Faz kA oM
2017 4 9 A

VRPN S O I S

Geomatics and Information Science of Wuhan University

Vol. 42 No. 9
Sept. 2017

DOI.:10. 13203/]. whugis20150763 .

XEHE.1671-8860(2017)09-1330-07

— RS ST B ZlBLAY N DL ok Y

KEL'

AT Firam!

ZF K

1 dbmtRas M ek 5 25 (] B 2422 e . L AT, 100871

W EAMARRRE MR ZIFHBATAMAA R, R R EARAHNGART RRER, AR
BMAASE BEEX AR m DR, A EANTAERE S A RS AERIFTARBIIT A, 5L
AP EREHH HFH BEBEAGZEANKERER AT ARRZR L, Bidd /AR o EBHH
FRBHDAN, ALERBFASGSE o ABIE, GRILFEETRERZ . RE M LKREAFTARER
TR, BBERE T, RSB ES LR R AR e kit

KBTI A DI A R RBAER AL B AT A

ik 5y 25 . P208 MHRARED A

UTAEA 8 X K A AN W R A e b
T AN AE R RS <R R B BRI R A, A SR XU
N R HCR B &5 A &) 2 . AN RBLEL
R RS2 A58 N D1 i B A S T B g 5 v
RRADL i HBA 2 2 AT T Y O B

H I UL N D3 O B 0 455 % 2 B R R
BB Y R % SRR R T B AT N O AR
P HA BR8N A, 5 R
O3 ERL R A S BR B X B 2 AT Sy i S L 3 T fig
B A WO B NRAT O o % AR R
R IR REOR U HAEE J R T iR ACR K
K. & DL I 34 S AT A 45 4k 25 A A it A 5
Ty 2RISR O R B X R A Ak
AR A8 — 7 5 IR D) R A ADL N B g I O 3 A
B LA AT R AR o (E R DA B A AR AT oA
IR AR 2 2 oo i A 8h Al (cellular automaton,
CARERIL g AL 4

Sy fufE g HIORR B B e A UL AT AN ROWL R AIE 5 o
SUBHON BN B, — et E s A AT A
[i4] 719 4 ] 0 B0 N e T AT N B ) % 3l 7 1ok 12
PEPLA B ELRE R, Song NN A £ Sy #E AL
FIIAEE I AR T B 3 HLAS YA 7 R
o ST T AR AT NI AT NS R RS [R) AH B
YEF ST . Chen 251 8y —Ff ] T 45 & 4L
2301 5 B HOR AL s JC L 8 Sh AL Y AR A
A LR B A L O R . Jiang SECUREA T

Y5 HHA:2016-04-23
TIE# B K E AR 4 (41272366, 41230634)

MAF AN S E KT 1 m/s B A B HCTE .
Ansgar 55 RIE TR OR R AT N R K2 Bl
JEE T i I A TR R AT N 3 A A B T AR 1Y
WM. R RIRBFIE AL T AT ARLAT AN
W 5 490 1] P B 45 0 5 ke g o AR S R rp A AT
PR B I AT N OR FCIE#% f, i HL A 45
YERI 1 R/NAIAT N H Bl B 22 TB) 9 5% &% . AT N2
FIEIAE RS B 3 05 A 56 5 R B
TR o [a) A OSSR B e T R PR R
B SR BRI (H 2 Bk — I 20 9 8 5 A 2 i i
A2 IR S A L FURAE o 5 (sl BB A
T 7E 5% B g B B v A7 N B0 R 5 AT NP AR
LA K HAEABT AL

Oy G M A R b R ) AR SO 5] AT A
BRI SR AL B XSO B S HLEAT 1B B i
— PP R TN B SR, [R]A  ZAE R E T
BT UL RS SIS e . AR
AL AL e BLIZ A B AN (0 B A HORE R A9 4
[Fi AL 12 58 R B S RRADL A T DA I

1 ANREER B e S5 R B

L1 JTHEEZHIN

G BB B RE 95 52 BLIN ] | 25 () 4E K 1Y
BRI Al AEAT T 20 08 45 o0 B E AT FRER Y
FEL P9 1 B AR ST ST A S HLRE AL 2 o

F—EE KER . LA TRNFITH A SPLEIE S 7S . mixinlong@126. com



5 A2 5 9 I

PR A5 <00 S A ) 8 L U 20 B BT A e IR 25 )
A BT FERER M D B 7 ST I AE ¢+ 1 )
MRS B B S 4B Jm 7R ¢ i 20 i R 3 3 ) te
VT ol B S HLBE B R AR T ] a0 Ak ok &
FEC R BR R K N BB
VR

TEHET e A Sh LAY A D1 B B v, 0 3
DX I 73 D ET7 T R A% L AT GIS Bl Hh A A
BB o A% R RS A B AS B B A R HURE
BH—NTN I ERGH N TN PRR
o AT NEER HBE 0] F AR A% B B — 4% o 24
A5 T B % 3 28 () — 4% o AR 2 R AL R A i
—MIANT U B ZAE . T N E R
o Sl JL ) 380 38 i 1t L 58 s 1 AR
1.2 #HEHER

sl RPRRE NS ANV ES NI P
R, ZARRITE 4y B B e B SR Al L, 48 SOl AT
NB s sk & H & . b & Ty BRI %0
JEURE Al Ao 5 A AL AR ABL B 52 0 23 A ST
7 NEEARAT a1 PE A Y b2 Sy BN g A7
Hsh 7 NS ANZ AR NS5 (g BE) 2
)V I3 AP AR T TAT . ik 2 g i 3 Jw £
AR AT NN — A>3 T3 WA 25 7 A — A i
JE 81 Bindr Mm% al, &R B B i, 2 0)
BRI ] 7R -

F.(t)=m,a,(t)=
WM+EFUH2FN) (D

UL F, (0 Ha, (1> 53 e ﬁ}\a?’{zﬁj‘?uﬁé@mg
B 015 I s S AT AR F (O AT A o K
BIRH ST F,y (0 SF (0 BTN o Z 57 AR
35 5 () BEL T

1 B KB ) AR AT A TE SR BB B AT A
I HARES 3 0 205

0 o
Fg(t):maw (2)

Ao HAT N o MR I R e, I T 1]
RIVHE 1i H 05 1 B B [ s v, (0 O ¢ B2 SR
12 B R 5 v, O HOE D0 AR st ]

e 2T NS 4T N1 F,, (0 A 36 4

SOIRIF G M R Ry o BARTE] (3D
F, ()= F¥ (O)+ Fl (1) 3

F ()= A exp(g Jirt A=y -
[H;O;(M]} n. (1)

3K 8% e A — Rh i TT I B S AL Y N B AR 1331
Flii (1) =
KDgng+kDAvgt,p,Dpp =0 5)
0,D,; <0
A 9Da/z:” 8 7da[? ’daﬁ%wj‘/l\ﬁ?ktp‘[:\ &) 79 R

B r AT N ST AN B FARZ M sn, 0t B IR 1 o
(Y B0 % 5 AL AT N TR 58 B2 s B, AT A
B 75 F0 S 1 s v s A7 Nag gl i & v 8 B 47 A
Mo 0 B AE A AN O 1) B L 2 B AEAT A
a BB TT BT J5 I @ = 05 B AEJG T5 I s @ = 75
Foi AT N T8) B8 14 9/ i 36 K AH AN 2x i ad — 4>

TR . b, WA AL 3% 2 U0 & 1) 1Y 2R
ik &, 5 o« 8 31 J5 1 M ks A, =

v (O = v (D)t » FTR AT NTE L, J7 ] 11
ZefH s K R NRSEEREG L Wi ShEEH T R
B FUAUEAT A Rl I 7= 2

¢ 24T N5 85 BE R AR R F o (0 A 35 4L
SO AFE 5 G R F,  BARRT i 6) ~
K (8 FIR:

Fag(t):F’ii“(t)-ﬁ—F’?»’ () (6)
F:f;"(t) A ,eXpP ( )nB (7)
Fii (1)=
jKDaB n.g +/€DQBA'U;B . ’DaB 20 (8)
10.Ds <0
ft':P sDos =1 _dulsadqls%ﬁ?kqﬂ'[}%%ﬁ%%rﬂ

BEY »r JE AT AR s n g SRS BE R 01T N o B FL0L
AR 5 A O it BE XS A7 NAT I 758 5 5 B, O disd BE X6F
T NAERJTE L 3 0 3 AT N 15 i BE 3 26 119 D) 607
[6] (4 B R i T 1) 5 38 8 07 0] A B A =
vo (DA s FAT NAEYIZTT 17 13 R 1H

2 FEHESNHNTHRBENIERR
ey

T SR B M A A B B AR SCHE L ST
J A S LB R EE Al b 5] A2 TR R A
e FEALA L SEBTAT AR S, i — b itk
oG B SHL BB B Y
2.1 HHTRBEINER

TEZ ML B BB R A B AL RE 7 20
— TN XE LA AL 2 R A AT A R AR LG R
CUnRIE fi PR 45655 [l If T M 1 3 LR 28 vp 47 A
BT E] Ac Py R T 9B 3T T 1] 8% Bl — H L XE RUAR 3R
IR T AR 377 5. ik Ead AR
F1 0 - X2 BT B S SR BB R T ot

1) 23 38 X830 53 O B/ R A o BIDREAS A A 2



1332 W) N S

201749 H

AINFAT B G YR SE PR s (8] O O A e
AT NG 2X2 A LM R 51T R AR A
SF AT AL A DAL — BT S AR
TN ST E IERT 2R — L, B 1
R 2 B2 AT N E SR RE S .
TR RS 5 L E B M R R 2 T A AT
NI G4 H AT N Z AL — A sl 4
PIAT N o 4 0 4 a5 A 38 s, BRI AT N R A il 4 5
JEE AT N A9 i BE e A A N PRI A 5L

2 MR A 2 SRR ] — I 20 A [ 3 R A9 17
N B HTES AR . LA AL (] Ac Y BLE AN
[Fi 32 3 B A5 A s s RO AH () BRI BAA7 s ] Ay
R AT AT BRI AR s A 1k 1A .

AR b 3R P it R AR 2 T B
LS J1 AT NS AT AR TS A7 N 555 BE )
I3z BRI . A S AR R AR AT N
7T R ) T g ) B R el B AT N B R
2 7 s MR AT N 6] AT A 5 B3 BE M I B DL AT
N BE ) i) i) DA G O BEHE R s AT N R R
il A T o AR A A R X A AT A
SR B A A g AR R 2 ) B R IS AL
TE RS Y o 3 S AT AT A2 B A A T iR
{38 3 T 19 807 2GR 5 T IR AT A 52 3
A4 2% B 12 L TH B AT TR — Ik 2 3 Y R
AT 1) AT e A5 A A% 3l 1) H AR B A7 1)
2.2 T AHDOEEH

MBHOT B BVEEH AT N o TESRALIS[E] Az I\
m Gm=>D A TR SR T R

@zfﬂ1—§n% )

p, =t (10)

20 P
U £, R WM R OB #5 b — S ] 2

Sr . 1_P .
ﬁ%l/l\t{qume,,:Pm}ipr: s d, R

m—1

FFha i ITRIBEES . d= D) d, s N.FoRI M

IERTTT 8 X8 A% MNAT AN EL N= Z, N, 5 4 3C
P,JR 0.55, ]
TETHE L BT ) DA L S A R R 1Y
P AT AR RS 3 HAR D7 1] . AR ) 11 e £ L
il AT AR AR B DR AT A EEE AE  O
FREgSE R RSP 1,
2.3 ETEEBIAN
AT ARG L 25 BORL 55 4 3 B O FLiE 4%

Arid th F i L e B T R B 0 A Bl B AR R B
HARHE .

KT IERGR & S 2T N o« WL E R
AT AP S 4 4 MR R DAL E e N ()
(s ) WEAT N WE XL Fla,y, o) =1, 50
Flz,y,t))=0, &% F(a—1,y,t)=0,F(x,y—1,1)
=0,F(z+1.y,0)=0,F(x,y+1,0)=0,%E X
G(x,y,)=0, 5N G(zx,y,.t)=1,

DAT AR T . X T HEA 0 5%
HS Az O A S iiE e, o
PEE R (o) AT o BEES T 0 A 2 0 i
Bd = ‘x;—x,- ‘ -+ ‘yf,—y,' ‘ o X FHEEIE — B
FUAAT N A5 2 iy it B 25 DA /N B K AR IR 2R AT 85
g, HAFAEZ A AT NENZ 20 1 B B A
S DA AR B R /N AR BMR RS . A o B
2 di=1, R t+1 B %) o B 205X .

DI NBARIT I FEAL S Fp A AT N
JERWI B . 76 ¢ B 20 ARl 41 & TR RAR AT N o
P BE Hya, (o W E Ry, () =a, (1) + Ar+
v, o =1 Hh  lEZ 710 2 00€ [0,2m)) . TE
B G B AT N EA S — N R K E A
R AT ON O R R o), T IA
v () | =) FERCHEBT p 5 SCRS Bl H AR 1)

gp:round(%),,ﬁ‘:tlj round PR R 7R DY & 1AL

AT N o 19 8 N 8 5 In] S Moore RIS, ¢
S mRRWE 1 s,

Bl 1 ofd S5eiadr N BFRT7 %R E
Fig.1 Diagram of Relation Between ¢ and

Pedestrian Target Direction

DIT B AR E . 47N o 75 ¢ W Z 18] H
B 7 T 5 () 4% 28 2 = round {pAz « [ v, (£) [}
1

r

%’[@:0,2,4,6,8 Hﬂ',{o: %’15021,3,5,7 i,

’
a

fV;O%E%mW%ﬁAE%%ﬁﬁm¢ﬁ
B RS B 0 R A B S R P L SR B ) FE A A
U 1 7 5 HE A AT A % A Tl 98 6 T —



542 B 9

T B Je A — R DT IE A S HLAY A B R A 1333

Mo BTN a Wl o BB b (1<<k<<n) P
s AL E G(asy.) =18 F(x,y.,0)=1,
BT o TER ST B P 54T N g LA W o 76
IR 2L E RN o Wl o H I BEBIE £ —1 4
K AL AT N B v, () e+ 1 B
o BB R/NK v, t+1) | = min {cosy *
(v () [o v (o [ o o, e Hyw, () vy () [ 3R
BTN oo HATN o 0] ¢ BBl f
EEMNEG(x,y.t)=0 H F(x,y.t) =0, 4T A
a il o Bl n A S B AL B R o HbR & %
B BE RN [0 [ =0l TN ¢,
2.4 MHBEBREREE

TE SE PR AR ALl A vp AR R AT B BE B AV L
EATNT —B 2B 2 ) H AR for B . 4K BEES 2 ;0]
AW HAT AL E, EREA T ANBLES 0 M.
WU T B S LB R a8 2 s

T MATHEVAS B () 25

P SLHE R (]

B2 A ARl AR

Fig. 2 Flowchat of Pedestrian Simulation

3 BMHRBEIIWESERSN

SRy 6 E AR SC T 4R B R ) S P T A A L S
B AT RN A . EEL 14 m X9 m 1 5 [H]
VEN BB R A 2 a2 Bt ah
AHETMBE R B &N H KN R 1T m, B4
WHAVFE T 1 A7 A, BEHCA 518 100 A,
T N 65~75 kg, B4 0. 25 m, BT A%
B i BETE ALY 0.5 m X 0. 5 m, A7 ABBL S 1 7 b7
) o, ph DA A AL 2 7 B R AF 5 4546 0 D ER AT N
HEER 0. 9~1.5 m/s, J7 mAE B . 7 I 2 5 7S

LT A KN o) =2.5 m/s, th& SRR
UEGE2AE =B GNEI -
3.1 EBEEEES S

FLRBEIGE FE AN & 3 B R B HUT BR 5 . A5 A
wm OB, Rl AT AARYE 1 O
T PR TSR B TR S A A R R R
K AL F G I AT NHEST /T 947 A, DL AT 2L
FENT N R A w4 HE R SRR IS, HAE i o
BT B T 3 ZE AN L S M T AR B AR . Bl
JE AT NEIA T, H 01 SR AR X 4% 52 31 Rl %
AT NSTES JIMER N 05 JH i 2647« AN s A48
S ¥ 5] b 4y A AE 8 E R, DA 4 R AT
“EILTEE RN . FEBEUS T, B0 R AT A
AR 5 T G R RN L B A K
3.2 fTAHOREESH

FEFEA BT B, A A E O B
T8 HC B R T 1 A8 A s A 4 s
S5O IR 3 AT LA Y T BRI N B R ORI I Ak
o7 & [ S w47 AR e R . B BRI A B
9 TR/ AT N T AR I A e B T (IR 3
(), HHEE A W HEMAT N2, 76 6 HUER
13 sif (& 3(b) AT ATE A AEE H% B KT
B, RAEFES O EEEMETEER B 3
R R R A O AT AFEBER B .
W& B HY AR A N K i (& 3 Ced) s R i F R
I NHE R BE AL BE B S S e R PR
BHE R B H O MAIT ARAE L EREA |
FIAES H b . 6 0 TR A7 N 2 A4 s 101 B i
(RN B3 8 B 5 47 3 Y T f8 B 450 A BT R £
HE R, DT A R B A A B0AS B  AS R
FRE OB SO 55 . Bk A D i B
% AHFE BT BUES SRIE P H 0 JUAF- 8] s 58 A B 6
BT AR A B — A 1PN B 5 — A
TFHEE NG B0 0] S0 AF G FL SR
3.3 fTARERS S

FE B0 HCEE A v 06 5 23t BRAT Al 5 B
E BTN E: AP =T FNGE L - .
DRI AF 5% A AR LU 49 %o i 5 N RS AR 2 & 45
HEEM ., 2 MoTi B ZhHLE B TG k1 R %0
TR R R A R o R ] LA AT AT RS B .

P 5 R KR A R O B TR A e A
BB Lo 5 ) A O R LR, 2 A T AR
B, Bifi 5 5B 0 A7 AN TF GG R ) 0 BT AT A TR) Al
FECEC 0. AE B OCBUIN TR EDR
BN N RPN YN [ N SN
lf 435 LU 51 35 B0 A B O R B . Z IR AT TR AlE



1334 W) N S

fz B B2 R 2017 4E 9 A

8 UCROZ 0 B PR A i AT A 7 s
b AR N R A BN R B B T e L A
45 s IBIIEAL 30060, A A —m %)L [ 5 H iR L
BIERAL T BB I - R A7 AR BN 2

A I 1

(b)r=13s (c)1=27s

LT i BT I J38 L 1) s e Ik A7 A 32 1 M R
BROR . LR PIAR AT LU B A8 i B ] (23~
40 ) A7 N [ il 8 LU 491 458 7 - A AT RE S AR 4x g
B T BT .

s | oo ®
[ ] [ ]
] ® %

(d) 1=40s

(a)t=4s

B3 AT AN B s A R

Fig.3 A Dynamic Process of Simulating Pedestrian Evacuation

L
LEAAl/%

30 b 7T HERON BN AR BN LG

Ani\it 90 ¢
-.‘r £

AT
ey T i m

i AU
3

4 BEABUREE
Fig. 4 Diagram of Numbers of Outgoing Pedestrians

3.4 MHBBEEHTHEBLERSN

HT T SOk A A R B8 T R AR DY o it
R 5 22 S AR 1) 2 285 i 1O R A ]

W 6 Ca) BTz - 72 A~ A7 N AE B 6] AL U HE
FI (& 6Ca)) . & IRSCHRLELS TR 2 L0 B 3Bl
BT A BT AR 4 s I E) AL A7 N2 LA TR A
B m/s) fu) 8% Bl . BV E (7 B T R — A%
PRI g R AR 53] 1) A 11 R Bl [ A A X (P 6
(b)) o i T 8A % EAT A E A I A . A
PLH Ry e 55 19 BA 8 ) i1y B8 3, HoAT AT A
KAREIE S B R B X RN DL R AT A A
S O

S

A _ _ 4 sf

(b) & ik

AR SR i

Bl 5l K Bl R B

Fig.5 Diagram of Ratio of Pedestrian Collision

T 7E B0k 4 455 R o (IR 6 (o)), FE B LT 4R
J& s R R AT N R B B AR 5 1 R A
FFNBEEY &Lk 1.8~2.5 m/s B ] 4 11 R
A A% 7 5 S I R 2 2K 0 T PRI . AT AT )
Sy AT RN TR AT N R LY o 3 8 3 3 76 0. 8
~1.3 m/s, GBS LLIE # IR 1) 1SR4 L T 58
S BE AT N TR A AT N 8 B BH P4 55 R R S B A
8,3 /N T 0.8 m/s, 04T AAE 4 s I i)
PN A A5 AN I DR I ) G o Ak TR B BN
B . dEaEXF B 6(b) 5 & 6Cc), AT LLA& BIA SCHL
AU R AF A BB s O B0 0E T 2tk oo i B

LB A3 A R A
0% o%ee ®

__§§§;3”___ I
AU @ DA

(c) .’st i ’ﬁ"al sfi

6 BRI A6 B B 5 IO L A

Fig. 6 Comparison of Pedestrian Distribution at the Beginning of Evacuation Process



5 A2 5 9 I

T B Je A — R DT IE A S HLAY A B R A

1335

F 1A S IR 2 MOt [ S HLEE L A
AR SCHE Y I8 45 0 LUAR DL+ 328 A7 R 3 e 4
Z 4k Windows7,CPU 2k i5-3450, N {7 4 GB ¥
BET A B RO S MBI EC 400 Y
FAFT BRI .

F1 =#RMLLEE
Tab.1 Comparison Among Three Models
TR 2 BATHEE] /s
Z LIt PBE A7 N8 B — 2L 2
EELIR X RO,

R 7 A S
OB e T 22
AR B4 1 R

M T Al LUE . A H BB LR AT N 5
R A R G R [ B D T Ak 2 R L HLRE
BEAULHH 22 L0 A S LR T A BEA AU H 1 47 A
AR AL AT N R B R SR B P I R
1o BRI SCRL G2 A7 R PR HL R UL 45 R B 00
NSRS

4 % i

AR SCHE 5 B AL 22 F R BT N OO 1 114 22 i
bRl TR I A S LA BT g O
R T U A ShALLE B o AR A AT A BOUL AR
TR AL o BT R R LA B G i 3 N 5% R Y
SR B G, ANAT N IR 45l 4 L AT N Sl A T
FAT A TR SR AR T B 5 e " A5k DL AT
AR R 8l 75 304 . I B RE T B SE P iY
TEURAT A REALL O 3 57 5 R S F 1 19 10 1 i T
PRI BB M7 . AR BTIE L 5 TE
11 KA AR AR 11 DL - 58 36 B8 o AT N 7E 4%
ANT5 1 BT 2 AL 22 0 09 3R T3 2 O R N T
LE I HAR Y 5 A kR g 50 1

2 % x #

[1] Chen Peng, Wang Xiaoxuan, Liu Miaolong. A
Simulation Method for Sports Grounds Evacuation
Based on Integration of Multi-agent System and GIS
[J]. Geomatics and Information Science of Wuhan
University, 2011, 36(2):133-139(BRME , F 143, X1
W, JF 2 AR S GIS & K Ik & 3 A BBl
BT L] iRBUR 22 4l « 5 BBk p. 2011,
36(2):133-139)

[2] Helbing D, Molndr P. Social Force Model for Pe-
destrian Dynamics[ ] ]. Physical Review E Statisti-

cal Physics Plasmas Fluids & Related Interdisci-

[3]

(4]

(5]

(6]

[7]

(8]

(9]

(10]

(11]

(12]

[13]

[14]

plinary Topics, 1998, 51(5) .4 282-4 286

Xu Mingliang, Wu Yunpeng, Lv Pei. Research on
Evacuation in the Subway Station in China Based on
the Combined Social Force Model[ J]. Physica A,
2014, 394(4):33-46

Li Meifang, Zhao Yongxiang, He Lerong, et al.
The Parameter Calibration and Optimization of So-
cial Force Model for the Real-life 2013 Ya’an Earth-
quake Evacuation in China [J]. Safety Science,
2015, 79:243-253

Degond P, Appert-Rolland C, Moussaid M, et al.
A Hierarchy of Heuristic-based Models of Crowd
Dynamics [ J ]. Journal of Statistical Physics,
2013, 152(6):1 033-1 068

Abdelghany A, Abdelghany K, Mahmassani H, et
al. Modeling Framework for Optimal Evacuation of
Large-scale Crowded Pedestrian Facilities[ J]. Eu-
ropean Journal of Operational Research, 2014,
237(3):1 105-1 118

Li D, Han B. Behavioral Effect on Pedestrian Evac-
uation Simulation Using Cellular Automata [ ] J.
Sa fety Science, 2015, 80:41-55

Guo X, Chen J, Zheng Y, et al. A Heterogeneous
Lattice Gas Model for Simulating Pedestrian Evacu-
ation[ J]. Physica A Statistical Mechanics & Its
Applications, 2012, 391(3):582-592

Song Weiguo, Yu Yanfei, Wang Binghong, et al.
Evacuation Behaviors at Exit in CA Model with
Force Essentials; A Comparison with Social Force
Model[J . Physica A Statistical Mechanics & Its
Applications , 2006, 371(2) :658-666

Song Weiguo, Yu Yanfei, Fan Weicheng, et al. A
Cellular Automata Evacuation Model Considering
Friction and Repulsion[J]. Science in China : Serial
E, 2005, 48(4):403-413

Chen Miao, Han Duanfeng, Zhang Haipeng. Re-
search on a Multi-grid Model for Passenger Evacua-
tion in Ships[J]. Journal of Marine Science and
Application, 2011, 10(3) :340-346

Jiang Rui, Wu Qingsong. Pedestrian Behaviors in a
Lattice Gas Model with Large Maximum Velocity
[J]. Physica A Statistical Mechanics & Its Appli-
cations » 2007, 373(36):683-693

Kirchner A, Kliipfel H, Nishinari K, et al. Dis-
cretization Effects and the Influence of Walking
Speed in Cellular Automata Models for Pedestrian
Dynamics [ J ]. Journal of Statistical Mechanics
Theory & Experiment, 2004, 10(10) :453-468
Guo Renyong. New Insights into Discretization
Effects in Cellular Automata Models for Pedestrian

Evacuation[]]. Physica A Statistical Mechanics &



1336

WK

ERSRE

201749 H

[15]

(16]

(17]

(18]

(19]

Its Applications, 2014, 400(400) :1-11

Alizadeh R. A Dynamic Cellular Automaton Model
for Evacuation Process with Obstacles[J]. Safety
Science, 2011, 49(2).:315-323

Chopard B. Cellular Automata Modeling of Physical
Systems[ M]. New York :Springer, 2009

Zhang Lijuan, Zhang Yanfang, Zhao Yibin, et al.
Simulation Research on Intelligent Evacuation Mod-
el Based on Cellular Automation[J]. System Engi-
neering Theory & Practice, 2015, 35 (1) 247-253
CRRTAE . 5k HE DY . R, 55, JE T ou i A Sh Lo
REB B R 0 AP L)), R LA HE 5 928k,
2015,35(1):247-253)

Wang Haijun., Zhang Wenting, Chen Yingying. et
al. Fire Spreading Model Based on CA Scope []J].
Geomatics and Information Science of Wuhan Uni-
versity , 2011, 36(5):575-578 (£ ¥ %, 5k LI,
AL A R JT I A 2 HLAE AT SR g Ak 8 A A
RILT ] DO E 24« (5 BB, 2011, 36(5)
575-578)

Shu Bangrong., Liu Youzhao,Zhang Honghui, et al.
Scenario Simulation of Urban Land Expansion In-
tegrate Variable Weight with Constrained Fuzzy

Cellular Automatal J]. Geomatics and Information

(20]

[21]

[22]

[23]

Science of Wuhan University, 2013, 38(4).498-
503 CRF Y 2 XU A& J6 5K W9 M L 45 A U LS YR
PEROH) CA W3 b 3 sk i SRR LT ] LR
S - fF BB, 2013, 38(4):498-503)

Yin Lingzhi, Zhu Jun. Wang Jinhong, et al. Real-
time Simulation and Analysis of Dam-break Flood
Routing Based on GPU-CA Model[]J]. Geomatics
and Information Science of Wuhan University ,
2015, 40(8):1123-1 129 (FRE., R%E, L& %.
45, GPU-CA BAUT 1 15t 300k 7K 3 3 52 i 4400 55 4
Frid]. BRI - FERBHAM. 2015, 40(8) .
1123-1129)

Schadschneider A. Cellular Automaton Approach to
Pedestrian Dynamics Theory[ C]. Pedestrian and E-
vacuation Dynamics, Berlin, Germany, 2001
Johansson F, Peterson A, Tapani A. Waiting Pe-
destrians in the Social Force Model[ J]. Physica A
Statistical Mechanics & Its Applications, 2015,
419.95-107

Xu Mingliang, Wu Yunpeng, Lv Pei, et al. miSFM:
On Combination of Mutual Information and Social
Force Model Towards Simulating Crowd FEvacuation

[J]. Neurocomputing, 2015, 168:529-537

An Improved Cellular Automata Model for Simulating

Pedestrian Evacuation

ZHANG Xinlong' CHEN Xiuwan' LI Huaiyu' LI Fei'
1 School of Earth and Space Sciences. Peking University, Beijing 100871, China

Abstract: A new evacuation model is proposed for simulating pedestrian dynamics during emergencies.
Based on the traditional cellular automata model enhanced with a finer discretization of space, each pe-
destrian occupies more than one cell and can move more than one cell during each time step. The oper-
ational rules of desire repulsive, and friction forces in a social force model are introduced in the pro-
posed model. We establish an exit choosing method and the movement rules, and observe pedestrian
movements to new destinations. Velocity is considered when describing dynamic processes of pedestri-
an behaviors during an evacuation. The characteristics of pedestrian evacuations are analysed in simu-
lations and. The results show that the proposed model is valid for simulating pedestrian evacuation.
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