 M
2023 £ 2 H

PAR A48 LA T i B S L ZE AR 2247 i A
AR W 1) Fras, BEEUIT oo i R A% 2
Moore 84, BIfZF(0, 0)6r B I BUANMALE - — 2
WEZA 9N AIEALE (BAE B O K S 8E 1 oo s
K)o B 135 0, BRI, ) PTAE B AL BB Y
MUEEES, AT RLE R F R L AR R Bk R AECR H
SIS B Dijkstra B BS54 IF AN E 1 iR 7 5
i3, M ik E b, W T IR
R, RIS R A B O 4 (R S8 Y AN A AR B/ F 0
BT

4ia

E’l, 1 E’I,O E’l,l
EL—I ELO Z%J
(a) B2

NI TSR

(©)

K1 ohfds sl
Fig. 1 Schematic diagram of cell model

4k T (0, 0) A7 B M AME T — B R B & G, ),
i, je {—1 0, IETREMEAN
E (1)

E;=exp(-k,Ac; )exp(k, Aw;)0,;(1—1;) 2)
X Aoy=0,-0y FREG )50, OLLEWEE T
Wz BB Z): k, NBCRIHEE, For
FLRCE X DAL EARREIE R, 0, MR, H
(i, NP BN 90, BN 1 g, AR
H, A6 )M BB ECME SRR Y0, B0 1
PAE S FAR BRI 5 .

L;=

RGN

Journal of System Simulation

Vol. 35 No. 2
Feb. 2023

1M 2) 7135 Aw ;5 G, ) B AR B2 194t 2 75
O F IR, B 1) PR, PR B AR
B YR TI 8 Fe, Po3 IR — G0 B N
o IR Fyo AAETRE, BNEX AT, )
BB, T x 52 2 BEAS B e 18] o A R Al A4y 1
O BT ) F o (IR rp A5 8 AR & 7 P i RS
B REG J) P RoR
eP expl(r,,—d )0 1n,,. x, ye{P.}

P, expl(r,,~d,,)/0,In,,. Ffb

b T Ax Sy B CERZ R d, Hx 5y
PO ERES: HH P, Q, 7 MR BEEAT AT
OEEHE R AR FVER ;. 0<e<1 A2 10
FH RoR G RBHCE Z 18 0 BT T2 AR
Bubhe FIPE, B0 x OB RN

Fo=P,expl(r,-d,)/0,In,, )
Refe d xS W BRSSP, AIQ, 4 BT
N xR TSR 0 BEAR T SR B AR R VE . P BA
DS R ¢ S () (DA = RIVS SV AT DY i s

Xy

M= ; Fl|+ ;\ FI (5)
K 1N
Aw,;= “g/i? - ”00/’1}){0 (6)

e uy, NIEI R T WA R HL, R
A R ) Br BLIN aay FELIN 1o K 5(6) RN
(1)~ () RIAT 133 x TR .

FIRTC R B SIHUEIN,  BF AR B[R] BT A MR E
MLash—H. 5 ANPGG, FoRupE @it
58k MBI H RS “54 )17, PGG A
LSz AR 2 N A H ) B 242 SRR . A7 — A A
i R S A D RE, AR b i) B R T S 25
Kfr, 1<r<N, NNHNBANE, TENS5
H LA ZE S o GG MBI, S5 #E MR
HAERIE, TR AL SRR s TR
TG, A BNARMT A . 4% 2 L 2R
M, BT EEAR T HRIGA R LR, PGG
T ME Rt T

http: // www.china-simulation.com

* 302 ¢

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 2, Art. 7

35455 2
2023 %2 H

18 1 5 A B TR) Y AN R AR — IR 2R . i 1
) Fr~, HLAMME S4B 5 4 Von Neumann 28 3 ,
TEHOAE x ERFIPGG 1, BT 1A 1E 2 B
B AT N RS 1, T R A B
N0, A3yt ) R AR 2 A FR A R B
o, 1<r <STCRFFHSBRETANZ 5%, 1)
i B3R PGG WA E S, RO MEx A E B
MG Py, H I EAG m A P mp A~ Py, He
SN ryme(me+my)s A0SR FOAME P,
HW A (ry+ Dme/(me+mp)— 1. HTH A7
e, me+mp<d. FOLMEXIESINERZ 44D
J& (Von Neumann 2f3 f& A7 47 7 kg S W /N T4, 15
M g 4) F F7 1 PGG,  H S a6 0 0 A0 3 K 155 AR
A, XFEx RGPS s R, & %I
LM BRiL T — B s B w47 LA 15
HEAWBFELGHNER, HESGERRN
yeQ, Wx &4EG ) RBEE 1 5 b iy B Az A
K, AIRIRA

_exp(k,R,)

D exp(k,R,)

yeQ,
Xk, W E. TR SE R y # Ok
FRRALEAR, Ml —EME I(x—y) Zl#
S H N x B SRE, IX ER A FORIN, 42 A5
B,k BUR L

)

1+exp[kS1(Ry—Rx)]

FITA AR ARAZ B 2 T — A B (RS IR a3
ANEh) LS g S e i, WHEN TR — i [a) 2
Aho ELEVEEAN B3 18] T A B O 03 52 52 A 4G
o BRI LIREE 2 P,

2 IESRST

TESHEBENT: B E RN KNN
15mx15m 5 0H, BE%N05m, S HO%EN
1 mo. JCHOAS A RK/N A 0.5mx0.5m, a5 K

I(x—>y)= (®)

ZETGAH, S FETEALSR IR 1 ALl J) 2 AT AT

Vol. 35 No. 2
Feb. 2023

BN LB 200 Ao FH pe () Fon i 21 ¢ &1
MG ECE . HAb R E 2 S8 0 k =k, =10,
P=2000, 0=05, k=2. N T 30455 R HH
PR Sz m, BN E A R T 600 LA .
LU R AN I T 2R 28 Ry, 1< 174
B MR PR IS R A BOR A, i T
WKWy 1> 4.54 MIPOE SR A2 A 1EIRAS .
173X 2 Fofr A 0 #4585 B0 g OS2 [ )9 38 A L il 1)
BB 2 3 0 R R, DL S R AL AT

ry €[1.8, 4.5].

| st |

v
REK (1) ~ (5) RS NMET—F
EAIRIE i ibp e 2l

5554 MERYE PGG 1R SRS

.

MR (6) Phike « T Bezh ANk

RICERIE (7) Pk« 7 B3k
HEAT SRS l“ i S
v
PV AN AR 50 B T e (or B 5 5T SR

(DR B AL AL RNtV SUR e R W
Fig. 2 Simulation flow chart of evacuation process based on
Evolutionary Game.

B3 o 1 ANRIIE 28 R, MR B AR K
RIGTEAL 22 BRI . X B e=0.5, RALEHH)

Nh=05s, W HIL BN 055 B osm.,  BIFFEEDTRY. SERIOPGC i

http: // www.china-simulation.com

* 303 -

https://dc-china-simulation.researchcommons.org/journal/vol35/iss2/7
DOI: 10.16182/j.issn1004731x.joss.21-0927



Li et al.: Evacuation Dynamics Research Based on Evolutionary Game Theory

35 B 2 M
2023 £ 2 H

A ZE B, X SO B AL T T R T
JOEVETER . M RS K IBH% (r,=3.5), B HUEE
WRIRGE LA P IR, X2 i T I ZR IR
FE, HBECOAEE B A ERARAT NS AT
IR 2 R BN, A a A T e O 3R
71 BN (6=0.5), P AESE 525 4% I AE

Fgt T Py, AT B AR SR TRV o AR, A
BI3(1). 1% T3 ry(r, =2, 1, =2.7), PRI P
SN WA KRE. B RE R,
FIRB G e KA “FRE” LR, WL 3(d),
@), (). MRIEBEABIEHIE, “FEE" THSMHE
1 Y B B MR F 3 R A — s IR s A
HEEE LR WG B, FR, 3K %N
LT ZE ST i, LB 3(b), (). HHUMGTTHE
I 7E S5 A L Py oK A7 TE £ PG B 0 R 1 9
BE, BN P T Py IR H T 18] 8 KT PRI O
71, B PRI HEMRN IEHERF P, MWE
AN B BRI | AR S S R AR R

o SERIBIHE P,

LK 3(b).
LK

(b) =10 (¢) =20 (d) =30 (e) =40

 ELE

) =1 (g) =10 (h) =20 (i) =30 (j) =40

) =1 (1) #=10 (m) =20 (n) =30 (o) =40

3 AR A2 H R

Fig. 3 Classic snapshot of evacuation game process

g

(a) pu

M3 T LU om0 B I 2R 30 ) AR R AR
KIgEm, B LAEE BT T AEAR 7, FE1E
R HCE LU po ) WA S, WK 4. 4446
L8] p (0) AN RIS, AH TR 7, KPR 5 B p - () WL BK
FIMERK . BAARE, =2 M rn=2.7 % N1

RGN

Journal of System Simulation

Vol. 35 No. 2
Feb. 2023

RE G E A pe = 0.5, 1 7=35 TR E
EVERF N pe 1,209 WFZ, USRS
T AR B AIER L pe (0) 1, IR &
TRGEME. JHH, XA ERIPIEELE p ), K
r AT LADIE SR WS 8, X 518 3 RN I 45 L 2
WIE . R GEH R p. g AFE “FTER” BB,
mE 4R, e=050, fFE—DrKBEEANN
3.27, T ULME pe g AR 0.5 224, miT it
M 2SR 0.9 i d7 o 4R BRI BIE 2 Bl e 1)
SO, ABAS[E IR e {8 I AS 23 e MERE B2 B AR B
RER,

1.0r
09F #F LAt
0.8/ e (0=02,,=20
071 -v p(0)=05,,=20
_ —>—p(0)=08,1,=2.0
=
S o6re,
= L .
‘N{) 0.5 i / % ->‘.=.0~:-=‘! OO0
=5 o p(0)=02,=27
045 e p0)=05,1=27
0.3F] _o_pc(0)=08, Vb=2.7
: —a—p(0)=02,1,=35
0.2 -« p0=05,=35
0.1 | | | | _*_pc((?)=0.8,rhl=3.5
"0 10 20 30 40 50 60
t/s

4 HVERLGE B LA B I A] PR T A it 22
Fig. 4 Evolution curve of cooperative evacuee proportion
with time

KE pe g AT 1 000K, REEEK 60 s
WA LR P TS . WS PR, SHTAEE
HEM R, WReRFHpe o TR, XR2HTe
WK SEPR FARE T B AEE 2 a0 JTH 3K,
IXAREAE A VR B B U 1% B 1) 25 A% % PO P )
WG| J3AH 4%, SEBR AR T A 1F 3 g 3k
RAEXE R . X TAE RS E e, WIHEAFIE—
A BE, B ZBRE pe o S RAEBRE “Br
BR7, X5 E ARG RREYIEGT . A e 13
KIXA v, BIE 2 BRI . M el id 0.82
Ja, XF CBERT BRI T, faE A ER

http: // www.china-simulation.com

* 304 -

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 2, Art. 7

35 B2 W
2023 42 H

R AERFAE — MRARAIACT (N T 0.15).

2.0
02

0.3

04 0.5

&

FasE 1 R SC T g R Y a8 R Ao
IR R B R B K
Fig. 5 Cloud plot of stable cooperation ratio as a function of
game gain coefficient and social-force discount coefficient

0.6

K5

L FC IS T A 2 AT ST DR O B A O T R B T
SRR T, %o AN ] S5 R i S 208 I (i)
177 He . TR, T s R
P A A7 AR S ST, BT LA DA O e & B T i 1
B S . a6 BT, e /b BOK,  JULE
GO )RR o oGP EE LS T RN, AR E AR R
Pe e AR R TR AL 2B AN
RIS CRHA 500 N), 3X A0 35 2 R B Rk W) 2
GEMEZ BRI A, 1M -7 H A S5O L
BB P, 5EAERL PP bR U [ 2 L ER R T 1,
TG ARG AL PRI 345 78 B 2 il 2
Wi AE LR LI LSRG A& T k2 709
R B e BC & & R 25 K P B (6=0.54,
ry=3.3), P T Py B HUIL 35 f o W2 (ML Py,
5 PP s [ 2 LE 298 1.29). 125 & 3 0]
B, P RIBRHUR A R RO W, A AT
FCRREE” ATAMRATT 1 I — B A A RUK Py IR FFER
REOHFF7, I RAIE 73X Lk 2 N 28 5
P ARG ¥ . ARG S Seh R AR ) &
FEDLSE ARG P B LA EE . 2 e /NI (e<0.1), P,
FEARAE (R 18] P9 S e Ay PORY, 3088 W IR iR

ZETGAH, S FETEALSR IR 1 ALl J) 2 AT AT

Vol. 35 No. 2
Feb. 2023

BE LT N PR R L, A1 SENE TS ekt
TEVEE AR GG R BRIV AT o

A5 95.00

97.50

15 100.0

1025

2 3.0 1050

107.5

25 110.0

125

2.0 — 1150
02 03 04 05 06 07 08

e
Bl SEREN H) 5% T 1 2R 4 2t S H0M
GEVALTE S NPk S PN
Fig. 6 Cloud plot of total evacuation time as a function of
game gain coefficient and social-force discount coefficient
1.004
1.041
1.078
1.115
1.152
1.189
1.226
1.263

1.300

0.3

0.4 0.5

&

K7 WS AR R T B BN 8] 2 b
Fig. 7 Ratio of average evacuation time of defective
evacuees to that of cooperative evacuees

3 i

FEIG SORBER B, HEAHE S ke A 2 A 1k
ZH.. WEZRABEERE, DERAT R LRI
SRR R . SRS RN R SR 2 AN A Bt
BUNRAR 2 7, R ABATT BE 2 2 A RIS AR AN 44 B
EIRWGE S RE (at). FET R, A A
=R Ui A UL T T s AL 2R B )

0.6 0.7

http: // www.china-simulation.com

* 305 -

https://dc-china-simulation.researchcommons.org/journal/vol35/iss2/7
DOI: 10.16182/j.issn1004731x.joss.21-0927



Li et al.: Evacuation Dynamics Research Based on Evolutionary Game Theory

IS B2 M
2023 £ 2 H

RGN

Journal of System Simulation

Vol. 35 No. 2
Feb. 2023

o A HAE KRR G AR SN 1 B AT AMEXT G 1
BLECE A S A, WA IR S AR AR . T
A 1 AR A I N, AR E SRR “BTER”
W, X5 E AP b A E A=A X )
1. JFH, fEE RN RN 3 i R 5
& BT AR TR AT AR O 8] B AT
RS AL —TTHRR T R AT
COUHREIRAT IS, IR AE) 72
AT S T51 % TR T ERM%
b AR BALKIWTIT, W IR BB T
mT IR

S 3CHR -

(1] JAmeuK, sk T B E P H BRI S O B R

F RS [I]. o E A e R R, 2016, 12(5):
174-179.
Zhou Xiaobing, Zhang Yongling. Occurrence Regularity
and Inducing Factors of Stampede Accidents in China
and its Prevention and Control Strategies[J]. Journal of
Safety Science and Technology, 2016, 12(5): 174-179.

[2] Fernandez G, Tun A M, Okazaki K, et al. Factors
Influencing Fire, Earthquake, and Cyclone Risk Perception
in Yangon, Myanmar[J]. International Journal of Disaster
Risk Reduction(S2212-4209), 2018, 28: 140-149.

[3] B, WREE, W, 5. ZhaSAHE tEIA ST N 1 Bk

vl N2 ). B AL TS ER,
2018, 18(2): 164-170.
Huang Jiajun, Xu Ruihua, Hong Ling, et al. Simulation
Model of Evacuation Process in Metro Station under
Dynamic and Uncertain Environment[J]. Journal of
Transportation Systems Engineering and Information
Technology, 2018, 18(2): 164-170.

[4] HA/NF, BhEETE, XA T T R B B 0 BT
EWEILI]. R G4 H 4], 2009, 21(12): 3503-3508
Zheng Xiaoping, Zhong Tingkuan, Liu Mengting. Study
on Numeral Simulation Approaches of Crowd Evacuation
[J]. Journal of System Simulation, 2009, 21(12):
3503-3508.

[5] Zheng X P, Zhong T K, Liu M T. Modeling Crowd
Evacuation of a Building Based on Seven Methodological
Approaches[J]. Building and Environment(S0360-1323),
2009, 44(3): 437-445.

[6] Zhao D L, Yang L Z, Li J. Occupants' Behavior of
Going with the Crowd Based on Cellular Automata
Occupant Evacuation Model[J]. Physica A-Statistical

Mechanics and Its Applications(S0378-4371), 2008, 387
(14): 3708-3718.

[7] Schadschneider A. Traffic Flow: A Statistical Physics
Point of View[J]. Physica A-Statistical Mechanics and its
Applications(S0378-4371), 2002, 313(1/2): 153-187.

[8] Helbing D, Molnar P. Social Force Model for Pedestrian
Dynamics[J]. Physical Review E(S1539-3755), 1995, 51
(5): 4282-4286.

[9] EHE, KT BT HREI R N DA

HUOTIET]. 248 TR, 2016, 31(6): 850-862.

Jian Xiaoxia, Zhang Xiaoning. Dense Crowd Grouping

Evacuation Strategy Based on Potential Field Model[J].

Journal of Systems Engineering, 2016, 31(6): 850-862.

5, BREAR, PR . 2T o B 3L AT N B HUR

P ELRFFE[T]. P3R4, 2009, 58(7): 4523-4530.

Yue Hao, Shao Chunfu, Yao Zhisheng. Pedestrian

Evacuation Flow Simulation Based on Cellular Automata

[J]. Acta Physica Sinica, 2009, 58(7): 4523-4530.

[11] Weng W G, Hasemi Y, Fan W C. Motor Schema-Based
Cellular Automaton Model for Pedestrian Dynamics[J].
International Journal of Modern Physics C(S0129-1831),
2006, 17(6): 853-859.

[12] SEMEE), £ A58, FERARK. A7 NAMAE = 70 47T N B AL

M FC[I). TP, 2012, 33(4): 21-24.
Zhuo Yaqi, Wang Lihu, Guo Songbin. Study on the
Influence of Pedestrian Individual Differences on
Pedestrian Evacuation[J]. Guangxi Physics, 2012, 33(4):
21-24.

[13] Chen L, Tang T Q, Huang H J, et al. Modeling Pedestrian
Flow Accounting for Collision Avoidance during

[10

—

Evacuation[J]. Simulation Modelling Practice and Theory
(S1569-190X), 2018, 82: 1-11.

[14] Jiang J, Lu D, Jiang Y, et al. Understanding Environment-
influenced Swarm Behavior from a Social Force
Perspective[J]. Physica A-Statistical Mechanics and Its
Applications(S0378-4371), 2018, 492: 724-736.

[15] Helbing D. Traffic and Related Self-Driven Many-
Particle Systems[J]. Reviews of Modern Physics
(S0034-6861), 2001, 73(4): 1067-1141.

[16] Zhang H, Liu H, Qin X, et al. Modified Two-Layer Social
Force Model for Emergency Earthquake Evacuation[J].
Physica A-Statistical Mechanics and its Applications
(S0378-4371), 2018, 492: 1107-1119.

[17] Parisi D R, Dorso C O. Morphological and Dynamical
Aspects of the Room Evacuation Process[J]. Physica A-
Statistical Mechanics and its Applications(S0378-4371),
2007, 385(1): 343-355.

[18] Sticco I M, Cornes F E, Frank G A, et al. Beyond the

Effect[J]. Review E

Faster-is-Slower Physical

http: // www.china-simulation.com

* 306

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 2, Art. 7

35455 2
2023 %2 H

ZETGAH, S FETEALSR IR 1 ALl J) 2 AT AT

Vol. 35 No. 2
Feb. 2023

(S1539-3755), 2017, 96(5): 052303.

[19] Yang X X, Dong H R, Wang Q L, et al. Guided Crowd
Dynamics via Modified Social Force Model[J]. Physica
A-Statistical Mechanics and Its Applications(S0378-4371),
2014, 411: 63-73.

[20] Yang X X, Dong H R, Yao X M, et al. Necessity of
Guides in Pedestrian Emergency Evacuation[J]. Physica A-
Statistical Mechanics and Its Applications(S0378-4371),
2016, 442: 397-408.

[21] Pelechano N, Badler N I. Modeling Crowd and Trained
Leader Behavior During Building Evacuation[J]. IEEE
Computer Graphics and Applications(S0272-1716), 2006,
26(6): 80-86.

[22] Hou L, Liu J G, Pan X, et al. A Social Force Evacuation
Model with the Leadership Effect[J]. Physica A-
Statistical Mechanics and Its Applications(S0378-4371),
2014, 400: 93-99.

[23] Qiu F S, Hu X L. Modeling Group Structures in
Pedestrian Crowd Simulation[J]. Simulation Modelling
Practice and Theory(S1569-190X), 2010, 18(2): 190-205.

[24] ZEK. FE T X2 5k R AL AT N B ECDT 50F 5T [D).
Dred: ZRIMTE K27, 2018,

Qin Xin. Simulation of Pedestrian Evacuation Based on
Two-layer Relationship Mechanism[D]. Ji'nan: Shandong
Normal University, 2018.

[25] XUHE, X, mik, &5 N R PO RRAT R AL 1
PR THEEHL AL 550, 2013, 34(2): 638-642.
Liu Qun, Liu Lei, Gao Yi, et al. Evolutionary Game
Model of Pedestrians' Behavior of Seletion of Exits[J].

Computer Engineering and Design, 2013, 34(2): 638-642.

[26] Whitt S, Wilson R K. Public Goods in the Field: Katrina
Evacuees in Houston[J]. Southern Economic Journal
(S0038-4038), 2007, 74(2): 377-387.

[27] # R %, #¥EE, /2. 3T Stackelberg 2R (1] fig 2>
N G REEgE R A ()], R G B A A, 2013, 22(3):
425-430.

Huo Liangan, Huang Peiqing, Fang Xing. The Model of

Exhibition
Stackelberg Gamel[J]. Journal of Systems & Management,
2013, 22(3): 425-430.

[28] James Samuel Coleman. Foundations of Social Theory
[M]. Cambridge: The Belknap Press of Harvard University
Press, 1990.

[29] 252, T R, MRONTR. SR FH s Ak 1925 0 3 5T ok 7 N R
BT B[] AR R AR (B AR B2 RR), 2013, 34(3):
324-328.

Li Meng, Ding Lingling, Lin Congmou. Simulation on

Emergency Evacuation in Based on

the Evacuation Model in the Geologic Hazard Using
Evolutionary Game Theory[J]. Journal of Huagqiao
Uniersity(Natural Science), 2013, 34(3): 324-328.

[30] Burstedde C, Klauck K, Schadschneider A, et al.
Simulation of Pedestrian Dynamics Using a Two-
Dimensional Cellular Automaton[J]. Physica A-Statistical
Mechanics and Its Applications(S0378-4371), 2001, 295
(3): 507-525.

[31] Hardin G. The Tragedy of the Commons[J]. Science
(S0036-8075), 1968, 162(3859): 1243-1248.

http: // www.china-simulation.com

* 307 -

https://dc-china-simulation.researchcommons.org/journal/vol35/iss2/7
DOI: 10.16182/j.issn1004731x.joss.21-0927



	Evacuation Dynamics Research Based on Evolutionary Game Theory
	Evacuation Dynamics Research Based on Evolutionary Game Theory
	Abstract
	Keywords
	Authors
	Recommended Citation

	/var/tmp/StampPDF/IeLLDM7mOA/tmp.1688100843.pdf.yWyAr

