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Hierarchical iteration algorithm for multi-satellite observation scheduling

LIU Jianyin', JIA Xueqing®, WANG Zhongwei'
(1. School of Logistics & Transportation, Central South University of Forestry & Technology, Changsha 410073, China;

2. College of Electronic Science, National University of Defense Technology, Changsha 410073, China)

Abstract: A novel satellite scheduling framework based on the divide and conquer principle was proposed. Under this framework, an ant

colony optimization algorithm was employed to distribute observation tasks to different satellite orbits. Then, an adaptive simulated annealing

algorithm was designed to solve the satellite observation problem involved in each orbit. According to the feedback on the scheduling results at each

orbit, the task distribution schema was adjusted. This process was repeated until the termination condition was met. To improve the efficiency of the

algorithm, the domain knowledge of the satellite scheduling problem was considered into the heuristic information model of the ant colony

optimization algorithm. Next, two neighborhood structures were designed in the simulated annealing algorithm. In addition, the dynamic selection

strategy was used to choose the most appropriate neighborhood search structure. Extensive experiments show that the proposed method can reduce

the problem complexity effectively, especially in solving the large-scale satellite observation scheduling problems, which exhibits extraordinary

performance.
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Fig.1 Double level scheduling framework of multi-satellite
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Fig.2  Solution structure graph of the

task assignment problem
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Tab.1 Parameter settings for the simulation scenario
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Tab.3 Parameter setting of the SA algorithm
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Tab.4  Computation results of the satellite observation

scheduling algorithms on scenario 1

N7 cT NT  FEEH/%  WHE/s
TS 1862 1215 65.22 321.52
GA 1862 1244  66.52 425.62
SA 1862 1198  62.12 564.24

ACO-LS 1862 1254  67.25 368. 45
ACO-SA 1862 1351 72.65 388.78
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Tab.5 Computation results of the satellite observation

scheduling algorithms on scenario 2

Ja B A BB O A HARE NT R 58 i 1E 5520 R cT NT R/ E] s
A0 3 T S B 5 (A R, AN A BN R LA B . s 1456 1025 70.40  280.25
1) ACO-SA A4 — 21 55 i Hh oA B 3t R L GA 1456 1085  74.52  355.32
R AEYERE, W R 006 SR A R Bk sa 1456 987 .
FISEADLIR R0 P LA 250 b i e 22 B O 37 2 [ ACOLS 1456 1102 7560 29810
Mo JEHGE ACO-SA STIR BRI ACO-LS ZE U ACO-SA 1456 1203  83.24 326.45

i R WEIN 3] FE 7 5%, 3k & W 43 SR M X T 3R il K
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Tab. 2 Parameter setting of the ACO algorithm
o' B A v p q q, T min Ty AntSize Max_lier Mid_iter
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*6 AEIEERNNEAEEEE
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Tab.6 Computation results of the satellite observation

scheduling algorithms on scenario 3

RS cr NT  BEH/%  WHE/s
TS 3318 1425 42.95 582.35
GA 3318 1524 45.93 565.15
SA 3318 1324 39.90 684. 60

ACO-LS 3318 1588 46.85 535.40

ACO-SA 3318 1658 50.02 606. 66

*7 AEAZERNAEEEE
FMNAREHRMITEER
Tab.7 Computation results of the satellite observation

scheduling algorithms on scenario 4

RS cr NT  BSEHR/% WA/
TS 1862 1625  87.27 541. 12
GA 1862 1678  90.12 655.45
SA 1862 1598  85.82 743.15

ACO-LS 1862 1699 91.25 524.36
ACO-SA 1862 1742 93.56 560. 65

*8 ARIEVNNEAEELE
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Tab.8 Computation results of the satellite observation

scheduling algorithms on scenario 5

Ak cr NT  BSEHR/% WA/
TS 1456 1355 93.06 482.32
GA 1456 1382 94.92 505.24
SA 1456 1275 87.57 661.32

ACO-LS 1456 1398 96.02 458.55
ACO-SA 1456 1418 97.39 500. 48

®9 TERENWEAERRE
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Tab.9 Computation results of the satellite observation

scheduling algorithms on scenario 6

ik cr NT  BER/% WA/
TS 3318 2215 66.76 844.10
GA 3318 2285  68.87 885.20
SA 3318 2189  65.97 924.35

ACO-LS 3318 2345 70. 68 825.65

ACO-SA 3318 2388 71.97 874.24
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