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Abstract: A target assignment method, interaction mechanism of the genetic algorithm (GA) com-
bined with the discrete particle swarm optimization (DPSO) is put forward based on cultural algorithm
(CA). According to the characteristics of MAV/UAYV target assignment problem, the interaction mecha-
nism between GA and DPSO is established based on the basic framework of CA. The proposed algorithm
improves the search ability and overcomes easily to run into partial optimization. The algorithm can solve
the MAV/UAYV cooperation mission assignment problem effectively. The simulation results show that the
proposed algorithm is better than GA and DPSO. The algorithm has a good convergence rate and can find
the best assignment scheme fleetly.
Key words: manned/unmanned aerial vehicle cooperation; target assignment; cultural algorithm; genetic

algorithm; discrete particle swarm optimization

b A 1 B4 T AL B REAR T T I R R L T AT/ T AL B A A R R o T AL
JEUS MR IATES HIR SRR T 0T BUTEBUT S RS R . B ANUE WA 55 g5
FE % 0 T T AW, B AN (Unmanned Aerial — # » HAERRAE 55 10 53 T2 J2 By 17 A 0 ik A2 o g — A+
Vehicle, UAVIBAFAE 5 77 sts P g g0 F o JR BRI

Te AL 2 T AHL AN/ T AL e A B 7 142 452 AR 22 JE LT 95 53 B 7 119 B 5 H 2% 5

i B #1:2015-09-10
EEWHE FEKARPA RS (61273048)
EER-N T WH990—), B hFRilwM A A, FEEMNFA A/ JE AL EAE R A 5. E-mail : wxkgdxy@163.com.

Sl EH kIR AEF . XELETFA/ EANGREEL B2 RAHEAL]] ZFTBAFZR: AR FBFIK,2016,17(2):21-
25. WANG Xun, YAO Peiyang, SUN Yu, et al. Research on Problems of Manned/Unmanned Aerial Vehicle Cooperative Targets Assignment
[J]. Journal of Air Force Engineering University: Natural Science Edition.2016,17(2) :21-25.



22 2R TR CHARBE O

2016 4

ST SCHRL9JHR T — i T B oKL TR S I Y
Z T ANALYRA H AR 23 e J7 2 5 SCHRL10 T8 4 5 i 5
V£ J0 1 Ak B BRI R % kB, o o x5 ] R e 1Sk
Ayt S BURTAT I 18] R AT 55 (9 P o S . kLt
SCHRAL 25 Hh T — e Ve A AE 55 20 O 5 25, Bk 2 X A7 N/
To NALY ) b AR BR AR 3R 45 A 2B AT 0 BT BT R Y
TEE IO Z AR TE R, B T TG 3 S8 B AT 55 /9 PR i
AR

1 AN/ TENDL AR RVE A A R 2654

A N/ T NG B I [ 1 A 2 52 Br T B AR
LB BEIK R 4 (Multi- Agent System, MAS)!'W 5
NHLFI4S To AL FE 5 MAS 1 Agent™, H st A
MR R A A PR AR A
SEA B G R A L B S H T A A-
gent Z [H] B9 F-EPEEIK , Agent Z W77 2 K2 & X
SER A I8 A5 RE S SO . B b A5 B ] B R
AR R AR LT F 452 6 Agent B RE ) R B, A
RE 3 N e B X BT B A PR 45

RT3 N B R T B O IR AN/ T N HIL G
B BIR [5] 115 A AR 22 445+ — fBe R I S 4 v XA o3 A =X
RR AR RS b 13 ANLS m 228
AL B G0 BA 4 BA N TE N AL J80 0 A1 AR 2R 254
T NG A5 A AP e b AR R 454 . TREG
ARV A R S5 40 R AT L) 78 03 K45 A HL e Y B
R RE ST, O] LLR 4558 AL G BA B XoF 52 248 5 L 114
SR EERE T

EIR A AR R G5 L g BA N A AHL T A HLE
iR BE I AT 5 H AR R B L S gwBA A B BE 1 1R
B TCANLLL A B Be Ty AR 4560k A A ABLm
SRR T 58 SR ] — 8 08 BR 1 S A E bR 43 T
S5 1 38 1 B BE R A5 R SR s g A AL A
AHLHE TC AHLER LAY J7 S8 45 B Sy S ) [ B 007
FED PRI T RS A XREESL T
A NHLE TEAHLTT F i b i B R HL] . A AL I
K imiE %, REXEEEN T X AR T
AT 55 43 TE » 7E 308 A5 A5 B0, BE RS X i 37 B B 1Y
HUAR TRGHARH S, AT A HLS TE LB R X B B
A7 EB 43 BC L S FT BE M 4R R AT 55 0 U AR .

2 HARorE B A 5
2.1 [EEEIR

i 1486 AHLS M BRI AL (U, G

HAr(T,; (G =1.2,,N)) #474Tdr. A AHARYE
Te MR M A5 B UL K B A5 X 3. 07 T6 A ALY a0 15
B M BT AN HLEE AT P G B T i H AR A
AR TR 5 G BART B B bR AT o ROR S b, B IR 7 g
BA £33 2K /)N
2.2 HEIEST
2.2.1  HRorEH

H AR B BEE LRy = (i Dy »

(L B HAR T SYELA U
"0, Hof

Lrfi=1,2,,M; j=1,2,,N,
2.2.2 BIRIAH KA

TN PATAE 55 it B b, o TS W] B 42 &
HAE RS 75 X o e B 45 SR AT Y S R R

KDOPWE T DARFMNE SIS A
R TN I DN M 2 2 Mo A5 2
MNAREME LRE @ BRIRAMED AT N LA
% I ZPATA N oo dE 5 .
2.2.3  FIRH bR R %L

HAR R B2 H IR 2 M ERHEZ  PATIES W
Wi 25 L A B PR

DAE 55 W 45 sREL

QY

N
G(R)= > A,n, (2)

S A, T LS LB T, B, T AL
ek HRE T, B4R A AL

M
L=1—1] a—pm (3)

X py WU, BGE T, WX R0 SiHER

TE (28 T FE o BT 55 19 B0 R R
1155 O S BUELAE D9 H AR 23 e 19 36 20 M 3 o H AR B9 40
SERUE th A AHLPEA B 2 LR/ H RS 6B H B
SRR K ol R L A B AR AR BA K

M —UE;j D

A SO 1 Al T A A B ASASC B AR B w
FEBRAT o B9 7 R g0 R H B 28 B LA K R
REBERE HARATd L)y 8 T 0E b AT I
SRR

g =1/k (5)
2T 55 58 WU AE R AR
N
HQR) = Do, (6)

Koo, WIABL U, BB BEA 50, % AL
U, B 5T ABLA B 0 A e

0i = Z(UZUJFW”JFT:Z”)F” D)

j=1



5% 2

F LA SR BETE A N/ TE B R B bR 23 B Y 23

K. 0, AU PATAES T, MR 9, B U, h
1 T B XU AR o BITE A LB B i HE A5 2 S U,
Wity T W B BT IR FE , 0 S o0 s AR L BEDRIH AR SE

i H AR 2 B I 4 R B G (R FT A pR £
H (R) L [RIA4 B H b e 80, F P15 9 L (ELAS Bl H
P bR

s<R>;’I((1;))<jZ;A,-,l,,->/<[Z;a,-U,> (8)

) 5 A2 73 TR 235 2R 0T 7 F) A 5 A2

R =S (S0 9

2.3 BRSELE e 8 F i

AN/ TE B R AT f b 2 B )8 AT 4 52

DU Bk .
~ N N
max S (R) :;((11?) :(;A,,u,-)/(za,u,) (10)
M
Mo < 207y < Mo,
5.t o (an
N < 2075 < N

j=1

3 W SCALTR I B A s e i

3.1 XEE

N/ TN R E B AT 55 43 Be 0] B — A~ 2
SR ZARA S AR &, J& T NP-hard 7] 35,
SR AR 33 288 T 014 AR AL A 2 A% T DR RE L AR
PR KR A H R AR 2 5 B A R Bt IR
SICH B Y ), PRI, AR SR s A% R OB T
HER 25 6 1Y SO BB R AT SR A dl o 2 A AR 1 3
PEaR s s 5, 4 vy B — Sk B o Jm 0 S5 A0 1) AR
B PTG FE

AR B g — B COBLTE fb RUAR B HE fb 2
Fgtozl B R EAU A 2 A Es ) AF & 2 1) R RE AR
23 [A], BRI ZS 6] 2 Bk Y = 4y L 38 ok Ak AN
FEAS W AT 5 B A 0 58T 5 A s [R) D 2 55 0 1 el
B, e B SR 580 N RS &
H B 19 3 Ak R PE A, AS W7 B B AL AR, I 3 2o 5
A Ol R 2 ) ) A 25 A, i o LB AR AR

AR SCR B HOR B AL 5 st BIE A A 1
SCAR IR X [P) R R AT SR i . G v B HORE B R A
R R AR 23 ) TP A A A 8 A O 5 st AR A SR AR s )
A AR ) T Ak TR
3.1 BHECR TRk

- BRI A o AR Sy i 2 () R T
BEASRL T A I0AT B B A B m e X E TR Y
1B BT R AR YE A B DL R e R T R sh 2
AR R A L A L A A A ) b i R B A
iz, K0T — B 20007 B iR Y R A

IR AE DL S i 4 R B P Al DR

MR A N/ TS AHLP R AR & B A5 43 B 18] 38 A9 45
S BRI Bk 0 RN R R 43 1) L 5
(12> A (13), 1,

v,(l‘+1) =

0Ou, () D, 00, )08z, ) D c,O0(p,0x,()) 12

2+ =2,t) Dv,¢t+ 1 (13)
K =1.2,,m.m NRF A5G Ik ARE
Lo NI KFERKE e, NS E e, HIEES
o NIBHERE; p, R F ARG D73 () 5 4 A7
Hop, HEEARLT BT A R 28 D0 3 0 B U A
©.D .0 NEHIZHELT, BIRY) I E LA A
PRI TE L SCHR13 ],
3.1.2 mfeEk

WA FIR A T AW 2E h W ik i AR v SR
B R ARG IR, 1) R 7
FH AR 2R, DL il 4 i o i =X 0 2 L 32
SUFNGEAS SEREAE L 7 B — AR AR SRS AT
FEEAE 0 HE 3, 5 15 005 07 A A 1 A AR A S B R s —
kb R 2 s TR AL et iR B AN S B i
T IO PR BE AR 33 Y o (Al 2 ] A8 1) S5 AL A
3.2 HESR
3.2.1  BEKRz )

Stepl )45 Ak kL Ff 3 B A7 & DL S 4% S
B TE RN RL T 1440 LA 3 N A

Step2 AR #E =0 (12) F1 5 (13) B 3 B A4 R 19
R RE RO B AR A AR A 1 e A

Step3  FI W7 2 75 2 I A& Ik S5 (R SCH|
WiT 45 1 SR 152 2 ) e KA ARIREL N ) » TR 2 %
% Step7;

Stepd  FI W72 75 ) Jo A HLEE A J7 28 (AR SCH
AR g A5 8 B [ A) B 2 AR R ), A SR, T
] JC ANPLER A /T B B o Bt 0y 58

StepS  FIWi & AR 41K A JTC AMLEY 2T &
A S W 45 Sk 2 15 38 3] ) B 228 AR B ) L I 2R
7 55 2 Step2;

(Npox — k)N,
k=[] N, +—Nm
e Ny N, HEEE ;£ o] 1 HUE

Step6 Kok A T AMLI It i R A AL
W 25 DT R & Step2;

Step7 A AWML H AR50 B i fe L7 %
3.2.2 fR&=N

Stepl W1 UR AL FhHE LU S 45 500 280 B B
(NIRRT R =R

Step2  HEHIANEE ARG AT S X AR S R R AE
BAE;

Step3  THHHT AP HE G NV B (R T R A M R BE
A B AR AE 5

| (14)



24 2R TR CHARBE O

2016 4

Stepd I Wi 75 0 JE 150 E 1Y 26 1k 2k F (AR SCH)
Wrokfk A AHLEBEEL k), R, NEE
Step8;

Step5  HI W72 75 ) A A ML J7 58 (A SCH) e
S Ry 5 ) [ A ) B 2 AR B ), A SRS T )
A NHLEEHE /T BB R 7 %

Step6  FIWT 2 A Ak B A AHLEY @ %,
RIE L 5 2 Step2;

Step7 Kk AA AMLAY L T RN TN
ML 822 7 8 . % & Step2;

Step8 45iWiE1T.

4 Z=BI5E

ﬂ}i& 1 aﬁﬁk*ﬂ—bj 6 %%AHL (U19U29"'9
Us) 20 CAE 802 BN, O R PRAT 1 AT 55 Horp 4 228

AMLPEREAH TR, 2 28 S 4 To AL &7 i B As ok 11
AT Ty To) s ATAEAR AR 100 X100 B FE
XN, A AIRESHG R GA PR T A
BLXT b H A7 5% 45 B 23 LA Sl B Ar w36 T AL 2
JE TS R G R ANLBAT 535 A AL E S
BB LR 1~4 MR8 DL A5 B X JE AL 4 BA it
T HARAEC R A B B AR L AL 5k . 45 2L ] g
UF B H AR Be 2 A 545 36 T6 A ML H AR A7 4T 5
A R £ e .
1 ZTANMERBENEBRREAVAECE
Tab.1
TAH U, U, U, U, Us U,
ME  0.24 0.24 0.24 0.24 0.89 0.84
WAL (21,0) (34,0) (0,60 (0,36) (0,70) (45,0)

UAYV Value and the initial position

®2 BHRMERME

Tab.2 Target value and location

H #5 T, T, T, T, T; Ts T Ts T, T T
HEsfr i 0.48 0.77 0.33 0.74 0.54 0.65 0.43 0.35 0.63 0.66 0.57
HFfiE (10.33) (66.54) (55,65) (99,46) (82,81) (23,96) (50,9) (83,28) (15,97) (91,87) (10.,81)

X3 TANMBHRHRGHESR
Tab.3 Probability of UAV damage targets

To AL T, T, T, T, T, T T, T T, T T
U,~U, 072 0.69 0.94 072 036 028 027 074 0.24 0.78 0.45
U, 0.8  0.42  0.43 0.9 0.13  0.95 0.8 0.19  0.12 0.61 0.35
Us 0.43 0.58 0.69 0.03 0.34 072 0.15 0.24  0.29 0.3 0.75

R4 ZTANZIEEHNREBEEER
Tab.4 The Threat level from targets

FABL T, T, T, T, Ts Ts T, Ts Ty T T
U, ~U, 0.51 0.15 0.82 0.78 0.12 0.11 0.39 0.92 0.82 0.45 0.29
U, 0.02  0.62  0.41  0.45 091 011  0.38 0.33 0.78 0.49 0.62
Us; 0.48 0.23 0.97 0.01 0.32 0.58 0.08 0.97 0.58 0.33 0.87
Gt T I AR 1R R L AR SC A SR TS Ok T L& rsassse
S (DPSO) BE 2 (GA) U B 3 (CAD 3 1.6
07 LR A 3 0 50 % 9 07 2045 SR 0 LA OO L i i
1.5, I RS-
A B A S B A BRSSO %;{
(010110001017 Lol
10100001110 0'90 100 200 360 200 5(')0 600
AR
Ry — 00101011010 R N A
01001100001 Fig.1 Performance comparison of three algorithms
10000100000 DL L AT L 3 A B i SR B A
00010010000 BODE 25+ SCAGTE T G 3 £ 0 R B8 HORE T E 50 2 L

A U A



%2 Fbl A SO TR A /TR AL B R AR R E R 2 B v Y 8 25
x5 EHEMEILEHIE Journal of Northeastern University : Natural Science Edition,
Tab.5 Comparative performance data for the algorithm 2009, 30(11):1542-1545.(in Chinese)
BT b CA __DPSO __ GA [5] CHENSJ. HWANG C L. BECKMANN M J. et al. Fuzzy
YEAR 500 FCUE B9 B A i 1.763 1.755 1.762 Multiple Attribute Decision Making: Methods and Applica-
e fIE g o U B AR B 180 370 440 tions[J]. Lecture Notes in Economics & Mathematical Sys-
MR 5 "I, ALRIABE G B I R A R B X [6] ;:1;51711\19(?;’;;5;4)’;;513E1:.R§()N M, RICHARDS A, et al

F b5 3 e )RR B 1 A o A5 T 8 FORE 7 3 533 A Multi- Task Allocation and Path Planning for Cooperating

i e SCHSR M SRR 4 TH T 51,306 A UAVs[ M]. Cooperative Control: Models, Applications and

59.1% . WaStH BEA 1 BOR TR BE 1Y 50, XA ok H Algorithms Springer US, 2003 :23-41,

v LT S SR A [7]  VALENTI M, SCHOUWENAARS T, KUWATA Y, et al.
B 1 ,f;zt B RN B OB T B %: HRAE 200 ~ Implementation of a Manned Vehicle-UAV Mission System

400 BT, Tl f 093 N B A R A A AR AL, X f [C]//AIAA Guidance Navigation & Control Conference &

T AL A N B U P R R A S FR A R B AL Exhibit, Providence Rhode Island United States, 2004.

(0 Bl b 5 B 05 K 1 S AR OB A R i Bk L R R R A [8] FANC, WAN Y. An Adaptive Simple Particle Swarm Opti-

T S A v LA e b 1 S ﬁ%%lz%:/f?f mization Algorithm [ C]//Control and Decision Conference,

X FH,:D ’ ﬁn?ﬁ% EQ%@MI\EKH ,,ﬁ\ﬁﬁ‘/\jﬁlﬁj o (). RETRSHFHA, 2010, 32(1):104-108,

Jey i dre P B BIL A 2 KR PR E T SO e YE Wen, ZHU Aihong, PAN Changpeng. Cooperation Mis-

25 Ty Be i1 Jry S dme A0 4R 2 4 R e A0 e sion Assignment Algorithm for Multi-UCAV[]J]. Systems

Engineering and Electronics, 2010, 32(1):104-108. (in Chi-

5 éﬂﬁ% nese)

(10l Jedh, EREE. B, 5. BOM B O 7 BE UL 05 15 5K A ik

ASCE XA N/ Te A B RAE & B AR 4 B R L) N GR T R AL AR S, 2005, 26(8):1331-
BEAATOII. F G T A /T B L34

HLEM, ,MEEE{E%:T:EM::% ZEHIT LR T XA B PANG Wei, WANG Kangping, ZHOU Chunguang. Fuzzy

_ N - . Discrete Particle Swarm Optimization for Solving Travel

#{E%IJT H9TENBL B o il )RR R TF BT 5 2R 57 1 H Salesman Problem [J]. Mini-micro Systems, 2005, 26(8):

i o3 B RY S J 1) 38t 4% B 0 R HORE 1 5 12k 13311334 Cin Chinese)

PO TOCHIT R I R R RLEAT TR ) e wmm. ma 5. SEANAGRBEDEHIRH

SRR, JACT L BAT B AU L A 1 BIPEL)]. 2 TR AR, 2014,15(6), 11

42 R4 R BE T . AR A% B PR b e 2] [ 85 e G o -16.

CHEN Jieyu, YAO Peiyang. TANG Jian. et al. Multi-UAV

SE XM (References) Decentralized Cooperative Dynamic Target Assignment Meth-

[1] DUAN H,LUO Q. SHI Y. et al. Hybrid Particle Swarm od [J]. Journal of Air Force Engineering University: Natural
Optimization and Genetic Algorithm for Multi-UAV Forma- Science Edition,2014,15(6) :11-16.(in Chinese)
tion Reconfiguration[ ] ]. Computational Intelligence Maga- (12] RWm, fRWE. —FETRFRHERNUHEZ AR UHE
zine, IEEE, 2013, 8(3): 16-27. w01 w9, 2012, 27(8):1127-1132.

[2] LI W,SPONG M W. Unified Cooperative Control of Multiple WU Yali, XU Liging. An Improved Multi-Objective Cultural
Agents on a Sphere for Different Spherical Patterns[ ] ]. IEEE Algorithm Based on Particle Swarm Optimization [J]. Con-
Transactions on Automatic Control, 2014, 59(5) ;1283-1289. trol and Decision, 2012, 27(8):1127-1132.(in Chinese)

[3] XU Z. ZHANG X. Hesitant Fuzzy Multi-Attribute Decision [13] #K, THEF, AN & BT 00 1050 0 5Kk A A 17 g 1)

Making Based on TOPSIS with In-Complete Weight Informa-
tion[J]. Knowledge-Based Systems, 2013, 52(6) :53-64.

(4] #3770 B, FORNE. BT s MRl 7 REZ & 1S
[J]. ZRAeRF 24 AR, 2009, 30(11):1542-1545.
HU Guanghao, MAO Zhizhong, HE Dakuo. A New Cultural
Algorithm Based on Hybrid of GA and PSO Algorithm []].

0. AR 40 FESERR, 2003, 41(4) :477-480.
HUANG Lan, WANG Kangping, ZHOU Chunguang, et al.
Particle Swarm Optimization for Traveling Salesman Prob-
lems[J]. Journal of Jilin University: Science Edition,2003, 41
(4):477-480.(in Chinese)

(%R 8 IR H0



