46 % H3 M
2024 4 6 J

/IS B A NI S
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

Vol. 46 No. 3
Jun. 2024

doi:10. 11887/j. cn. 202403003

http://journal. nudt. edu. cn

K 7% 22 2 BU BB IE 2k 5 B B IR 3h BB AL 1L

KIS, REH AT EE A

(BEAE XS ERAFLFR, #d K 410073)

OB AERIRAR 1 I 2 R T A A R v 0 R 2 SR S PR S R, R T —
ob 3 T B SR AIE A 1 7 R A SRS SRR T 3 o AR A 20 X SR B i S A5 B TR 2 A A o SR 5 X ) A
PEAT S e 5 300 2o 905 0 R e T B SRS, 6 ) A7) it DR 285 AR L P S 1 Dby o AR AR A7 22 199 255 31
G5 NS 9 19 265 45 Ry ] LABR A SR L ) A S fRA S o O 1 S 3t 1 0 o8 2 B 35 v ) 0 6 g 7 o
LM RSB T IR S SEOR ARAE AL, 3 1 R ST 0 TR SR A e 4 S B0 R IR AT K 1 S 2o BE s
LW, v i 1 SR M vl LA S8 X i M 7 AN 5 1, ELAR BE T SR b 2 A S, THTRE RS i A B

Gy

RERIR) - JB A IEGR s BT 0T 5 TR P2 2% s IR S s Ak

HENES VH8.2  HIREE:A
X EHS 1001 —2486(2024)03 - 021 - 09

=

Fatrs e 5

FEHIR S (SHRARS ) $RRAT (0SID) b
T, .% ﬁ]!

_______

Receding horizon optimization for spacecraft pursuit-evasion

strategy in rendezvous

ZHANG Chengming , ZHU Yanwei™ , YANG Leping, YANG Fuyunxiang
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; Given the influence of uncertainty such as measurement errors in the process of spacecraft free-time orbital pursuit-evasion game for

rendezvous, a high-efficiency strategy based on receding horizon optimization was proposed as a solution method. The saddle point control strategy

of the game was derived according to differential games, and the equivalent transformation of the problem was carried out. By solving open-loop

saddle point strategy off-line in advance, the initial states of the problem and the corresponding solutions were taken as samples for neural network

training, and the trained network structure can quickly obtain the approximate solution of the corresponding problem. In order to better deal with the

measurement noise in the game environment, a receding horizon optimization framework was designed based on the neural network structure. By

periodically solving the problem, the rendezvous of the pursuer and evader was finally realized. Numerical simulation shows that the proposed

strategy can effectively deal with the uncertainty of measurement noise, and compared with the existing strategy in the literature, the calculation time

can be reduced from minutes to several seconds.

Keywords: pursuit-evasion game; differential games; deep neural network ; receding horizon optimization
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x/km -29.513 -30
y/km -30.184 -30
2/km -30. 158 -30

v,/ (m/s) 0.495 0.5
v,/ (m/s) 0.504 0.5
v./(m/s) 0.489 0.5
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Tab.4 Comparison of neural networks and GA

[ R 4 o
v, -1.637x10°* -1.729 x10°*
v, -1.339x10°* -1.391x10°*
vy -1.346 x107* -1.268 x10°*
v, 0.733 6 0.767 4
Vs 0.351'5 0.339 8
v 0.581 6 0.543 7
t/s 7 614. 878 8 127.704
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