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800 1111 11 11 11 11 11 11 11 11

1 000 11 11 11 11 11 11 11 11 11 11

500 49 3.2 2 4 5.4 1 2.6 4.4 3.3 1.2
800 1.1 1.3 1.5 3.2 5.7 1.6 3.4 1.2 5 6.2

1 000 3.1 2.7 1 1.7 3.5 1.8 4.4 3.9 4.5 5.9

M 3 T LA L e KRB ARKECN 500 B S5 I8 1T 45 R IR B R 11 59 Bt D, 1024 B R AR UOR B

800 A1 1 000 B, 10 ¥Kis 47 Y3 N (HAB A 11,

336 150 BH 3% A VR BB B4 Xt PSO 34 vk i B 0 BB A 1F Th VR .

M 4 Fha] LU L, PSO S0k B Wi SOt ) CRIV A 21 e A 11 89 i ) B AT B8R Y BE ML . 55 fie Rk AR B

3%0 EJ%H,J%;Y%EI‘

18 A7 I 1) 5 5 A AR E A DG, PR L AR SO g KR AL B 800,
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3.3 XHEE L
HESIEA SCATF PSO B8k 59 & B AL B v B AR SCAT B Bt PSO Bk 5 ALNS B3R 7E 5 AR &

AT B X 5 N E il g E 1~5. 1k, x5 ThiHS

FIH Matlab #44 H 45 1) rng O pREL, PR UE 8 A 5307 Tab.5 The experimental scenes

B X A A A AF I ] T 78 A5 v = A 1 B AL B S b 1 9 3 4 5
PR3, 4 R rng () Fl rng(2) . H K S U6 37 85 % EINGE (S SN 14 16 20 30 60
BN S iR, LR R K 6~8, H imBHFEN T HLECR M) P
R E .

x6 TRABEFZTHHEER

Tab. 6 Simulation results under different rescue scenarios

PSO ANLS PSO ANLS
Y5 Y5
F/ N T/s t/s F/ N T/s t/s F/N  T/s t/s F/N  T/s t/s
1 11 89 7.0 11 14 12.0 7 16 125 2.0 16 28 1.4
2 11 90 .o 11 9 4.5 8§ 16 120 3.4 16 28 3.7
|l M=5,
3 11 83 7.4 11 13 0.5 N 9 16 126 2.1 16 34 4.5
N=20
4 11 85 2.0 11 15 1.9 10 16 126 2.1 16 31 3.7
Vs o Hoer s 1 0-1 FHo16 123.7 3.4 16 30.4 7.3
N=14 1192 4.0 11 N 1.3 1 23 221 57.2 23 115 87.7
7 190 87 11 15 0.8 2 23 225 37.6 23 94 23.5
& 189 Lo 10 1.7 3 22 230 47 23 123 821
I 1 89 2.3 1L 1 1.6 4 23 231 153.0 23 123 71. 0
10 11 91 7.2 11 11 3.6
5 23 229 4.0 23 102 26. 8
S 11 88.9 88 11 12.9 2.8 | M=7,
23 231 34.5 22 120 79. 8
1 13 104 0.7 13 14 0.7 | N=30
7 23 232 59.0 21 136 1.7
2 13 99 0.9 13 18 0.1
8§ 22 229 34.9 23 116 65. 3
3 13 98 L1 13 19 0.4
9 23 228  118.6 23 121 50. 4
4 13 100 0.1 13 18 1.1
10 22 228  134.2 22 124 6.2
5 13 101 1.0 13 19 1.7
M=14, Ty 22,7 228.4  64.8 22.6 117.4 49.4
6 13 99 0.1 13 15 0.8
N=16 1 45 522 211.7 46 563  304.7
7 13 101 0.1 13 14 0.6
_ 2 45 601  388.5 44 812 216.2
8 13 98 0.5 13 17 0.2
0 13 o7 Lo 13 12 20 3 46 597 280.1 44 755  414.3
10 13 0 50 13 16 0.8 4 45 612 169.7 45 745  398.6
vy 13 9.5 08 13 162 08| 5 46 527  98.8 45 733 451.7
— 10
1 16 121 1.2 16 36 24.0 | N—go 6 45 565  174.4 46 633 440.7
5 6 119 Lo 16 32 9.4 7 45 517 161.6 45 664  434.1
M=5, 3 16 125 1.0 16 35 9.2 8 46 591 184.7 46 837 576.5
N=20 4 16 124 1.0 16 27 6.0 9 46 522 424.1 46 701 513.5
5 16 125 6.9 16 19 9.1 10 46 572 203.1 46 953 754.1
6 16 126 2.8 16 34 8.7 FH) 45.5  562.6 229.7 45.3 739.6 450.4

ML IR S 45 5T LU SR IS B PSO 5835 76 i 390 1) AR ASE 50/ )95 B0 I A 552 38 45 SR (e KB N
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BT L F S AV RD AR T ALNS SEvE RS A 25 #. H2 24 [n) RS 38 R, PSO B35 1 35 K R dg A8
CE BT ALNS 832 i k%, i 78 5 3k S i A0 i ST 8] 5 P9 AN 38 A5 _E L PSO 80k BT 15 25 SR 0 @ 24 T
ALNS 833X T R AT 55 o0 e 1) U b S DRk, bR R ) 3% 55 00 0 BUZ5 SR B8 0F 1 AR SO0k A Il b

R T RGE L TR GBI A A [ A AR B3R 8 SRR U R R B AT R Y45 R T LA 10 IR
EAR YT LIS R e ROBAR A B 11, B 2 B T B8 1R 45 L TH ML Kb i 2 R 2 &1, NI R T LR
B E AR B A AL T 11-5-7-10-3& fi-14; ELAPLI :4-12-8-3-&Hi-9; ELAHLI :6-13-1-2, M
S HIEHLA KR A2 T LR S L TEAL T AT 7R 35 805 K 3ms I« 3R AL 210 B A, SR 5 4k B2 DR B A R ok 58
=S

7 BEIHEEARER

Tab. 7 Information of trapped persons in Scenario 1

BRABL RIAREARE /D A8 km | BHASY RIRAEAFRE /D 8/ km | BURASY RIARAEAFRE /D LE )/ km
1 2.179 (224,286) 6 1.651 (—293,66) 11 3.105 (33,21)
2 0.129 (281,128) 7 1.023 (—42,20) 12 2.645 (26,67)
3 2.748 (222,87) 8 3.096 (—59,295) 13 0.672 (157,118)
4 2.176 (19,292) 9 1.498 (14,38) 14 2.567 (127,269)
5 2.101 (—160,100)| 10 1.334 (—13.97)

8 R 1INEREITHER
Tab.8 The algorithm results of Scenario 1

814 HEEJQ*& @ﬁ R A fi AL Hafjwi @ﬁ He Al s
EAE W /s B'ANK WA/ s
1 11 1.1 11-5-7-10-14-4-12-8-3-9-6-13-1-2 6 11 1.6 7-9-14-6-12-1-5-10-3-13-11-2-8-4
2 11 1.3 12-7-1-10-6-14-9-5-3-8-11-4-2-13 7 11 3.4 10-7-4-12-6-14-9-8-1-11-13-5-3-2
3 11 1.5 13-9-7-1-10-8-14-4-3-2-12-5-6-11 8 11 1.2 12-10-6-7-14-5-9-3-8-11-2-13-1-4
4 11 3.2 11-9-5-10-6-14-7-8-13-12-2-4-3-1 9 11 5.0 11-10-1-6-12-3-5-7-8-13-9-2-4-14
5 11 5.7 7-9-12-10-5-3-4-6-14-8-11-2-13-1 10 11 6.2 5-12-14-4-7-1-11-10-3-6-9-13-2-8
1 i
AR SCEF LT AL B ML) R 4 o o v y

TR Z B I HLZ ftk B AR 09 R AT 55 2501 T HHLI N
OrBCTT . e R ROk T R iR |
P Dl R A Rt N8O B AR 52 i A
PR GRAF R B B, 48 X PSO B
VA W RORE TE A7 2 8 760 iR 5, 47 TRORE % 45 Bl 100
B oy B L 19 B 4 — SR ELTHHLAY HLAA
BOARNTFE . S R BT AL B B

200

150

y/km

50

SRy TR ) 3 7 S SR FH B 1) R B SR 0

SR A, 38 A 0 TR B B B s 2L A2 R =50

AL 19 8 BT SR W, 1 ) 48 2R A Ok in ok 250 200 150 100 50 0 50 100 150 200 250
BPWE., BJE . AN A S0 BA5 R #fkm

UE T 9F 45y 9 e Ak R K v B 4 ) Bz 5% 1IFRETEEHMERETEE
AR T Fig. 2 Rescue path diagram of each helicopter under scenario 1
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Operations Research and Cybernetics

Solving the Task Allocation Problem of Load-Constrained after Disaster Based on PSO Algorithm

GAO Kai', GENG Na’, ZHANG Xinyue’, QUANG A Nguyen®
(1. School of Electrical Engineering and Automation, Jiangsu Normal University, Xuzhou Jiangsu 221116;
2. School of Automation. Northwestern Polytechnical University, Xi’an 710129, China; 3. The Data Driven Research and

Innovation Programme, Centre for Intelligent Healthcare, Coventry University, Coventry CV4 7AL, UK)
Abstract: [ Purposes ]Aiming at the problem of rescue after disaster, a rescue task allocation problem of multi-helicopter multi-task
with constraints after disaster were studied, and a problem-solving method based on Particle Swarm Optimization (PSO) algorithm
was proposed so as to obtain the allocation assignment for each helicopter. [ Methods Firstly, taking rescue time and helicopter loads
constraints into account, and expecting to rescue the maximum number of trapped people in a limited time, the mathematical model
of the problem was established according to the characteristics of the problem; Secondly, the modified PSO algorithm was employed
to solve the mathematical model, which mainly included particle decode, particle velocity and position update formulae, gi.. update
method, local search method and so on. [ Findings ] The proposed method is employed to solve the task allocation problem in different
rescue scenarios, and compared with the Adaptive Large Neighborhood Search ( ANLS) algorithm. [ Conclusions ] The simulation
results verify the effectiveness of the proposed method.

Keywords: rescue after disaster; load-constrained; helicopter; task allocation; particle swarm optimization

(riEsmE K A



