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Based on Zero-sum Differential Game

REN Hao' MA Ya-Jie"? JIANG Bin"? LIU Cheng-Rui**

Abstract This paper presents an optimal fault-tolerant control approach for spacecraft formation control systems
in the presence of communication faults arising from uncertain disturbance and cyber-attacks. The approach is
based on zero-sum differential games and involves transforming the fault-tolerant control problem of communica-
tion faults into an equivalent zero-sum and differential game model. This transformation is achieved through the
construction of a performance function that describes cooperative formation control. The methodology employs
Hamilton-Jacobi-Isaacs (HJI) equations and the minimax principle for designing optimization solutions within the
game. Furthermore, an adaptive dynamic programming algorithm is utilized for online approximation. This ap-
proach yields the optimal fault-tolerant control strategy for the formation, ensuring both on-orbit stability and op-
timal performance in the event of spacecraft communication faults. Simulation results provide empirical evidence of
the effectiveness of the proposed distributed optimal fault-tolerant control law.
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Vo < uin (W)Y I+ IRV ]+ 7+ em  (50)
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-2, 0, 0, —3sin(0.01¢)]7,20s <t <40 s ;

2) Spa=00+AXo1, 67i=0;, i=2, 3, 4, AXp =
[0, 60, 0, 0, 0, 0.5e7%9% + 0.3]T, 40 s <t < 60 s;

3) 0r3=03 + AX3o+AXzy, 67i=0;, i=1, 2, 4,
AX3=[0, 1,0, —2, 0, 0]", AX34=10, 9sin(0.001¢2),
—5, 0, 0, —5c0s(0.02t)e= 9T 60 s <t < 80 s;

4) pa=04+AXyy, Spi=0;, i=1, 2, 3, AXy =
[0, 0, 5e=2*, 0, —0.9, 0]T, t > 80 s;

5) 64 =0s, i =1, 2, 3, 4, HAhEFZI.
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Fig.4 Spacecraft formation communication topology

X, =112, 0,0, 0, 0, 0, 0]7, X3 = [0, —30, 30, 0, 0,
0, 0]T, X, = [60, 0, —10, 0, 0, 0, 0], HEHLZHHi
REEFIHLO IR R = 7.992 851 5 x 10° m, Hi¥k
5171 BN 3.986 x 101 (m?s—2).

B Ry = 0.1I3x3, Rij = 0.1I3x5, Q; = Igxe
P =Isxs , 0i =0.01 , ¢in(65:) = [67(1)2, 65,(2)2,
6fi(3)2’ 6fi(4>27 5fi(5)2ﬂ 5}%(6)27 ]T , i=1, -, 4,
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Hip =5, Hy=2x[1, 1,1, 1, 1, 1]%. iPH ML IR
HYME B E N w.:(0) = [0.6, 0.5, 0.4, 0.3, 0.2, 0.1]T,
i=1, -, 4.
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