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Abstract

Although current evacuation models have gradually begun to consider the influence of emotion on
crowd evacuation, most research focuses on the contagion of emotion in crowds, and rarely con-
siders the behavioral characteristics of individuals under different emotions. Obviously, the beha-
vior characteristics of pedestrians in different emotional states are different. Therefore, the im-
pact of emotional differences on individual behavior should not be ignored when considering the
impact of emotions on the crowd. This article proposes a simulation method that combines indi-
vidual emotional factors with individual behavior characteristics. Firstly, individuals are classified
according to their emotional states and summarized the behavior characteristics of pedestrians
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with different emotions. Secondly, the emotional force of pedestrians in crowds is calculated based
on their emotional state. Finally, the emotional force and social force model are combined to drive
the movement of crowds.
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Table 1. Emotional state reference table

=1 RERSERE

FEEFRREE EE NS Y EAWD) A PRI
(0, 0.25) Calm 1.0 0 180°
(0.25, 0.5) Anxiety 15 135°
(0.5,0.75) Panic 2.0 N 90°
(0.75, 1) Hysteria 2.5 [ ) 45°

WE 1R, a fT ANFoRIEI HABZ0IRA N Calm, 78 4RI IRE TiE B &, N 180°; b 4T
NI SR A Anxiety, VGBS a 17 A1 S A BTE/N, BERH RGNy 1357 B fE R fe %
e, AT NIIEREERE— 540/ 907, B 5 4R A Panic, 1 ¢ 47 AFR: d 47 N iRos 4t
HIRZS N Hysteria I, GRS, 457, ATLVEH, BEEMARRENIR R, ERUBEEREsE, 17
NHIER BT RAER A CRIIERT T, SR EARAMR AT R R8I0 7, (H5 E BT N R Al 1 A %
WG 7 .
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Figure 1. Pedestrians in different emotions
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Figure 2. Emotional potential field curve graph
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Figure 3. The difference of pedestrians’ trajectories in different states
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Figure 4. Location distribution of the proposed method at different time: (a) t=0's;
(b)t=6s;(c)t=20s; (d)t=32s
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Figure 5. Location distribution of SFM at different time: (a)t=0s; (b)t=6s; (c)t=20s;
d)t=32s
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Figure 6. Location distribution of the proposed method at different time: (a) t=0s;
(b)t=6s;(c)t=10s; (d)t=19s
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Figure 7. Location distribution of SFM at different time: (a) t=0s; (b)t=6s;(c)t=10s;
(d)t=19s
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Figure 9. Evacuation scenario with 2, 3 and 4 exits respectively

B9 HO%SHA 2. 3. 4 RIS

DOI: 10.12677/mos.2022.113071 764 e RSE TR


https://doi.org/10.12677/mos.2022.113071

T

42. ZHMORE=

N T RAEZ B A5 N AR fE L, % 7 =AU S, Al AL =l AP
Ho X =M ST, T ANPGMAES 3.1 WhrRl g siE. £2 0 05T, AT
NIEFEEH TR H. K 9, 23R 7B D8Ry 2, 3. 4 F t=6s I AREIIRLE 2.
Hrr ] 9(a) 151 9(c) 1 9(e) 2 HIASC I i IREN, T E 9(b)+ B 9(d)~ 1] 9(f) 52 Btk Giht & JyB AL BREN ] o

MIELQ ATEAE Y, ot MR 2 . 3 NidsE 4 A, A7 RIS AT NS BULRE T 2R 4
TR Z IR ST 25, FIRAE DA ST R R P IE B R . X 5 AR Y (s 28 1R
—E. MAh, B OHEERIN, PR TAR B B .

5. &5RiE

ARG T AT AR TIR S B A R A, RN TR AR, H LR A R 1
R T MAT N ZE X NS BT AEAFRRBZUIRES TN ZER N B g St &
IR R, 48 0 T A% Gtk 2 IR R R 15 25 I AR A AE R JR PR VE o R 70 B 3537 Je AR sk AR Ao xt
Hotaroodt, WEBMAFET NOELE D, RS NEZ BT 7, B R S s HE 7
SEF IR N RIS S o ESEIR R b T OV 52 3 — Begi AT NI RIAT NHRIE: 1) AT NEAR R ERIEFE L
T 2RISR GAT 5l 5 2) M LLBUE Gtk 2 F107i%, AN AT NEANE 2 45 H DAL TE il BH 28 5
3) AT ANHIBRECRCR BEE I B i e U7 A SRR, A SCEACAT LA [F 15 26 4>k 2 18]
MIZZHAT Y, T DA BRI B AUE DL FEARRIOTAE T, BATRRI > EEE B EME. 4ia
TR, HIRAMIRRE LT BARAT .

SE

[1] Shen, Y., Henry, J., Wang, H., et al. (2018) Data-Driven Crowd Motion Control with Multi-Touch Gestures. Computer
Graphics Forum, 37, 382-394. https://doi.org/10.1111/cqf.13333

[2] Miyagawa, D. and Ichinose, G. (2020) Cellular Automaton Model with Turning Behavior in Crowd Evacuation. Phy-
sica A: Statistical Mechanics and Its Applications, 549, Article 1D: 124376.
https://doi.org/10.1016/j.physa.2020.124376

[3] Yi, H. (2020) Visualized Co-Simulation of Adaptive Human Behavior and Dynamic Building Performance: An
Agent-Based Model (ABM) and Atrtificial Intelligence (Al) Approach for Smart Architectural Design. Sustainability,
12, 6672. https://doi.org/10.3390/sul12166672

[4] Zhang, X., Ma, D., Yu, H., et al. (2020) Scene Perception Guided Crowd Anomaly Detection. Neurocomputing, 414,
291-302. https://doi.org/10.1016/j.neucom.2020.07.019

[5] Mao, Y., Yang, S., Li, Z., et al. (2020) Personality Trait and Group Emotion Contagion Based Crowd Simulation for
Emergency Evacuation. Multimedia Tools and Applications, 79, 3077-3104.
https://doi.org/10.1007/s11042-018-6069-3

[6] Tian, Y., Liu, M. and Xu, X.X. (2015) Dynamic Simulation Analysis on Slider-Crank Mechanism of the Mechatronics
Fitness and Entertainment Machine Based on ADAMS. Applied Mechanics and Materials, 713, 213-216.
https://doi.org/10.4028/www.scientific.net/ AMM.713-715.213

[71 Marini, M., Chokani, N. and Abhari, R.S. (2019) Agent-Based Model Analysis of Impact of Immigration on Switzer-
land’s Social Security. Journal of International Migration and Integration, 20, 787-808.
https://doi.org/10.1007/s12134-018-0631-8

[8] Zhang, X., Shu, X. and He, Z. (2019) Crowd Panic State Detection Using Entropy of the Distribution of Enthalpy.
Physica A: Statistical Mechanics and Its Applications, 525, 935-945. https://doi.org/10.1016/j.physa.2019.04.033

[9] Helbing, D., Farkas, 1. and Vicsek, T. (2000) Simulating Dynamical Features of Escape Panic. Nature, 407, 487-490.
https://doi.org/10.1038/35035023

[10] Helbing, D., Buzna, L., Johansson, A., et al. (2005) Self-Organized Pedestrian Crowd Dynamics: Experiments, Simu-
lations, and Design Solutions. Transportation Science, 39, 1-24. https://doi.org/10.1287/trsc.1040.0108

DOI: 10.12677/mo0s.2022.113071 765 e RSE TR


https://doi.org/10.12677/mos.2022.113071
https://doi.org/10.1111/cgf.13333
https://doi.org/10.1016/j.physa.2020.124376
https://doi.org/10.3390/su12166672
https://doi.org/10.1016/j.neucom.2020.07.019
https://doi.org/10.1007/s11042-018-6069-3
https://doi.org/10.4028/www.scientific.net/AMM.713-715.213
https://doi.org/10.1007/s12134-018-0631-8
https://doi.org/10.1016/j.physa.2019.04.033
https://doi.org/10.1038/35035023
https://doi.org/10.1287/trsc.1040.0108

Pt S

[11]

[12]
[13]
[14]

[15]

[16]
[17]
(18]
[19]
[20]
[21]

[22]

[23]
[24]
[25]
[26]

[27]

(28]

[29]
[30]

[31]

[32]

[33]

[34]

Zhu, K., Yang, Y. and Shi, Q. (2016) Study on Evacuation of Pedestrians from a Room with Multi-Obstacles Consi-
dering the Effect of Aisles. Simulation Modelling Practice and Theory, 69, 31-42.
https://doi.org/10.1016/j.simpat.2016.09.002

Wu, X.S., Yue, H., Liu, Q.M., et al. (2021) A New Heuristics Model of Simulating Pedestrian Dynamics Based on
Voronoi Diagram. Chinese Physics B, 30, Article ID: 018902. https://doi.org/10.1088/1674-1056/abb3f5

Seyfried, A., Passon, O., Steffen, B., et al. (2009) New Insights into Pedestrian Flow through Bottlenecks. Transporta-
tion Science, 43, 395-406. https://doi.org/10.1287/trsc.1090.0263

Hoogendoorn, S.P. and Daamen, W. (2005) Pedestrian Behavior at Bottlenecks. Transportation Science, 39, 147-159.
https://doi.org/10.1287/trsc.1040.0102

Fu, L., Song, W., Lv, W,, et al. (2014) Simulation of Emotional Contagion Using Modified SIR Model: A Cellular
Automaton Approach. Physica A: Statistical Mechanics and Its Applications, 405, 380-391.
https://doi.org/10.1016/j.physa.2014.03.043

Cao, M., Zhang, G., Wang, M., et al. (2017) A Method of Emotion Contagion for Crowd Evacuation. Physica A: Sta-
tistical Mechanics and Its Applications, 483, 250-258. https://doi.org/10.1016/j.physa.2017.04.137

Xu, T., Shi, D., Chen, J., et al. (2020) Dynamics of Emotional Contagion in Dense Pedestrian Crowds. Physics Letters
A, 384, Article ID: 126080. https://doi.org/10.1016/j.physleta.2019.126080

Sheridan Dodds, P. and Watts, D.J. (2017) A Generalized Model of Social and Biological Contagion.

Tsai, J., Bowring, E., Marsella, S., et al. (2013) Empirical Evaluation of Computational Fear Contagion Models in
Crowd Dispersions. Autonomous Agents and Multi-Agent Systems, 27, 200-217.
https://doi.org/10.1007/s10458-013-9220-6

Xiong, M., Lees, M., Cai, W., et al. (2010) Analysis of an Efficient Rule-Based Motion Planning System for Simulat-
ing Human Crowds. The Visual Computer, 26, 367-383. https://doi.org/10.1007/s00371-010-0421-6

Ge, S.S. and Cui, Y.J. (2002) Dynamic Motion Planning for Mobile Robots Using Potential Field Method. Autonomous
Robots, 13, 207-222. https://doi.org/10.1023/A:1020564024509

Stuart, D.S., Sharifi, M.S., Christensen, K.M., et al. (2019) Crowds Involving Individuals with Disabilities: Modeling
Heterogeneity Using Fractional Order Potential Fields and the Social Force Model. Physica A: Statistical Mechanics
and Its Applications, 514, 244-258. https://doi.org/10.1016/j.physa.2018.08.174

Yumak, Z., van den Brink, B. and Egges, A. (2017) Autonomous Social Gaze Model for an Interactive Virtual Charac-
ter in Real-Life Settings. Computer Animation and Virtual Worlds, 28, e1757. https://doi.org/10.1002/cav.1757

Liu, T.T., et al. (2015) Sampling Speed Based Emotion Contagion Model for Panic Crowd. Application Research of
Computers, 32, 3171-3178.

Shang, Z., Wang, Y. and Bi, T. (2021) How Does Fearful Emotion Affect Visual Attention? Frontiers in Psychology,
11, Article ID: 584412. https://doi.org/10.3389/fpsyq.2020.584412

Fredrickson, B.L. (2001) The Role of Positive Emotions in Positive Psychology: The Broaden-and-Build Theory of
Positive Emotions. American Psychologist, 56, 218. https://doi.org/10.1037/0003-066X.56.3.218

Harmon-Jones, E., Gable, P.A. and Price, T.F. (2011) Toward an Understanding of the Influence of Affective States on
Attentional Tuning: Comment on Friedman and Forster (2010). Psychological Bulletin, 137, 508-512.
https://doi.org/10.1037/a0022744

Bless, H., Clore, G.L., Schwarz, N., et al. (1996) Mood and the Use of Scripts: Does a Happy Mood Really Lead to
Mindlessness? Journal of Personality and Social Psychology, 71, 665. https://doi.org/10.1037/0022-3514.71.4.665

HKIGER, EHEME. BV EE N AN E Bt H AR 2 R SR BN 22 7 0], BRI 5, 2003, 19(4): 57-61.
Yuen, J.K.K. and Lee, E.W.M. (2012) The Effect of Overtaking Behavior on Unidirectional Pedestrian Flow. Safety
Science, 50, 1704-1714. https://doi.org/10.1016/j.ssci.2011.12.020

Hou, L., Liu, J.G., Pan, X., et al. (2014) A Social Force Evacuation Model with the Leadership Effect. Physica A: Sta-
tistical Mechanics and Its Applications, 400, 93-99. https://doi.org/10.1016/j.physa.2013.12.049

Seer, S., Brandle, N. and Ratti, C. (2014) Kinects and Human Kinetics: A New Approach for Studying Pedestrian Be-
havior. Transportation Research Part C: Emerging Technologies, 48, 212-228.
https://doi.org/10.1016/j.trc.2014.08.012

Frank, G.A. and Dorso, C.O. (2011) Room Evacuation in the Presence of an Obstacle. Physica A: Statistical Mechanics
and Its Applications, 390, 2135-2145. https://doi.org/10.1016/j.physa.2011.01.015

Cao, L. and Wang, L. (2015) Analysis and Intervention in Pedestrian Evacuation via a Modified Social Force Model.
The 27th Chinese Control and Decision Conference (2015 CCDC), Qingdao, 23-25 May 2015, 5924-5929.
https://doi.org/10.1109/CCDC.2015.7161870

DOI: 10.12677/mo0s.2022.113071 766 e RSE TR


https://doi.org/10.12677/mos.2022.113071
https://doi.org/10.1016/j.simpat.2016.09.002
https://doi.org/10.1088/1674-1056/abb3f5
https://doi.org/10.1287/trsc.1090.0263
https://doi.org/10.1287/trsc.1040.0102
https://doi.org/10.1016/j.physa.2014.03.043
https://doi.org/10.1016/j.physa.2017.04.137
https://doi.org/10.1016/j.physleta.2019.126080
https://doi.org/10.1007/s10458-013-9220-6
https://doi.org/10.1007/s00371-010-0421-6
https://doi.org/10.1023/A:1020564024509
https://doi.org/10.1016/j.physa.2018.08.174
https://doi.org/10.1002/cav.1757
https://doi.org/10.3389/fpsyg.2020.584412
https://doi.org/10.1037/0003-066X.56.3.218
https://doi.org/10.1037/a0022744
https://doi.org/10.1037/0022-3514.71.4.665
https://doi.org/10.1016/j.ssci.2011.12.020
https://doi.org/10.1016/j.physa.2013.12.049
https://doi.org/10.1016/j.trc.2014.08.012
https://doi.org/10.1016/j.physa.2011.01.015
https://doi.org/10.1109/CCDC.2015.7161870

T

[35] Haghani, M. and Sarvi, M. (2019) Simulating Pedestrian Flow through Narrow Exits. Physics Letters A, 383, 110-120.
https://doi.org/10.1016/j.physleta.2018.10.029

[36] Chen, Y.Q., Wang, Z. and Moore, K.L. (2006) Optimal Spraying Control of a Diffusion Process Using Mobile Actua-
tor Networks with Fractional Potential Field Based Dynamic Obstacle Avoidance. 2006 IEEE International Confe-
rence on Networking, Sensing and Control, Ft Lauderdale, 23-25 April 2006, 107-112.
https://doi.org/10.1109/ICNSC.2006.1673126

[37] Zhang, X. and Zhu, Y. (2021) Simulation of Crowd Motion Based on Boids Flocking Behavior and Social Force Mod-
el. Journal of Instrumentation, 8, 29-42.

DOI: 10.12677/m0s.2022.113071 767 e RSE TR


https://doi.org/10.12677/mos.2022.113071
https://doi.org/10.1016/j.physleta.2018.10.029
https://doi.org/10.1109/ICNSC.2006.1673126

	结合个体情绪因素的人群运动仿真
	摘  要
	关键词
	Simulation of Crowd Motion Combined with Individual Emotional Factors
	Abstract
	Keywords
	1. 引言
	2. 行人情绪类别划分
	3. 结合情绪表达的社会力模型
	3.1. 传统社会力模型
	3.2. 分数阶下的情绪表达
	3.3. 结合情绪表达的社会力模型表示

	4. 研究结果及讨论
	4.1. 单出口疏散场景
	4.1.1. 单一情绪下传统社会力与本文所提方法比较
	4.1.2. 多情绪下传统社会力与本文所提方法比较

	4.2. 多出口疏散场景

	5. 结束语
	参考文献

