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as the state variables, describing the relationship between the evacuees and environment, as well as the
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C—movcmcnt—{ZO_ 21-28} Y,

((Layout, velocity. pathway)
~phase=4(move)
~familiarity={3}

~movement={39}

(Layout, velocity, \

pathway)

Flnm =4(move
amiliarity={3
~movement={31-

¥ Get reject —P|

((Lay out, velocity, pathway) 3
~phase=3(wait)
~familiarity={3}

~movement={21-28} /

r(L:l}Out, velocity, pathway) ]

—» Get grant —p|

~phase=4(move)
~familiarity={0}
\~movement={40-48}

7 TC R RE A TR
—p REGRE AR T

[ {5

—> HIEE
Hrbh, layout, velocity, pathway % R ARFF A4

AT H T c —> PARENMEEH S

4 MBI MR E

Fig. 4

1 NS FEMH 4 4 delay a2 KA, IF
TEHL phase "ZEAHHH 1~4 WAL . MR B IR HEA
PRy« AR S L St A g A H
BB AL A% £ — A8 Jm T AR H AR A A% 3 i
K, RIS H bR M 5 SE R 854 1~2 S
WS /e oM, S5 AR INHC B T B 7 1R a3 X
P B HERRE , WURAE PP SR P pL T 2 Bk
AR A, W ORI AT TC I A FHE OB —He R e 3
54780 B s o I S ) i) ISR AR A 56
BN A A BT H AN

IV G AT A ) B AR A 4n T

(1) ¥ Hl(pre-preparation): FHAFZEEN, K
A5 05 AN R SO 2 U508 (1) N 03 i e
P& IS TR L 3 Bt i o

(2) HHZ TR (velocity matching): Pl B iEFE
R, SRR PP ARIEY S5, A5
L A B A .

Individual movement cycle

(3) PLAEBLE w5 A PR ML (priority order &
conflict solution): W14 AN B LA_EAMANS [F]—>
B ICHI R RS B K, 12 H AR 0 BRI A e 12
5, BT —J7 m B sl @i s, Hiog 7. 1.
N e S Ly NS 3(d)FTR

(4) MAEVLE (individual vision): BN 51 141
B B AE R B 7 ) BALEE 8 NARE G AE P 1)
JiA TE G G 5(b) 2 (T i 2 s .

(5) A7 Peifi(independent decision making): 1=
R LA, B> 1 —. |
S AT ATE 3@)FTR .

(6) BEHLYLH(random decision making): '3
DA RAE 8 ANy Bk #ER s,
pathway=5 I, MEEFEH > 7 N1 [ s
N ESETT MR BR300 70%. 10%- 10%-
3% 3% 2% 1% 1%, BIFERSEG/Dal 52 5%
KA 5()FT 7o
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(0.0)-pathway=5= =5 g 0 M7 P 1 5K [ 40 2 T8 I 1 4 35 3 £ (external
[ G ARIER MRV RS .
i Rl event) it N\ J5 SEBIR SR, FERBT ) e HOIR S 4E
1% 3% < 0 GEE EIR 3 AN DR A BT AR R T
2% -p i i . rd Vs J
== 1
1% | 3% o5 e 33 Bl
Z
‘ X #5971 3
(a) familiarity=2 (b) familiarity=3 {E CDH7 L LR AL Cell-DEVS B Jfr
fit T*.ma LA

K5 BEALA SO R ok S R0
Fig. 5 Route selecting by random & following

(7) “follow-me/follow-direction ”: ™A A~
INET H AR A A7 50 AR 1R 808 A A, )
BOZ A fa @ A5 B AL T IR BEAT 3h, BE 28
(AN B R AT SE SR KA S VA A ), AR B
WK 5(b).

(8) A7k (isolated decision making): MK
ANRGRINEG HACKLETF AT B 2 3T B TR 4
FAAE, FIAE 8 DT MARNE R BENLE A2 5)), (HAEIN
B2 B A A w] R Hes .

(9) [ R (obstacle avoidance): 4N A n) i
WGP AE e A B SR N R4 26, A AT H 58T
LR H BRI R G K.

(10) HHEEW: Ek, U9 MEBEIS R HIC
J, SERNE IO, AMA R T R AR,
ESNECY VA=Y IRE:E (el N I AT ONA
PEAEIEHE T R HES H s 56 =, TG ik
FRRERE, Arn] WL A7 B BRI H (B D) o i
J7 G K3 .

Kl 6 ZICMRPRESHER S— 5 2561, Hrp
S=(layout, velocity, pathway, phase, familiarity,
movement) . % AR T — N J0 MG 2 2w A
(Sy—>8 >8>S -8 )% #HEaH— 41K
(S5>8>S ), B 4EFF 4 0 A A A&
(Sy—> 8, =8, —>8, > 8,)Eil . g —MA
R A (familiarity=3) ANMA 5 4, %0 )E
T X e (velocity=0) H.#5 7] H 11 1) d5e 4% 4%
J7 18 K —, (B pathway=5), ¥ || familiarity 7] DA%
ANV A e AR B A fe R AR IS B, i
movement I phase 1] LA AR SR AT 0 75 ] (145

TCHEHPIRES RS AL B A KRG RGAT
BRI E S, M an R

<value >< delay >< precondition >

LA 6 Ptk (PR A H R R R 1], 4985 i
A7 09

(1) ok H B2 (Phase 1 —Phased):
rule: {~movement := 41; ~phase := 4; ~familiarity :=
0;} 100 {(0,0)~movement = 0 and (0,0)~phase = 1
and (0,—1)~movement=11 and $layout != 2 and
(0,0)~familiarity = 0}

BT HE(0, 0)4%AX(0, -1)Ph—J7 M52 AT
N LI 7(a).

(2) Jj )%+ (Phasel —Phase2):
rule: {~movement := 11; ~phase := 2; ~familiarity :=
3;} 0 {(0,0)~movement = 1 and (0,0)~phase = 1 and
(0,0)~familiarity=3 and $pathway=5 and (0,1)~
familiarity<=2 and (0,1)~familiarity>0 and ((0,1)~
movement=11 or (0,0)~movement=21 or (0,0)~
movement=31) and $layout < 3}

RIITHu(0, 0)ERBE(0, 1)k ARIEFErl e 3N 7
—, WE 7).

(3) %KLk 1] (Phase2—Phase3):
rule: {~movement:=((0,0)~movement+10); ~phase:=
3; ~familiarity = 3;} 100 {(0,0)~movement >= 10
and (0,0)~movement<=18 and (0,0)~familiarity = 3}

B G0, 0)I(0, 1)J5 A B BifsR, JHif
) B B KL 7(c)o

(4) “15#% 5))(Phase3—Phase4):
rule: {~movement:=31; ~phase:=4; ~familiarity :=
(0,0)~familiarity;} 100 {(0,0)~movement = 21 and
(0,0)~phase =3
$velocity = 0}

and (0,1)~movement=41 and
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BITCHE(0, 0)HAF(0, 1)k i IR SR ) L HICIf(0, 0)B A TThE(0, 1), Wi 7(HFT7s.
K 7(d). rule: {~movement:=0; ~phase := 1; ~familiarity := 0;}
rule: {~movement:= 39; ~phase: = 4; ~ 100 {(0,0)~movement = 31 and (0,0)~phase = 4 and
familiarity:=  (0,0)~familiarity;} 100  {(0,0)~ (0,1)~movement =41}
movement =20 and (0,0)~phase =3 and (0,0)~ BRI ICHE(0, 0)& HF 1y o WK 7(g)-
movement < 28} rule: {~movement := 1; ~phase := 1; ~familiarity :=
RICHL(0, 0) AR, 1)K H IR SR AT (0,0)~familiarity;} 100 {(0,0)~movement = 39 and
W 7(e). (0,0)~phase = 4}
(5) BN/ JT(Phase4—Phasel): RITTHI(0, 0)F3hBE 5 B A1 4 Hi o T a9
rule: {~movement:= 1; ~phase := 1; ~ I8 S8R ULIE 7(h).
familiarity:=  (0,—1)~ familiarity;}100  {(0,0)~ IRERIRBI R, < value > 152U E XY
movement= 41 and (0,0)~phase = 4 and (0,—1)~ PR N5 <delay > & 5 SCIN [R]85 2F bR 2K tas
movement =31} < precondition > W & & AT & F $ 1.

orant g’ it ﬁg
in| o » (2141 1 @+» 1 -

(a =0 =100 (b)y =0 =0

adk for orant e oet orant
ant wait gelbgraht

et e
11 -@*# 21 +€DH 200 +41 | mp 3+ 41

() =0 =100 (d =0 =100

1 oot oran
2 Tty

. + 1 .
wdll Syt INYY SV S MOVT I

21 )= 39 | @ | |60+ 41 »| 0+

(e) =0 =100 (Hh =0 =100
=0 =100
Setigrant teave ot g rehagi
S| (0
(g) =0 =100 (h) =0 =100

K7 AT R i e 3L

Fig. 7 Behavioral rules
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wnE 9 fos, WS ERE, H a. b L

PIRSEIAE 2 P 5 N isqT WA B EIAEI BEZ 50 s WIS R RE R

(1) BHECN BFROLE 8(a)), B R/RHEE

MATCERE B INBERGY), R OFIRBEIA 01, IR
o @Jl:ﬂ@?%ﬂ?tﬂ H, ARSI AT AL % 5+
HIEE RN @ AT BB YL 5

(2) M7 HHON 0 B RL LR L 8(b), Tl
R R AT L), BUE M AR LRI G el
A 30%, TRREE 50%, ANEZM L 20%.

A, T @EOEA: (1) RiEER, K&
WISEATHEE R A 1.5 m/s, B0 1 s 251 1.5 AN,
600 M ELI DK . (2) ZHETIE H W R,
BB PRAL ERWIEE N D103 A 2 R 60%, HARATE
A 10%. (3) BCEFFIRIIALRR (25, 11), FHAFHI
FITAE X B (velocity=0) AN 1 & T HUR TR, W 2
FA R AR EREATS), HORFR SR, L
RGN X LLFR 3 AR R 1 X 5y, BT X B
(velocity=1) & & Wi B 8] 8 s, AR dc X B
(velocity=2)THRHLI 8] 16 s, RIFTHCIT 46 8 s JG X
P ANy ERIH, 16 s fo 4 01 I E T ]

RESTful CD++ web service & 217 FLI 45 S %
. 302 NIWHEATS) a SEH TR 304 s, b S5

LR B R] DS N D%, 2 B TR HOM TRl AS
PRATHETRRIRAG, AMARTRIPE B AR, phos, s
WA TG SR 2R, SO B EOSRB s. HIK, as b
SEI0 ARG HLT S WA ROSTER M E S, a SR
AR 85T, b SOG4
o FREATHHCR A, RSN I AT N
SRR ST EAN T 54T 2 5 2 LAHRIR H AR S5 L
b SERGAT PG 7, iR gl GEEA N
HON SR A s, RIYE RN BS , Bt
AMAAT I B B A A v, M L LA D d
FAHULHS, HERBE B M N R

2 ANSEEGAE 100 s+ 200 s+ 300 s (145 B 45 5 4
10 s, 0 BL45 Ao A i) S SR I AL 4 -

(1) BN ZE R 2B, BECA AT
FEICAEAT RAGI BRI L, BE 25 F A U0 1 A4
JE BN, BE RS AR B I AN I A S B ZIAT
), PIUCTESEIN, R4 BRI, AT R AR
I HARH 830, A2 7EE s, e L
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Fig. 8 [Initialization for simulation
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Fig. 9 Comparison of evacuation processes
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Fig. 10 Comparison of simulation results
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