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Summary:

A method using deep reinforcement learning that incorporates multi-agent simulation to induce so as to be able to exit the crowd
smoothly from theaters and arenas are proposed. Cellular automata was used for pedestrian flow simulation. Two deep
reinforcement learning methods, i.e., a method based on Q learning and a method based on actor-critic, were used for flow control.
For a 28 x 29 space, first, the Q-learning based method was applied to the problem that the correct answer is known, and it was
confirmed that the exiting situation was the same as that of correct answer case. Next, actor-critic based method was applied to
more general situation and it showed that the exiting situation was statistically significantly improved. Furthermore, we analyzed

the learning results and showed the possibility to extract useful knowledge for pedestrian flow control. Limiting the range of

people that can be grasped reduces the effect of induction but never loses the effect even if only 1/3 of area can be observed.
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Figure 1. Experiment space (1) Figure 2. Initial position (1)

Table 1. Strategy definition (experiment 1)

ratio strategyl strategy2
type A 90% 90% 10%
type B 10% 10% 90%

Table 2. Probability of action (experiment 1)

item probability
forget the previous move 10%
change the exit 0.5%
follow the sign 80%
forget the sign 50%
change the exit by sign 80%

L.

(a) no action (b) controlled

Figure 3. Progress of experiment 1
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Figure 4. History of evacuated people (experiment 1)
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Figure 5. Experiment space (experiment 2)
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Table 3. Strategy definition (experiment 2)

ratio strategyl strategy2
type A 80% 90% 10%
type B 20% 10% 90%

Table 4. Probability of action (experiment 2)

item probability
forget the previous move 10%
change the exit 0.5%
follow the sign 80%
forget the sign 20%
change the exit by sign 90%

Table 5. Specification of network (experiment 2)

layer kernel size stride feature
1 8 2 16
2 4 1 32

Figure 6. Initial position (experiment 2)
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Figure 7. History of evacuated people (experiment 2)

JEO#%IZIT256 ) — ROEfEEE/ L., mmn%@mm
J — K& Softmax tH &> AE TR v —% 1
~F?U:7mﬁ®ﬁﬁ%§%%ﬁoﬁ%ﬁiﬁw&%
BICHFAT v S THOWKEGE L A E L 100ThR L
72o v 130.98, %E =2]30.0001, Optimizer X Adam & L |
tmax |34 & L7z, 707 T I U 7I21E MXNet! D& iz,
IRk EE & B oK 150 2T v T OIT % 1000
BT o 7R 5 Figure7 K&K A7 v 7OHOIICEI=#EL

Figure6 (

— 169 —



TR AROYY (), FHEEREFEE (F). KKK
IME (GIR) &3, AEERAS no action, ERNFETH 5,
100 27 v 7L THR % & no action DI KD — A X
DHHELTGEDOEEEDO T DOANERLL IeoTED,
FHEICLDDRBAOND, REAT v T TOMEDF
BIE D IR ELL ETH 528, 1000 [BFAT L7284
OFEED 538 1/1000 & 725 DT, HFHICHFHEED
BN S AR TE 5, tmax Z M S5 & Z2H DU
BEDMHAMND D03, B NEITITRER ) o7,
4.3, FEER OO

RIT 2 OFEBR OGN 21T o7,

Figure8 ([ RAVBMEDOHER O —Fl & ~¥, FRHIT, 7
Z 7 CTHRAERE, EINEmMETHDL, KA O0IL,
I UOAEME T, PRICEFMAR &AL D KT
M& &> TWVW5D, 1000 [EDORITOH/ AT v S5 KEID
Fm & e & OBEEOERE % Figured IZ/79, 2RMIC
e & OBEENED, RIS CTHBE OBEENR
T2 TW5D, FRIZREN T (FFR#DF) 1380 27 v 750
DI EEEOHEENPER L TWS, 2NHORRENS .
ARIITILH O OEA RV AR ~FFEST 5 DR BV,
BT AERA~OFEELEE 20 AT 1 DL D
e —RR ISR TII R W E b D,

WIZ, EO LI IRIEIC R C RN ZAmE H L
KIBEMEICTI2ORRBONDOo 2R AT, £, A
DIRFEZ K-mean £ T 4 DITHME L, action & & ITHE S
N7 7 ADREBOVEEZFHE LT, Figurel0 (&
action6 (RFI 1 # A M &) OFERERT, %7 7 A1,

sign operation history

E — S0
R S N W s Y — = T ()
B 10 V1 S v ey e e ) P
£ 1 H‘ﬁ“‘ N i A — % l(E)
” v [ oy v v
0 Ar—— 0 I
T LT

2 4 @ 8@ 10
sep

120 140 160

Figure 8. Sign operation history example

100 sign 0 120 sign 1 sign 2

@ 100 — RIGHT(1) WMWM%
Lo L ey
25 ’\"\l E = 2 u\".’”""ww [

el 1 ot oy

AT ] ey ol

0 20 40 60 80 100 120 140 160
=
sign 3

— LEFT(3)
— RIGHT(3)

0 20 40 @ @ 100 120 40 160 0 20 40 & 8 100 120 140 180
e P
sign 4 »

— LEFTW4)
— RIGHT(4)

frequenc
]
Treque

fud ‘
. MU »l ‘J'A‘'l‘I\‘‘ﬂI‘‘‘JﬁV‘'‘b|l“m‘ﬁujl’V'#‘m‘Iﬂ‘IM VU"WM“-'JM}*ﬂﬁwﬁ)lw\ﬁ"‘ﬁ"‘ﬂm

0
0 0 4 6 8 100 120 140 160 0 0 4 6 8 100 120 40 160
sep step

Figure 9. Frequency history of direction of signs
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Figure 11. Pattern analysis
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