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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.

210502-9


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

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 21 (2024) 210502

FR R AR TR B, S5 PEAT R 2 R AR AE X
S R IR X S PESE AR, T T R BE
IFREATE, BN T 2 BFF. A SZI o g e fo
AT MT AR S HE (WA 2) ol LI Y, BT
AHYIE SIS X 1 5O KBEE A, ARG IS
11 NAE S BE RN B 059 B 3 912 Sh B I L-F 5 B A
—E. Gl e AR AT ARz s, w]
DLEG I A5 Y RE 6% PR IS AR T TR A7 AR &5 A
BTN

14 AP T R AT ANAE O AP 7 35 45 B 1) 25 4
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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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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