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Abstract: In view of the problems such as the planning modeling of the multi-imaging-satellite joint-scheduling is
difficult and the solving complexity is high, through the analyses of the imaging process and working principle of
imaging satellites, the scheduling process of imaging satellites 1s divided into three stages, 1. e., scheduling
preprocessing, task planning, and scheduling optimization. During the scheduling planning process, an optimal
constraint satisfaction model for multi-satellite joint scheduling is established. The heuristic algorithm is used to define
the individual fitness evaluation function, design the task conflict resolution method, and propose an improved
differential evolution algorithm. On this basis, some deterministic rules are used to evaluate and optimize the feasible
solution of the scheduling scheme. The results show that the proposed method for solving the imaging satellite
scheduling problem can effectively allocate the satellite resources and generate the optimal scheduling scheme. The
design results can also provide necessary decision support for the optimal design and performance evaluation of the
satellite system.
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Fig.1 Scheduling preprocessing
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Fig.2 Mission execution conflict of case 1
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Tab.3 Mission completion status with the improved DE
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20 131 134 97.037 | 99.259 | 97.564 | 99.594

30 130 135 96.296 100 97.970 100

40 131 135 97.037 100 97.970 100

50 131 135 97.037 100 97.970 100

60 132 135 97.778 100 98.782 100

70 132 135 97.778 100 98.782 100

80 131 135 97.037 100 97.970 100

90 131 134 97.037 | 99.259 | 97.564 | 99.594

100 132 135 97.778 100 98.782 100
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Fig.5 Mission completion rate of the test scheme
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Fig.6 Mission completion benefit rate of the test scheme
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Fig.7 Mission completion rate of the scheduling scheme

generated by the standard DE algorithm
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Fig.8 Mission completion benefit rate of the scheduling

scheme generated by the standard DE algorithm
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Fig. 9 Mission completion rate of the scheduling scheme

generated by the improved DE algorithm
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Fig. 10 Mission completion benefit rate of the scheduling

scheme generated by the improved DE algorithm

5 #XiE

A% SO 1o 43 W R TR B0 IR 1% 5 R R T
B T 20 A% T A 24 R R 0 )
IR, e SE LA b R A USE AR W T
FAR T3 R I A 1T 55 10 R0 1) R 10 e 0k DE SR i 7 2%
S A S 1 % B, 76 ik DE 7% X 3o B2 o R
S 3 LA T R A A 5 1 ol SO A 1
SO T LA DR A A O B R B %L R A
TR R B 52 TR 45— YR 2 S AT O A, 7T LA 3
B R AR U R AT 5 56 R U TR TR
B b o T VA G A 28 A 1 S R R A T
UL %7 FE 0 107 2 0 E P L DT A 18 01 1 L 7 %2

S % ik

[ 1] GLOBUS A, CRAWFORD J, LOHN J. A compar-
ison of techniques for scheduling earth observing
satellites [C]// The 8th Innovative Applications of
Artificial Intelligence Conference: Proc. of the 16th

Conference on Innovative Applications of Artificial



32

R (R 330
AEROSPACE SHANGHAI(CHINESE &. ENGLISH)

95 37 % 2020 4EHE 10

[9]

[10]

Intelligence. 2004 : 836-843.

R TRR SRR AF IR TR [ S A S T 4% 1 A A
(T]BBUR 7 2 e (fF BB i) L 2015, 40(6) - 711-
715,766.

JANG J, CHOI J, BAE H J, et al. Image collection
planning for Korea multi-purpose SATellite-2 [J].
European Journal of Operational Research, 2013, 230
(1): 190-199.

WU G, WANG H, PEDRYCZ W, et al. Satellite
observation scheduling with a novel adaptive simulated
annealing algorithm and a dynamic task clustering
strategy [J]. Computers and Industrial Engineering,
2017, 113: 576-588.

W, B0 e, B A A Y 1R U TR R AT 55
B P T R 4 IR 26T iR [T, B R L 2018, 35(3)
34-40.

SPANGELO S, CUTLER J, GILSON K, et al. Opti-
mization-based scheduling for the single-satellite, multi-
ground station communication problem [J]. Computers
and Operations Research, 2015, 57: 1-16.

YAO F, L1J, BAI B, et al. Earth observation sate-
llites scheduling based on decomposition optimization
algorithm [J]. International Journal of Image, Graphics
and Signal Processing, 2010, 2(1): 10-18.

WU G, MA M, ZHU J, et al. Multi-satellite obser-
vation integrated scheduling method oriented to emer-
gency tasks and common tasks [J]. Journal of Systems
Engineering and Electronics, 2012, 23(5): 723-733.
P AT 0, F R T EAT S AR
(M. Jb5t B2z A, 2011 30-42.

XA Xl UL TR AT 55 LR AR S R B S (D] L

[12]

[13]

[15]

[16]

[17]

[18]

s o AR BE TS B (25 [ R} 2 5 0 RIS )
2008.

SALMAN A A, OMRAN M , AHMAD I. A met-
aheuristic algorithm to solve satellite broadcast sche-
duling problem [J]. Information Sciences, 2015, 322:
72-91.

XU R, CHEN H, LIANG X, et al. Priority-based
constructive algorithms for scheduling agile earth obse-
rvation satellites with total priority maximization [J].
Expert Systems with Applications, 2016, 51:195-206.
ZHANG Z, HU F, ZHANG N. Ant colony algorithm
for satellite control resource scheduling problem [J].
Applied Intelligence, 2018, 48(10): 3295-3305.
ZHENG Z, GUO J, GILL E. Swarm satellite mission
scheduling and planning using hybrid dynamic mutation
genetic algorithm [J]. Acta Astronautica, 2017, 137:
243-253.

SR BRI ik, AL T Rk T O ORE B s B i
FET R T (T]. R TR MR 550, 2014, 34
(3):793-801.

CHEN X, REINELT G, DAI G, et al. Priority-based
and conflict-avoidance heuristics for multi-satellite
scheduling [J]. Applied Soft Computing, 2018, 69:
177-191.

SONG Y J, ZHANG Z S, SONG B Y, et al. Impr-
oved genetic algorithm with local search for satellite
range scheduling system and its application in envi-
ronmental monitoring [J]. Sustainable Computing:
Informatics and Systems, 2019, 21: 19-27.

F A DM . T 3 A Bk B0 AR AT TR R R i)
WEoE[T]). 5 T A 84k, 2008,27(10) : 83-91.

St G Gt Gt G Gt Gt Gl R SR Gl SR G Gl R G R R Gl Gl SR Gl Gl R Gl SR SR Gl SR Gl R SR Gl R SR Gl SR Gl Gl SR Gl Gl R Gl R R Gl SR R Gl R Gl R G Gl

KX F( LBMRIBIEAKXS

o T R AR ) T Al 2 AR DL e
W RIERUE AR T, B A A R T R KRS,

BLAE B, 5 R T AR ) BE A T BEE Tl A 2 Ak
HEAT SCHEHE 2R 5 M 1T B R 060 R 1 1 Ak LR

A&, TSR BRORT kTR Bl A 5 2R VR A B Ml 0 5 G A R B 18] B S e e RV B R

SE[RIA 7 R AT RO I T Y 2

-2
USSRl CEFAVINCE




