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Abstract In recent years, the multi—aircraft cooperative control system of UAV has been widely
used in many application fields, such as military strike, ocean monitoring, aerial photography on
land and disaster detection. In order to describe UAV cooperative multi—task allocation scenarios
more accurately, this paper proposes a UAV cooperative multi—task allocation model
(M-CMTAP) that considers multiple constraints and multiple optimization objectives
simultaneously, which involves mixed decision variables and multiple constraints. These
constraints describe the relationships in the complex decision variables in the actual military
scenarios, including UAV resource constraint, UAV type constraint, mission execution sequence
constraint and multi—aircraft cooperation constraint, etc. In M-CMTAP, two optimization
objectives are taken into account, i. e. , the total flight range of the UAVs and the completion time
for all missions. The shortest flight range of the UAVs means that the UAVs consume the least

flight resources during the mission, while the minimum completion time for all missions ensures
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that the entire military mission can be completed quickly. In order to solve this M—CMTAP model
more efficiently, this paper proposes a co—evolution based mixed-variable multi—objective particle
swarm optimization algorithm named C-MOPSO. C-MOPSO firstly adopts the mixed variable
coding method to represent the task allocation, where some discrete variables represent the
allocation relationship between the tasks and the UAVs, while some continuous variables and
some other discrete variables represent the resource consumption of the UAVs during the mission.
In order to generate feasible particles satisfying various constraints, a feasible solution
initialization method with constraint processing is further proposed. And a structured learning
based reproduction method is then employed to update the particles to improve the diversity and
convergence of the population. The structure learning based reproduction method learns the
historical structural information of good solutions and the corresponding structure length can help
keep good convergence and diversity of the population. After getting the position vector of the
good solutions, it sequentially adds new task numbers, UAV numbers and resource consumption
values satisfying the constraints, until all tasks have been allocated to the UAV's and completed.
At the same time, in order to further improve the search efficiency of the algorithm, this paper
introduces the idea of co—evolution to design the search strategy, and different populations
exchange search information through the way of co—evolution. In C-MOPSO, the co—population
co—evolves with the particle swarm, and the fast non-dominant sorting method is also adopted to
select the first N dominant particles from the fusion population which is composed by the co—
population and the particle swarm to update the Pbest. Due to the co—evolution based population
search strategy, it can balance the diversity and convergence of the population well, which can
help to generate better particles, so as to obtain better solutions. In order to verify the
effectiveness of C-MOPSO, four representative M-CMTAP test cases are designed based on
different UAV distributions and mission distributions. The experimental results on the four
representative test problems show that, compared with some state—of-the—art co—evolution based
algorithms, the proposed algorithm C-MOPSO outperforms others on convergence efficiency and
diversity of solution sets.

Keywords co—evolution; particle swarm optimization; mixed—variable optimization problem;

multi-objective optimization; UAV cooperative multi—task assignment problem
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BL U, $0AT 5 BEB S X5 07 A9 4T 55 3 B 3400 ) 42 v i)
X{=1(ke{2,5}). BT M7 ] 2 1 55 =47 %
R T MR TEEANT 55 B (0 B UR T AR 45 2R L % 1)
TR R T T ML T ORI 55 R T o 45
PG AT 45 B [RITH FE i 2240 i, A Fom ik =k B
BLBATHT o5 AT 55 T AR 550 H ) B s o

fES SN | 1 4 2 5 6 3
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VURINFEC | 255 | 135 3 2 165 | 55
SR AR ]

UEAh N T R ALY AR LRI 45 9 R 1Y
o B 1) AT 55 g 5 BRI AR 26 T BB T
55 BT P 1 v B8 520 Sk Rm TE AL U 1
TSR MM, M M, B0, 25 05 3k F2 R TN
HLU, BIFTAE S5 MU R M, M.

T IZ G5 77 R AT 4543 Bl R A2 R )
(TR A 75 i 7 =X s R B AN AU AT LURERE T (9 437
B ] RO A M-CMTAP 89— ME 543 i
TH8] s R HA T L3R 432 B8 TE AMLAT 55 P Tad 7 o
) s AR AN S P R PR 45 AT~ (0 58 1) o v 4
J¥ 5 2 2 H I A ML AT 55 A . 38 o 3 Fol
Uity 7 v BT UEA TR AR S B AT A i — A R
AT 55 43 B TR RN TE AL A A2 B0 S 45
3.2 ETARLEWAITHERNBN T X

T M-CMTAP BRI & 2 Fh 2 50 5% A4, fii
FEFAT 55 A B AN AR B A TR A AR T i 5 5 T i
S AT AT L AR STt — 20 25 SR i In) Y
FEVE R T AT 2 A B AT AT A bR A vk ok
G CIE R TA AN

FERIIRALRT s Ry T A R 55 43 B 25 2 L B2 IR
FELE SRR T AN TAT 55 B 1) 5 A8 T K00 & SR 0l
JE LY REAT R B B T ke AT AR S AR AR TEA
HURITE AMLIRA T AT 5555 BEA L M JIT G 1T 55 465 N
A T NHLEE A sk B 4n SR B 3k A T8 AL RHTE:
5516 R LTS5 D0 ) X AL ] RS I — A
FH 2R (AT 55 53 FL 25 S RN G2 U TS AE 45 R . AH N
Hi UK BT A JC ML AT 5 BPIR S i A
Je kAR AR b AR BB E 19 T AL AT 55 AR
AR BEMLAE BB BT 55 o Bl 5 SR Ao U T FE 45

Xof R R I S CPL T ) 3 8T W B AR s T 32
PERE S5 A T AME ST =R M 2.

T, T,
M, M, U,
M, M U,
M, M
EBES FTNHIEES

K2 (s MmEAES

SR 67 P S 5 i) e 07 A8 A G R AN <
76, FAE B PR T M, IF B L iS5 B AHL UL
AT TEAHURERS H AR LI 25. 54> PR 1a]. SR
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ML U, 8 36 B AT % AT 55 U B 78 1ZAT 55 b 00
13. 5AN BN AL 22 J5 A3 B 1] A 28 = 5 A g
NN TP B bR LT A 55 19 53 e 45 SRR R
THFESS AL, 1 TEAML U, B8 FHRAR R 13X
AFTHAT S M, R M. B » BAS H bR B BFT 45
PEARAT 55 M F M B FL 4 28 TE AHL UL 30T U,
PATHT i 45 SAPAGAT 55 M, F M B9 I 18] 43 51
5. 5116, 54~ BA7 i [i] .

o FH 3 T 20 R A B RT A TR AR AR 1 A Bk
T E AR AT

Stepl : MAEAT 55 RS A E A MUK S BT 5543
[ESE S INASIME S e S sl el WA I B/ [ 4|
H R TE AR KHE A2 H bR L A4 554
HESE SR UK 43 L 45 JC ML T LA AT 55 A T
SOINPERAN S

XFF B S, el RAT HAR T 09 S AT 55
M A E AR T, FULIAT 5 M, 7] AP B AT

Step2 : M4l AT 55 2 U B LS BROG R Fp S ) BN
B, LA 2 TC BB

RS AR AT T AR S M, LM B JE
AHLA R TE AL U, WS 5] DL RESE£E U

Step3: AT 55 1 T AMLIAT 58 5 L X 24 1T
155 RASFTC AMURA SEAT 587 . BT 55 RS I
7 B T AT 55 50 UUT RE B 9 B IR LA SAT 55 58 B
IR

i T M S R R ORI R (R B RN T
25. 5B IS ] o PR LR B M R B S8 RS, IR
M, NBR T RS A T LBk,

FOH MR SRR E R ANLE AT
IS /AL E T IANIATHATESS - T AL
B QAT B G i, JC AL 4 i 7 B 9k 8 BT
55 Jr A7 . A 3 TG A LIRS FAT 55 R A () AN I
EACTE BT e 2R L — W R T AT R A R Rl AT
A

B BN TP 3 T 2 oA B A AT AT IR
77 3 A B — R 7 B 1) e A R O T AT
FPAT BT 2950, B H AR L AUIAE 55 T AT
55 FPPEAR AT 554 e BR3P P04 7. 35 247 om0
WU BE H AR 4 175 2L AT AT 55 Gt 5 AL B ]
a5 3T RIS 91T AR T A TI%AT 55 1 T AL
EESUN NS I 1 S| LU A B S e a RIS R
PARAESS , R K AL IR B — A S TE ML T . XF
FAT AR5 . IR S BN — 2R 6 T AL 56
1047 7R TC A HLG = FT: 55 169 9% U314 #E % n 1)

g . 2, — N R 2R T NS5 5Bl
AT 55 B IRTHFE S R O A U R AR T 1Y
O & a5 1LAT 2056 1817 )8R T R AR
FAEHFRME S5 RS B R YAT 55 58 U AT 55
BB S A TR, BARTE 55 4R G 2 MR
X ¥z B R4 FAT 55 2 e 5. M rfd His b
(A 55 4 8B 50 i WARER — AT 47 14 55 43 e 1)
C e B B, B —> AT ATk -8 B ) A A
BiR1. ST ARA BN AT TR LR AL T
WA BbrEES T L5554 TaskSet, T AWIES U, Aif
Hlnj i P=(MN,UN,C)
iyt BT RO B ) i P=(MN, UN, C)
1. WHILE A#5#E4 T#¢ DO
2. MWHRES T HBEHLEERE— HR Tj, iz Hix
W55 5545 TaskSet, k£ 4 1 T ZEHAT I A 55
MK H kS INEIT 45 2 5 7] 2k MIN =

3. IF M,RZEHI M T & |Observe , Evalute f THEN

4. TS U B HLE B — 2 s e ABL U,

5. BEALA: BT AL U BATHE 55 M B TR AR CF

6. ELSE

7. MTEABEES U h LB — 2288 B AL U,

8. Rl AE 1 TE A BL U AT AT 7 A 55 M, 019 5 30008

FeC!

9. ENDIF

10. A5 A IMBITEAMG & UN o6 CHEs ) 5
FECH

1. HHHES MSERUIT s % IR RS,<RS, — C!

12. TF RS =0 THEN

13. TaskSet=<TaskSet,~ M,

14. END IF

15. IF TaskSet; ==¢ THEN

6. T<T—T

17. END IF

18. END WHILE

19. RETURN P

AR AT R A AT A W L DR
o B ] AR IR — A SE B AT AR 55 0 FE 45 2R
1 Al 7R Jo AN TR 55 I 8 B AR LI 45 2R 5 2) %
T IBAAE H R AT 55 70 B30 miraT 2 0 W >4 i
AL RATARZS T 55 52 IR S » Dt T LA O 8
A SR AE 55 0 BC 45 SR A1 JC AL ST IR FERE RS 1 /2 20
W5 3) BEAT: 55 73 L 58 HE R 23 S S8 JTE AHLAIAE:
55 BRPIRZ  DRL I AT AR i ok A JC A9 A 55
PCZ SRR Al A 2005 ) T2l A 7 vk A
WRAE 55 PAAT W R o3 BEAE 55 - 72 58T 55 B AL
155 BEA 58 AT » AT 55 A 2o Bl 20 2 AT JC AL
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3.3 ETFEMFEINEATZE

T C-MOPSO R H] 1 5& TAE: 55 73 Be F B 42
FLA IR A AR iy 5 B G E AL IR AN IS
A R A R, o T A RAGEE e d 20 0 B b AR S
TR A SCES SR D G B dE— 204 i T
ST a5 S A Tk

T E5 027 > (A 7 A AR 7R
FA T RIAR WG AL TT AT i L B2 AN ) 22 b7 T 0T
TR iR A2 TG 24T M AR (467 B ) & P asn
FE55 43 B AR T IR TH AR A5 SR, M2 T 45 2= > 1y
20 5 1 A ORI D 58 i 0 £ Bk A R
TG A T AR A B I A5 R AR B AR
TIGHR 06 12 20 SR AT 55 25 T A B G5 1 5% 50
FRAE , BT A 55 2 A B 2h T AMLIF B AT 58 1.
FLIRG R ANk 2 R .

B2, ETEHMA W EA T

A SACAR I AL B ) 3 P= (MN", UN",C"), H¥z

A T, HinWE S EG TaskSet . TAWES U
i i s FACRLF A 8 1] 5 O= (MN°, UN",C”)
1. BEHLAE B FAR 27 2 ACAREE M A K B S, 0 B AL TR
BT 8 i O= (MN°, UN°, C°)

. FOR i & 2 s, I<is<<S, DO
3. M5 G5 k=MN, T AWLGS i=UN/. Biréi's

Hj
4. MN <+, UN<,CO<C" //TRA A 1 38

GrEER
5. HUHER KM SE U BEIRINFE RS, < RS, - C°
6. IF RS,<<0 THEN
7. WE A BARMIESE S TaskSer, h 245455 M,
8
9

Do

. ENDIF
. IF TaskSet;==¢ THEN
10. T<T—T
11. ENDIF
12. END FOR
13. s=S,
14. WHILE H#r&EH T#¢ DO
15, s<s+1
16. M E#rES THRENLEE — B4 T, Wiz Bix
MAT 55265 TaskSes, 5 Y i 5 E AT AT 55
M,,UN <

17. WEABLES UhBEALIEH— 2RI AN U,

PATESS M, UN~i

18, BEMLAE IE ABL Ut BT 55 Mk 19 55 IR AE C/
Co<C}

19, BHAESRES HAVURE B HIRES T

20. END WHILE

21. RETURN O= (MN°,UN°,C?)

L 258 VAT 805 1247 R TR Tl i 24 )
AT A5 0 LTS48 A7 BN T AR AR 38T
LM R AR . BT Ok B8 44 e e T —3 A 55
SELAE ARG FEZE AL, R e 75 2 H0H TC ALK
AFHE bR AR5 R LA (838 E AR 32 ok AR BB
BYAT: 55 53 B 235 SR A0 I FE 45 SR R4 T 2 A SR )
Wr. 55 1447 228 20 17 278 7 AOR 72 T AUk 1
BRI LA B A R A5 AR A o AR L i A AR
B AR B T AR 3873 A 55 3 e 45 AL Fn ¢
JRIHFESS

B, TR AR T AR T Y
BB a5k HARAF G By S, e i 1 AR+
SN E € s T A AW VAw R S N S AW AR R EOEST IR
FE S, 3R, RO AH X T A AR A 1% G Y AR
b FARL R AE AR S At L AT R R 2 L i
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K, FAFHE R Z RIS 2L T, O 1l 2 1
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B TS A B R R A T 3R ME—Bff 2 1Y G
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VERE AL 5 AN, SRR FH 2 ¥ i BRA e SR A i
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H A5 LAk [ R R 9 22 R 1 1T R 23 A8 250 gk
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B AR. X TR/ R 2N WA EE, 15k
P 3E 52 L HE Y O vk DL B B IR 4 bR
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B A AR A 0 e NN EE & OD B AR R R
FE T — M P RAE D, R T 7850 R X S {5 B
hnpe S, 51 A U R R AL 2T NASEE S
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Pop. i 114 ¥ Co-Pop 5 Pop #E47Rl& - ¥4 KR ) K
/NTR 2N A SR F T A R S ik
TEPE o5 A A 2 3R SR A Lk A5 . BT ik
RN 3 PR,
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Pop., [a] i F L NAEE A0 A AR A5 18 27 2T 1)
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fie HE ¥ 77 3%« M\ Pop Fl Co-Pop 2H 1%, 1) @il & Fh 7
Combine_Pop F#EHUAT N~ 5 454N A 8 587 Phest. B
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554 k7 Co—Pop H AR 75 AR U S5 A 1) Pop
A G o PR R S BEHE Y ) - AT A5 D7 58 e
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Pbest (B Fi it THMNH R G B & TRk

B3, EET YRR R SR AR

BN W EFNEE Co— Pop . FiF#f Pop LK 7 52 fe A b

T Pbest

i 1 RARFPHE Pbest

1. WHILE A 215 126 4F DO

2. BEEUNAS G RAA, FET SR/ Phest R FHZS M) B 4L

Iy Ve WK BE Pop

3. BEBONANEE b 0N R 4540 2 D7 vk AR P
[REAEFIE Co—pop
4. EREVEFVEE Combine_Pop<Co— PopUPop
5. quickNondominatedSort (Combine_Pop,2N)
6. HHr Phest, Co—Pop
7. END WHILE
8. RETURN Pbest
AL G FRE SRR AN ], B IR R SRR
WA T SRR E R e s R T HE S
AR AR S, INTTTAT R I 1 Fifte 2 AE 0. )i
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Hbw . EATI9E BB A — [ & B TEA
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554 EWINAT: 55 AT AT 55 FIPEAR AT 55 . TC ML T
AT 55 6k 5 BT B AT 55 % 102 19 H A T AE (1) A A Ak, A
B BRSO oKL S8 BOULIATE: 55 R PAS AT 45 75 22 i %8
JC AMUAE H FRAb AT — BE I 1] Cis ] B2 A8 . 58
BT AT 55 W75 ZEHFE K S TE ML LA 5.
FEREAS S, SR 0 T AL R Gef 46 8 2R it
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FI AT 55 75 BEHE A — o 1 54, T Ao 28 TC A ML AS
P . i TC AL CATEE iR R . BeAk,
B TC AN fi AT R B 182k 1000 K.

x4 01 BFREMEE

B e
AR 1% 1155 58 skt
WLIAT:55 M, 100
Hbz1 (13,41) Tt 55 M, 2
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H#52 (61,83) FAES M; 1
PHAAT 45 M, 20's
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H#53 (79,12) FIAT S M 3
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WEIAT: M 90's
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AN AT 55 M 155
MAT 45 M, 150 s
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AT 55 M s 20's
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4.2 XFLEERFEMIEIR

AT ERUE C-MOPSO B HERE A SR T H AR
AARFNER 3/ T U Im) AL SR g ) Sk R A T X L
SEH A4 : CPSO™ . CoMOLS/D™ 1 CMPSO™. 1
Hr, CMPSO Fl CPSO FEEARKT R-AE T 2K F 1
PSR G ST UL AL A B AR I 5 AR D3 [
HE AL B 2K ff R A 2 B bR AR AR ) 8. A LT
CMPSO, CPSO R H T 3027 > 5 W L 1% K W& g 1
1 BB BEAE AL A H AR 04 [RIB OC R At H AR Y
T 0L B T A FRER Z 4. CoMOLS/D i g
T3 % T3 V5 TR FIRE L 5 — B R PR I A R
(Weighted Sum, WS)BEREAA 11 5 F0#E P 3 [F]
b 56 R0 BE Q 3 T R L i A aE AR S

x5 ZOIITANBEHERE
JE
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A FR TP i (km/s) #EHEH
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Background

The UAV system composed by multiple UAVs has been
widely applied in military strikes, scientific research and
observation. The UAV cooperative multi—task allocation
problem model (CMTAP) describes the scenario of assigning
tasks to UAVs and UAV path planning. Studying the
algorithm to solve this model can help researchers to dispatch
UAVs more scientifically and reasonably. However, solving
this model is challenging. On the one hand, the model is a
combinatorial optimization problem. It is difficult for existing
algorithms to solve the problem effectively in a limited time; on
the other hand, the model includes mixed variables, which
increases the complexity of the problem space and increases the
difficulty to solve this problem.

Therefore, in this paper, we introduced the co—evolution

strategy and proposed a co—evolution based mixed variable
multi-objective particle swarm optimization algorithm C-—
MOPSO. C-MOPSO adopts an encoding scheme based on
task assignment and path planning to represent the task
assignment results and path planning results of the UAV and a
constraint handling based feasible solution initialization method
to generate feasible particles efficiently. In C-MOPSO, a
structured learning based reproduction method is employed to
update the particles and the co—evolutionary population retained
by C-MOPSO will co-evolve with the particle swarm to
update the historical optimal population. Compared with three
state-of-the-art co—evolutionary based algorithms on four test
cases, the experimental results show that C-MOPSO

outperforms the others.



