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Particle Model of Crossing Pedestrian Flows
and Pedestrian Swarm Control Based on Temporal/Spatial Frequency

o000 O0OO0DO(0D00)

Ko YAMAMOTO and Masafumi OKADA (Tokyo Tech.)

In the densely-populated urban areas, pedestrian flows often cross each other and congestion occurs.
In order to reduce the congestion or the risk of an accident, it is required to control swarm behavior of pedes-
trian. This paper proposes an implicit control method of the crossing pedestrian flows by moving guides.
Each pedestrian is modeled with a particle, and virtual density and temporal/spatial frequency are com-
puted from position of particles. From analysis of relationship between guide motion and temporal/spatial
frequency, we verify the validity of control method, which is originally introduced from analysis result with

the continuum model.
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Fig.1 (a) Congestion in the station and (b) diagonal
stripe pattern formation in the crossing pedes-
trian flows.
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Fig.2 Velocity field setting for a line-shaped pedes-
trian flow

Flow A

Flow B

Fig.3 Simulation result of the crossing pedestrian
flows with continuum model
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Fig.6 Frequency analysis result of crossing flows with
continuum model
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Fig.7 Simulation result of the crossing pedestrian
flows with particle model
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Fig.8 Frequency analysis of the crossing pedestrian
flows with particle model

Fig.9 Snapshot of the crossing flows by applying pro-
posed control method to the particle model

Table 1 Temporal average velocity of the particles

Flow || without guides | with guides
A 0.959 0.987
B 0.951 0.978
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Fig.10 Time variation of average velocity of the
crossing flows when applying proposed control
method to the particle model

gobooooooooooobooooboooooboOooooo
gooooboooooobooooooooooooboooooo
gobobooooooocoooboooooooboOooooooo
goooboboooooooooo2000b0000DO0OO
goooooooooooooboooooboooooonooo
gobooooobooooooo

oo

000000000000 CRESTOOOOOOOOOO
goboooooobooooobooboobobooobboOooobooon
gooocoooo

ao

[1] D. Helbing and P. Molnar. Social force model for pedes-
trian dynamics. Physical Review FE, Vol. 51, No. 5, pp.
4282-4286, 1995.

[2] S.J. Guy, et al. PLEdestrians: A Least-Effort Approach to
Crowd Simulation. In Proceedings of Eurographics/ ACM
SIGGRAPH Symposium on Computer Animation, 2002.

[3] L. F. Henderson. The Statistics of Crowd Fluids. Nature,
Vol. 229, pp. 381-383, 1971.

[4] Roger L. Hughes. A Continuum Theory for the Flow of
Pedestrians. Transportation Research Part B, Vol. 36, pp.
507-535, 2002.

[5) 0O,00,00.00000000000000000.00
0000000000000 0OO00O0Oooonses-s, 2010.

[6] 0O,00,00.000000000 -0000000000O0
00000-. Railway Research Review, Vol. 45, No. 8, pp.
8-13, 1988.

[7] K. Kurumatani. Social Coordination with Architecture for
Ubiquitous Agents: CONSORTS. In Proceedings of Inter-
national Conference on Intelligent Agents, Web Technolo-
gies and Internet Commerce (IAWTIC2003), 2003.

[8] Takuji Narumi, et al. Pedestrian Route Guidance System
Using Moving Information Based on Personal Feature Ex-
traction. In Proceedings of IEEE International Conference
on Multisensor Fusion and Integration for Intelligent Sys-
tems, pp. 94-99, 2008.

[9] R. Vaughan, et al. Robot Control of Animal Flocks. In Pro-
ceedings of the 1998 IEEE ISIC/CIRA/ISAS Joint Con-
ference, pp. 277-282, 1998.

[10] Jyh-Ming Lien, et al. Shepherding Behaviors. In Pro-
ceedings of the 2004 IEEE International Conference on
Robotics and Automation (ICRA2004), pp. 4159-4164,
2004.

(11] 00,00.00000000000000O000O000O0O0ODO
0000000.02800000000000000, 3C3-5,
2010.

[12] OO0,00,00.000000000000DO0. 00000
00ooooo, Vol 74, No. 640, pp. 1371-1377, 2009.

No. 11-5 Proceedings of the 2011 JSME Conference on Robotics and Mechatronics, Okayama, Japan, May 26-28, 2011
1A1-K07(4)



