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Abstract; Autonomous task planning is an important method for imaging satellites to fast react to e-
mergent observing missions, and to capture ground targets effectively. For the autonomous task plan-
ning problem of fast selecting targets in observation area for formation flying satellites, an improved
genetic algorithm was put forward to fast obtain imaging sequence for every satellite. First, con-
straints of a satellite observing a target were analyzed, and observation time and expected lateral
swing angles were clarified for each satellite and target. Then, ground target, imaging sequence and
formation satellites were coded as gene, string and individual respectively. For fast forming original
imaging sequence containing several important targets for each satellite, an original population genera-
tion method was developed based on time judgement of satellite continuous lateral swings. Selection,
crossover and mutation were applied iteratively to optimize the original population, so that imaging se-

quences with current-optimal gain corresponding to evolution times were achieved. Finally, a simula-
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tion example containing 10 satellites in formation and 160 ground targets with 3 grades was provided.
The results show that the improved genetic algorithm can generate imaging sequences for all satellites
within 30 s. Contrast with simple genetic algorithm, imaging gain of proposed algorithm is improved
by 40% , and the number of important targets is increased by 1. 6 times. Thus, it can meet rapidity
and high-gain requirements of engineering application.

Key words: autonomous task planning; formation imaging satellites; improved genetic algorithm; ima-

ging sequence
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Fig. 1 Observation range of formation imaging satellites
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Fig. 2 Geometric side view of closed shadow area
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Tab.1 Imaging data collection of one satellite and all targets
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Tab.3 Target numbers and imaging preferences
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Tab. 4 Results of improved genetic algorithm
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Fig. 9  Overall imaging gain optimization by im-

proved genetic algorithm
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Tab.5 Results of simple genetic algorithm
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N N
90°E 92°F 94°E 96°F, 98°F 100°F 102°E1 04°E1 06" E108°E 110°E 90°E 92°E 94°F 96°F, 98°F 100°E 102°E104°E106°EL 08B 110°E

Bl 10 SRS R BE CH bR 12-3-17-2D Bl 13 S )T 90 R BE CH 7 - 95-22-26-29)
Fig. 10 Diagram of S,imaging sequence (target: 12- Fig. 13 Diagram of S,;imaging sequence (target: 95-
3-17-21) 22-26-29)

N 24°N
90°E 92°F 94°E 96°F, 98°F 100°E 102°E1 04°E1 06°E108°E 110°E 90°E 92°E 94°F 96°F, 98°F 100°E102°E104°E106°EL 08B 110°E
K11 SRB IR B (HAR:1-45-8) K14 SRBIF IR (HAR:36-15-18)
Fig. 11 Diagram of S,imaging sequence (target: 1- Fig. 14 Diagram of S;imaging sequence (target: 36-
45-8) 15-18)

N N
90°E 92°E 94°F 96°F, 98°F 100°E102°E104°E106°EL 08 E 11O°E 90°E 92°F 94°E 96°F, 98°E 100°E 102°E1 0°E1 6’ E08°E 10°E
K12 S5 m EE CHAR:11-6-10) B15 S A F 51 7n B CH bR - 32-42-7)
Fig. 12 Diagram of S;imaging sequence (target: 11- Fig. 15 Diagram of S;imaging sequence (target: 32-

6-10) 42-7)
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90°E 92°F 94°E 96°F, 98°F 100°E 102°E1 (4°E106°EL08"E 110°F

B 16 S g7 5l s 2 B CH AR . 2-5-9)
Fig. 16 Diagram of S;imaging sequence (target: 2-

5-9)

90°E 92°F 94°E 96°F, 98°F IO()"EI(}2°E104°106"E108°EHO°'5

Bl17 S A3 )¥ 50 m B B CH B - 34-25-28)
Fig. 17 Diagram of Syimaging sequence (target: 34-
25-28)

90°E 92°F 94°E 96°F, 98°F 100°E 102°E1 (4°E106°EL08°E110°F

18 S g IFFI R B CHFR :31-4-20)
Fig. 18 Diagram of Sy;imaging sequence (target: 31-
4-20)
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