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Abstract: Aiming at the problem of multiple satellites collaborative planning with unobservable ground
moving targets, this paper studies the online imaging scheduling method based on improved deep rein-
forcement learning algorithms. First, based on the satellite imaging coverage calculation method, an ima-
ging strip partitioning algorithm is proposed. Second, based on the visible time window, strip and satellite
orbit information, a multiple satellites cooperative observation mission planning model based on the par-
tially observable Markov decision process (POMDP) is established. Then, a proximal policy optimization
algorithm with an action mask and advantage normalization mechanism is proposed, which improves the
convergence rate of the algorithm for solving the partial strip coverage task area scheduling problem. Fi-

nally, the correctness and superiority of the proposed algorithm are verified by three sets of simulations.
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Fig. 1 Diagram of satellite ground coverage

mEl 2 proas, A, B MRAfE DRLEZ EITIX
B, CHITE S MBEBM N ¢ HAET RS
BHER R 05 )s TR A B 212525 B AT ARAE

TR ESE R
{/\A =125, — d?sini

9
©r =@s, +di cosi

Ap =2, + dPsin:
{ (10

— B -
o =@s, —d, cosi

2 HEBEFHEFNATER

Fig. 2 Diagram of imaging strip vertex calculation
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Fig. 3 Diagram of strip division
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Tab. 2 Imaging load parameters setting table
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Tab.3 Network structure and hyperparameter setting
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Fig. 6 Diagram of training average reward
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Fig. 7 Diagram of the optimal observation sequence
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Fig. 8 Diagram of training average reward under

different probability conditions
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Fig. 9 Diagram of online strategy training average reward
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Tab. 4 Decision results

75 FF 1 5[] 45 I (] TR oL ih S 5 s
1 2022/12/12 04: 19. 11 2022/12/12 04: 19: 57 Satl6 0.8, 0.1, 0.1, 0, 0, 0, 0, 0, 0] 6: [2, 3]
2 2022/12/12 05: 03: 58  2022/12/12 05: 04: 45 Satl2 [0.97, 0.02, 0.01, 0, 0, 0, 0, 0, 0] 2. [1, 4, 5, 6]
3 2022/12/12 06: 32: 56  2022/12/12 06. 33. 43 Satl3 [0.01, 0.97, 0.02, 0, 0, 0, 0, 0, 0] 1. [1, 4, 5, 6, 9]
4 2022/12/12 07 22. 45 2022/12/12 07: 23. 31  Satl [0, 0.98, 0.02, 0. 0, 0, 0, 0, O] 7. [1, 2]
5 2022/12/12 08: 01: 54  2022/12/12 08: 02: 41 Satl4 [0, 0.01, 0.96, 0.03, 0, 0, 0, 0, 0] 1: [4, 7, 8, 9]
6 2022/12/12 08: 51: 40  2022/12/12 08: 52. 28  Sat2 [0, 0.02, 0.98, 0, 0, 0, 0, 0, 0] 9: [3, 4. 5, 6, 7]
7 2022/12/12 10: 20: 42 2022/12/12 10: 21: 09  Sat3 [0, 0.01, 0.11, 0.86, 0, 0, 0, 0, 0] 9: [1, 2]
8 2022/12/12 21: 17. 26  2022/12/12 21. 18. 08 Sat7 [0, 0, 0. 0.45, 0.25, 0.06, 0.23, 0, 0] 9. [3]
9 2022/12/12 22. 46. 25  2022/12/12 22. 47. 11  Sat8 [0, 0, 0, 0, 0, 0.04, 0.17, 0.42, 0.37] 9: [1, 2, 3, 6]
10 2022/12/12 23 30. 38  2022/12/12 23 31:. 23 Satl3 [0, 0, 0, 0, 0, 0, 0.05, 0.31, 0.64] 1. [9]

11 2022/12/13 00: 15. 23 2022/12/13 00: 16: 10  Sat3 [0, 0, 0, 0, 0, 0, 0.12, 0.71, 0.16] 9: [4, 5, 9]
12 2022/12/13 00: 59. 36  2022/12/13 01: 00: 23 Satl4 [0, 0, 0, 0, 0, O, 0.04, 0.70, 0.26] 1: [5, 6, 7, 8]
13 2022/12/13 01: 44. 22 2022/12/13 01: 45: 08 Satl0 [0, 0, 0, 0, 0, 0, 0.05, 0.90, 0.05] 9. [7, 8]

14 2022/12/13 02 28: 34  2022/12/13 02: 29. 21 Satl5 [0, O, 0, O, O, 0.04, 0.04, 0.67, 0.25] 3: [8, 9]

15 2022/12/13 03: 13. 20  2022/12/13 03: 14: 07 Satll [0, 0, 0, 0, 0, 0.03, 0.28, 0.13, 0.56] 7. [4, 5, 9]
16 2022/12/13 03: 57: 58  2022/12/13 03: 58:. 18 Satl6 [0, 0, 0, 0., 0, 0.06, 0.56, 0.25, 0.12] 4. [8, 9]
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