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A composite differential evolution algorithm for multi-UAV cooperative
dynamic target search

ZHOU He-xiang", XU Yang®®, LUO De-lin't

(1. School of Aerospace Engineering, Xiamen University, Xiamen 361102, China; 2. School of Civil Aviation,
Northwestern Polytechnical University, Xi’an 710072, China; 3. Yangtze River Delta Research Institute of NPU,
Northwestern Polytechnical University, Taicang 215400, China)

Abstract: To solve the problem of multi-UAV cooperative search for dynamic targets, a composite differential evolution
algorithm is proposed for multiple UAVs to perform cooperative dynamic target search. First, the environment information
graph model for the cooperative dynamic target search and UAV model are established. Then, based on the improved
differential bat algorithm and the adaptive differential evolution algorithm, a combinatorial framework relied on population
adaptive allocation is designed. By introducing the mutation, crossover and selection mechanisms of the differential
evolution algorithm to the bat algorithm, a cooperative search algorithm combined with the differential evolution algorithm
is constructed. For the real scenario where the trajectories of dynamic targets are random and unpredictable and have
reconnaissance evasion trait, the retrievable digital information graph and the adaptive target search gain function are
established to enhance the capabilities of UAVs to capture dynamic targets. Finally, simulation results demonstrate the
effectiveness of the proposed UAV cooperative dynamic target search algorithm.

Keywords: multi-UAV; cooperative search; dynamic target; distributed model; differential evolution algorithm
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step 2: THE Y ATIE R iter B KT AN FHE %
T8 N E PR EUE ) R TH Y 28 Fitace.

Fititer — Fititer _ Fititerfl + Fititerfl' (21)

step 3: AR SLIFAE A UEOE 2R RI 73 L T,
WUPRE JE ML AT AT B AR I BE PR R pop #4212 12 3LE

1 B AL 73 R S 2 28 - R B pop, Fll popy, — > 2 Jih
TP HE pops, HEAE P A+ FhBE B0 T A WL R4 20
8752 PR A R 2R T 3 B Fitace 15 22 50 5 MORE 70 Bl 45
Horp— AT

pop}®™ = pop; [Jpops, Fitier > Fitgel?;

pops®™ = pop, |J pop;, otherswise.

(22)

step 4: AR L iter i1 1, Bk step 2.
223 HEkHR

WA 725y AL T A R A I EZB RN

step 1: #1440 AMLRTAT BE A2 PP HE 40 5= pop B¢
RIERIR B iterya -~ FIEERI 20 I HA T,

step 2: #1461 DEBA 5% JADE 5% 12 4.

step 3: AR 25 PR 9t A 7 ORI 2 (R WD B 40 B N
BLATAT BRAE TR

step 4: 4% HERPE Il 43 LU g1, K S T8 A HL AT AT i
M FEBAHLE] 7 B pop; ~ popy 1 pops.

step 5: W46 I ZIKs 22 Jilh ¥ Fh B pop, 5 JADE 5.
LRI FFhEE pop, & IF.

step 6: 7E N F FiEE popte™ il popse™ _E 43 7l 4
17 DEBA 5% JADE 5032

step 7: BT T FPEER 40 1L FE, iter < iter + 1.

step 8: 1 /& ¢ 1l 25 A, M SR 25 O, 75 M e 22
step 6. 2 J6 AL A48 220 B o i 2 1k SR A i AR
L ter 15 B 5 RIEAR IR E iteryax BOZ 30 B bRl 1
SR HOE BIW146 B br N4
3 MESRST
3.1 2HRE

i RZHRIREWT:

1) R IR IR K/ 9 40 km x40 km, B HLAL
AR FE 1600 4575, X IR N 43 A1 A 3 B AR TR IX I, 3
A H bR T DUENEE X 38 P S TE AL 5, 6 AL
ToVERENZE X, [R) I X 45N BE AL 73 AT 4483
Hbx, H bR W6 50 B 20 A1 I IR 4041 77 22 09 9 0.1, 1E
B ATIIE (2, y:) 79 (15,15)(12,24)(30, 34)(20, 14),
H ¥r #% 30y 38 £ Y6 9 0 m/min ~ 200 m/min. H A7 i&
FEE R /NFNTT [ 3 B K /N 24 SR A A () 24 B Bt AL a6
B WA LR A S T AHL R SE T B35 2 5 min, 1%
B HN 100.

2) 452 ANHLR F X S5 DY i 48 2= 1 77 =X, 6AT
HEE N 1 km/min. Jo AHUHLEAL R ES 1 U842
1 km, HLELAL B PRI 2 py 9 0.8, M 2 py N 0.2,
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xR %38 %

Te NHLHA € B AR AF7E R BE &, 8 0.7. T ANLZ
6] ) 5 71 28 ke A5 3BT wy 23 0008 0.8 F110.2, 76
NHLZ I8 7377 A2 1) B K BE B8 Do N 3 km, J5 /377
A R B R 1) SR ) i 79 270°, T8 AL Z TA] ) 22 42
BN 1 km.

3) R IAE A E E = R H 807, H
PRAFAEBIME 0, 790.8, % 5 HEF 15 B R ML R A
0.7, 51 HEFAR S B 1AL 3% R A 0.3, ihs B
RG] HEFRAE R R RN LE B RNAR R
E,250.7, 1817 5 8] B8 67 79 10.

32 TANBERRERARIER
BRI 2 B AN R R 303 H r
B35, A SOR T AL 22 70 AL S22 R ) 5 SR o

K. (B4 b4z 3l H AR B A B T AHLTUSE RS A
(7] IR 1t P o A 7 3 AN K XK, 3B 30 H AT UEE N ZE
RIX L T AHL 5, — Bz sl H ARk A ZE KX
3, TENHURE TE A 3k H A, A e ARG 22T g
fEIE 3N H bRRE NS K IX IR HAf R s A

40 40
30 30
g g
= 20t = 20t
>~ >~
10 10
0 . . . 0
0 10 20 30 40 0 10 20 30 40
X/km X/km
(a) L EIEW FHE R A (b) R HEEVE M RIS R AL
40 40
361 e
32 /g&
30 301 \ AR
O\ e 2
g g TR
= 20t = 20t . A\ low
> > N
10} 1m€ﬂb/ 3
0 L . . 0 L . .
0 10 20 30 40 0 10 20 30 40
X/km X/km
(c) RYFEELIE P IRITY R ML (d) A 25 b BV R4 2R A
60
---- distanceUAV(1,2) —— distanceUAV(2,3)
£ - o distanceUAV(1,3) —— distanceUAV(2,4)
= distanceUAV(1,4) distanceUAV(3,4)
=
=
=
=
<
R

PN LKL O
(e) WHIRFEZ AR P T AHUHLIE [ B

4 AMEBEERMEHERIE

K 4(a) ~ 8 4(c) P AR R B I2 30 H Fr AR EL
4d) R B i2 s B AR, Hi2 3D KA. H Y
P 4(a) ~ 8 4(c) R BCRALT K 4d), Hizzh HAr
A T A BT (R is sl 5. dn 18 4(b) kL 715
0 FHE R UL B R, 230 H ARy 7 Gt ALY

R, AN T AN KX,

R P A(d) 4 A 22 20 32 A SRV W [ 9 2R A T
w2 BRI ALK IE 30 B AR 3k Ja, # A
ZREEBE AT H AR, B v B H A e AN R R H Al IS
2 H AR, 55— 05 1, T AHUEA RARAT O A HE R AT 55
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{1 TR] I th RE AT OB A R X I8k, 24 ) A A AR A
X 3 8E 3 H ARiE 8l XS, T AN R IR Bk
A7 R AT e R A A E A S LA AR AR
B Pl 4(d) ¥ 53 38 BRI, Te AHLE ORI T (30,34)
AL F RS Bl HAR, A SCH I T B E BRI R R
HOBE O 55 B3R, 5 R AP RE O 55 B R
DI 6AT, (RIS & 0 7 H AR R Bl o B, B K H
PRI S, A8 TC AHLIRT Y5 2 1 H AR BB A X3
I B A AE (31,32) #5123 H brfii k. 4k 4(e) HLIA) #R
B KPR, BEANLE N T N T3 A HE T 18
KEBE B 3 HIE ANHLR A R HE e 07 AR 20 1R, BN
WL T A HE e 7, HBEH TE AL (8] BRAZ /)i 4
K. BT AR TE AL RN R, 2478 AHLIE EEAS
Wi/ EL/NHE 07 A KR 3 I, JE AL [ 7
AEHEF 0, R TE AL BRI a6 K B SR e 779800

90, SEEG B, BT 5Lt BB a] 7 Ak i AL ) AT A Ak
G J6 AW 8] A LA

N T B RE AR SCRE N B A H bR RS R
AR, 4 HL 5 DA AR B bR R S
FERFER I P (R4 2R SRR AT B AR AN [ (1 47 35
AR AT 50 YR B A B8, S 45 SR AU (A

& AT 5518 E 78 15 3R Cover(t) FI LVEAl 6 AL
Bl HARig s X1 2= e
Visit(t)

Nplan

Fort: Npan R W6 B bR A EREZE K T0.05 1 X
15, Visit(¢) 27 ¢ I 2 DX N AR AN 2L

5(a) N4 AT KA R FIEE R Bz A HARK
S 25N B, A [F) B AT 55 48 R 7 o R A1 5(b) i
7, AN TR B 3 N AR SRV an T 5(c) s

Cover(t) =

(23)

3 L
i)
&
%2
I o BT REEE
& 1 . LT B o
- e SRS A — O
o i — LA A gt — A
0 20 40 60 80 100 0 20 60 80 100 0 10 20 30 40 50
PIVN R i TN Z 5% AR UHL

(a) AFMRET VLR B AREH X E

(b) 4FREE N PIUELS M REEFRXLL (o) 4FhENE T 118 B FE A IS SR b

El5 4MEETMEREEARAIXTIEL

HH & 5(a) FIEL 5(b) W AT, AR SCRH G 20 H
HREEM R DK 10,601 N B AR KA H BRI R P
K [60, 100142575 o % b X B s 4 55033 0 3 7 240 42
FET 2479 % F1 14.21 %, % R - 5092 °F 35 3 7t
T 61.28 % F115.26 %, %if Ll A 573243 3 ~F 482 7+ T
57.64 % F113.92 %. H11& 5(c) AT %0, Ar it 4 & 2
HEA S A S5 R FTST SSOKS B2 35 A0 T % b B0
4 & @

ARSCERRT R FIAEE T 30 B AR TE AN R
RS T R T A 2 A S P [
RIVE RTINS BT AR R WE T A
MU 75 B REL A H R R BRI
W as  ALIEN PR (RIS 2 o Rk A % X W 2« AL ) B Al A
AN FUE S BAT ARG SL 738 N R AL, SERR T R 4%
WEET 2 B AN FEHE @, vt 74 A 20k
SR 5E BTG N AL [ 45 22 0 K] ) SR, A 2k
T B R AN X2 3h B AR R OR, 1
FAE RIS T T H B0 302 B AR TE ANLE A

R ITIEIA . 5 R A R X s A7 AR
“ERRR TR SERONE RN s H AR R
i REHEAT HE— 22 BIRABIEA.
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