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A Method of Analyzing Crowd Behavior by Using Multi-Agent Located on Cells
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In this report, we describe the new crowd behavior analysis method which combines the multi-agent(MA) with the
cellular automata(CA). The features of our simulation method are that the behavior of a crowd is formed by autonomous
action of heterogeneous agents, and that the action is interrupted by asynchronous intervention from environment. A
crowd behavior is a kind of the complex system by which an unexpected behavior emerges. The behavior is caused
by interaction between each agent. Behavior of disorder crowd causes big unexpected accidents frequently. In order
to cope with this problem, several precedence researches have performed the simulation of the crowd behavior, and
have tried to demonstrate its interesting phenomenon. These researches results have been expected to be useful for
planning of a safety building design or security management. However, the conventional methods are not enough to
simulate complicated real world’s behavior. For example, the following two processes were not considered sufficiently
by conventional researches. (a) An autonomous action process of heterogeneous agents. (b) An interruption process
of a asynchronous intervention from the environment. In order to add these process to a crowd behavior model, we
consider the multi-agent system put on the cell. To realize process (a), we introduce agent attribute parameters such
as a physique which affect the behavior of each agent. Next, to realize process (b), we divide agent behavior into
autonomous behavior and passive one. The autonomous behavior of each agent is controlled by “action determination
processing,” and “interruption processing using CA” interrupts that behavior asynchronously. In this model, each
agent is located on a continuous plane, and its position is represented by coordinate of real number . Based on agent
attribute parameters, which are different in every agent, and mutual position relations with other agents at that moment,
an agent begins to move on the continuous plane. On the other hand, a cellular plane is an aggregation of cell which
the continuous plane was divided into in 1 square meter unit. Each agent belongs to one of cell which corresponds
spatially, then each cell has state condition which is determined by the attribute parameters and the number of agents
who belong in that cell. When a value calculated from this state satisfies certain conditions, an interruption processing
to the agent belonging to the cell occurs. We develop the simulator based on these techniques, and analyze crowd
behaviors, in particular, collided crowds ones. By simulation experiments, the following results are obtained. (1) When
agents don’t have personal variety, “whirlpools” and the “waves” are observed, and walking speed of agents becomes
slow. (2) When agents have personal variety, the crowd constructs “platoons,” and flows smoothly. (3) Moreover, the
behavior changes with the ranges of a agent’s view. (4) The interruption processing generated by change of a cell state
is effective in reappearance of actual crowd behavior. It thus is concluded that using the simulation system implemented
by this method, the interesting behavior of the movement of the actual crowd behavior can be reproduced. Furthermore,
because our model has separately an autonomous behavior process and an interference process , it is expected to be
useful for combining this model with the building design models such as IFC(Industry Foundation Classes ).

Key Words : Multi-Agent, Cellular Automata, Crowd Behavior.

1 FANE

BETHIZ, ELOTEBNENICZEL &, 24
LTHFHIERIRBVWEZAIR T H2ERRO—FETH S, %
FENTWEWHEDOTENL, LIELIITEEZEIEX
EREROBERICES, TOXOBEHRZRRICH ST
O, HESLEECREZOSFERLIC, BEOREER
RIDWTOMIMNELITFONTERLV), X/, HE
DEEN— BT 27 OESBITHEN, BHia3BHROHH
WEBESHBWEHEKS I 2L —2aitksnhbED
5NTWVWBY~T,

—%, TNSORETEHOIIaAL— 3T, B
EEHRLTWIEROE X%, HIHBMAEENHA
IZHEHEEZDHONEN, LML, ZRAEEIZEIDES
NHBEOTHE, —HBBAMSESNIRENICLH
N, [ EEMCEMICBETFRINDE, T, EKOY
alb—ya BETE TXRTOBEOTHIIRMN
MDOEEBMICRIB I EZFIRETEHIHONEZ N, Lh
L, ERETIR, BAEROEETEREICHEIITHI T
T ERINT, BENS OTENIEREN DIFNTFEAE

L5538, 2O&I7%RIT, RMMRRITHER, kLR
KERRTDETFHEINS,

BETH I IaL—alz, ReREEYRDER
SHEIOMEIZBAL TWLS ZHITiE, BUETHRXELD
72, FOBRRIGEWREGZHEMEIIRETESZ &N
ZELW, DEDLOIBERIIBEDE, BT, <V
FI—Yzxzrbh (MA) EENVSF—FT R (CA) %
HEbEz, FILWBETHMMTOFEIIDONWTIRRS,

2 TILICEESN/EMAICKSE
ETTI ‘

FRTIE, 1) =Tz hOEHENE 2) BEMS DI
FHIRZFEE 0D, EROBETHIIal—2ar
TR BEBENRINTVWEN D2 DOEHZETT
WA %, FD=HIZ, B SF—KT 2 (CA) £
WEBINEZINVFI—T > b (MA) RTHETHE
EZ25,

Figure 117, tJV EICEEE 1/ MA I X S HETH)

AAMREZES (No01-63) TIA—hT L« PRI LFBERE (2001.11.15,16, )

— 227 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

EFINERT, &§X—Tx > M3, EFEFE@mLEICEEL,
EREECLDZOERMNENRESND, T2
M3, COEGEERLEE, YZI—Tx hOBEDREM
NIA=FE&, MOT - NEDNEBRIZHED
WTHBETS, ERICBBIZ25TEL, THEETLE
% [{TERENE) R, —F, IV EEISESE
1V HA—=RMIOBNTRY) > BHEETH D, &
TIE, BEENVICBT 3> PR/ —Cx
CRDOBHENSA—FIZINURREEZD D, ZORE
ENSFHBEINARGFITELCT, SZEVCETH T—
b0 IITHRELE ] NOFHERELSZ, %
(ELAAILE | EIER,

planning + walking

9

mappmg l TT‘ interruption

a/ LT LA
cellular automata plan il IIIIﬂWII
(77 2?7 By 777 LS 7T

7N

state changes
~r”

Figure 1: The crowd behavior model by the multi-agent
which is located on cells.
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Table 1: Agent attribute parameters.
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Figure 2: Calculating of the stress vector : 8;;(t) between
agents.
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Figure 3: Filtering processing to the status value to se-
lect a cell to move.(L = 3)
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Table 2: The used agent parameters for the experiments.
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Figure 4: Examples of result of simulation (Agent plane and
Agent graphics).
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Table 3: Comparison of agents walk speed in each attribute
parameter condition.
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Figure 5: Changes in the average agent walk speed by the
difference in the physical strength with (without) interrupt-
ing process.

FETFTNVERVWDIHEREREL ., ZFHEORKIS, #
BERRTHII-C > hOEEME L, BETENE
Bol&EIZEUAMBENRTEEMREZ, T—x b
FEOTEIREUE &, BED S OFERMABA BN
KOERLEATHS.
PRal—Ta EBROERE, BEESHBRTAII—Vx
> hOBRED, BETHOREVWICKEREEEEX
BT EMASHh o=, ELT, BIVREBOZELICELD
RETHEAHNEN, XOMEFIAWEETHOFE
12, B THDZ ENHEHSMIE> T,

References

(1] REIEkR: KFLBEFH, Y1 T2 X3t (1992).

[2] IEHE, BMBLR, EUSE, BILDEE: FREFRR 11
SUR.OHE, WE (1981).

[3] Modelling the evolution of human trail systems, Dirk
Helbing, Joachim Keltsch and Peter Molnar, Nature,
Vol.388, No.3, pp.47-50 (1997).

(4] EBHRS, B8 ZEH-BIRT TN ER W BRI
BFOTIRIE, HAREFRMERRIE, No.479, pp. 125-
130 (1996).

(5] AR, BEAK, MR, s STEHR
2al—ali AT LAONRRE, AXRBREFLIEEHR
#5423 Vo.111, No.1399, pp. 263-267 (1996).

(6] &T 18, i 3, PEER: 74— b 2EICK
DRHROWNNT, B SR RMEERSEE 97-1 , pp.394-
395 (1997).

[7] tha %E, &TF &, PHER: WL T4 - b bhIHIC
XBDANDTENT I al—Tal, HEBRERBRRE
98-81(B) , pp. 261-264 (1998).

8] ZI—+1 2,13 BREEFRR : HirEOEM, BEEUNAH
M2 (1974).

— 230 —

NI | -El ectronic Library Service



