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Multi-strategy Fusion Seagull Optimization Algorithm for Multi-UAV

Cooperative Task Allocation

WANG Chuan-Yun' XING Jia-Qing® WANG Tian®> GAO Qian® WANG Lin-Lin' ZHENG Hui-Long®

Abstract To address the cooperative task allocation problem of multi-UAV under multiple constraints, this paper
proposes a multi-strategy fusion seagull optimization algorithm (MFSOA) for multi-UAV cooperative task alloca-
tion. The algorithm constructs an objective optimization model for multi-UAV cooperative task allocation, consider-
ing time cost, energy consumption cost, load balancing, task sequencing, and multiple constraint conditions. To im-
prove the optimization efficiency of the algorithm, Tent chaotic mapping is employed to enhance population di-
versity, combined with an elite evolutionary strategy to optimize population quality during iteration; A multi-direc-
tional adaptive migration strategy is designed to strengthen global optimization capability and prevent the al-
gorithm from falling into local optima; And an elite individual-based attack strategy is developed to balance global
exploration and local exploitation capabilities of the algorithm, thereby enhancing the optimization stability of the
algorithm. Experimental results demonstrate that MFSOA exhibits excellent comprehensive performance across
multiple scenes, with its optimization capability improving by approximately 3% to 13% compared with comparis-
on algorithms, validating its effectiveness and reliability in solving the multi-UAV cooperative task allocation problem.
Keywords multi-UAV cooperation; task allocation; seagull optimization algorithm; multi-strategy fusion; multiple
constraints
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Fig.1 Example of task allocation
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XH, B1 5 By 73 RN MAG UL Epoor H FEHLIE
WK AN, By 5B AR RE 5
By WER j 4E; vy 5 ro NMCTII S AT REALEL, B
ri~ 1o ~ U0, 1), H T IRFEFIFE S RIBE LI 5 2 4
. BT EEFI A

Enewv Enew < Ewors
Eworst = { f( ) f( t) (26)
Eworsh f(Enew) 2 f(Eworst)

KA, Byorst ARG TN Eppop H3E N A 5 25 RS 9%
/I\{ZIS, f() %ﬁ&{ﬁ@ﬁa f(Eworst) Ef(Enew) ﬁ
| Xof L B o i 7 AR S AR S AR R R

2.3 ZAHEBENTHEREK

SOA HTAEM BEE 2 T it AR R A A2
27, HALE R I RAE B BUE e pl. X —
P S B R I7 RO B — £ 2 )R B i R W1 6
I, Sp DA RV R 32 PR AS 1 2R E PR A 2 1A ) AL
M BRAR SRR 1 42 R FOLBE 77, 18 52 2% e 2 A 2 1]
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T3 1) E 3 ST A HE N, a5 e e MR BE AL
WS IENAAE R, XHERTT AT ZYEE
0 ELE RS, 06 RN S M 7] LT
R 00N T (RS H SRS R T, 98
THZERENREES 2R, R EeRm I3
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D = |C+ M, + M| (27)
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(28) THEAFH; My FoR HHTH R AME X (¢) SHEBE
BURS SEAEFE B 107 1], i 20 (30) KAk Mo %
AN ART R A X (1) 72 e = AR R B I U7
I =X (33) k.

C=Ax Xt (28)

b, A RN RANDRAES 2 R N7

NFEIEAR L, HtH 05 200
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K= (31)
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MTFEHRIRR S R B R, R

B=2x A2 x rd; (32)

A, rdy NIXTE (0, 1) A RIBEALEL.
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1, X, BN AT A Hh i A 5 22 A

2.4 FERIHEF U TR

N TR ERER S REIT R ETERE, A
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N ERCIVALREEST B RN LRV S R 7 e 2
HI 30 7 R R RIS ARCR T 3K (34) TFRE )R
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FR) Jo 8 DX SRS 8, SR by 2 FEPE SR B I 42 SR IR 2 17
AEIE 5] MR BT AR TR . R, ST
AR T R AT I R, KR
A RF PRI SR IR R BEHLIE I AERFFORE Z A1, a3
S R AR T IR XS A 35 3 St B 2
sk

X, j(t) + 13 % cosb X Xyand, j,
P, > Pl
X; () +r3xDj+rsx(Xp,j — Er ),

P, <Pl
(34)

X i (t+1)=

Xi, J(t) + cauchy X |)(17 J(t) — Eﬁ j|7
P,e > P2
Xi, j(t—l- 1) = e
E, j 4+ cauchy x D; x s,
P, < P2
(35)
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P A& AERE AR [ s B RE, R4 08 50
BihiT h 5 Z D RRIIMEMR; cauchy £~
T I (38) HHEASH, R IE A5
KRR HEF= A 5h, 5 BhAERE DR R IR S e
s FRANIEFEHUZE N T, FH T BRI (1) K AT P, @
T (39) THE.

T™Xt

T10xT (36)
Xyana = LB+ (UB — LB) x rand ~ (37)
X, rand XA (0, 1) A RIBELEL ) & .
ey —con (o (ris= 1))
X, rdy HIXIE (0, 1) A IBEHLEL.
s=R3xk xcosk x sink (39)

KA, R TR 2 4%, Bt (40) tHESH;
kA& IX 8] [0, 2] W HIBENLEL.
R=uxe" (40)

N, w2 SRR F AL v /2 B 3E MR e
1, B (41) THEAS N, T ROACGERE S S
AR FAR KN, SRR AT LR A 78 0 4R
RERRNMENREALE, 55 VBN Ak
5E IV 5 AIC i ) HRE B 07 6L

2t

v=1-—
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2.5 EHEIEHRES

Hy% 1 IR T MFSOA (ARG R, Hat
SR B E I B B S kAL A B B [F]
JE . RSN Npop, BRIERIKECN T, 10 @4
BN Dim, B FIEEN N .

TEMIUEAL I B, 36T Tent YR T B 5 56 0% 4] 1A

A HE B TR K 2% O O(Npop x Dim), 5P
& MR ) A JE F A O(Nypop x Dim). AEIEARALAL
BB, R CEARTE e A A M i B 0 AR R EAT HE
F AR RS St 1245 VR RN 8] B2 28 2O O(Npop X
log Npop) . BEJEHATHE SEHEAL HEME | 120 1 32 28
FEEAMAI EH 5 B, IR AREHN O(Ng x
Dim). fEZ IR, BNEFEAMAY T E LS
IEAETT ) D, AT KRG 9& 3R B B 22 S A A0l S B
WALE, JFEBITEERNE, ZMrNEREN
O(Npop x Dim).

25 LPTE, MFSOA £ S GEAH S 1] &2
HFEN O(Npop x 10g Npop + Npop x Dim). 1EHKIE
RUECY T I, FRAAR A Z AN O(T x (Npop X
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HiE 1. SRR AERERHEE

BN, FOBERUAR N, RIEARXE T, EAVES
UAV TG TASK , FERESEARIE 2 B idi B P, 13

. RIRES IR,

1) BEGIN

2) FRPE (24) THERE DEHANIE N

3)  ARHE (22) WIAG LIRS Rl

4)  WEMERENA YR RRIAME X, SRE
A Xo;

5) fort=1to T

6) FRAE A AE NAE A EHE T Epor;

7) HIFE I Epoo PRENLEBUREIENMA By M Es;

8) RAE (25) LERFTRETENE Epew;

9) R0 (26) EFRE I Epoor;

10) for i =1 to Npp

11) R¥E (28) THE AL T C;

12) M (30) THEAETET S TT I My;

13) M (33) THAZ R R 227 ) Ma;

14) D « |C + My + M|

15) P+ \/t/T

16) if X;(t) € Epoot

17) MRYEF (34) EFRE I,

18) else

19) RAE (35) BB ARNE A,

20) end if

21) end for

22) THE R R MR RERAE R X, 5 X,

23)  end for

24) END
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Table 5  Task allocation schemes for each algorithm
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Fig.6  Curves of optimal fitness values for each algorithm
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Table 6  Performance comparison for each algorithm
Yya ik Best Worst Avg Std P-Value o
MFSOA 8.3452 9.0674 8.6911 0.246 3 - -
SOA 8.3816 9.5707 8.9984 0.256 1 1.076 64e—5 ++
B 1 TLISOA 8.3709 9.5418 9.1318 0.286 1 3.91382e—-7 ++
PSO 8.3709 9.5327 8.8664 0.2744 0.028069678 ++
DBO 8.5597 9.5637 9.1149 0.2158 4.83916e—8 ++
ABC 8.3711 9.3997 8.8781 0.2460 0.022 309836 ++
MFSOA 8.896 5 10.5623 9.6955 0.4119 - -
SOA 9.6248 11.3297 10.3809 0.4504 8.84109e—7 ++
$ 5 0 TLISOA 9.3718 11.1058 10.4698 0.4320 2.57212e—7 ++
PSO 9.2072 10.4756 9.7538 0.3782 0.706171488 S
DBO 9.4911 11.2327 10.546 6 0.396 6 1.20233e—8 ++
ABC 9.2683 10.6935 10.136 2 0.2712 2.13273e—5 ++
MFSOA 8.8685 11.5420 10.0170 0.5490 - -
SOA 10.3406 13.0019 11.6999 0.6859 3.82016e—10 ++
15 3 TLISOA 10.1968 12,7229 11.4576 0.656 5 1.41098e—9 ++
PSO 10.4081 13.5471 12.2842 0.6693 7.38908e—11 ++
DBO 10.6991 13.3464 12.1833 0.6072 6.06576e—11 ++
ABC 11.0582 13.5474 12.3074 0.6576 4.50432e-11 ++
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Scene 1: Box plots for each algorithm
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