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Fig. 1. Schematic diagram of the experimental scenario.
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Fig. 2. Pedestrian trajectories under group mode I.
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Fig. 3. Pedestrian trajectories under group mode II.
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Fig. 4. Pedestrian trajectories under group mode III.
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Fig. 5. Pedestrian trajectories of the irregular groups: (a) Irregular group 1; (b) irregular group 2; (c) irregular group 3.
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Fig. 7. Pedestrian trajectories based on velocity changes under different group modes: (a) Group mode I; (b) group mode II;

(c) group mode IIL
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Fig. 8. Schematic diagram of different spatial locations.
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Fig. 10. Evacuation time for each group in the experiment
under different group modes.
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12 T ANMZHIES
Fig. 12. Group shapes of pedestrians.
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Fig. 13. Pedestrian trajectories in the simulation: (a) Considering auditory guidance error; (b) without considering auditory guid-

ance error.
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Fig. 14. Average number of time steps pedestrians stayed in
cells under group mode I.
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Fig. 15. Average number of time steps pedestrians spend
in cells in group mode II: (a) With waiting positions;
(b) without waiting positions.
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Fig. 16. Average number of time steps pedestrians stayed in
cells under group mode III.
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Fig. 17. Evacuation times of pedestrians under different

group modes in simulations and experiments.
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Fig. 18. Effect of grouping perceived distance on pedestrian

evacuation time.

AZEPEAT O, 2 BRI A P 5 AR B AR MR/
ERES - PN EFPN 4 2R G TRE SIDERS - DN
SRR A PSR BN, 2578 K R
AOBER_ETT. AT NG HEAT 238 I /N ) i A
AT, ASREE P52 U T A BT AL AR 5
o RERRIAL, PIN/INEL A R 5L S T i
SATE, L — N T AT ABTHCR ).

6 % it

AR SCE R TR 26 AF T S5 FEAT N R B HGE 72
JRIFRABNGE, R AT S 55 vk, $R %
PP A AF N AT NG Prwt Bl e P i AT R AE,
ESL AT LA R LT 2R R B A AT O Y
Fr NI, $5 7R 1 2P H H SR A L
B, B T AT N AR AR T AT N B RCR
SR A SCH) EZLEIB AT

1) AT NBURUSE R, KB T 2 AL R 55
Fr NHYESREAT g Wt | AT o AT 5 o 26 S
BT AR, FEZS PR R R, A7 N Z MRSE S
FEMAN G | 3[R e T4 1.

2) f7 NG AT 9 T LAY 3 AR, i aed X
FEa T AN TRV 25 AR R A7 A3 Sl 33 J3E B
6], A LB 25 1F B 4 AT o8 2 IR O,
PR AT ] ASR g BOR

3) % AR A FERE R AT AN BB B T O R AR
VAT T R W5 | AT S g o A v B9
SEMALE], A T F AR T B RS T AT
NIRRT, S 3 H A 07 L AR AN S g AR Y
13 N3z Sl Mgt B 6], B0k T ISR RS Ak
PSR 250 T AT NS B G 7.

4) FEBL T R, A7 NG RN BE B R, A7
N KA ZE AT O AR R e, AT AR s P 1A
R TR L RO AR, RV AT 25 PR T 451
Fr oA N g HGE fe B SO . (B2, £E3C
Bk [14, 18] FPEMEFZRAF T BT AR ECSE S, 45
PEAT T AR AT N BB IO, 12 A IESE
553CHK [14, 18] BYSEH H A FIBESEXT AR, AB
FELAO B FAT O IFTE X &R, BRTAS - T A0
PRI NDEAA S SRR E Rt N SR iR IRV A )
N, A7 N7 EAEF IR A N SRS, 45tk
R SIHFER AR E], If A5 HEEUR 1T A A 24k
SR i s A LU N LR NEA L DR TSR S )

210502-11


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 73, No. 21 (2024)

210502

B, A7 N R AL T 0 B SEAIS, 17 NI 2 1F:
TREPAR (R B (DB, N AT A0 1) 348 T R el )
2, TELEE 0 UG RS 2 FIT HE A ) 4
THEHSR. STk [14, 18] LIGEEREA A BFFE R4,
FERFFEEAAT AAE R BRI BB AR 225 1
AT NEBH D5, Hphgs T MBS T H
CITTE B, BRI B ORI R 3 .

DL EBFIE gl SR n] R 28 s i A T N B R s
FIT ZE 0 2 B AL 2 A A (PR, AR SR8 pER 2
PEAT T B BB RS R AR, N — e T
YERBUL T R T N B0R, %R Bud i rhoR
W25 EAT N Z B A W €T, S Ml AL 12 1k Bk
3. AR, BRSO S B BR AL 17 1 B
2, F BT 4 0F T BB ELCIC S8 T DA $23 IS b
I, KRB ALY R % A PR A S
5y, BRI RIBE LB A5 AT NG Ax
BRGS0

S 30k

[1] Ren J Q, Ni S J 2024 J. Tsinghua Univ. (Sci. Technol.) 64
471 (in Chinese) [fEEE, FURIL 2024 FHEKF2M (HRE
20 64 471]

[2] Moussaid M, Perozo N, Garnier S, Dirk H, Guy T 2010 PloS
One 5 10047

[3] Yue H, Shao C F, Guan H Z, Duan L M 2010 Acta Phys. Sin.
59 4499 (in Chinese) [{i5, HhFFM, Xk, Bolet 2010 Y3
24 59 4499]

[4 Huo F Z, Fan D D, Liu C, Ma Y P, Lv Z H, Li M L 2023
CSSJ 83 126 (in Chinese) [BEAESY, WAHY, XM, D, B4
T, L 2023 HEZAREA 33 120]

[5] FuL B, Cao S C, Shi Y Q, Chen S, Yang P, Fang J 2019

9]
[10]
[11]
[12]
[13]
[14]
[15)
[16]
[17]
18]
[19]
[20]
[21]

[22]

(23]

[24]

Saf. Sci. 117 447

Zhang R, Yang J, Yang C W, Dai S X 2019 TSEIT 19 163
(in Chinese) [5KE5, #if, #A/RaL, fUBAE 2019 A2l iz R4
CRES{EE 19 163]

Wu X S, Yue H, Liu Q M, Zhang X, Shao C F 2021 Acta
Phys. Sin. 70 148901 (in Chinese) [ER, £ 5%, XIEHE, 3K
JB, HRFAR 2021 PRLAEH 70 148901]

Zhou J W, Kuang H, Liu M R, Kong L J 2009 Acta Phys.
Sin. 58 3001 (in Chinese) [JH4HE, JBAE, X541, fLATT. 2009
PB4l 58 3001]

Wei X G, Lv W, Song W G, Li X 2015 Complezity 20 87
Gorrini A, Vizzari G, Bandini S 2016 Collective Dyn. 1 1
Chen L, Tang T Q, Song Z Q, Song Ziqi, Huang H J, Guo R
Y 2019 Simul. Model. Pract. Theory 90 31

Cuesta A, Abreu O, Balboa A, Daniel A 2021 Fire Saf. J. 120
103018

Ren J X, Mao Z L, Zhang D, Gong M, Zuo S 2022 Int. J.
Disaster Risk Reduct. 80 103228

Xie W, Zhang Y C, Cheng Y Y, Chen S M, Liang X W,
Zhang W B 2018 Procedia Eng. 211 830

Xie W, Lee EW M, Li T, Shi M, Cao R F, Zhang Y C 2021
Saf. Sci. 133 105029

Was J, Porzycki J, Schmidt-Polonczyk N 2020 Collective Dyn.
593

Xue S Q, Jiang R, Wong S C 2020 Transportmetrica A 16
626

Zeng G, Li Z, Ye R, Cao S 2024 Tunn. Undergr. Space
Technol. 146 105661

Tong W P, Cheng L 2014 Systems Eng. Theory Practice 34
2386 (in Chinese) [EFHE, HE 2014 R4 TS5 I 34
2386]

Guo C L, Huo F Z, Li C, Li Y 2023 Physica A 615 128602
Zhou Y, ZhouZ P,PuZY,QiY, XuY N 2019 Transp. Res.
Rec. 2673 851

National Library of Standards of China National Institute
of Standardization https://www.nssi.org.cn/nssi/front/12437
8676.html [2024-7-11]

Lei W J, Li A G, Gao R, Hao X P, Deng B S 2012 Physica A
391 5355

Wu Y, Kang J 2016 UA 16 121 (in Chinese) [a1i, Hefdt 2016
WA 16 121)

Research on pedestrian evacuation considering group

. e o7 e7e e 0 *
behavior under zero-visibility condition

Chen Liang?  Guo Zhi-Liang?

Tang Tie-Qiao?

Li Yong-Xing !
Chen Yan-Yan?

Zhang Jian V1

1) (Beijing Key Laboratory of Transportation Engineering, Beijing University of Technology, Beijing 100124, China)

2) (Army Military Transportation University, Tiangin 300161, China)

3) (School of Transportation Science and Engineering, Beihang University, Beijing 100191, China)

( Received 19 July 2024; revised manuscript received 22 August 2024 )

Abstract

The influences of group behavior on pedestrian evacuation under zero-visibility conditions are analyzed in

depth by combining controlled experiments with modeling and simulation in this work. Initially, by experiments
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on pedestrian evacuation under zero-visibility conditions, typical evacuation behaviors are identified such as
group behavior, auditory guidance behavior, and wall-following behavior. The pedestrians rely on auditory
information to guide their companions in the process of forming groups. Pedestrian group behavior can be
divided into three modes, the walking speeds of grouped pedestrians greatly depending on their spatial
positions. By comparing and analyzing the walking speeds and evacuation times of pedestrians under different
grouping modes, it is found that group behavior under zero-visibility condition reduces evacuation efficiency,
while walking along the walls can improve evacuation efficiency. Subsequently, considering the movement
characteristics of pedestrians in different group behavior modes, the influence mechanisms of auditory guidance
and wall-following behavior on the evacuation process, a pedestrian evacuation model based on cellular
automata under zero-visibility conditions is developed. Finally, the proposed model is validated by using
experimental results, and simulations are conducted to analyze the influences of group behavior on the
evacuation process under zero-visibility conditions. By comparing and analyzing the pedestrian movement
trajectories and evacuation times during both the simulation and experiment, it is verified that the model can
effectively reproduce the group evacuation processes of pedestrians under zero-visibility conditions. When
auditory guidance errors are considered, pedestrians exhibit wandering behaviors in their movement trajectories.
In the evacuation process, the greater the distance that pedestrians can perceive each other for grouping, the
higher the probability of group formation is. As a result, groups are formed earlier, which will reduce the
evacuation efficiency. This indicates that under zero-visibility conditions, group behavior exerts a negative
influence on the evacuation process. This research lays a scientific foundation for formulating pedestrian

evacuation strategies and schemes in similar scenarios.
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