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A Two-layer Hybrid Scheduling Approach for
Electromagnetic Spectrum Monitoring

Satellite Mission Planning

ZHOU Xiaoguang  YI Yujiang  SUN Zhengbo

(Southwest Electronics and Telecommunication Technology Research Institute, Chengdu 610041)

Abstract In recent years, there has been a significant and rapid expansion in the satellite field, with a
corresponding increase in the demand for Earth observation. This led to a growing need for sophisticat-
ed management of Electromagnetic Spectrum Monitoring Satellite (ESMS) missions. Neglecting to incor-
porate dynamic adjustments in satellite mission planning will lead to a considerable loss of time and re-
sources. Dynamic adjustments to missions and allocation of appropriate satellite resources are crucial for

the effective execution of monitoring tasks. This paper begins by developing a mission planning model
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that incorporates dynamic adjustments. Subsequently, we introduce a Two-layer Hybrid Scheduling Ap-

proach (TH-SA) designed for task flexibilty. The approach uses a genetic algorithm in the first layer to

deal with non-dynamically adjustable task sequences. The second layer relies on heuristic rules to plan

dynamically adjustable tasks. A rule-based initialization strategy and diverse crossover patterns enhance

the exploration and exploitation efficiency of the genetic algorithm, while the heuristic algorithm opti-

mizes the scheduling of dynamically adjustable tasks through task reconfiguration and resource alloca-

tion. By categorizing and processing tasks, the algorithm enhances the efficiency of planning for dynami-

cally adjustable tasks and ensures the completion rate of those that are not dynamically adjustable. Fi-

nally, simulation experiments confirm that the algorithm maintains high performance in task planning of

varying scales, demonstrating its effectiveness in improving the performance of Electromagnetic Spec-

trum Monitoring Satellite task planning.

Key words

Electromagnetic spectrum monitoring satellite, Dynamic adjustments to missions,

Two-layer model, Genetic algorithm, Heuristic algorithm
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Equilateral crossover (a)
Parent 1 2 3 4 5 6 7
Offspring 5 6 7 4 1 2 3
Stochastic crossover (b)
Parent 1 2 3 4 5 6 7
Offspring 6 5 3 4 1 2 7
Inverted crossover (c)
Parent 1 2 3 4 5 6 7
Offspring 1 2 4 3 5 6 7
K3 30Rm

Strategies of crossover

Initialization of population. (a) Sort by start time, (b) sort by task duration

2025, 45(5)
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3.2 XWHER

FE TR 35 X 435l BE E 100, 200, 300, 400,
500, 600, 700, 800, 1000, 1100, 1200, 1300, 1400 >
FERLIIME 55 IR 1) (RS T 55 B 436 nT 4R 40155 K
ANOTHRAMAESS). e Ik A AN R B0 R T R
RN, AN AT 55 2 BUAE A T8 Hh T o Lol AR ],
FANRIRAE W —HRAT 55 _FiE1T 10 K, IR R i3
OB P SRR T RAE s+ I frcan FIARIEZE
Std.Dev{E R R RER T F8 4.

520 T HE /NIRRT 45 . TP SR RIALAT 5 RN KRN
BT S T RIE R e, 3k 2 bl LA H, TH-
SA JLT- B RESRAT R il ss . ARE 2% 2 hoF 3 E A
P22 0l LIE H, TH-SA 7E 2 0Ga T B N

®1 IEHESH

TR, AR AR IR I R (T 55 R 3
AR 22, 10 75 A = Fosk PSR = A 7 B St g .
PR AR SRRk R e RS Ak, B 26 AT 55 FUBE 1Y)
Hn, AT LA AR I eE TR, SRR IS
BEIRREAR, A BRMTTIE AT, GA, ALNS, HA 1
WEEAN AN TH-SA, 1 GA 7ER gt B2 rh 25 5 B AR
WA, FECR R E.

S YGUE TH-SA 9 [n) SR AR SCR , A SCRTTH T A
HJBAT 5 Bh SR 4350 TH-SA-A L) K AR 2% it s
BRI TH-SA-B #1750 50 0F . & 5 45 4 TH-
SA, TH-SA-A, TH-SA-B 7EAS AT 55 BUAL T 25,
& 5 TV, AR IR S AT 55 R 1Y
i hn, H TH-SA Mces e k. ook, B 55
FUBLAY K, TH-SA-A F1 TH-SA-B AU 25 221 %
B, B0 TR TS5 SR R, 7 BE IR AR R Y

Table 1  Satellite orbital parameters THBLR, SHE55 ) Sh 255 B e SRS T I A 25 .
PeTy— " Kl 6 4t ALNS, GA, TH-SA 75/ [A] {F: 55 ML A
i — TS, I 6 LT H, BT S A
) 00016 11, TH-SA 5 HALM I 2 2 B0 5, 3 R B2
i 100,052 (55 BRI, 1T 55 22 IR0 mh e R, 1155 15K
o ! AN, AR TS, TH-SA ST AUZ ML,
o - YLTL T AR5 BRI,
M) 149,94 [l 7 %45t TH-SA, GA, ALNS 7&K [T 5 A5
TRYFE SR, TR R SR AT 55 A R T inT
% 2 GA, ALNS, HA, TH-SA EEARRMEESEN LIS RXTEE
Table 2 Comparison of GA, ALNS, HA and TH-SA algorithms for different task scales
s TH-SA GA ALNS HA
Jimax Jean Std.Dev Jinax Jiean Std.Dev Jinax Jinean Std.Dev
100 829 829.0 0 823 820.1 1.552 823 818.9 2.591 790
200 1693 1687.8 2.8537 1617 1605.9 5.789 1611 1602.9 5.162 1513
300 2307 2295.9 5.3133 2095 2073.7 11.63 2088 2069 9.915 1869
400 3167 3161.4 2.6193 3105 3082.7 8.391 3094 3080.3 8.651 2906
500 4071 4056.6 5.7151 3917 3891.9 13.213 3914 3892.9 11.596 3651
600 4621 4589.7 10.626 4235 4199.8 20.551 4217 4182.9 13.673 3758
700 5289 5273.7 9.795 4703 4649.3 21.93 4687 4644 .4 24.408 4133
800 5765 5717.9 17.969 4702 4585.8 30.647 4659 4583 26.989 3815
1000 8169 8146.9 9.2912 7876 7806.1 25.16 7839 7804.2 20.745 7431
1100 8717 8697.3 9.3548 8318 8282.8 18.655 8323 8277.8 23.564 7970
1200 9589 9566.7 9.7921 9021 8978.7 22.778 8997 8973.4 15.776 8468
1300 10357 10322.0 16.92 9318 9256.3 30.679 9334 9254.5 29.066 8439
1400 10687 10640.0 21.715 9365 9253.6 39.265 9322 9252.6 37.973 8456
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Table 3 Mean CPU service time for different task scales (Unit: s)
1E554E TH-SA GA ALNS
100 0.1786 0.1715 0.2314
200 0.2907 0.3447 0.4039
300 0.4648 0.4979 0.5386
400 0.7495 0.7929 0.8682
500 0.8572 1.0234 1.0881
600 1.0799 1.3051 1.3983
700 1.2866 1.614 1.7194
800 1.5199 1.8827 1.9788
1000 2.0191 2.8366 2.9503
1100 2.2655 3.2001 3.2477
1200 2.5913 3.5522 3.6606
1300 2.8031 3.8833 3.9863
1400 3.1638 4.6034 4.9579

(4, T RAN 2k TR AR G R AT 55 BRI AR A 4R TR
PR SHE.

TESGSEREFE , VAT 55 IR BE LR AT Sy —A>
HA, T AT 55 e B g s o R e — Ay
A TFEAE S5 ML b 25 T AT 55 I N7 A | HOH 2 2 A1
Dl — RN A2 2 ELME L e DL AL DR A IR L, e 8y
FELIRN B LR BEZRARZS & R EAR IR AFSE.
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