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Abstract

Based on cellular automata theory, the cellular automata model describing the normal pedestrian
evacuation is extended to study the evacuation scenario including special pedestrians. Through
analyzing the psychological characteristics of special pedestrians (This article mainly refers to the
pedestrian who are unable to move freely), a cellular automaton model is established. The nu-
merical simulations are performed to investigate the influence of the proportion and location dis-
tribution of special pedestrian on the evacuation process in the hall. The spatio-temporal dynamic
characteristic of pedestrian evacuation process is also discussed. The results show that the effect
of the special crowd on the whole evacuation efficiency is related to the total pedestrian density.
At low density, this effect on the evacuation efficiency is not obvious, but with the increase of den-
sity, the proportion of special pedestrians will lead to a significant decrease in the evacuation effi-
ciency. In addition, the location distribution of the special pedestrians will also affect the evacua-
tion efficiency. Especially at high density, compared with the random distribution of the special
pedestrians, to put them in a certain position and separate them from the normal pedestrians will
reduce the overall evacuation time remarkably.

Keywords

Pedestrian Flow, Special Pedestrian, Cellular Automata, Evacuation Efficiency

Tk A BE I AR 1 B9 T B B sh LR

BEX, P, FXH

KRIERHE K2R B 220, v KR
Email: ‘lixingli80@163.com

Wehs Hi: 20184F2H7H; FHHEM: 20184F2H20H; kA HH: 201842 H27H

CESEE .

NES|IH: ATE, BbE, AL R AR R T B SIHUEILD]. @RS 75T, 2018, 7(1): 24-31.
DOI: 10.12677/mos.2018.71004


http://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2018.71004
https://doi.org/10.12677/mos.2018.71004
http://www.hanspub.org

=

AXE T EFMER, KR E— ARIERRBNITHE A SRR R EF A SRR AR AR
RIBRBOZ R . B THRRT AN (EXEEIRTIIAE T N B OBEREIT AN ST, BT SFTHA
AT NI AR B T B SRR . BUERRIBT R T ARAREET, T3 AMET N h AL E 2
AR RT AT NRECI R W, HXHMT ARBOI R N 250 /220 H3AT T e BIAR, 5IE
HARNREARLE, THAET ARMASHES AHRBRENRME A EEER; KEET, Xt
NHREREYEANE, BESEEREM, T30 MET AR G AR R & S B0R & A\ RS
REEZETH:; TIHIMTAFENMESYMREE, RHERRERT, MXTTIAET AR
oA, HEETEHBENNHRRAE, SIERITASIT, SBOIT NSRBI .

Xiin
TN, RERARE, TTHAZNL, BEEER

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 518

AR, BEEMSATIIRE, MR K FML RN A2 n BUEFEE M, 1T N2 26
ARG T V258 1) 2 R[] — BB, AT NIRER B AL AT LAy s R A [2] [3]ANfHO
BERI[A] [5], AT S oy = A& JpERL[4] [5] [6], JolE B SIHLEAL[7] [8] [9] [101BA K% 1<
FEAI[11] [12] [13].

JGHE B LB AR G b MRTONAT AREAE, FEAMARIIAN EAE R 2 1F T, SOl RGUEAR AT A
FRHIEMIBT FE[14]. Morrh2E[15)58 T “Hhig” 5k, SIN “DrBaRE” FIMEEkih e A\ gz,
LT KR AR NG AR I R . S 2R [16] 25 T J0 M E S N R HAT AT TR 9, B EOR
SRR AE T — e S HE . MIRFEL T m AL s ANBEEEGIEAT T3, R T AL B SO .
FyE (18] L T MR AT N B AL AR, IR AT T HER ZE AT N R e AL T EEE . SRR (198N T
KAV IS B BB AY, FFEAT S0 BRI 7L, A oA P LA 2R, BRI AT 5. 2 THE[20] 0 RS
R 2O F N R ARG T TRFTE, EEATHS T B K4 DX B K TR AT B O B BRI R
M 45

LIRBF N G VLK 2 E sk RETE. Fisuh. KB BRSSP — R A . e
by RERRBEAR QR B R R RN AE R . T I BERS I NBE L AT S ANME (R A Bk
ZNEE, (RN R, X NFEAA R I 5 T — AT A RS 2 1O 3T RIE . B R RER[21]
WHAL T RER ANBEBLRUAT y, 3R H T TR ZIR N TR IR AR MBS T R, DASAR I N g AT A
XPPERI BT o BEAE AR RS [22]0F 9T 1 28 B8R 22 e (R o e N SO, R B T N B b T 55 54 )22 AT
JLE, BT H S BRG], St AR BRI . 2 IS [23]0F 7T T AR BEAR 5 i RE R AR FE B
HOSFE R A ELRE A, 48 ke N A7 TEAR AT Re s (g FRE NI B Ak SR1A0,  H A OC TRk N BB 80T
T A EEVS HR I AR b

DOI: 10.12677/mo0s.2018.71004 25 jé

[

S K


https://doi.org/10.12677/mos.2018.71004
http://creativecommons.org/licenses/by/4.0/

ASSCEE XA IR ANBEFAT SIAMERIAT N, B R8I RIR BAT N ASAE, 50 17— AR S 1T304
AT NI IO TCHE B ZhHUBER . E1d25 RAT S AMEAT NBTELG . Ar B AT SR ZR X RJT P ROAT A it
77BN, Ay e T AR BRI E N BOSCR R, B BT NG Rl 2 s s R
TNB R s B R R R

2. &

BRI 1 FR, K5 R ERSE Lx L 35505 A BRI 4 mas, AP T—AN o, Joi
PR RN 04 mx0.4m [7], LRRGEIGERE, WRRFERAH DS . SN oei—6417 A b
i, BUNT . BEMS REEE, SERFATHAMEMTAN, LEaFRREFEITAN, HOMERNAT.

WRRI: ATSHAEAT NN ZEN, MLIEFETN, T31IR%E. BEZEE. = gk,

L4, SR BEIR (Moore) 44T R [7], AFREJEIRIT N, 1EHAT NFIAT S AMEAT NFE B3N8k 55 a0
T IEW AESAE BN E] 2, A6 BE /R (Moore) B 4% J& #% 51 — AN 70 I I R B 5l 3 R HF A5 (K] 2(a)):
ATENAME R NAERE =SB U0 5O (]2, W] Ji) BE 2R (Moore) 4 &T & £2 3 — > 70 B i R 12 s DR AN 3l ()
2(b))-

1T N B 77 [ (1348 % b %% B R 2R SR A 5 o

BB J) AT NBIAEER, (o, jo) WAL T ALKR, (xy)RAT N R 2688 h5, 17 A (i) IFEsh A8k
NS, Hh T RARESICN S, WRSIRIT:

P =0(xy)eS ;s UTANT SR EA NS, NEERIE)

%=%qmnweq“(ﬁAF~ﬁ%ﬁ&§%é,M%M$ﬁ%ﬁﬁ%ﬂ)

wzqnnqhh%(ﬁkﬁﬁuﬁﬁ,mTéﬁQ%%ﬁ%%»phﬁamh¢ﬁ%4ﬁo

BRI TR RN N R . 4558 KT WAT NBENLEIRIEE A s e AT AR RIS FAT AN & B 23
W E 2B iR, WRBEH O RS R A0 N S BT A B R, B Lig
IO B30 5 1R P 9 A AT AR

3. WHER5ITie

VIAGIS %0, AT NUA—5€ B TR A R R Gerh s FRRABENLT 513547 177 4% L 2t A7 o
BEH . BUEA, Dy BRI A B RTREHLE X5 RN, RGBT R] T 2708 20 MREAHCE
BIEE R R R, SERENTF: L=20, W=3, p=N/(L-2)x(L-2), N AT AN&H, &
SUTEHAMEAT N S EEBI A n, Min=M/N . MOAATEIAEIT A EEL.

H YW FAT B AMEAT AT o BB BN 0] 0 5Em . [ 3 gt VAT NAMEAT AT S AR L IR
NFEBGLHON 8] T 5% p Z AR R WLVEE, EAREREEN, 730 AEAT A LGB s [ #
MR AR ERHBILT, REANRPATIHAMERATN, #S PR R A AR BECR,
HBEHAT S AEAT NP 3 LGRS0, 5 AN 8178 2 3 1 32 PR AT S AN I AN RS 3l B Iz (K T 1
W, IF IR £ U7 b T IEW N R RO, BT NBOH A, N5 N Z R
fi S5 AR AR T AR T, AT SDAME AR IE 3 N RIF2 33 B S e T 2%, B LA RHEEAT
HOIT G LRI AR AN K (B2, B AR ISR, AT AMEAT AT o BT A L I 1] £ 52
BHTE, EEEE T, ARABREATEROT R ERN R ZEE R flin. AFBFEE 0.8 I, IEW AR
BRI 712174 200 s, 7ENHET REEATENAMEAT N, X — BRI (DR 225 000, 2Rk AR EL ik 3 0.8
I, BRSO [EUE (S, SENE] 400 ZAP, AT WATSIAMER AR S e R G E, X IEH AR5
RGBSR I, S BATIAERNREA R, RN T IR R SR LA T A ik

DOI: 10.12677/mos.2018.71004 26 e RSE TR


https://doi.org/10.12677/mos.2018.71004

Figure 1. Sketch of model
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Figure 2. The selectable movement directions. (a) Normal pedestrians; (b)
Pedestrians who are unable to move freely
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Figure 3. Relationship between evacuation time T and density p under n =0,
0.2,04,05,08,1
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Figure 4. The typical spatial-temporal patternsas p =0.7.n=0: (8) T=40s, (b) T=100s, (c) T=190s; n
=0.2:(d)T=40s,(e) T=100s, (HT=190s;n=1:(g) T=40s, (h) T=100s, (i) T=190 s
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0.2:(d)T=40s,(e) T=100s, (P T=190s;n=1:(g) T=40s, (h) T=100s, (i) T =190 s)
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Figure 5. The typical spatial-temporal patterns as p = 0.7. (a) T = 10 s; (b)
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Figure 6. The distribution of pedestrians who are
unable to move freely
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Figure 7. Relationship between evacuation time T and case under n = 0.2, p =
0.1,04,0.7
7.n=02, p=0.1, 04, 0.7, BRAEETE T 5 case HIXRE

XU HIREE AR LRGN, R AT S ANMEAT A 3 18] A H A AT AT AR T BEAS . CEIIE Y F Y
ERIEFEAT NABENRDE L [T gedh, APREE TS, 5 A E AT N M ERCR A 5 KB
A, AHECBENL A, RERFPR AR T X380 D s Z A A (e i i T, AT DURIL, AT AMELT
NBERL A I BB O TR, AR T AREBR G IR 5 A IR K, B —NRRERAT A LT
AR BRI T, ERAMARSR TR, ZMELT, RERRRAT AMIEFAT AT, B0
IR TIREA T NRIGEG R R AT AEAT NE T D B elfs (8] v Je A B, xS i
HI (B fpe L, X UL B BOT AR, AT AMEAT A REE I BIA L DMHERS, Wi 24 5] X817 Nk
B b5 rb e, RERTRE R G TR K, DRIt B R R

4, 4Eig

ARSI AT IAATEAMERN, 57 TR & AR e B S . BqE BT 7 1
ATBIAMEAT NBTIIAKT R BCRCR 520, IF B R 7 AR S AT AAMEAT N ELB A B A S R R
X3 18] AT NBRBSCRE AR RO o 30 o X i S T) S S R i s AL B T 7, 3RATIAS e DA T &5

1) ABEF AT AMEAT AR 2 AT N A B s Ak 1)

2) AR, AT AAMEAT AT ARG BORCR A W]:,  BEE S LR3I, AT 3 AMEAT AP o g3
(8GRI 2 S BOR & NI EOCR B2 TR,

3) MEE T, BATAAMET NRIEEATADTE, S KIER SRR, R TsiAME T NE T
B E b5 () S B, X N e A A

i AR R, ARSI RFIR N AT S AMEAT N, HEEH EATESAMET N5 IEHAT AR
WEEZESE. fEJRSEIIRT TR, BATR P E B8R, 780 BB T AMET AR LB, TN BI R Kk
W, ke s A E RRRSAE, BeAh, BT, SRIRAE B IRUSERRIM I AT RIS
SORAL MR T 24, TR e S8 47 3 S A5 S SEFR

DOI: 10.12677/mos.2018.71004 30 e RSE TR


https://doi.org/10.12677/mos.2018.71004

24

i

AR SR B K B AR 542 (11562020) L i 48 H 28R 5£42(201601D011013) . 1L 7644 B4 2= [0 A

R AR BT BT H (2017004) B3 8.

L& #Ek (References)

(1]
(2]
(3]

(4]
(5]
(6]

(7]

(8]

(9]

[10]

[11]
[12]

[13]

[14]

[15]
[16]
[17]
(18]

[19]
[20]
[21]
[22]
[23]

Helbing, D. (2000) Traffic and Related Self-Driven Many-Particle Systems. Physics, 73, 1067-1141.
Henderson, L.F. (1971) The Statistics of Crowd Fluids. Nature, 229, 381-383. https://doi.org/10.1038/229381a0

Hoogendoorn, S.P. (2015) Continuum Theory for Pedestrian Traffic Flow: Local Mute Choice Modelling and Its Im-
plications. Transportation Research Pact C, 59, 183-197. https://doi.org/10.1016/j.trc.2015.05.003

Helbing, D. and Molnar, P. (1995) Social Force Model for Pedestrian Dynamics. Physical Review E: Statistical Physics
Plasmas Fluids & Related Interdisciplinary Topics, 51, 4282. https://doi.org/10.1103/PhysRevE.51.4282

Helbing, D., Farkas, I. and Vicsek, T. (2000) Simulating Dynamical Features of Escape Panic. Nature, 407, 487-490.
https://doi.org/10.1038/35035023

Chraibi, M., Seyfried, A. and Schadschneider, A. (2010) Generalized Centrifugal-Force Model for Pedestrian Dynam-
ics. Physical Review E: Statistical Nonlinear & Soft Matter Physics, 82, 046111.
https://doi.org/10.1103/PhysRevE.82.046111

Burstedde, C., Klauck, K., Schadschneider, A., et al. (2001) Simulation of Pedestrian Dynamics Using a Two-Dimensional
Cellular Automaton. Physica A: Statistical Mechanics & Its Applications, 295, 507-525.
https://doi.org/10.1016/S0378-4371(01)00141-8

Kirchner, A. and Schadschneider, A. (2002) Simulation of Evacuation Processes Using a Bionics-Inspired Cellular
Automaton Model for Pedestrian Dynamics. Physica A: Statistical Mechanics & Its Applications, 312, 260-276.
https://doi.org/10.1016/S0378-4371(02)00857-9

Zhang, P., Jian, X.X., Wong, S.C., et al. (2012) Potential Field Cellular Automata Model for Pedestrian Flow. Physical
Review E: Statistical Nonlinear & Soft Matter Physics, 85, 021119. https://doi.org/10.1103/PhysRevE.85.021119

Jian, X.X., Wong, S.C., Zhang, P., et al. (2014) Perceived Cost Potential Field Cellular Automata Model with an Ag-
gregated Force Field for Pedestrian Dynamics. Transportation Research Part C: Emerging Technologies, 42, 200-210.
https://doi.org/10.1016/j.trc.2014.01.018

Tajima, Y. and Nagatani, T. (2001) Scaling Behavior of Crowd Flow Outside a Hall. Physica A: Statistical Mechanics
& Its Applications, 292, 545-554. https://doi.org/10.1016/S0378-4371(00)00630-0

Helbing, D., Isobe, M., Nagatani, T., et al. (2003) Lattice Gas Simulation of Experimentally Studied Evacuation Dy-
namics. Physical Review E, 67, 067101. https://doi.org/10.1103/PhysRevE.67.067101

Kuang, H., Li, X., Song, T., et al. (2008) Analysis of Pedestrian Dynamics in Counter Flow via an Extended Lattice
Gas Model. Physical Review E: Statistical Nonlinear & Soft Matter Physics, 78, 066117.
https://doi.org/10.1103/PhysRevE.78.066117

Blue, V.J. and Adler, J.L. (2001) Cellular Automata Microsimulation for Modeling Bi-Directional Pedestrian Walk-
ways. Transportation Research Part B: Methodological, 35, 293-312. https://doi.org/10.1016/S0191-2615(99)00052-1

BWordr, i, BB S5 BT UM B BIFLIT KR RN Rk AR R[], RHEEiE R, 2002, 47(12): 896-901.
HREFE. FF UM E SN BB BT BT FL[I]. BTG T 2B 224 (B RHAR), 2016, 32(2): 39-44.
AR, T oo A ShPURE T i AL N BR80T B[], BARTHEEAL, 2013(13): 41-44.

T T 2R BRI B A S AT N B AT L A B BtAT R PR AE[D]: [Tt 2A R 3], BAR: H TR,
2015.

ikHEZF. KBS 5 3R F AR IR B U B 7 RIB 72 [D]: [ 1244712 30]. Jbat: dbsisdi@ok 2, 2013
Z1E, MImlE, BARF, £ 2T Pathfinder MIFIIH A REBUE E[J]. kK REBL2E, 2014, 23(3): 175-181.
MR8 Rk AR BT N S ot s FE[d]. % 34, 2013, 28(3): 91-94.

BEAEAERE, FUX, T, %5 HEAMAZE R RS PSO ANBEB ALY, P EA 24 SRR, 2016(3).
LM, ARUY, R TRIEABHUL A ARG KEEH ] P E 2 AR FR, 2009, 19(3): 161-166.

DOI: 10.12677/mo0s.2018.71004 31 jé

[

S K


https://doi.org/10.12677/mos.2018.71004
https://doi.org/10.1038/229381a0
https://doi.org/10.1016/j.trc.2015.05.003
https://doi.org/10.1103/PhysRevE.51.4282
https://doi.org/10.1038/35035023
https://doi.org/10.1103/PhysRevE.82.046111
https://doi.org/10.1016/S0378-4371(01)00141-8
https://doi.org/10.1016/S0378-4371(02)00857-9
https://doi.org/10.1103/PhysRevE.85.021119
https://doi.org/10.1016/j.trc.2014.01.018
https://doi.org/10.1016/S0378-4371(00)00630-0
https://doi.org/10.1103/PhysRevE.67.067101
https://doi.org/10.1103/PhysRevE.78.066117
https://doi.org/10.1016/S0191-2615(99)00052-1

KRR R BB R 7 2\
1. ¥TFFEIM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

THFIRMEESE: [ISSN], FIAWIT ISSN: 2324-8696, RIA[#rif)
2. FTFFENIE TR http://cnki.net/

e« EBRSCHRAE” BEN, BIANSCERRR, HIE A
hEE S http://www.hanspub.org/Submission.aspx
BATIMEAE : mos@hanspub.org

Hans Xl


http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:mos@hanspub.org

	Cellular Automata Simulation of Evacuation Characteristics of Special Pedestrian
	Abstract
	Keywords
	特殊人群疏散特性的元胞自动机模拟
	摘  要
	关键词
	1. 引言
	2. 模型
	3. 模拟结果与讨论
	4. 结论
	致  谢
	参考文献 (References)

