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Abstract

Abstract: Aiming at the emergency rescue, a dynamic directed rescue network is established with the
dynamic changes of the location, demand, and affected population of disaster site, and a mathematical
model is constructed with the maximum rescue efficiency. A data envelope analysis model is applied to
evaluate the efficiency of each rescue route segment. An efficiency-based dynamic routing model is
established to transform the dynamic routes into the multi-stage static routes through the time slice
division. An improved hybrid greedy-ant colony optimization algorithm is designed to solve the model, and
the proposed algorithm is compared with the genetic algorithm, particle swarm optimization and basic
ant colony algorithm. The experimental results show that the improved hybrid greedy-ant colony
optimization algorithm can effectively carry out the dynamic routing and the rescue efficiency is high.
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Abstract: Aiming at the emergency rescue, a dynamic directed rescue network is established with the
dynamic changes of the location, demand, and affected population of disaster site, and a mathematical
model is constructed with the maximum rescue efficiency. 4 data envelope analysis model is applied to
evaluate the efficiency of each rescue route segment. An efficiency-based dynamic routing model is
established to transform the dynamic routes into the multi-stage static routes through the time slice
division. An improved hybrid greedy-ant colony optimization algorithm is designed to solve the model,
and the proposed algorithm is compared with the genetic algorithm, particle swarm optimization and
basic ant colony algorithm. The experimental results show that the improved hybrid greedy-ant colony
optimization algorithm can effectively carry out the dynamic routing and the rescue efficiency is high.
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Fig. 1 Example of a directed rescue network
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Fig. 2 Dynamic multiphase planning example diagram
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(1,4) 295 67 [(4,10) 265 39| (7.9 34 59 AT B A DAIE R A, HA 4NN A E
(1,6) 78 95 |(4,11) 307 43| (7,00) 239 75 e AT 4 P i .
(1,7) 156 83 |(4,12) 118 57| (7,11) 281 34 R, BN P ATER NI Lo D9 T #iE
(1,12) 241 22| (56) 100 80| (7,12) 237 47 HIE I RO, S i as g e A 1) B, B
24) 334 100§ 57 30 549 (89) 80 86 R O B ZI 8 /N T 75 SR sl BB B i e - SR s
(2,5 214 57| (58) 121 72 (8,10) 335 90 L i=1.5, AR N[0, 8], 8. 16], [16,24],
(2,6) 117 87[ (59 52 69| (9,12) 259 57 e i Y .
(2’]0) 422 52 (5’10) 224 30 (]]’12) 113 23 Skﬁ‘f‘ | ETI@)#J:E‘J%Z$O ﬁ%r iiM{TEEJEE
(3,6) 130 65 |(5,11) 266 35 WA 60 kim/h, R EEH 0=800, N AR A OHIH
G 17 1|67 84 6 R I AT BB R IS AR5 -

R5 BRAMIRIRAE

Table 5 Rescue efficiency of route

E; P, P, P, P, P, P, P, P, P P, P, P, P,
P, nv 0 nv nv nv 0.92 nv 0.53 nv nv nv
P, nv \ nv 0.34 0.40 nv 0.76 0.34 nv nv nv nv 0.38
P, 0 nv \ nv 0.29 0.38 0.56 nv nv nv 0.58 nv nv
P, nv 0.69 nv \ nv nv 0.61 nv nv 0.49 nv 0.59 nv
P, 0.50 0.32 nv \ 0.33 nv 0.35 nv 0.51 0.84 0.53 0.25
P, nv 0.55 nv 0.45 \ 0.64 0.85 0.34 0.79 1 0.66 nv
P, 0.63 0.50 0.29 nv 0.40 \ 0.50 0.53 0.62 0.70 nv nv
P, nv 0.51 nv nv 0.44 0.93 0.76 \ 0.33 1 0.90 0.68 0.19
P, nv nv nv nv 0.38 0.95 0.40 \ 0.59 0.63 nv nv
P, nv nv 0.24 0.45 0.57 1 0.75 0.37 \ nv nv 0.40
P, nv 0.44 nv 0.58 0.60 0.46 0.33 0.23 nv \ nv nv
P, nv nv 0.26 0.52 0.51 nv 0.56 nv nv nv \ 0.41
P, nv 1 nv nv 0.58 nv nv 0.47 nv 0.56 nv 1 \

e\ RORPIRK G EE, ATROER, ERERRCRE: “nv” RORIERIASIL T E, ARKIEITRE
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13N 43 2 (E 50 Hl=(3h 25 9 45 RUAR s R - 5 5
28 R AR/ A M B RURR), AR 345 N 4%
I [ i 36 RO PR IR BORE /b, TEA) B IR B BE
HH. B AFIES 73 A5 T #R A BN X4 1
RRAR AT o

226 WSS RO A 25 () RO R X H

Table 6 Comparison of rescue efficiency between static and
dynamic rescue networks

R T, S5 BORMCRIUN T R G 3 M2 IE M 2 A

Mz MR W 2

—% {0,6,3,1,4,0,2,0,9,12, 11,0}
SN 6.58
—% {0,8,7,5, 10, 0}

—% {0,6,3,1,4,10,2,0,9,0}
DN 745
—7% {0,8,7,5,12, 11, 0}

330 ¢
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Fig.4 Vehicle roadmap of static rescue network
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Fig. 5 Vehicle road map of dynamic rescue network
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RSN ES SN FSIEE N IR & SE- TS

(A R RIS, K 5 DAR A] 5 /N H AR

RARM AT X M. PARCR B KA H bR R 3L
E,=maxz z in’;x,ﬂ

keKieU,LC,jeU,

Fi=>E, (22)
CAR e S5/ oA A ) R AT
T,=minz z ztijxijk

keKieUwC,jeU,

F,=>T, (23)

PR E AR T RO X 45 25 5% T 194 06 2 [ ek 3k
ITHCIE, FFR AR H bR T 52 BUE E 2)
BRIRBE, MKRTH/R. AJUEH, HigkL
B 8] 55 /Mb A H AR I8 A2 DARER e KA H bR, 3l
BB RER R A TS M5, ol b
WE X R 5 RS BARAE S SR B AE A . &
SCAE T 00 2 i T ROHE 20026 19 3 25 B SUC 326 ) R
F2 HE B S A FEXT EL A B bR BIRER 0K
IR LRI, PLAICR SR A B R RO R
15 22 R AR J5 ¥ b DA 8] e /MK R B AR B RO 2
2 151 2 8%(H 4 =LA F, 9 H A [ ez 2% - DA
F, N B b RUR SR LL F,o8 B A5 B RUIR 0%,
HFAE AR T SRR B A Z 5 . BRI, AR
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Table 7 Compared rescue efficiency of different targets

Hix RIEML  RERCE FAZ 7] /h
SN 6.58 34.63
£ DN 7.45 22.77
- SN 5.38 30.03
? DN 6.89 2253

5 UiEESIOH

N T R AR SRR R 5 T RER AR 1
KRG BN A L C 1% AL A e (VR S0 BOREAL
IR B FTATVEANAT e, KR 3 A [R) U
07 B AR B AT S8R 7

51 HEHERE

BT H HT A 5 28 310 R 56 R b A I A
B, LI AT O 35 AR 50 3 A BE AL AE B
6 3 BN [F R ) AR, B 20 30 A1 504
529 MR UEAT SE B OX BLid o G20 5. G305
T G50 BAG) o AR SCHR A SEIE 43 A 1 (1 22 56 % 3
AR SR8 P IR 52 5 R LA 40% 1) BB EAT B A ik
L, ., G20 H T 204N 52 0k AR 124N B4
TR ARSI F RS FE, ¥R 2Rz
FERN 43 R 3 AR B B a0 A o O SR A
WHEIER S HE W

o=1, =2, y=1, p=0.01, ¢=0.1, £=0.5, I=
1.5, m=50, NC,, =400,

5.2 GRah
5.2.1 HERXf L
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AT, F3 A P Sk (VR & D O ORI AL BV
BEREVE . WORFEE, DUROR PR OR R B A&
P2 R REE R, WG RNEIHIR. R
(R 519 50 RSB (R B LR, GAP AR IR A

RGN

Journal of System Simulation

Vol. 34 No. 4
Apr. 2022

SRR RR B A R TR LSRR H 2y .
8 ARNELL RPN AL SRR P25 1R 4

Table 8 Efficiency results of solving dynamic emergency
rescue network by 4 algorithms

A G20 G30 G50 A
WO R 10.20 16.31 24.62

GAP/% 1.96 227 3.41 2.55
BHEEE 10.18 15.99 24.57

GAP/% 2.16 432 3.62 3.37
RFHERL 1031 16.55 25.16

GAP/% 0.87 0.79 1.19 0.95
ARLED 1040 16.68 25.46

MRS T LU Y, 8 SR M 2 T Rk 2R (1 3)
SRR ST, Sut IR G O SO AL
125 b LAt 3 R B3 B e DRAE IS  w B BUR 2
S TR IO SRR B At O SR 2 v
255 E 70 s, BT, AR H A4 A 5K
% HE 9 A R B WO S0E S R AR . 55—
1, K6 RoR 1 4R RIS 400 XSG I .

9

[ee)

~

— A%
— BRI

[o)}

BUESIE
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(93]
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IEARIREL
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Fig. 6 Comparison of algorithm convergence in example G50
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Table 9 Comparison of simulation data experimental results

R T, S5 BORMCRIUN T R G 3 M2 IE M 2 A

F F
M) —————— GAP/% ———————— GAP/%
SN DN SN DN

G20 890 10.28 1551 838 932 11.22
G30 1334 15.75 18.07 11.88 1397 17.59
G50  20.72 2443 1791 17.09 2053 20.13

SEXIME 17.16 16.31
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