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Personal Distribution for Evacuation Guidance by the Optimization of Vector
Field

*Teruhisa ANDO and Masafumi OKADA (Tokyo TECH)

Abstract— It is an important issue to make the disaster reduction plans.

In this paper, we focus on

evacuation guidance and propose a modeling and control method of swarm based on vector field. The
behavior of the swarm is represented by the velocity vector field, which is the macro model of the swarm
behavior with so large number of individuals. By giving the desired vector field that indicates the safe route
for evacuation, the guidance operators are optimally distributed. Because the proposed optimization is an
online method, the guidance operator works similarly to a sheep dog. The effectiveness of the proposed
modeling and control method of swarm for evacuation guidance are evaluated by the simulations.
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Fig.1 Evacuation routes

gbboooboobooboobboobbooooo
ggbooboobboooboobuooboobooao
gooooboopoooboboboboooooonoon
0000000000000 0O0DOOOReynolds O
boid model[6] 00D 000000 30000

() 000000000000 O00 (Collision Avoid-

ance)

(b DODUO0OODOO0OOOO (Velocity Matching)
(¢ D0DOUDOOOODO (Flock Centering)
0000000000 oo0ooooUooO (b)Ooo
0000000 ((O00000000(c)0000O0



RSJ2009AC1G2-03

oboboobooooooobooobooooooobooo

22 00000O0O0OO0OO0O0ODOO

00000000000000000000000
0000000000

Fig2000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00w/ 000000

Fig.2 Definition of evacuation routes
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Fig.3 Obtained vector field
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Fig.4 Human flow with small number of persons
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Fig.5 Human flow with large number of persons
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Fig.6 Simulation result of swarm behavior

3. 0DOoobon

31 0OO00O0OO00OO0O0O0O0bOOoO0OoOOoDbOOooOn

00000000000000000000000
000000000000000000000000
00000000000
00000000000000000000000
0000000000 40000 k00000000
000 o9 0

cd
1+ exp(ad][rf, ]| - b9)

vy (xf) O R(6])

T =z — (7)
00000000069 0000000 0O0O0O0O
DI:II:II:][]I:II:IDI:]|:||:||:|DI:]|:||:||:]|:||:||:|[]|:]|:|7’g]c
DDI:IDDDDDDDDDDDDDDDDDDDDDGZ

0000000000000,R(#Y)0 2000000
oooo,

g
cos 0y

R(O?) = l —sin 6 ] (8)

R g
sin¢y  cos@)

276 B AOMRY MERPMEEES (200998158 ~178)

gboooog.

000000000000000:i0000000
00000000000 (5)00 (6)0000

n l m
vi(xf) = vl + Z vfj—i-Zv%—i-vak (9)

j=1,j%i h=1 k=1
ogoooo

32 OO00OO0OO0OOOOO0OO0O

o0o0oouo2000000000Fig7000000
gboooog

v, = O (ah) (10)

oooo

Fig.7 Definition of modified evacuation routes
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Fig.8 Positional and directional optimization of guidance operators
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Fig.9 Optimized personal distribution
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