2019 4F 4 A
E3TEE2M

Journal of Northwestern Polytechnical University

Podb Tk K 2 2 i) Apr. 2019

Vol.37 No.2

https://doi.org/10.1051/ jnwpu/20193720354

HHAANTIREFZNSIIHEZ&BIRDE T IE

SR BRI pEET B,

(1.43&%&%5&? 93175 FRBA, THHK KH  130000; 2. 25 4T FE K2y 2B AF e, BV vE4% 710051;)
3. EN R ACEE 94754 FFBN, WL 5524 3140005 4.+ E A RAEALE: 95026 FFBA, A& il 528000

H E A PR TR B AR EE A, R T

AR B B ERG LM E RET —MRBEAL

TSk, B RRIABAUE R E A A TR0 2 AN b FPRE ARIE T M6 AP AR S AR R B R
A 2 AR 69 K AR AT AL 1 AR R T e # A RO T AT AP BRI A 8 Ak —
PR AP B S AR RGN EAE, RE R ERRRHIAL LR A EE 3 FEMNHAL 25 Lk
WA T A, A RE  RBEA L o ka8 A A& T A S A AR S R AR R R
Moo Bey £, R T 4R 25 B AR B R A i 2 5 TRAERE K

*x #
hESHEE.V271.4 XHERARERD ;A

ARk B =T E AR DGR & | S PLERR]
23 E B AR S B ARSI, TEZ L]
25, AR B A 3 G L H AR, uor k&
FEZ ML PR 25 R R AR A AR AL R , 2 2 LR IR] 25 A
FRHEYOR TP o A B 2 — BT, TR
Hbr 40 B ) 8GO 36 A R T RE LY g A
R OBORERED) A R EE RILR A LA
DA HX SRk I S B AR S, A R R R
E B, S AR 4 DL A T A R

N T AR AR 24 C) 1z 440
s, AR g e T MR AR R S 3
BR[O TER T A Ny 5 s 28 B R 550 A il |, 5
A (1+A) 25" 2 R BT B X N T A e 35k ik
Frlat ok 7 o — H AR 23 B 0] 85 SCHR 10 ] 42
T Ay SRR B SR S e S A T
B DR T BB 25 K 7 43 L Ta) B SCHR [ 11 ] 2R
Bj 1k N TS Sk A i b AR B e A, X B A i
TRt fE O T K 1oy BE IR, I A e 28 B b ok
Mz A B T, ML T — S 53R R R A
KNWBIFFE LR, . SCRR[ 12 ] AR i KRR TSP 1)
PEH T —Fh T TMSM (9 3847 881012 So b i £
A 5 SCHR 13 ] 2y Ik o s 328 43 05 WA S0kt B 1 1Y)

¥ #5 B #9:2018-04-16

W: SR, BAFsER, KA LR LR BRAET; 207 %E
X EHES :1000-2758(2019)02-0354-07

BRI SR A 1] 9722 19 3 N AT 48 2R S 0 A4 5t
PBETRIEAT T 00 SCHR[ 14 ] 4 se IR AL G s AL 53
VETESR AR BR AR AL IR RE N , AN BE LABEAS 1 B4 08K
FBRIE B2 T —Fh e T HU A - PR A B PR -
USRS 1 A& NS TR R DR AT S i, (H
AL SR AP AR AN TR AL SR/ M )£ B A B8 4, 1
FHCRIR, B 5 B R 2O 4

LTI, A SCHENT TS T AL GE Mt N T e 5
LR L st T — R AT N R Sk AR
AR RO IR IR RO 7 S0 2 DR RE
)£ B s e, AT PR UEFP R Y 241 . 5 AL HD
O N T A Bk oK i Z2 WL ) 2 i A, 19 3 1
WL

1 ZHHE=&BRSEHFEE

Z WL 23 A AR o> Bl R AR s e rp— >
TP EERIRT, A SCUAL PO R 2 O 5 R
PRI SE FE A2 8 2 LB [R) 23 i H w23 e 7]
AT R i, ARG 2R B U BB T 2R AR
P N R e R T e B B BN
HLPERETE 2S5 P A 4 ) A HTBOR B 8, 15 48 Y 23

YEZ B = B P (1990—) , v A R4S 93175 FFBAS: ik, B A2 1 5 i i A FRAF 52



552 1

e PHBH , 45 - PR N T A e S0 i 22 L DI ) 2 A3 H A 23 FE 7 vk - 355 -

SRS 2 A T A P R Z PP R H
PROPBCIRIAEL, PRI AR SC LA eI O Bt 2% 1 ik
PUPEREDE ., N2 A0 F 23 SR B TR AR A 2R

5 RS e

)
fa| (| |se| | | |eR| | #R|| || w|| T
gl (| |&| [ |H||W] ||z 5]
A AR AR AN AR AR A
wl || | %¥‘§¥§$%£

K1 aS R bk 5

1.1 AEMRE

5 o L) ()
21

Kb, o, WEBTN A, W EERIEAA, Ky,
e [0,180] 4, € [0,180],
12 BEHiB

0 ri/ > T iradar
(r. - r..)
— iradar ij
S; = Ty Tiide ST S Tian (2)
( riradar rimisslc )
] rij < rimi%]e

A, vy AT SRR S BT 5 j AL Z W)Y
PG 1 e A7 0BT E @ HEAHLAY T 5L
R A R R R B

1.3 BEEMRB

v
E, =h+— 3
oty (3)

X, E N HLERA i R RE R b AL 0
LI L, g M E I R, ARG (3) s gt
PLH PR 7R

E,
X, B, WIRGH | SRR R (YRR R E, R
FOTHS § AL R B
1.4 AR

H = h/max(h) (5)
X

h =

[InB +In( X A, +1) +In( X4, + 1) | e,e,8e,,
B HHLENBH A, K TI B A, HIRIBE IS4,
e, HEBYBES L e, WEMFTIBE e, IR

e, AT RPURET R B, MG (5) A AL
PEREDLH R &N T P

S, =" 6
. i (6)

A, H, 93075 | ALY 2 AR 8 B RO 5
J AL 2 AR AL
1.5 ZEaMBE#
S=kS, +kS, +kS, +k&,S, (7)
K, by Sk kg by TR ERALEE AR A HE (H AU B
JEHE R g I AR B AT B
T A B AL I AE B AR SCR FHSCHR[ 15]
Hh A AR A S AR AN R
1.6 LZREMNBREIER
R TE— RS F T AL n 48 7OT TRAL m
28, mR4E(7) TSR ISR | BRERALXT BT 3R 4K
PLIVEEEILHEAE S0 M AT DLHE ST B 255 0 30 b
BOEIE S,
S=1{S,l,i=1,2,3+,n;j=1,23",m (8)
EZ IR T AER I W EE AN G B
S = 2 zsijxij (9)

St x, FR A { AR AR O
BBl x, = | R x, = 0 JRT,

SR

D Yy = 1,3 AL RO
wh.

2) 15 Y, B B DT
Pk,

3) Y w, < wy, OB Z R 0, 2
SBLICE 0, U S BLR R

5 S S x, =n RSB HOT L,

i=1 j=1

2 MHMWAIGRBEEER

2.1 HIAFBA=E

e 48 0 N T 598 B30 R FH B R B = A
1, 55 E R BISINS . AL T N TR
PR ZME I T it ny 7 X (H2 2 R H iR
—IBENL T 2 LE W aG Tl B8 R T i T 2



. 356 - odb Tk ko o R 537 4
FRBEE] ARSI ST | AR MET T8 45 Fh R PN 3508 B T 23 TN ERETF

HARFFFP R ZRE M RCRAE T3

ARSCBE R IFAT N T ARBER R 2 FhAS[A] Y
J5 AT ERIER R, 43 A BENLA N T 720, BEAL
T ORTEW I 4 DR RTEE TS BEHL AR 1Y
WG, AT AL, N T 202 th A
T (A6 2 20 R 5 A R 0 0 e, EL AT SR )
A3 R BEHLA T 07 2= A 0 2 DRI R, ff
2 AR 7 A2 Z AL B AN [ AR AR 38 0 B R
A A TR ARSI S, RS T 2 FhatE N B
(P, S AP R A (TR ) 2 B = A T
HEAk, AT A5 30 42 )5 e A i
22 ERERHMEBARAIERE

N T e B 2 AW E B R GH bTFaR
S A2 A DRI A i) — A AR TR T A, 2L
D)2 B H AR AT R 5 N T4 R 58 (AIS) AR
ZHIZ AL angR 1 iR,

1 AIS 5 HHEZEK BiRSEEHM S

AIS ZHLPpA) 25 i H A3 o3 e ]
e I bR KK
EARIN Ui WIES

R SYBETT 545 H bR R K D RO

HIZE 1 2.1 A A, N T AR R i B sy
NA(9) B R AKX () AR 1) ~4)
A, DUAR-BLEUR G B BRI —AL 5 9 H AR
PRECEAT VA

S, x,

i i
i=1 j=1

f:llj

AR SR FAE G0 B 3 B0 s 7 28, LAFR 7 R LEL
R B BV LR BE R n PUIRAL T id A
G 5 AR RS BURDLT 5 AT RS
HARgugd B2 an & 2 fis .,

(10)

AL 1 il 1
- o 2
AN

&*}LZ \\\ )
T O amo

RAL 3 // S ™ ﬁ .
i

®BLY N R 1
/ > -t

B2 Pkl i

N T ORISR 2R, B (i e a
PEATEE N RS4RI BRI TR BT R T
R B — 5 MR AR AT IO 22 3, SR 5 AR 41 78 S
FRPEATAL S84, T BB AT

AR HIR A 2 M AR R AR
TR

LXHF 1
2E LT
213|113 6 | 7
1 3 ]|5]5]|6 2 11
L5
1 {3 (3113 6 | 7
2121556 2 11
LXEA 2
2 LR
217111125 416
215165 |1 3|4
L5
6 | 51|25 4 16
2151271 314
BRET
A ST
21021311 |5 || ea]v| 114
55
4 /3 (3|15 1| 4
AT 2
75 ST
21514 1]2 |1 6 |3
5 e
2015121411 )| |--]613
24 BRET

M R RV IR 1568 2 ARl B A
AL, AR ) 25 5 e 0 AL, DRAE Rl ) 24
P, ARG R R T B0 SERE LA th T —Fh T
BRE T, TP BRINT s O € 2 DG
R 2 AR R MRE S EE, OF% 2 Al



%24

e PHBH , 45 - PR N T A e S0 i 22 L DI ) 2 A3 H A 23 FE 7 vk - 357 -

FE A A2 IR G B KN T HE Y . OO 2 4Fh
ﬁWH?%%AW#%%AFﬁmﬁﬁ%&ﬁEP
/N3 BE, @RE R A RS RARE, AR SCH15%
O E 2k, 458 R D 2 SR EEN Y
FBEHE 15%%(1,0.9,0.1) ,15%x(1,0.7,0.3) ,15%
x(1,0.8,0.6) LBIERE, @ H 1M T R
) A2 e L P A 2 ASH AR

DI (1,0.7,0.3) K6, % ik
TR,

B H P

_ =30%X 15 %

T =70 %% 15 %" "
T A FEEB

B3 Al A A o B

2.5 HITAIRBEEEZIT

RGN T A2 51k 2 % FH A e it Ak Jr =X, Bk
DRRERME B Z A 2SI, 18 RCRAL, ME LU R R
BEZHENE BT AR R, BT At T
—FPIEAT N T A 5, E AR R Ak
EnE 4 iR,

BB ERARN T,

1) 3 BRJHBELAI T 2 Ff 7 287 A= 490 B Fil
A B, SR 7 SRR b B R T 4
i, LL(10) ARG B R AL

2) WEMSLIETTE 0, FHE A B 3R AN
] ()RR MG | 28 XHRAE A8 SV E A T A

3) YFHE A B IS AT, SR B
AR R S RN IT i TR N aE /8

4) BB M HEAARE m 4L IR LR S BT
ARSI AT R

5) FIWE S L A RS0 an R 2 A5 4 )
B as AR AR IEHE 3)

6) 2 RFHITAS NG, mBES
1) &85 SR S ) R P B e

JEE PR R

[amummnta] [ anmmms]
I I
-———ﬂ et | 1| emsts ——
W
f;% Bes sl
3 & i) 3
|sumwmnetsr | | | st ]
] {
LA WA
o oW wwne | W
x ] ! L
ST R
p Gik D g2 |
1 i { R
BRI R
FHRD (X 2)
! !
e R A

I I |

>nfR >nfR

SRS BRSEF-HEAT PR A 2

!
[wocgtimt]|  #

& s |

Kl 4 7 N TRk &

3 (RESH

31 HEHE
TER R G IR T 6L 7 2 50 5 2L
HA Ty 1 ZEEHL R RE BB 1 BR L, B R

BL2,3,5 ol [ g7 2 B Pl g B 9.8k,
=0.239 730, k, = 0.304 524, k, = 0.186 341, k, =

0.269 405, HRHE %37 - — s 2 B3R AUy 1 25 305
B AR (1) ~ (7) RALFR 7 ALY Hb Iy ALY 25
HIHE, ik 2 B,



- 358 - Hode Tk Ko E R %537 4%
x2 RAMBABNGEERER Z WL R REARAE Rk el 2.826 7,
L 32 MUt AIGREBEEEMESN
Rl — N ; A S T 3 A A AR ST B b i, B A S
1 0.1436 0.5613 0.5326 0.4924 0.4213 PHES AN TSRAERR SCR 1] e AT
2 -0.0462 0.0345 0.3648 0.3789 0.384 7 SAESIE AL 14 ] RO TSR it AT H,
ARSI SR 0 0l R FHAEBE 9l A, B F1 C 43 500 %
3 0.0345 0.1567 0.2768 0.1958 0.279 4 SCBRL 11 O G AT 30 VDT 2L, 4 RS v A
4 -0.0869 0.0453 0.5238 0.4359 0.4625 (SR AR RIS RER (0 B 25 3 3 4~ %6 7 s,
5 0.038 9 —0.034 8 —0.068 3 -0.0694 —0.113 6 *4 AXEEEMEMEERERITER
6 0.0486 0.5796 0.5136 0.5034 0.349 5 SERE L) B REnEs SEHEEs
7 03078 0.3986 0.4362 0.4362 0.493 5 A 4.494 1 0.583 0.798
B 4.897 3 0.432 0.574
2 DGR /NI 50, 27 i A7 AR o il i C 4.688 9 0.495 0.652

FEA 10 8,40 £, 28R 22 AR R I 4
Jridk A8 SCHEZRHR 0.7, 28 S E 3R R 0.05, & XF 3 F
TR B A(15%,13.5%,1.5%) , B (15%, 12%,
9%) ,C(15% ,10.5% ,4.5% ) ¥ FRAS SCHE H iy eie sk A
T AR E 3 R A Eb % 7 ) e £ 5
GRS RRME 5 PR, UL B iR Bl o Rk
3 Fn,

4.0r
% gy T TITTITTTTT
& 2.0r | /f;'T::::"”
s R 4
Lo — R G B
——— SEB A C
' 10 2 30 40 30
ERARH

K5 3 Rk L Gl o5 5 B L

IEL5 AT LAE Y, SO i G Bk R AR 1 L
B (15% ,12% ,9% ) B , 7E e LB R ff b 2248 F 53 4b
2 Akl
%3 BRHBESEFE
FHL 1 2 3 4 5
AL 5 6

1,4 2 3,7

%3 A RHAERE LI (15%,12% ,9% ) I, 1%
WIERART TR . A3 EL T R IR IT AL 5 Bt L
Ji AL 15 3D AL 6 Tk &y BRAL 2, O AL 1 4
[ B e o BT BRI 35 TR T IR AIL 2 Tk By R 4
I 3,7 [ ded &y L 5. Hbrar i),

x5 FREEERMEMERNERITER

Bk il Bt /s  SEIIA] s
L5 RPN 3.942 6 0.756 1.313

F6 NE[N]HEERMEMEEMNBERITER

Bk IOUE  REREs SEXEE/ s
SCHR[ 11187 4.4630 0.634 0.895

F7 UE[14] EES R ER R 5T AR

Ak G RERRs SEHIRTE /s
ER[ 1415 4.678 2 0.513 0.746

MR 4 FTLIE SR AR SO0 STk 11 ]
SR AT 05 B, e SR FEDE LU B B B R B b
K FHIEPE L) C i RORFR SR FHAEOE L] A B
ROR B2, KR4 50 53R 5 F6 MR T #FATXT L
A A AR SCRAE SR AT BE L) B B, 5 A 3 Fh
A FE LA HRB B 0 B AR U AR SR AT
PELLHBI C B ARG AP A SCIRL 11 ] TR A LR
B S A DB 3SR [ 14 ] 3k RBR/IN s A SCBR.
BAER A HE L) A B, SR G580 L 3, A W
AP, SOk 11 ] T AR AT A, TR DN,
53CEk[ 141 B e, HA — @M, it
— UL T AR SO Rl e N T S s P B A2 T T
EU B A2 ), 76 SR FH AT 0 R 9 (15%,12%,9% ) B,
BRI, SRHIRATIE 4T O I 3 AT A 4



552 1

e PHBH , 45 - PR N T A e S0 i 22 L DI ) 2 A3 H A 23 FE 7 vk

- 359 -

VR BERE S B 2 AN R Fffbe 1) 475 LAY 520 , 30 o
ZRENE DA S8 M A f (I SRS AR AR L, 5250
SO

i ARR I EC T 5 o AL T Z2HLHE] 25 A F AR BE
PR BT T — R T N TR g T et
N AP BAR RS, F 51X 3 Ml it Lo i) ok

4

4k

=A

ARSCAES T T Z2 LB I 23 % H A 73 e IRl AR i
LAl b 38 T SO N T e SR 1 2 L ] 25

P37 OTESHT B UE T B N T AR B Sk A R I
BELLH) B I RERS U AR AY LS R . K kot N T
PEFLS 3 PPN TR RE AT T R FERZ 8
THOLE Bt N T A Bk 5 oAt 3 b N T AR e 3
VAR LE , BERE A S A IR ] SR AT B A A 25

i#

SE M

(1]

[2]

(3]

[4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

ik, TaG, KR, F ZHFEX IS BAR A RORE[T]. RETRES R THOR, 2012, 7(34) : 1400-1405
ZHANG Qiang, DING Quanxin, ZHANG An, et al. Target Allocation Algorithm for Multi-Cooperative Air-to-Ground Attack[ J].
Systems Engineering and Electronics, 2012, 7(34) : 1400-1405 (in Chinese)

EPRBL, TTNI, S, AF T AR A 2 HLE R 2 B ARy e D7k [T ). TR PLS A S, 2018, 35(9)
2597-2601

WANG Qinghe, WAN Gang, CHAI Zheng, et al. Multiple Targets Assignment of Multiple UAVs’ Cooperation Based on Im-
proved Genetic Algorithm[ J]. Application Research of Computers, 2018, 35(9) ; 2597-2601 (in Chinese)

SKHAE, IR, BTOR, AF. ST ROy 25D R AR BCSL [ T]. BT S SR, 2012, 32(7) « 69-73
ZHANG Bangchu, PENG Chen, YU Xinrong, et al. Cooperative Target Assignment Algorithm of Multiple Missiles Based on Ant
Colony Optimization[ J ]. Journal of Projectiles, Rockets , Missiles and Guidance, 2012, 32(7) : 69-73 (in Chinese)

TR, BEAE. FET 2RO K RBTER UCAV DRI Z BARTICL )] AL Tl 2241, 2014, 32(3) ; 451-456
WANG Yongquan, LUO Jianjun. Target Assignment in Cooperative Attacking of UCAVs Based on Multi-Intelligence Improved
Glowworm Swarm Optimization Algorithm[ J]. Journal of Northwestern Polytechnical University, 2014, 32(3): 451-456 (in
Chinese )

R, IR ETIRA RN Z TR HAR B )], S EE R RGESHK, 2015, 6(6) : 76-82
HUANG Guogiang, ZHANG Bing. Target Assignment Method for Multi-Aircraft Cooperation Based on Hybrid Optimization Algo-
rithm[ J]. Command Information System and Technology, 2015, 6(6) : 76-82 (in Chinese)

FORTEST S, HOFMEYR S A. Immunology As Information Prcessing, Design Principles for the Immune System and Other Dis-
tributed Autonomous Systems[ M]. USA, Oxford University Press, 2000: 865-869

CHRISTIAN Wallenta, JUNGWON Kim, PETER J Bentley, et al. Detecting Interest Cache Poisoning in Sensor Networks Using
an Artificial Immune Algorithm[ J]. Applied Intelligence, 2010, 32(1): 1-26

MCCOY D F, DEVARAJIAN V. Artificial Immune Systems and Aerial Image Segmentation] C] //IEEE International Conference
on Systems, Man, and Cybemetics, 1997. 867-872

P, BRI, ERA. SN T B R i A% - B AR BC [ )], REETHR S THOR, 2013, 35(10) :
2121-2127

XU Kehu, HUANG Dashan, WANG Tianzhao. Improved Artificial Immuneal Gorithm for Solving Weapon-Target Assignment
Problems[ J]. Systems Engineering and Electronics, 2013, 35(10) ; 2121-2127 (in Chinese)

PR, BRE, XK. GiBAB 2 K I3 o3 B K AR A R e[ 1] 22 T2, 2010, 31(11) ¢ 1525-1526

RUAN Minzhi, LI Qingmin, LIU Tianhua. Modeling and Optimization on Fleet Antiaircraft Firepower Allocation[ J]. Acta Arma-
mentarii, 2010, 31(11); 1525-1526 (in Chinese)

XUHES], 22Ty, Tard. TR N TRk K 14rme [ 1], K F1 5HIEREH, 2014, 39(10) . 171-174

LIU Hongyin, LI Tifang, WANG Lian. Improved Artificial Immune Algorithm Based on Weapon-Target Assignment[ J]. Fire
Control & Command Control, 2014, 39(10) : 171-174 (in Chinese)

PRI, BN, ARHE. TR X 0B i 7K 2 22 AR B b 98 B2 D S0 i TS [ ] K R RE TR AL, 2015, 33
(11): 43-46



- 360 - PEode T ok ko o i 37 %

LU Youlin, CHEN Jinsong, QI Jin. Multi-Objective Decision Making Method for Reservoir Flood Operation Based on Improved
Entropy Weight and Set Pair Analysis[ J]. Water Resources and Power, 2015, 33(11) ; 43-46 (in Chinese)

[13] MR, 2R, XI5, FETIHAT A TORBER LA IHUL TSP [URAE 1], 2440, 2008, 36(8) : 1552-1558
QI Yutao, JIAO Licheng, LIU Fang. Parallel Artificial Immune Algorithm for Large-Scale TSP[ J]. Acta Electronica Sinica,
2008, 36(8): 1552-1558 (in Chinese)

[14] b0, BREE, FEOSCH. BT 0E M AL M B IE IR AT S e Bk [ U] AR H TR 24 ( FARBLA AR | 2010, 36(1)
88-92
ZHAN Zhongxi, QTAN Feng, DU Wenli. Adaptive Parallel Immune Algorithm with Orthomutation[ J]. Journal of East China U-
niversity of Science and Technology ( Natural Science Edition), 2010, 36(1) : 88-92(in Chinese)

[15] AfiRfe, sk HSE . ROUBAR PR A 0 DA T S Bk (1], THRAL R 50, 2009, 45(26) : 88-92
YU Zhenhua, ZHANG Qishan. Adaptive Pseudo-Parallel Immune Algorithm on Optimal Path Planning Problem[ J]. Computer
Engineering and Applications, 2009, 45(26) ; 88-92 (in Chinese)

Target Allocation Method of Multi-Aircraft Cooperative Air Combat
Based on Improved Artificial Immune Algorithm

GAO Yangyang', CHEN Shuangyan®, YU Minjian®, HAI Jing’, FANG Ruiyue’
1.93175 Troops, The Chinese People’s Liberation Army, Changchun 130000, China;
2.Air Traffic Control and Navigation College, Air Force Engineering University, Xi'an 710051, China;
3.94754 Troops, The Chinese People’s Liberation Army, Jiaxing 314000, China;
4.95026 Troops, The Chinese People’s Liberation Army, Foshan 528000, China

Abstract: Aiming at the target allocation of multi-aircraft cooperative air combat, an improved artificial immune al-
gorithm is proposed based on the modeling for comprehensive superiority function. Firstly, the random generation
method and artificial construction method are used to create two initial populations, which ensure the diversity of the
initial populations; following is to evolve the populations by adopting two different selection, crossover and mutation
operations; then, the designed new immigration operator is used to exchange information among the populations,
which further increases the diversity of the populations and improves the search efficiency. Finally, the comparison
of the improved artificial immune algorithm with the traditional artificial immune algorithm had been made. Simula-
tion results show that the improved artificial immune algorithm can effectively improve the premature convergence
problem , and the search efficiency, the optimal allocation scheme is obtained, which is suitable for target allocation

problem of multi-aircraft cooperative air combat and meet the actual operational requirements.

Keywords: multi-aircraft cooperation; target allocation; improved artificial immune algorithm; immigration opera-

tor; allocation scheme
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