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Fig. 1. Grid schematic: (a) Mooretype neighborhood; (b) traditional quadrilateral grid; (c¢) improved hexagon grid.

080504-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 69, No. 8 (2020) 080504

WO T LA T 27 R
ACCO = (Gusns Prsns Cs, Coys O, Ci, O)
Forp Gy 0 WK HU TR 15 AR RS S P 1R B
A m M n FORFEFFRIATINEL, m— B K
BB BOHCR AR s RIS, B {0, 1},
FARMITHR SRS, 1 28 il G, ot
238, w R /R R, A G PRI X HL w i
2 4; Oy NochaBis, ] 2.1 5 rig Moore 7Y,
Cr FTCHERUN, SRR SR BEA Y, Rk
T =, B 1) Pk oc oy AR RS sl A 2) B
VEICHL S A F) T 2 1k H oM ; 3) BEREE R
A psE AREoT Bt h R,
(73)" % (miz)” "y
D S S ST A
0, others,

Sorft py, o EH § PR E T J 1 BERG, T,
TEM i 5 2 RS B RKEE, ny ot i 2
]IS 6 bR, o 5 8 AR R 3RS K D A R
BT, tabu Y HTG B AR S 3R O MBI R
W, B XL G AE A R AT AL, TR

Sty o DHe

oy 3.

3 AR EE

ACCO Tk m LA 3w 3 2R X5 K pRAK

FRREH I SHA G BoE S miti, L
figh R A 8 MSURR 5 A A A LA R RS A7 7 114
We SO BEAE | AR =S 8]/ | B B AR i fee 10 A 25

[ R

3.1 RBREHEZITAL

JA R PRAIER MR A AR BOT M B £ A S BE AR
252 DU TSNS Hi 121 5 328 FH P 0 =2 1) ) B g 1L
RS HRUE, T 7S AT IS i P 9 e =2 18] A
(A W8, S EBUR KRB0 RO G AN . Fr i
SHRGGIAR Kyt #SSgfi
Wi SRR TT - H A TC I 2 18] Y R R A
T, WS EMOR, AT SR RIS A& pR &)
BOR. RIS T ATE B e R S5 Y
BERh -, B Tk R R R AR

DALIR (R JR A R BN

- - G
X -X;|+|Y -Y;|+C
Hrp (X, Y) R (X5, Ya) 350 B i o i A 4R 5ot i
TETCHE A [ AR A AL bR, C s 8, — B 0.001,
H 2 R85 1k H o B S5 & RECCE L.
[RIESE, SRy 3t hin fige s (] AR R, B T e DR A 13
R, 2 ACCO BEEME—w kEUR, MEaLEge
H AT RS H R s Z B R & R (3) U
AT

Mij

b
Nid Didv
Dig =S — Di—1)a; (3)

Horpr Dy 79 i 5 BB 5 d 22 8] 80 B (L,
SAIMHALKIE, @ — Ve Uiy sl o Rl
— A

3.2 (EERREMAMMAL

T E HPE R R 20 =38 1
AR R IR DL R R AR R L DL ] A AR
S BEA, KA R A R B R EE A PR S TE B [T i
T 10 BN, B0 B S0 R 575 B R A B
B, AT

Tmax Tij Z Tmax,
Timin, Tij < Tmin,
Tij = m
(L—p)mi; () + Y Arh(t), Hf,
k=1

(4)

j%,%ﬁ@ﬁﬁﬁﬁ%ﬁ%%%
Bl
k _
AT é% B (i, ) A tes wde O
Bt
L

ol kA AT 155 K T, Ty SR
1Ly, Twas/20; p € [0, UNTEBRIELREG QN
{5 BB HE S Ly R AU I Bl B 2 1€
fE5; Ly AL AR R 2 OB K

3.3 ZSHMWL

TE ACCO H¥:, 280 o, B, p XTHE RIS
T DL i 2 T B KNSR PERE S e B B8
o (E#UN, B RGBENL: G, (H 82 A eL

080504-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 69, No. 8 (2020) 080504

PREEARNS S8 BAEMD, RS B AR it
fift; S8 p BSR4 R R AE S Ao
FE. R, AR RO PR RE ) KR R TR AL A
DX SEHA TR A

W B ALE VL Eberhart 5 Kennedy!?
7 20 T2 90 AR 1 —Fh 3L TR IE Y 4 R Bl
PULRAR A 208 g B B R T-AR A B 2 A,
BT IIE AR BANBTIREE RS S B, [RIR R 3
)7 ) AR 225, AT S B 7 i 2 [ PN ) 4 Jey 5
. FESRP R A 0B AR R v R A A A
e R B A BB S 0 8, AT
V=Vl +eans (Bl X5) +earam (Pl X5,

Xiy =Xy + Vig,
Hopb VISR THEE; X = (X1, Xo, X3, -+ X,)
N G YEZS ] n ARF AR RREE, IRk
VA E;, o N RERE; g=1,2,---,G;
i = 1,2, nZRRRLT T ¢ O T AL
Py, ARG P, ARJRAE; ¢ Bl ¢ FAEUH
B, FRAIGEEE B ry Ay SR TF(0, 1) 22 ) A b
HLEL.

A R REOL AL HEA T S0 AL e JELE 2
¥ ACCOBEMZSH a, 8, p VE KL T RELALSE
TR ORI E AR B TR, AL IS 1 R PPH pR A
NIRRT, RIS SEUN AL A S
B PRI o i % A2 BRI I A, 25565 2% 1 3P i

F1 . IBATIR] Y SIGHE B RTAS E M R R &R 1)
THH U0 38 R A R

Fi(x) = ML () + X2 () + A3Qq () — AT (),
Li(x) =1/(Liest + 1),

S; () = e Moo/ N

Qi (33) = 1/Lstd s

T (x) = " 1/Ps,

Hor By () 05 i AR AER A S0 I 1385
FEBREUEL; Ai, Aoy Ay, A AAEE REL, HIE N\ +
Ao+ X34+ N =1; Ly (z) AT (i8530
SR, Fon ACCO 51k 48 2 e % 42 19 B
Liesy FnHRR PSO L1521 I e B 42 1 T i
o S (o) MR T i BT S5, RAE
ACCO FEMSGHEE; Ny N ACCO FEHER
F Y TR B AR A B BRI EG N NI
W WA e IR ARIRE Qi () A2 HPRL T i B 5
BISH, F£n ACCO B ENE; Lyg MEE
K PSO AR R, FAE ACCO B8 R B
BT 25 T; (2) Fon R i 8BRS 4L,
FAE ACCO 5k 132 17 B 8] ; Dis 3 7R 70 & K
PSO At ACCO Bk R ERA2 HA.

3.4 REMXTRIE

] ACCO Sk AT AR AL ) A G 41 2
B,

ZHniate
I

'
&k (2) ik (4) ST
ELTE HER
L ‘ 1]
HEfL AR JU, RGO
!
BRI, BT
[

ESpweor Iy 276

M,
&

HE
. '
IRIB)REHR LR | HRHE ()RR R o
ik (4) R % ik (4) R
I |
Ul

[SUEIS TN
ESA/ €3

it

Z5f

2 kiR

Fig. 2. Simulation flow chart.
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Abstract

With the improvement of people's living standards, large-scaled public activities have increased
considerably, and the emergency probability has increased greatly. When an emergency occurs, the emergency
evacuation can effectively reduce casualties and economic losses. Therefore, how to quickly evacuate crowd is a
current research hotspot in this field. The path planning of emergency evacuation is one of the effective ways to
implement the crowd evacuation. Aiming at the problem of path planning for emergency evacuation and taking
the grid map as the background, the ant colony cellular optimization (ACCO) algorithm is proposed as the path
planning algorithm based on the cellular automata theory and ant colony algorithm. Firstly, in order to solve
the problem of inconsistent time steps in the quadrilateral grid map, the grid map based on hexagonal cell is
established and the ACCO algorithm is developed based on the hexagonal grid map. And the method of solving
grid coordinate is given. Then, in order to improve the convergence speed and search ability of the ACCO
algorithm, the static field is used to optimize the heuristic function, and the segment update rule is used to
optimize the pheromone update method. Finally, the parameters of ACCO algorithm are optimized through the
particle swarm optimization (PSO) algorithm. The method of designing the fitness evaluation function is
proposed, and the optimal combination of parameters of the ACCO algorithm is implemented according to the
fitness function. In order to verify the scientificity and effectiveness of the algorithm proposed in this research
and also to systematically verify the optimization strategy, in this research the exhibition hall on the B-deck of
a large cruise ship is used as the engineering background, and the traditional algorithm and the ACCO
algorithm are adopted to perform the simulations. The simulation results show that compared with the
traditional quadrilateral grid, the hexagonal grid proposed in this research unifies the simulation time step and
can be used as the division method of the simulation environment. At the same time, the ACCO algorithm can
effectively perform the evacuation path planning, and the optimization strategy proposed in this research not
only acceletates the search speed, but also increases the solution space and improves the search ability, which

can effectively avoid falling into the local optimal solution.

Keywords: path planning, population evacuation, ant colony cellular optimization, partical swarm

optimization
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