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Prioritized multi-UAV collaborative scheduling optimization

for disaster reconnaissance
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Chongqing 400067, China)

Abstract;  To improve the efficiency of disaster reconnaissance, a prioritized multi-UAV cooperative
scheduling optimization model was proposed for the UAV reconnaissance scheduling problem in disaster
emergency responses. An improved tabu search algorithm was proposed by using a mixed integer nonlinear
programming model. Moreover, specific neighborhood operators and repair operators were used to enhance
the algorithm’s search capability and solution quality. Two cases were designed to validate the model and
algorithm performance. The first case was based on the actual scenario of the Zhengzhou flood in 2021,
and the second case simulated examples of different scales. The results indicated that the model and
algorithm were effectively validated. The effects of flight speed, UAV quantity, model, and endurance on
reconnaissance capabilities were investigated through sensitivity analyses. The reconnaissance efficiency
can be significantly improved by increasing the number of UAV models and optimizing them. UAVs with

strong reconnaissance capabilities should be given priority when resources are limited. However, flight
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speed is more critical when resources are sufficient.
disaster reconnaissance ;
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Table 1 Command center data
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Table 2 Disaster site data
6 (0.0,4.0) 2 1 6 19 (10.0,1.0) 0.5 3 7
7 (0.0,3.0) 0.5 1 11 20 (10.0,3.0) 1 2 12
(1.6,3.0) 2 2 7 21 (10.0,5.0) 0.5 1 5
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14 (6.3,0.0) 1 2 4 27 (12.5,6.5) 2 2 14
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Table 3 Performance parameters and experimental

configurations of selected UAVs
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Fig.4 Convergence of tabu search algorithm
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Table 4 Optimal calculation results

UAV i?i—aﬁtﬁ B/ B
/%R | ARE/h | s
£ : [4,23,19,20,3,22,21,17,2]
£ :[1,8,9,10,1,6,7,1]
5 10.6320(29.65| f;:[1,12,16,27,25,24 4]
fi: [4,18,14,15,11,13,2]
fs: [5,28,26,30,29,5]
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Fig.5 Reconnaissance path of 5 UAVs
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Table 6 Effect of UAV number on optimal

computation results

DJI phantom 4 DJI AIR 3 WK 1900 PRO

UAV | IftBH | UAV | &fEH | UAV | &fiLH

Ha | bE | BE bl Bt (<]
2 1.343 1 2 1.508 2 2 2.616 4
3 0.8727 3 0.980 1 3 1.734 9
4 10.669 5 4 0.768 7 4 1.269 5
5 0.6148| 5 0.561 4 5 1.054 0
6 10.4686| 6 0.475 1 6 0.867 2
7 |0.4076| 7 0.416 2 7 0.722 0
8 |0.3646| 8 0.375 4 8 0.648 6
9 10.3366| 9 0.3390 9 0.579 4
10 0.3117| 10 0.309 4 10 | 0.5359

M6 FTLLEH BEE UAV BOR 38 i, il
Hin(E 2] 8RR, 4 UAV 2 2 48
HOmE] 10 226, H& A8 HARE M 1.520 0 h FEAK )
0.342 8 h, [#ilRIE 77. 4% . X Fh R B AERT01 5 R BE
W, R T, BAMETEVI PR R, B Y
UAV B0 MBI K 38 i i, A3 i —242 UAV, 4B
B B P AR5 R0, SR Bl UAV Bt g £y
i, ih et 7722, vl B3 I/ i UAV X T 2t
G [R] A 10 B3k 25 328 T s 2> | 3 AT B AT 45 43 i Al
PMRAYE 2R BT S 8, i — 2 R B, A 2
A e 4~ 6 28 UAV fe5idi, LA, UAV
ZH A PR UE A8 s D5 455036 1) [ ) 30 B 9 R A4 o3 )
%, L, 7E3H T WA 45 MRS, pe 3 3 1o 7843
FRICHEN 2O A 1 UAV SRS, &3
(1) UAV s AAT LU AR AT 54T 55 B S AR T, 18
AT APEA BT U T R e TR TR 3%

[R5 UAV 7EAS [ T A BSOS 23 B 25 21
W7,

®7 RBES UAVELSRHETHRMEHELER

Table 7 Optimal computation results of mixed model UAVs under different numbers

UAV B /28 UAV 85 R s It HAR{E/ h UAV $im e UAV RIS K Kk It BAR{E/h
3 22 DJI phantom 4
1 22 DJI ph 4

2 T JDJ‘I’ NP 1,520 0 7 3% DJT AIR 3 0.445 5
7~ 1 %2 WK 1900 PRO
122 DJ1 phantom 4 348 DJI phantom 4

3 1 %2 DJT AIR 3 1.1312 8 341 DJT AIR 3 0. 408 8
1 4% WK 1900 PRO 2 4% WK 1900 PRO
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&gR7
UAV $kt/ 2 UAV B J fi Ecflt HpR{E/h UAV Hit 28 UAV A5 R Eeflt HARA/h
1 42 DJI phantom 4 3 22 DJI phantom 4
4 2 J5 DJI AIR 3 0.8251 9 3 %2 DJT AIR 3 0.360 3
1 22 WK 1900 PRO 3 22 WK 1900 PRO
2 %2 DJI phantom 4 3 22 DJI phantom 4
5 2 JL DJI AIR 3 0.6320 10 4 ZE DJT AIR 3 0.342 8
1 22 WK 1900 PRO 3 22 WK 1900 PRO
2 2% DJI phantom 4
6 2 28 DJT AIR 3 0.528 9
2 Z8 WK 1900 PRO

IMi%F T 3 FlOA R 5 9 UAV, Bl 25 550 i 3%
I, et HPR (A0 B T et S (0T BRI B A AN
[, X4 UAV % 2 22354 im 3 10 22 i, DJI
Phantom 4 RTK A9 L HFR{ELA 1.343 1 h FEF|
0.311 7 h( F%1i& 76. 8%) ,DJI AIR 3 M 1.508 2 h [
#]0.309 4 h(FEHE 79.5%) ,4£FL/K WK 1900 PRO
M 2.616 4h FEF) 0.535 9 h (F& I 79.5%), 1F
UAV 2%/t DJT Phantom 4 RTK ) 3 1
FAWIERE S AR UL X B N e o B2, 2 UAV B
W% 5~6 Z2mF , DJT AIR 3 MR IR, X ] e &
R TE X — [ B RAT JRE T G, PR AT R] R
Pl /T AT AT B[], DT 8 AP S8 17 e ] 76 H
Freg Py i e, R WK 1900 PRO 7E 4 [X [H]
IR L WIAE KB WIEE 5 T, 5 AT A
WIS BE I AR LL , 220 B[] BT kA /0N, R I, ZE R K
15058 UAV J7 IR SE A RE 7 38 5 AN 21 E5 8 %
P, MYk F I 58 UAV /Y 3k 8 e Sk i, 25
UAV B I5 5 Bk, W) R AR 516 %6 % T 48 BE ) A5 1)
UAV; 7E UAV BEIER SHAT, QA7 B ) i Ay i 45
B EEEHNE, 78 UAV FIRTEMIEN T, iz
6 1R AT B ) T B R TR ] o 3 0 R
WIEEHE ST AN RAT 3 B AR AL M i B UAV, PR 4L
AT [1) Py F PR R I, SR UAV Hh HFR HLAL
FUCES B Ah F I F VB BB AT Pes 353 ] 25 A i 531
FEIRIAT: 55 14 5 SRR B I 2 a2, 5 4 55 X8l HL o
AL B2, AR 8 AT T 55 T B m kG
JE (R AR, N A0TSR RE T

3) UAV ZL A B[] S8 o A7, 76 8 B i 5%
UAV B, fiiEHE 3 A AT B2 e B IR R &
DKLt , 7E 252 it B ) 43 A v 3 B 0T 5% R 0 B0 Y
UAV (DJI phantom 4) F1 €473 B 4 & 14 UAV (DJI
AIR 3) #4750 HT . UAV Sl B[R] 1) 8508 2 BT 245
RIS,

F 2% 8 Al . 24 UAV fii%Z i} [a] A 25 min FEK 5

®8 AF UAV MEHETHRAEHEER
Table 8 Optimal computation results for different UAV

reconnaissance times

(A /i AL HARE/h
DJI phantom 4 DJI AIR 3
25 0.616 8 0.635 8
30 0.614 8 0.630 7
35 0.610 2 0.6300
40 0.603 6 0.593 6
45 0.527 6 0.563 8
50 0.530 8 0.561 4
55 0.527 6 0.561 4
60 0.5377 0.561 4
65 0.527 6 0.561 4

65 min A, DJI Phantom 4 RTK =4t B R E M
0.616 8 h [ %] 0. 527 6 h( F#liE 14.5%) ,DJI AIR 3
M 0.635 8 h [&F] 0.561 4 h ([FEIE 11.7%) , X3
B ZEC UAV (RS2 B[] BB A% 3 AIK 0 B4 T 25 1) [
PR SSROR , (HTR B R, SRt At () -
K hy, a4 iy S B 1) T BB 2 3 30 UAV AR i
L SR OCR TR EAAFIE R, TR
2 F S UAV 15, S ZE0 S B i 45 min, fe il
HAMEA K AR WS, L] UAV SLA0 T E]
FEAE—AI A HR L PR Ak a8t pheish TR
4.4 KRBEBNEZBEXE XL

I T B ek AR 248 2 % (Improved Tabu
Search, ITS) W) RE, ¥ H 5 & #2823 R B ik
(Tabu Search, TS) .5t 1% 5 7% ( Genetic Algorithm,
GA) FRIR K 7% (Simulated Annealing Algorithm ,
SAA) FEAT A, FEXT FL B ik v, O fil A A fig T
T, B8R i ARR L, TSIERERKEN
10, fEEEANECH 200, i RKERKECH 500, GA 1Y
WA A 100, e RIERIRECH 500, SAS 1Y
WA R 100, R E1H T4 0. 997, e Kk AR
500, BEE 2 HEBIIFTXEE, B, AR E SR,
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Table 9 Comparison of results of different algorithms

for solving the model

SEANCEAYLEN e
. - . ’

(=R I flt w2 - P N

A [a]/s
{&/h {H/h {H/h 2%/h

ITS | 0.6320 | 0.6654 | 0.6512 | 0.0112 | 27.56
TS | 0.7978 | 0.8702 | 0.8297 | 0.0252 | 31.37
GA | 0.6733 | 0.7268 | 0.7030 | 0.017 3 | 31.51
SAA | 0.8181 | 1.4288 | 1.0964 | 0.1919 | 31.85

MFE 9 M LLE L ITS T 3 Aot b 3w,
TE H bR BREUE 7 1, ITS B L(E M 0. 680 4,14

{0 0.702 6,4F GA TS Fl SAA, fEig T} E] )7
If], ITS S35k 27.56 s, &% i i . FERR e Py I,
ITS IARHEZEA R 0. 011 2, Hff e B M i

i — 25 A BT AN [ R AR AN [ RIS A5 451 v
I, AR IR 10, TEAS[FHUBEA h 1TS 1330
LR, I HL R ] EUAR  38  ,  F e 34 s m
W3 XF 30 Myt g2 S /INIUBL ), TS 1973
HPReREE M 0.632 0, 4L F TS /9 0.797 8 .GA 1Y
0.673 3 H1 SAA [ 0. 818 1, TEALFHE 60 MITEE &5 1)
KA ] L, ITS 19735 H A5 s 8B R 1. 196 0,
AT TS B9 1.527 8. GA 1 1.307 8 il SA 1y
1.749 2, [RIBF,ITS (A)32 47 s )t 5 JHG Al B3 ok B 2
FERSE MR I, ITS WO bR 25 B PR R A BAR B K
FH A RS M AT

F10 FREMERBER

Table 10 Solution results of different scales

Bk sl ANl 30 40 50 60 70
AL BAR{E/ h 0.6320 0.836 8 1.017 6 1.196 0 1.401 4
2% HFRE/h 0. 665 4 0.891 4 1.064 3 1.292 6 1.474 0
ITS ¥ HFRME/ R 0.651 2 0.870 0 1.041 6 1.224 5 1.423 4
Frif 2 0.0112 0.017 7 0.014 4 0.029 9 0.019 9
L mE] /s 27.56 32.29 36. 18 39.53 45.40
At BAR{E/ h 0.797 8 1.040 5 1.257 3 1.527 8 1.694 8
2 HFRME/h 0.870 2 1.1419 1.425 4 1.628 0 1.949 9
TS X EBME R 0.829 7 1.093 4 1.356 3 1.586 3 1.803 0
brifE2: 0.0252 0.034 7 0.058 5 0.037 0 0. 080 2
/% 20.79 39.26 49. 74 58. 64 62.71
HE I E]/ s 31.37 39.28 43.52 48.93 60. 69
At HFRE/h 0.673 3 0.854 3 1.086 1 1.307 8 1.558 5
2% B E/h 0.726 8 0.961 1 1.137 4 1.377 0 1.685 2
CA FHHFME R 0.703 0 0.918 5 1.109 6 1.348 5 1.6159
Frifii 22 0.017 3 0.029 1 0.020 3 0.019 5 0.034 6
ZI5/% 6.14 26.03 41.81 51.68 59. 45
TR/ s 31.51 34.31 36. 48 38.19 41.53
AL BAR{E/ h 0.818 1 1.1815 1.400 8 1.749 2 1.956 9
2 HARE/h 1.428 8 1.907 6 2.083 8 3.108 4 3.007 5
SEX EFRME R 1.096 4 1.380 6 1.627 7 2.148 3 2.483 9
SAA —
bR 0.1919 0.215 4 0.214 4 0.427 8 0.3226
22/ % 22.75 46.51 54. 89 63. 87 67.71
T E]/s 31.85 38.50 44. 62 48.90 55.95
5 & B 3) RAFWIEE HIE Y 3G 0 UAV B, ol 8 50

1) $&H—Fh % BRI B £ UAV Hhla]
FEPLACREIRD AR R A b 2 2 i KA T EA00%

2) WI—F ITS Bk, 2241551 B A (E 56 %
b SR U6 - B4 1TS SR LT TS .GA Fl SAA,

AR RAERIT ], 78 UAV 2407, T AR PR e AT
55 FNIRBE A5, SRR 1) F A 7 3 iR ol T 8 i
FIESHR ) UAV, 1E UAV YR E = i), g2k

Xt FAT 5 8GR HETF I N I Mi7E UAV BN
Bt i RE By A BT O TR R R R
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