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(UAVs), a multi-stages and fuzzy multi-objective programming is proposed by jointing the mission of suppression of
enemy air defense and the mission of ground target attack, introducing the concepts of survival factor, friction factor
and state factor and combining the factors of survival probability, weapon consumption and fuzzy target threat. In order
to better describe the antagonism and multi-strategic nature of the attack task, the game theory is used to transform the
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i Y (Uf,lvv;'v,m"' avzqc,NR) ﬁﬁ/@

Np
U ) TS Zl vy
=

=0.

3) MR E3)THERL T HE N AR, MR & N
BR HGER/INERAR, SREDORE T AMA 7 52 S e fdps S 4 I B

D,
4) &R I 028) P S A R T AL, AR AR
SLEELIRS), BN R ERG).

5) X ERLT AT A 2, P URS).
6) MHE(34)-(35) HHTHL T2 AW H L A E .
v; (t+ 1) = wi(t)v; (t) + cir(p(t) —
zi(1)) + cora(py(t) — 2:(t)), (34)
zi(t+1)=2z(t) +vi(t+1). (35)
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7) MRIRAG IS SR & 4R R 2 (T + 1)
> 0, #5 A 2, K4 2R 36) THEIEHID K o) 117
zi(t+1) = z(t) + aui(t+1) > 0.
g i 2;,4(t)
a; = Injln{a- > 0l = v tED 1)} (36)

2,7

8) X EHL AT JR AL 2.

9) TR BB A, HEORRL RN A AR,
R EER.

10) K S0 AR IR B R 50k B I KA, £
SR AIEAR, #200582), BN 5.

11) BB IE B R bR O 75 M0, 305 2 T B #2k vh
IEAR, R R AUAR, TR [EDEE3).
5 PiES5SH

NS UEIMSPS OB 3K fif 22 To AL [F) 0} b 2 it
AT55 53 FC XU B A Z B R 1 AT AT I R 2k, T B

W, BANR et ASCHAT AR SRR
BEFHHE: NRY =2, NBP =
HPrBK = 2; #Ear A BB WRU1

WRU2 WRU2 WBD 4 Jc %%
RU1 RU2 RU2

1, NBF =1;
WRUl
1 H Oy witt?
=wy ' =wy T = wy =1,w =2; H fp il 18
BN mBY=mBU =1, mBP =2; BEFH=0.8; K
S AR RS E R IR LT & e A as
BB INER 2 T s - BTG RER A% [ TRR 4 HR0.9.

k1 FRAXRZHRGBE
Table 1 Damage probability of single-shot weapon

W7 a7y
A/ El ¥/ E—
BD BF RUl RU2

RUI 05 07 BD 0.9 0.7
RU2 04 09

k2 &% Ao KB G IL KB

Table 2 Value or threat of each unit and weapon

RU1 RU2

BD BF

AGM AB SAM

R 0.6 0.5
B (0.59,0.61, 0.62, 0.64) (0.48,0.49,0.5.0.51)

(0.78, 0.79, 0.81, 0.83) (0.37,0.4,0.41,0.44) 0.1 0.1
0.8 0.4 0.15

MR EE 2 710 04T, 2007 7] R HL 6 PRk, 735l
(1,2;0,1), (1,1;2,0), (1,1;0,2), (1,1;2,2), (2,1;
1,2),(2,1;1,0), (4, j; k, 1) (2, 5, k, L € {BD, BF})
TR 1 BRUL ) K5 — M, RU2 A j & 5 —4K
RS, ZB28 BERUT [ k&5 — Mg, RU21AI RS —
Fe 2% W 7 AT R B4 B SR B, 4 e (1,150, 1),
(1,1;0,2), (0,2;2,0), (0,2;1,0), Hrh (i, j; k, ) &R
% 1 BBDIHRULAE S i #SAM, BDIFIRU2A 5 ik
SAM, #2F BXBDIMRU1K S k#SAM, BDRRU2 K
SHMSAM. 25, IRIEEAGE T HAS 20 % HARBUE N
pu' = 0.33613, 2 = 0.34009, p® = 0.32378, ¥ £ H
FRAUHE PRI 2R A0 O B H bRSUE R 2%, b oh 5 A
ZLHE T I aa B R 34 .

%3 ariks
Table 3 Game income of red side

7 SR
(1,1;0,1) (1, 1;0,2) (0,2;2,0) (0,2; 1,0

AWIN LS

(1,2;0,1) 0.14755
(1,1;2,0) 0.37943
(1,1;0,2) 0.33957
(1,1;2,2) 0.37195
(2,1;1,2) 0.21226
2,1;1,0) 0.19183

0.14755
0.37943
0.33957
0.37195
0.21226
0.19183

0.23759
0.22569
0.32901
0.25807
0.25807
0.22569

0.23759
0.22569
0.32901
0.25807
0.25807
0.22569

k4 BHHEHINE
Table 4 Game income of blue side

(1,1;0,1 (1, 1;0,2) (0,2;2,0) (0,2;1,0)

2175 A%

(1,2;0,1) 0.19753
(1,1;2,0) 0.41266
(1,1;0,2) 0.37635
(1,1;2,2) 0.37635
(2,1;1,2) 0.22698
(2,1;1,0) 0.23787

0.24609
0.46122
0.42492
0.42492
0.27554
0.28644

0.32872
0.31528
0.40939
0.31528
0.31528
0.31528

0.28015
0.26671
0.36083
0.26671
0.26671
0.26671

NS FHIMSPSOS V2K fife L3R JEA VR XU R 18
FERIANAT I, RS HOE BT MEEELN = 30,
B RKIERIRELT e = 100; 22 > PR T (1038 5 BUE Y
NI, 2], X B ey = co = 1.5 B A A5 3 AR H 1 1
C, = 7, Cy = 0.5, LAMRUFFEFIEE AN S 3B BT, 2
1R LIREH L) — LR FREN 2 5 %25 k = 10;
FE N Ee = 1072,

XIMSPSOIZATSIK, THHE S5 R U FRFR: HEKS
Af LA H, IMSPSO R LASK H 22 40 XU B 1 2R A A

TRA TS B U N g . SRR E SN, 4005
Sl DAL VR A SR 852 IR 2R R R 3 xS B () 2 i 77
K, MW T7 5 3 VALV A SRS 5 2 O R ik 3Rarh
XN BB 77 R AN SATIRAS T, BB X5 #RIA 2
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R F T2 SRS Rl SR TR R T AU B IS SR T 5% DR 5 1651

— PP PR, AT — 5 W SR T X FOIR S, a2
BT KPR . LLEE 214745 BN, 407 bk
PEIRME2 ¢ (1,1;2,0), BIZE 1R BERUTMIBD A S — M
AGM, RU2[AIBFX it — #AGM, £ 2 i BtRU1 [\ BF
R —MAB; Wi U7 ML FE N2 - (1,150,2), BIZE1
MrEXBDIMRUL &5 1#SAM, BD[AIRU2 % 5t 1#ISAM,
25 2B Bt BD ] RU2 & %t 2 MUSAM. 41 J5 [ U 35 A

0.37943, 1 77 IR 35 H0.46122. iZ 5508 36 81, 76 H bx
JB FE AR ZE RIS LR, 07 (RS 1 BB S
U0 U I E bR, TR SR 2B BB AR R ) R
Tl A R 1) B A, 78 B A E A Z A KIS O
T, B I BN R =R EH bl iE S 2 A B
b, CA B 1B B B8 Kl 2, 78 2820 Bt B4R rh 7
EvG I PN LN SR T

k5 it fig

Table 5 Nash equilibrium solution

s B AW U7 VR A SRS EREE
1 2 (0.1058,0.2576, 0.3505, 0.1543, 0.1973,0.1872)  (0.5012, 0.1197, 0.3023, 0.1551) 0
2 3 (0, 1,0,0,0,0) (0, 1,0, 0) 0
3 3 (0.0513,0.0907, 0.1661,0.3178, 0.2424,0.1316)  (0.4666, 0.1238, 0.4096, 0) 0
4 2 (0, 1,0,0,0,0) (0, 1,0,0) 0
5 4 (0.3989,0.317,0.01687, 0, 0.1401, 0.1271)  (0.0087, 0.2605, 0.0842, 0.6465) 0

kg IMSPSO HITERE, Xf IMSPSO ik 5 4 gt
PSOSLIL I3l URHHERLAR 2420, 50110045 H#E4730K
P73, IEAREIL 9100, X P LI B SE RIS
AT AT, FRAR 6T,
k6 HikMakrbi
Table 6 Comparison of algorithm performance
SEYEATIGE WS P

IMSPSO PSO IMSPSO PSO IMSPSO PSO

LA

20 3.1293 0.4464 29 21 543  14.53
50 74843 1.1073 30 25 337 1146
100 15432 2.1685 30 27 216 857

0.100——T—T—T—T—T— 77—
0.09 1\ — IMSPSO A
0.08 It - ---PSO i
0.07
0.06
0.05 |
0.04
0.03
0.02
0.01[1
0.00

T AR

| Y=-9--p--m-g--f{--F-om=1=-
0 10 20 30 40 50 60 70 80 90 100

AR
K1 mfus R RE e ER

Fig. 1 Comparison of optimal iterative processes

MFE6R] LLE H, IMSPSOMLZ: -1 235 AT I} 1a) 43¢
PSOK:, IX B2 i T A1 2 ) 5 R AR e 4 17t
S, (HHATYREA R0 2 T AMUT 55 23 Bt B (52
PR R R PSOBRVEAE SO FE Hh i BN Sy S AR

TMIMSPSO SV AE ARSI, B KA E AR REHR
B4 R AR, BSOSt i BB £ S PSO
SN, FERE A PRRERUABL ) 3G T AN ek N (R PR
FAE A SO () SE AT FE W B R, JE i b T
LLA i, IMSPSOF R 4 T 15 Bt PSOSTIESY 5 b
N Je B f I ) e 8, LA o i 1) 4 Sy SR RE 0 AN R
R
6 45

AL R T ANHLX Bt i R b AT 2
PEL WU ShAR DU 2 5RnE 2 HbstE, #ar—
PR 2 H ARl AT 55 A ORI, A R
SR g &, MIEBR 2 H b UERF R 2554
GERETRY BT, A I A T T O 1 A A Y e 2
PRIBEMTL, 25 F B AGE 2 B A o # H
Frinl . B e, 3 — 2 S mh A B RV R AT
AT IBEIRR AR, 1 B EBIBRUE T BT SR AR 5 i 1)
ATAT PR 25k

SE Mk

[1] JUNG S, ARIYUR K B. Enabling operational autonomy for un-
manned aerial vehicles with scalability. Journal of Aerospace Com-
puting Information & Communication, 2013, 10(11): 517 — 529.

[2] SHEN Lincheng, CHEN Jing, WANG Nan. Overview of air vehicle
mission planning techniques. Acta Aeronautica et Astronautica Sini-
ca, 2014, 35(3): 593 - 606.
(PEARAR, BRER, . AT SHESS LRI BOR L3R, a3 244Kk, 2014,
35(3): 593 — 606.)

[3] SCHWARZROCK J, ZACARIAS I, BAZZAN A L C, et al. Solving
task allocation problem in multi unmanned aerial vehicles systems

using swarm intelligence. Engineering Applications of Artificial In-
telligence, 2018, 72(6): 10 — 20.

[4] LUO Delin, ZHANG Haiyang, XIE Rongzeng, et al. Decentralized
dynamic task allocation for uavs with limited communication range.



1652

7 B

w5 W

36 4

(3]

[6]

(7]

(8l

[9]

[10]

(1]

[12]

[13]

Control Theory & Applications, 2015, 32(11): 1498 — 1504.
(BB, BRI, WY, 5. JET L agent R AHUTE AHIAERE
L. EHES SR, 2015, 32(11): 1498 — 1504.)
PUJOL-GONZALEZ M, CERQUIDES J, MESEGUER P, et al. De-
centralized dynamic task allocation for uavs with limited communi-
cation range. arXiv preprint arXiv: 1809.07863, 2018.

WANG Yu, ZHANG Weiguo, FU Li, et al. Nash equilibrium strate-
gies approach for aerial combat based on elite re-election particle
swarm optimization. Control Theory & Applications, 2015, 32(7):
857 — 865.

(B, BT, (], 55, 2 TR U R T B A I 2 i
A HRIEIL . EHIR SR, 2015, 32(7): 857 - 865.)
EVERS L, BARROS A I, MONSUUR H, et al. Online stochastic
UAV mission planning with time windows and time-sensitive targets.
European Journal of Operational Research, 2014, 238(1): 348 —362.
JIAZ, YU J, AI X, et al. Cooperative multiple task assignment prob-
lem with stochastic velocities and time windows for heterogeneous
unmanned aerial vehicles using a genetic algorithm. Aerospace Sci-
ence and Technology, 2018, 76(5): 112 — 125.

HOOSHANGI N, ALESHEIKH A A. Agent-based task allocation
under uncertainties in disaster environments: an approach to interval
uncertainty. International Journal of Disaster Risk Reduction, 2017,
24(4): 160 — 171.

LI B, WANG Y, ZHANG Y, et al. Cooperative task assignent algo-
rithm of manned/unmanned aerial vehicle in uncertain environment.
Technology, Networking, Electronic and Automation Control Confer-
ence (ITNEC). Chengdu, China: IEEE, 2017: 1119 — 1123.

DUAN H, LI P, YU Y. A predator-prey particle swarm optimization
approach to multiple ucav air combat modeled by dynamic game the-
ory. IEEE/CAA Journal of Automatica Sinica, 2015, 2(1): 11 — 18.
OZPALA A, EFE M O, SEVER H. Multiple UAV engagement de-
cision by game theory. International Journal of Computer Electrical
Engineering, 2017, 9(1): 384 —392.

LI Qiuni, YANG Rennong, LI Haoliang et al. Research on the non-
cooperative game strategy of suppressing IADS for multiple fighters
cooperation. Journal of Xidian University, 2017, 44(6): 129 — 137.
CERKE, AT, 28055, 4. AREEZRIIZ HLI) A I HITADS B
B sems . P02 RHER S AR, 2017, 44(6): 129 - 137.)

[14] LIU Baoding. Uncertainty Planning and Application. Beijing: Ts-
inghua University Press, 2003: 138 — 163.
R, AN 8 BRI S R . ALt 354 K% AL, 2003: 138 -
163.)

[15] INUIGUCHI M, RAMIK J. Possibilistic linear programming: a brief
review of fuzzy mathematical programming and a comparison with
stochastic programming in portfolio selection problem. Fuzzy Sets &
Systems, 2000, 111(1): 3 —28.

[16] SONG Yexin, QU Yong, WU Yanjie. Integration model of multi-
objective bimatrixgames in multiconflict situations. Journal of
Huazhong University of Science & Technology, 2009, 37(6): 32 —
35.

CRAVHT, B 5, AN, 2 RS T A2 HARRURE X SRAR 451
B AR RECRE A FARRIARR, 2009, 37(6): 32 - 35.)

[17] PAVLIDIS N G, PARSOPOULOS K E, VRAHATIS M N. Comput-
ing nash equilibria through computational intelligence methods. Jour-
nal of Computational & Applied Mathematics, 2005, 175(1): 113 —
136.

[18] QU Yong, ZHANG lJianjun, SONG Yexin. Particle swarm optimiza-
tion algorithm for solving multiple nash equilibrium solutions. Oper-
ations Research & Management Science, 2010, 19(2): 52 — 55.

(B 5, TR, RVl 2 Ui R LS. B85S
I, 2010, 19(2): 52 -55.)

Ve A

BEF WL, H Aoty a e de AHUE S RIS 2]
AHE PR, B-mail: yl.zhao0811 @ gmail.com;

FRMH R, EL AT, HATEE T AN E R
W5 YR X REEL, E-mail: yxsong@21cn.com;

TKEZE  RIBER, Wi ESIW, TR A RS SRS
FHATUHEL BURYZHE, E-mail: wahh0912@163.com;

FRENSC  BhE AR, H iRt 707 m o i S R B R AL,
E-mail: kanglw0599@163.com.



