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Abstract: A reinforcement learning-based swarm intelligent decision-making method of cooperative multi-
target attack under high-dynamic situation is proposed. The composite evaluation criteria of attack
performance is established, including the evaluation of attack superiority based on relative motion
information and the threat evaluation based on the inherent information of target. To evaluate the attack-
defence effectiveness, a cost-effectiveness ratio index is designed by combining attack performance,
penetration probability and attack cost together. In addition, a multi-target decision-making architecture
based on reinforcement learning is constructed, and an action space with allocation vectors as basic
elements and a state space based on quantified performance indicators are designed. (Q-Learning is
employed to make intelligent decisions on cooperative attack plans, including missile selection and target
assignment. The simulated results show that reinforcement learning can achieve multi-target online
decision-making with the optimal offensive and defensive effectiveness, and its computational efficiency

has more obvious advantages than that of particle swarm optimizer.
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ARSCR AT S: I ISE T 2 2 Himgh
BT 2 H s b R M i 3 RE D ST 35 7 T I
B P RE Al DU, £ 455 5 T AH X3z 35 B Bt
FPEPPAL LT HAR A 5 B U PP, 23

21
o cE TR
K8 BPERESE bR J,, +J, .

Fig.8 Attack-defense performance index J, , +J, ,

1.85
(23,1.756)
175¢ @ n
o ot .’.Q,Q..’
"
it e S LRI
~ ’|" “ I Y
o, 119 8y é
Lesk ol Ll
y “b i
® \
1}
[l
®
1.55 I 1 1 1 1
0 7 14 21 28 35 4
Wik R

Ko s tbishs J,

Fig.9 Attack-defense cost-effectiveness ratio index J,

G U YERE B PERE L) R BGEH I AR B T B AL
P VERETE bR, M TR T RIS T 2 B AR R
ek it T ARG B SRS [a] AR A5 1) A
Q-Learning J5 72X Wp e Moy 7 8, A0 45 S5 0 Bl i
T BEHA K BARArBe AT TR BRI LLT
F L.

D) T A E 30 E R 5 iR EAAF R, i s5e
X B EE 5 H bR U FE (PPl 255 2 B
FRAL ] Ry I 02 LU AR AR AL

2) Z H AR PRl Yoy 09 B br 2 5015 2 B P e fx
Ak, Bl S A B L & B AR B TR SR 45 2R
PEREFR bR L S R SRR 25 U AH O

3) iR 2 BB F T P W ek b 2 B AR 9 AE
LUK 5, 5 PSO kA L, HOT B AR AE IR
IR BAT S 2 A3

AR SO FE Y A — o T i Ak 2 T 1 BL Al 1 o
FHYERY BARZ I 58 e vk . R Bl
TR 3 BCRE A AE AT A 2 AT o e S e



2 x 4% %

2048 CE S
22 37k ( References ) [9] CHEN W N, ZHANG J, CHUNG H S H, et al. A novel-based
particle swarm optimization model for discrete optimization prob-
[1] 453,500, 0T, CAT 2R BEbh IRl S 45 0 7 1 B g JF A lems[ J]. IEEE Transactions on Evolutionary Computation, 2010,
FE[ 1] A B B2, 2019, 6(5) ¢ 1 -9 14(2) ; 278 -300.
REN Z, GUO D, DONG X W. Research on the cooperative gui- [10] SR [, SRR, XA, 45, 2T R TR SR S AN 2 =
dance and control method and application for aerial vehicle swarm I TR SCHAR [T ], FHER, 2013, 34(3) ;340 -
systems[ J]. Navigation Position & Timing, 2019, 6(5): 1 -9. 346.
(in Chinese) FEI A G, ZHANG L Y, LIU G, et al. The technique for air-to-
[2] BOGDANOWICZ Z R, TOLANO A, PATEL K, et al. Optimiza- air missile guidance superiority handover based on particle swarm
tion of weapon-target pairings based on kill probabilities[ J]. IEEE auction hybrid algorithm [ J ]. Journal of Astronautics, 2013,
Transactions on Cybernetics, 2013, 43(6) . 1835 —1844. 34(3): 340 -346. (in Chinese)
[3] JHgeis. S0 E AR SEE AR M. Jus BT [11] PRASHANT B, FARUK K, NAVDEEP S. Reinforcement learn-
b H A, 2015 . 88 —96. ing based obstacle avoidance for autonomous underwater vehicle
LU S T. Cooperative guidance & control of missiles autonomous [J]. Journal of Marine Science and Application, 2019, 18(2) :
formation[ M ]. Beijing: National Defense Industry Press, 2015 228 -238.
88 —96. (in Chinese) [12] JUNELLJJ, VAN KAMPENY E J, VISSER C D, et al. Rein-
(4] XU, AT, SR SRS R 2ot A4 H bx forcement learning applied to a quadrotor guidance law in autono-
AERLT]. dEHEEHI S5, 2016, 38(1) . 38 —40,52. mous flight [ C] // Proceedings of ATAA Guidance, Navigation,
LIU S K, WANG HY, LU F X. Online target assignment for co- and Control Conference. Kissimmee, FL, US: AIAA, 2015.
operative attack of anti-ship of multiple missiles[ J]. Command [13] GAUDET B, FURFARO R. Missile homing-phase guidance law
Control & Simulation, 2016, 38(1) : 38 —40,52. (in Chinese) design using reinforcement learning [ C] // Proceedings of AIAA
[5] ZHAOM, ZHAO L L, SU X H, et al. Improved discrete mapping Guidance, Navigation, and Control Conference. Minneapolis,

(6]

differential evolution for multi-unmanned aerial vehicles coopera-
tive multi-targets assignment under unified model[ J]. Internation-
al Journal of Machine Learning & Cybernetics, 2017, 8 (3):
765 -780.

DING Y F, YANG L Q, HOU J Y, et al. Multi-target collabora-
tive combat decision-making by improved particle swarm optimizer
[J]. Transactions of Nanjing University of Aeronautics and Astro-
nautics, 2018, 35(1) . 181 - 187.

SUN J J, LIU C S. Finite-horizon differential games for missile-
target interception system using adaptive dynamic programming
with input constraints [ J ]. International Journal of System Sci-
ence, 2018, 49(2) . 264 —283.

B, ZHN AT 80 A B MR ARBIFE[ D], B/R
T IR BE Tl K% ,2018 ; 20 - 32.

WU W N. Research on distributed mission planning for multiple
unmanned aerial vehicles [ D]. Harbin; Harbin Institute of Tech-

nology,2018 ; 20 —=32. (in Chinese)

MN, US: AIAA, 2012.

GAUDET B, FURFARO R, LINARES R. Reinforcement learn-
ing for angle-only intercept guidance of maneuvering targets| C ]
Va Proceedings of AIAA SciTech Forum. Orlando, FL, US.
AIAA, 2020.

FRZEE AR, SKFE S, Q-learning BRAL2ESI HI A T]. &
STRSHEFHAR, 2020, 42(2) ; 414 -419.

ZHANG Q H, AO B Q, ZHANG Q X. Reinforcement learning
guidance law of Q-learning[ J]. Systems Engineering and Elec-
tronics, 2020, 42(2) : 414 —419. (in Chinese)

XIVKHE, WHiEss, BRE, 5. BT 24007 Q ML
HELEZE B IR AR [ T]. SRR, 2021, 42(3) : 663 -
672.

LIUB Y, YE X B, YUE Z H, et al. Continuous space pursuit-
evasion game algorithm based on multi-group deep Q-network
[J]. Acta Armamentarii, 2021, 42(3); 663 —672. (in Chi-

nese )



