CL PRI ST AR A SRR

EHERE

C ONTROL

DECTISTION

T2 2 T AN B B AR 5B 77 ¥
TR, DB, L, EE6E

SIFHASL:
TV R B i TR, TN 8 2R i 2 D0 AL b e H AR 230 532 (0). #5503, 2024, 39(4): 1361-1369.

TELL B View online: https:/doi.org/10.13195/j.kzyjc.2022.1244

LT RIS HA SO

Articles you may be interested in

ESWNGINZICINER 3775 -9 W E PRI VAR ' k2 2
Adaptive task offloading decision of multi—-UAVs cooperation in live broadcasting scenario

Pl 5 PR, 2021, 36(4): 974-982  hitps://doi.org/10.13195/).kzyjc.2019.1104
ZTCNNLIMAE R 5T A &AL 55 H 8 R

Adaptive task offloading decision of multi—-UAVs cooperation in live broadcasting scenario

PR 55 2021, 36(4): 974-982  hitps://doi.org/10.13195/j.kzyjc.2019.1104
I3 AT T NALBY I L G AR LA il i

Time—-varying formation nonlinear control of distributed multiple UAVs

Pl 5 HK. 2021, 36(10): 2490-2496  hitps://doi.org/10.13195/j kzyjc.2020.0136

IR S PRI v 2 e 3 TE AR SR AR Z MR 7 vk
An online route planning method for multi—rotor drone in urban environments

PRl 5P 2021, 36(12): 2851-2860  https://doi.org/10.13195/).kzyjc.2020.0557
T [1] 22 H AR i AT 55 1 TS AHLAT S LK)

UAYV trajectory planning for multi-target reconnaissance missions

P 53R, 2021, 36(5): 1191-1198  https://doi.org/10.13195/j.kzyjc.2019.1284


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2022.1244
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1104
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1104
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0136
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0557
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1284

95 39% 44 ) = % 5 x K Vol.39 No.4
20244 4 A Control  and  Decision Apr. 2024

ETHHIHEEENS T AN BT BB 5 E

ii—’é’-z@l’z, 7 7)"’31’2’3, ;55%5%1,2’ T EHagl23t

(1. BE T K2 B H 2R, A0 230009; 2. AR SR BE USRI B FRE AL =, A8 230009;

3. AT RAGEREHETREP L, A0 230009)
OB W RO 2 AN M B bR 43 B i) AL % e b ek D P E T ALk S5 B A B e
H b, B8 77 X B T S 2 5 30t T8 AMLHEAT $28K, (R B80S X7 v S W 8% 310 75 S R B ) H b 43 B 77
2RI Ay BT AR T AT B 23 BC T SR U 7 AU RS R I, o ] A Sy — S R R A A, Y
[ Sl 2 [ BE T AL S8 B AR 228 S o B s in 250 UK. % 0k, DA SRk LAAE AT R0 ) py 3o 3
HEAT SR AR, AR — b T 5 o B AT 4848 & 1 i3 Double Oracle (DO-TSNS) &3, Sz 45 5 & B, #H% T DO.
UWMA £l DO-NS %32, DO-TSNS 51 fe i T8 45 20t SR Af 25 & B 480 7 B A £2804T 9 2 o AP M B A5 4
i 1] 8.
KA I BANL; HARarHl; FRFEFEEZE; Double Oracle 52
HPESES: TP273 XERFRERS: A
DOI: 10.13195/j. kzyjc.2022.1244
SIFAMEN: THGR, B8, i, 5. BT S8 IR 2 8 AR B0 B AR 20 Be 5 4 [J]. #5533, 2024,
39(4): 1361-1369.

A target assignment method based on Nash equilibrium game for multi
UAV ground attack
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Optimization and Intelligent Decision-Making of Ministry of Education, Hefei 230009, China; 3. Engineering Research
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Abstract: A new target assignment problem for multi UAV ground attack is studied. In this issue, the attacker tries
to destroy the high-value target of the defender through multiple UAVs, and the defender tries to intercept the UAVs
by launching interceptor missiles, but the attacker and defender can not observe the target allocation scheme actually
adopted by the other side in advance. By analysing the impact of the defender’s interceptor missile allocation scheme on
the profit of the attacker, this paper constructs the problem as a zero-sum matrix game model. The strategy space of the
model increases explosively with the increase of the number of UAVs, high-value targets and interceptor missiles, and
the existing algorithms are difficult to solve it in an effective time. Therefore, this paper proposes an improved Double
Oracle algorithm based on two-stage neighbourhood search (DO-TSNS). The results of experiments show that, compared
with the DO, UWMA and DO-NS algorithm, the DO-TSNS algorithm can solve the target assignment problem of multi
UAV ground attack considering the interception behaviour of the defender more effectively.

Keywords: ground attack; UAV; target assignment; zero-num matrix game; Double Oracle algorithm
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brRorBe T 58, T OR 1 B0k 5 R FTT S I Rk

3 FESER SRS
31 XWEE

I A UL A R, 2 IOk [21] % H
RIS AN r ORI ARE P 28 S 56, 9 328 3 M B3 43 il A
SR fiff T[] AR SR A o £ PR AN O T R AT X G 3 FRRE L
VRN IA 3K i 22 A0 B T R A 1) R, 4
5 DO, UWMADPZ fiI DO-NS #yB1, H A1: DO Al
UWMA BEH# 0] LUK AT HE B (0 49 A1 250467 i, (HL & 3K
SRS B it 2 [ S AASE ) 398 e 165 K, 3 DU RICK g
eh KA ) ) B2 451 ; DO-N'S 9% 1] DL B ik sk 155
AR AN A 50 e, AL A2 S5 RS A A A 20 A e P P B8 A
22 PR AR, S0 SR BT B A 22 B B W s 1 T A B
VAR SR AR T B dEAT R, Forh e 2 IR BN i 2 4R T 7
PAT EIE T FAT B 545 S0 & UL L7 AT R @
) B A = B 5 % maxmize,, Z (s, 81)2e, T

75 B B Wi 25 5 P, E[w(DO)] 7R A DO ik
THEAS B B f ot B2 e 22 BB &, H Flu(Q)) R
18 Q R T BT 20 R oxof I g 22 A B W, T @
Bk 5 DO B L 8] gap WTHHE AN
(E[w(DO)] — Elu(Q)])/Elu(DO)]. )

S R GRS FE A A0 S
T IR TE AMLI MR P 7E(0.6,0.9) WAL
AR S Ah, SRS T e AL A H bR 54
Py 7£(0.6,0.9) N BEHLAE B, = (E H B8 A E R 21
vy 1E (6, 10) B 75 BBl Y BE LA X

A SE 6 ¥ 53 N Intel (R) Core (TM) i7-7700
CPU@3.60 GHz 4 #Z% AL P2 3% . 32 GB RAM. Windows
10 #84E R G, Firfy ARG C++ 15 5 g A S
3.2 RSEIG RELER o

F e B g K 0835 8, ANF K ¥
NUEE MO T 38R N 7 s 3. 5. 8,3t
REN27 P MG BRI G T BEALAE RS 2H 52 56 £ s,
FR2H S B0 KR T 20 12 4T DO-TSNS Fl 3 Fik kb 92
5 SR UGB AT B T S [R)RO1S 21 (1) 5 22 3
B . X RERR S o Gt & EAE S A
(RN 21 (11~ 357 g 22 S BE WA &R, I 42 R SR g 2 ) A
|S| BIR/NFH P HEF, SEBR 25 2 2 iz, Horp «/7 3%
TN A A BRI 8] (72 /N P TG3233K A

Eop €D e
FT2 MELRER
PSR /s Pt I
K M N |S|
UWMA DO DO-NS DO-TSNS UWMA DO DO-NS  DO-TSNS

3 3 3% x3? 3.931 0.083 0.028 0.054 3.928 3.928 3.928 3.928
3 5 33x3% 1195337 0.137 0.062 0.078 1.337 1.337 1.337 1.337
5 3 35 x5% 5284968 0.732 0.071 0.434 9.280 9.280 8.359 8.960
3 8  33x3® / 0.762 0.204 0.549 / 0.265 0.261 0.265

3 5 5 35x5° / 0.930 0.306 0.578 / 5.077 4.905 5.056
8 3 3% xgd / 2.224 0.381 0.669 / 16291  15.054 15.772
5 8§ 3% x5% / 45.208 0.409 0.987 / 2.203 2.139 2.201
8 5 3%x8 / 53.070 0.446 1.261 / 11.697  10.708 11.420
8 8 38 x 88 / 2562.59 0.715 1.544 / 6.960 6.753 6.871
3 3 5°x3% 552463 0.126 0.048 0.080 3.958 3.958 3.958 3.958
3 5  53x3% 4058739 0.317 0.095 0.235 1.383 1.383 1.249 1.383
5 3 Bx58 / 0.916 0.081 0.296 / 13.094 11672 12.660
3 8 5% x3® / 0.789 0.159 0.449 / 0.260 0.254 0.255

5 5 5 55 x5 / 1.034 0.303 0.496 / 5.146 4.596 5.124
8 3 58 x 83 / 43.724 0.428 0.794 / 21.892  20.693 21.211
5 8 5% x5% / 121.340 0.561 1.037 / 2.196 2.089 2.152
8 5 5%3x8° / 130.827 0.686 1512 / 13.129  12.483 12.889
8 8 58 x 88 / 3145.76 0.881 1.690 / 7.604 7.059 7.489
3 3 8% x3% 1863553 0.465 0.069 0.198 4.406 4.046 3.585 3.974
3 5 83x3° / 0.768 0.083 0.291 / 1.435 1.403 1.411
3 8 8% x 38 / 0.790 0.233 0.503 / 0.270 0.249 0.268
5 3 89 x5° / 6.636 0.264 0.649 / 15449  14.662 15.135

8 5 5 85 x50 / 4.134 0.393 0.567 / 5.720 5.174 5572
8 3 88 x 83 / 57.588 0.442 0.612 / 31.024  28.534 29.951
5 8 8% x5% / 4650.48 0.648 1.073 / 2.390 2.279 2343
8 5 83x8 / 5239.498 0.798 1.131 / 19.638  18.807 19.176
8 8 8% x8® / 5841.210 0.963 2.671 / 8.693 8.018 8.617
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M2 0] U, B 5 AR 1 1 K, B A B
P38 TSI R R AE 3 K. o DO SV A AR RE %
P B G2 e, (E R LT B ) e o B 34 KT
SURIE N, UWMA S0 e 15 20 40 H- 5 i e, (0 LT
DR A BB A R, 7E UL B M = 3V N =5
MM =5.N = 30, T30 B 245510000 s PL
_I; DO-NS B B v [H] B /N T DO-TSNS &%, (1
HAS B2 B 2 B R 25 L DO-TSNS 5vk 1) 2.

[F] I, 24 M AL N AR, BE A KR ES 0, 4~
FAA RSP i 2 RIS A 2 TR . Hod, Y
K M MK M, I8 AHLAT LI %
(B B A, 13 i 22 B EE WA A 1 K FE AR, 431
WM =8N = 3,K5 435, 81, DO-TSNS &
R 2 e 22 BB A 70 il M 15,772, 21.211 A
29.951. 1B K \ZF MK B KT M i, i F 6
Sy e 2 1 8 AHL & BGE @B B Ax, R e
AL B S s (A 1 B AR g AT 9T o, P i =
e 25 1 KB BN, XM = 3 N = 3, K /35N
3. 5. 81, DO-TSNS 5y 3R 45 1) f 22 JH B i & 7 )
N3.928. 3.958 F13.974. 24 M — 32 I, B N (134K,
B AN SUIE 101 350 o 22 TR 0B A Bk /. X2 TR Ry
7 480 77 2 4 5 00 R 22, B0k O T AL £ A A
K, Bk 77 1135 e 2 IR U Bk /S, 24 N — S BT,
B 5 M IRIEE R, P AP 1) f 72 B EE A A A BV 3
. 32 R B 7 1 T AALECEDER 22, B5 48 7 = i
1B brap 551 (R 3 K, s g T ) e 22 B B U
Ry LN

K2t T K = 31 DO-TSNS 592 5 DO-NS £
TRAR B 1 1) fi 22 B SR UAC 2 R0 B KAL) gap.

10 ¢ —=— DO-TSNS 4%
—e— DO-NS &%

gap/%

g
B2 K = 3FDO-TSNSE A5 DO-NSEEBEIRIF1Y
REMAEWE SR AER gap XL BhZ
M 2 HAT DL H, DO-TSNS 594159 21 ) 7 2
i 22 BB a5 5 A KB 1Y) gap U6 244K T 8055 T DO-
NS HyEX B gap. H A DO-TSNS 5032 %) 37 1] gap
B RAB N 3.448 %, gap ~F35E 4 1.198 %; 1fii DO-NS .
1ERT L) gap B KAE N 9.924 %.

3.3 R ARSI RELER SR
5 /NRURE S0 2840, B SR 3G 1 K. M N 4
BB 10, 15,20, KFUBLSEER ) K« M« N 53 5%
F3 hAMESRLE
TR s PR
DO-NS DO-TSNS DO-NS DO-TSNS

K M N IS|

10 10 10*° x 10'° 0.98 3.44 8.230 9.694
10 15 10'° x 10'® 1.03 3.69 3.552 4.073
10 20 10'° x 10*°  1.29 5.05 0.841 1.117
15 10 10'® x 15*°  1.06 4.96 17.703  20.140
10 15 15 10'® x 15'° 1.81 9.01 11.441  15.375
15 20 10'® x 15%°  2.65 13.82 7.058 7.806
20 10 10'° x 20  1.97 1134 26.103  31.186
20 15 10'° x 20'° 2.83 16.62  21.363 24.272
20 20 10'° x 20%°  3.06 2094  14.686  17.300

10 10 15'° x 10'°  0.86 2.85 8.325 9.893
10 15 15'° x 10*°  1.20 451 3.961 4.368
10 20 15'° x 10%° 1.63 7.30 1.021 1.250
15 10 15 x 15  1.42 5.17 23.144  27.553
15 15 15 15*° x 15*° 1.84 9.44 12.616  15.399
15 20 15' x 15%° 2.78 14.10 7.485 8.557
20 10 15%° x 20'°  1.74 1140 34458  42.583
20 15 15%° x 20 3.08 17.17  25.012  29.475
20 20 15%° x 20%°  3.59 26.03 19.941  22.765

10 10 20'° x 10  0.94 3.14 9.025  10.346
10 15 20'° x 10*® 1.55 6.85 4.196 4.411
10 20 20'° x 10*° 1.89 9.56 1.172 1.560
15 10 20" x 15  1.56 6.67 25722 29.893
20 15 15 20'° x 15  1.77 11.60 11.669  16.359
15 20 20" x 15%°  2.96 19.20 7.939 8.828
20 10 202%° x 20'°  2.05 1225 45013  52.649
20 15 202%° x 20*®  3.03 24.04 27309 35.286
20 20 202%° x 20%°  3.89 30.12 18.475  26.998

30 30 30%° x 30%° 3512 191.52 21211  25.360
30 40 30°%° x 30%° 42,97 23319 13223 15953
30 50 30%° x 30°° 49.79 39425  6.125 7.452
40 30 30*° x 40°%° 4750 304.84 54509  62.138
30 40 40 30*° x 40%° 58.66 49130 32.099 37.272
40 50 30*° x 40°° 105.22 889.57 19.215 22313
50 30 30°° x 50%° 71.08  589.72  70.163  79.925
50 40 30°° x 50%° 121.65 916.87 46359  55.865
50 50 30°° x 50°° 137.14 99726  28.585  36.607

30 30 40%° x 30%° 45.04  323.92 24.504  29.498
30 40 40%° x 30%° 4778  358.80 13.357 16.975
30 50 40%° x 30°° 5336 45733 6.068 7.690
40 30 40%° x 40%° 74.67 < 607.92 69207  78.162
40 40 40 40%° x 40%° 92,97  856.94 37.090  44.905
40 50 40%° x 40°° 156.38 1178.76 22.638  25.336
50 30 40°° x 50%° 86.71  743.69  80.155  96.192
50 40 40°° x 50%° 133.78 960.73  50.334  60.618
50 50 40°° x 50°° 168.10 129820 38.897  43.708

30 30 50%° x 30°%° 47.66  355.87 25269  30.821
30 40 50%° x 30%° 62.66  505.68 15234  18.486
30 50 50%° x 30°° 122.98 993.71  7.584 8.850
40 30 50%° x 40%° 89.59  740.61 59.737  71.198
50 40 40 50%° x 40%° 140.99 1022.00 40.597 46.178
40 50 50%° x 40°° 17139 1306.70 22.965  26.366
50 30 50°° x 50%° 91.38  780.62 93.774 109.363
50 40 50°° x 50%° 144.15 1013.61 58.169  66.562
50 50 50°° x 50°° 185.11 142229 40.569  49.299
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HN30.40.50, % HS R 27 FhdH 5.

HTUWMARDOREEK = 8 M = 8.
N = 8L MBSz I, 72 /N P TCVETS 135 47 45
B H A DO-TSNS Al DO-NS 5k #5477 K
PRESICHG, of V- 35 T A5 I T 0~ 357 B 22 S R i 2t idE AT
GIHT. H ORISR S5 25 SR N 3 .

M3 0] DL H, B 35 5w 2 (] AR i H 2
., DO-TSNS SHiEAT) BEAE A BR A 1] N 15t 45 2R, Hoi
KFE A 1422295, T DO HILE K = 8.
M =8N = 8HIEL T 5841.21 T 5 [A].

4 M AN AR, BEE K 30, 35 5 2 2
Wz 2 AH SIS K 2 KOFI N ANAR B, BE 5 M3 i, ~F
5y di 22 S EE WAL A AH L1 R 2 KR MO AR I B o
N B30, P35 B 22 BB WL AH RLs D . v LUE e,
KIS 56 48 JL AR AL 34 5 /N AR S 36 25 SR 1) A
fh AR, BAE M. Ny K (B AR [F 515
T, DO-TSNS 532 BT HUA3 149 ~F- 357 i 22 3 B U 28 3 1y
T DO-NS 51k Fir A 1 1) f 22 B R AL &3

2% b BT, 38 /)N R K 3 RIS g S 6 5 SR eT DA
B AR SCE LR IE F T A [F AR 1) 22 o A AL
Hh it H bR TR 1] RS9 LE /N FIASE 1) RS A A
BT DORIEMUWMA H%, A SCHE %] DLE /N i
FEE AR AR 1 J5 2 %) 175 100 A M 9 2> SR A B[] A 4
T DO-NS B3, A SCHIE R RAZ H A B4 =M
i, £ A R R 0] S5, AH AT DO-NS B, A
SCEE MRS SRAT B T R R
4 & ©®

UL WV b L sl i A =R i TR
A HE TG E) 17 1 2 ) TR AR L R R A
T ZRAAY, FERR T — bk T P B B AR 2% 1) ik
Double Oracle %.9% (DO-TSNS), LA 3k iZ B (VR &
S AR A 1. %R A S N AT A 4 R o Bk
PRAE — b 24 167 1 SR, LI T AR A5 B SRS R B
TG 5 W B 480 7 B4 AR, 7 1 g DUSS v
75 SEBR R B AR B A5 2B 77 28, M i i R I 7
T R . SR 45 R B, A T I 1 DO
UWMA ., DO-NS %5503, A SR T Lo H T A R
(14 i) 830 S8

TE 5 SRR 78 A, — 5 TR E R E AR IR 0T
(RGBT, WF 90 58 A 3 140 SR I 4R A AR BT T, DA
E— B HR T SR R SR M 0% 5y — 7 T, K AE B KAk
XA 7 e AR E b (00 A B8 SR A AN 1 Bty b, ik —
52 R S KA A1 7 B AR A A S ) AN, X
/MG T B R A WL AN 8, B SRR 2

H bR 1 ZEASE R ISR i S0
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