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Multi-UAV Cooperative Target Allocation Based on AC-DSDE Evolutionary Algorithm

HUANG Gang' LI Jun-Hua'

Abstract Multi-UAV cooperative target assignment optimization problem (MUCTAOP), aimed at solving the
minimum cost value portfolio allocation problem is one of the most challenging multi-constrained combinatorial op-
timization problem. Combining evolutionary algorithms to solve MUCTAOP needs to consider two key factors:
first, in the process of evolution, we should keep the balance of “exploratory” and “exploitative” covering the prob-
lem space; Second, the establishment of a variety of constraints in line with the actual battlefield complex environ-
ment. In order to solve the two key factors, this paper proposes a new approximate clustering dual-strategy differen-
tial evolution algorithm (AC-DSDE). Firstly, according to the fitness value of the father, the population is divided
into sub-populations of “exploration type individual” and “development type individual”; Then the diversity and
convergence of the offspring are balanced according to the mixed double strategy variation scheme; Finally, this pa-
per combines the UAVs' own performance constraints, collaborative constraints and the actual three-dimensional
complex environment to build the constraint function. The experimental results show that the AC-DSDE algorithm
proposed in this paper can quickly find a reasonable allocation scheme.

Key words Approximate clustering dual-strategy differential evolution algorithm (AC-DSDE), mixed dual

strategy, differential evolution algorithm, multi-UAV cooperative target assignment optimization problem
(MUCTAOP)
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PERE. DR s f 5 2 S B 1 240 TR R A B A 5 LS
Ak H b i 75 2.

X M i, AR SRR EH T = 4E M T
Z I NHLIE H 573 Be (AL R S TR & BUHENE 22 73
HEAL L (Approximate clustering dual-strategy
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PR TR S0 (036 B 8 5 H BRI A8
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S AEXAEFHR T DE 19106 3F.
1.1.1  #iaieihes
AR 2 0] s B 51 R NP A
{X(0)|2k; < 2;:(0) < alpi=1,2,--  NP;
j=12---,D} (1)

zj;(0) = xfl + rand(0,1) - (xgjl — x]Ll) (2)
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0,i(9+1) = Tjpest(9) + F x (25,r1(9) — x,r2(9)) (4)
3) DE/current-to-best/1
0,i(9 +1) = 25:(9) + F X (2pest(9) — 25,i(9)+
zjr1(9) — Tjr2(9))
(5)
4) DE/rand/2
v,i(9+1) = z5,1(9) + F % (2),r2(9) — jr3(9)+
zj.r4(9) — T5,r5(9))
(6)
5) DE/best /2
Vji(9+1) = Tjpest(9) + F x (,r1(9) — x5,02(9)+
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(7)
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2. For ¢ =1 to NP
3.For j=1to D
4.z, = xfl + rand(0,1) - (xgjl — xLl) ;
5. End For
6. End For
7. while t <T
8. For ¢« =1 to NP
9. ( Mutation and Crossover)
10. For j=1to D
11. vj:(g + 1) = Mutation(x;,:(g));
12. u; (g + 1) = Crossover(v;,i(g + 1),z;,:(g)) ;
13. End For
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15.If f(uj,i(g+1)) > f(z;i(g)) Then
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17. Else
18. zji(g9 +1) = z,i(9) ;
19. End If
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20. End For
21.t=t+ 1;
22. End While

1.2 MUCTAOP
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2.1 BEHLDBFNRIESE
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Fig.1 Simulation diagram of MUCTA in
a three-dimensional environment

A BRI AE 3Rk 2 AT 75 0 R AT A 20
XI55, R o3 ITIEA I BEAL > AR E k21 A
HHANMKBENL 20, B AEFREE P I AMA R T e IR R 3
TR R 2R 0 X 380, X 23 TRl A AR I 7 2 M. (H 2%
TIEAREDR I 2 B R A AR, L 2 H AR I
. Bl Crowding /N ERTER, ZT7EGIN
TS CS (REXRA), WKESH R R, (EMHF
PR B BOEAME X B R, X KHEIER 0S-1 4
AT BT I P, AR L 2 B

HE 2. Crowding BiEHELY

A, NP (RN, CS (RERDN)

. NP/ CS ANHT R RE
AEARR A P RENLAE S R R;
.For i=1to NP/CS
AEFDEE PR BRI 1 AME X B R;
X R HBGR ) CS-1 AMARTE BGHT BT Fh B
- WFHBER R RR OS ANAME;
t=1+1;
. End For

E 1464320 777540 Speciation SE2R/INESE 1A,

KRG EZTTE G NSRRI I N B A, g —
R, B BAE NI ER RN OS, MNESTHN

—_

- B U



13 NI BT AC-DSDE #b&yk£L UAVs W F H AR i 177

NP/ CS. AR & B AR AT HE 7, et 1A
g RS S, 27 S AR OS—-1 MMETE
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5. MFIHE RS BT FRE Shs

6. 1 =14+ 1;

7. End For
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Tr1 + Fd X ($r2 — Tr3 + XTpg — mrf))y

CR() > f.itness(i)
v — fitnessmax (10)
’ Tpest + Fa X (Tr1 — Tro + Trg — Tra),

fitness(q)

CR(t) < fitnessmax

A, 2 /TS M 4R T FAR R/ NE B
SR &R SR ). F N, B R
R (AR 2048 R R 0 AT, (HIR SR & AR g
F ok, Wesiod B sk, Siae i ik e 3 e
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Fig.2 Individual grouping
L5CR@W),  CR() > Limess)
fitnessmax
Fa= fitness(i) (11)
1-0. t), t -_
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pi) = fitness(i) — fitnessmmn (12)

fitnessmax — fitnessmin

ERE TR (12) FR, &R KA
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tergenerational mutation rate, IGMR) SN 0.3. i%
J5 et S EA I AR TP LTS SR RO T, FE DR
FEFNTE 22 FEPE I R B, tohns 1 fie i

Kl 3 (a) FoRBATHE MR IE N AE, 20
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8. Else 2.5.1 HSEERNGE—ER
9. U; = Tpest + Fg X (Tr1 — Tpo + T3 — Tpa); Z MUY E H AR o B AE H T2 & 22 P i FR IR A
10. End if B IS NN, T M A ATEARFE
11. End For B EbR. ZRAE B b ok 3 R R B A
12. End For BRATH R b R A R B, HLRE S — b
13. For each individual P(3) M N=MN>MMN< M= REL,
14 p(i) = Fgaeesllfoncsom, B 13, MR b S T
15. PRATIE N BE 47 IR BEAN R, B A AN n_m
16. End For minf(:c) - Z: z_: wjd(z J)D i) T
17. EE LR 2 ~ 15, B & &b &1, K
18. End <max <;31]Z ti ) D ﬂ)) + 5}2 Ck
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8 o : ne ® PR PO (SR FL, 07 BT
' |ew L N Y S
P PR S AR, w; R BAR j BFIREHO <
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MHLE BFr Rz IR R, Bl 4 5 3KRHT
Bl 4 o8 7R 1 g R, Hd RBEAR MU AC-DSDE 503 Re 6 A7 24 Ak B = Fh AN 6] 11
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B, OB AL T RS, b 24811 e s N
M ARSI AR AT S, MEREIRIT ) g e avm e opmm AR
B, WEFREHIET AC-DSDE 5k 2 ML kA
5B RENEAE 2 TR 1k XA B AR s BENL 73 A ) = 4E2R NUIE IR AL B R NI A, AT Rk
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Table 1  Initialization of experimental data
M‘;de Data type 1 2 3 4 5 6 7 8 9 10
Upos  [10,25,10] [140, 15,12 [30, 80, 13] [110, 40, 15] [80, 20, 15] [20, 55, 15] [12?’7]16" [160, 20, 15] [80, 50, 12] [170, 62, 13]
Tpos  [20, 210, 13] [46, 200, 12] [64, 210, 23] [154, 210, 12] [102‘2]200" [1181’4]210’ [82122]207 [136171]1907 [10101]70’ [172172]170‘
» [130, 70, 4, [120, 140, 4, [42,103,5, [42,180,5, [50, 50, 5,
pos 23] 26] 30] 25] 26]
N=M V (km/h) [0.2, 0.3] [0.2,04]  [04,0.75]  [0.3,06]  [0.2,0.3] [0.35, 045 [0.3,05] [0.3,0.6] [0.3,05 [0.3,0.6]
Umissile 6.0 8.0 6.0 4.0 6.0 40 8.0 8.0 6.0 6.0
D (km) 500 700 300 350 700 900 450 610 450 610
W 3.0 2.0 1.0 3.0 2.0 1.0 2.0 3.0 2.0 1.0
Tsort 3, 4] [5, 2] [6, 1] [7, 4]
Upos  [10,25,10] [140, 15,12] [30, 80, 13] [110, 40, 15] [80, 20, 15] [20, 55, 15] [12?’7]16" 160, 20, 15] [80, 50, 12] [170, 40, 13]
Tpos  [28, 210, 13] [64, 210, 23] [154, 210, 14] [118, 210, 14] [136;"1]190" [1721’2]170’
Roos 180,704, [120, 140, 4, [42,103,5, [42,180,5, [50, 50, 5,
pos 23] 26] 30] 25] 26]
oV (an/h) 04,075 (0.3, 0.6 [0.2,0.3]  [0.35,0.45] [0.3,0.5] [0.3,0.6] [0.2,0.3] [0.35,0.45] [0.3,0.5] [0.3, 0.6]
"7 Umissile 6.0 8.0 6.0 40 6.0 4.0 3.0 8.0 6.0 6.0
D (km) 400 700 650 500 700 900 450 610 400 700
w 1.0 3.0 4.0 2.0 1.0 1.0
Tsort 11, 3] 12, 4] 11, 2]
Twait (m) 200 500 600 200 800 600 300 200 700 500
Upos  [78,20,15] [93,31,12] [31,20,13] [112, 32, 15] [150, 25, 10] [170, 50, 15]
Tpos  [28,211,13] [46, 220, 12] [64, 210, 23] [154, 212, 12] [10(;’2]200’ [1181’4]213’ [82122]25’ [136171]1907 [10101]80’ [1721’2]170"
» [130, 70, 4, [120, 140, 4, [42,103,5, [42,180,5, [50, 50, 5,
pos 23] 26] 30] 25] 26]
Umissile 4.0 8.0 6.0 4.0 6.0 4.0
<M
V (km/h)  [0.2, 0.3] [0.2,04]  [0.4,075  [0.3,06]  [0.2,0.3] [0.2,0.4]
D (km) 400 700 650 500 610 400
W 1.0 0.8 0.6 0.7 0.9 0.8 1.0 0.7 1.0 1.0
Tsort [4, 5] [5, 2] [6, 7] [7, 4]
Twait (m) 100 600
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® 2 PIAIIHAS R E 3) WA Chese - AT P/ MUHIHME;
Table 2 Setting of experimental evolution parameters of 4) YoTR RS AR 2 TR i A B AR | A
o gron: FOOMI T A b, VP44 R R T S 6 T .
ot =3 - 5) “H A 2 s N I R 0 R4 AR

Un Tn Pn Gen Num Un Tn Pn Gen  Num

TS AR (R CE 7 SR U ) .
N=M 10 10 50 1000 20 30 30 50 1000 10 . N N ) p0r A NP
PR Sob, TARIFRIAN AR E T AR
N<M 6 10 50 1000 20 10 30 50 1000 10 s B TR AT 5 240 S 8 (A o P2 £
R ARG TR 1 5505 2 EHE, AL
fH Cover = Z?=1 Cn/Num; LT g

B4 =4EpBah s 1 iR s R

Fig.4 Simulation results of Experiment 1 in a three-dimensional environment

(b) N> M

K5 =4Ehsiin 2 M e R

Fig.5 Simulation results of Experiment 2 in a three-dimensional environment

*£3 1O ESER

Table 3  Assignment results of Experiment 1

(LS8 Srmesh
UAV 1 2 3 4 5 6 7 8 9 10
N=M Target 9 6 1 7 5 2 3 10 8 4
Cost 265.9 685.4 306.1 481.3 609.2 367.6 490.1 216.4 424.6 294.0
UAV 1 2 3 4 5 6 7 8 9 10
N> M Target 1 6 2 5 1 1 4 6 5 3
Cost 429.4 311.7 338.0 437.6 866.6 354.6 530.2 216.4 424.6 294.0
UAV 1 1 1 2 3 3 3 4 5 6
N<M Target 3 5 7 6 1 2 9 8 4 10

Cost 228.7 630.7 75.3 525.9 110.5 83.1 547.1 450.6 452.8 169.6
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Fig.6  Single convergence curve of Experiment 1
assignment results
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Table 4  Statistics of the results of the two groups of

experimental assignments

SER B PIIRTIE(s) PR AR LA (%) AR (%)

N=M 16.1 8 107.9 8 058.8 4.49 95
SEIL N > M 22.9 6 808.5 6 690.4 4.07 75
N<M 23.6 57954 55733 2.04 80
N=M 38.2 18 605.1 18 093.6 6.21 60
FE2 N> M 46.6 13 490.5 13 302.1 7.13 70
N<M 50.5 13 537.4 12 528.7 5.24 80

B 7 sk 1 7 BOSs SRR AN T i S e Ll

Fig.7 Comparison of the single and average
convergence curves of the results of Experiment 1

ROACTEANFRE T (92 TE AN A F AR AC 7

2) SE 2 RN T UAVs 5 HAR miff s,
FEFH AT RCRA AR, (22 AC-DSDE 47
RN ) Y AR R B R AL

3) B AHME S B AAAAIME G, &
W S E S R 0 45 R A R R A

4) BN P [R) 1 FRAIE B SOt SR P R BE

o B AP R Ui W T SR R LA DA 1 AT g
PEECK.
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# 5 AC-DSDE 5 HAh 5% 2 8] it b

Table 5  Comparison between AC-DSDE and other algorithms
B ik UAVSBRRSHE  FEOR  RUE SURUHC CR MR IGMR RS  FH9RH TN ()
AC-DSDE N=M=10 30 1 000 10 09 null 03 80588  8107.9 16.1
N=M DMDE N=M=10 30 1 000 10 CR null 1-CR 8 257.6 8 204.8 19.8
APC-DE N=M=10 30 1 000 10 09 null 03 81458 81685 24.6
AC-DSDE N=10, M =6 30 1 000 10 0.9 null 0.3 6 690.4 6 808.5 22.9
N>M DMDE N=10, M =6 30 1 000 10 CRnull I.CR 67371  6973.7 29.19
APC-DE N=10,M=6 30 1 000 10 09 null 03 67703 68356 26.5
AC-DSDE N=6,M=10 30 1 000 10 0.9 null 0.3 5 573.3 5 795.4 23.6
N<M  DMDE N=6,M=10 30 1 000 10 CRnul I-CR 58199  5970.7 26.4
APC-DE N=6,M=10 30 1 000 10 09 null 03 57126 28387 275
11 000 BE LI 2= B U, vl H RS 2 53R R,
£ 10500 ~ ACDSDE ICSI 2T WA H R T8 S LA T R 0 2
£ 10 000 } — APC-DSDE P, M HARE T E 2 0. KT R RStz s
B S N S S
& 9500 S-S ST 2 Rt B, BRSSOl 2 A Wi St 2k
m 9000 BAMII SO S, 182 A7 R 0% s i sk 3L
& 8500f FRIX AR, J5 WAL AR AR S S B PR A PRIk AC-
8000500 200 600 800 1000 DSDE BA B4 e Sk fe.
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Fig.8 Average convergence curve of
different algorithms
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