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Abstract: To address the challenge of balancing computational efficiency and scheduling quality in task scheduling for
multi-agile earth observation satellites, a two-stage intelligent constructive method based on satellite prioritization and
integrated single-satellite scheduling is developed. The multi-satellite scheduling problem is decomposed into two
stages: satellite scheduling sequence optimization and single-satellite task scheduling optimization. In the satellite
scheduling sequence optimization stage, satellite priorities are determined by jointly considering the total benefit of
observable tasks and the average length of visibility time windows, thereby enhancing the matching efficiency of
critical resources. In the single-satellite task scheduling optimization stage, an ensemble insertion algorithm is designed
by combining the minimum insertion cost and minimum idle time criteria. This algorithm, combined with a scheduling
relaxation mechanism, enables efficient construction and local optimization of task sequences. Experimental results
demonstrate that high-quality scheduling solutions are generated within seconds across scenarios with varying numbers
of satellites and task scales. The proposed method outperforms advanced question-and-answer and centralized
algorithms, while exhibiting scalability and real-time responsiveness. It is well-suited for imaging task scheduling in
large-scale satellite constellation environments.
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A NO(MNE,). BT Ny N B, SR 30
) 42 24 FE AR T m A 2R VERY, BRO(m), R 2 KM
P37 55 () SR O oK
3 PiEXE

N R TR 1Y SPS-ETS J7 5 #F MAEOSSP
H T RR, A ST — R AT LS, s A F R
B AT PH G T 1 LB 5. S0 8
B EEAE T B o 5 SRR SR T R I, JFd
T 6F Ll S ik B R S 5, B0 UE TR R S
BRI ) TTHR.

3.1 SERWE

KU 5% Peng 25 M1 He %Y 1 bR M4
HIRES, A5 2 ~ 4 R EROU I TR, T 55 MR
WHE 9 100 ~ 1000 T, BT WA 55 BENL 3 A7 T
[ X35 (3°N ~ 53°N, 74°E ~ 133°E), & 5145 1K
aR B AE [1, 101 9 3 2] 70 A, WL I G AE 15, 30] s 78
PN B ATL AR B, A0S B AT 55 0 S 4 5 98 R Y A
1) S AL T

o 4 T PF Al SPS-ETS K 1 At , i B 5 25 78
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Sas UGN Sy e
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3) DRL™: 38T 2 SRR AR (K S5 3 B0k, — Fhidt
TR FERRAL 5= ST ) 2 AR A Rk, e 1 2R 2
T2 hiE R SIHLH A SRS AT i, T2
I 368 3 g i e B S BT 55 A

XF PGSRV 1 2 5000 B 35 R P L 546 STk
K tE S84 4. BT MAEOSSP A4 NP-hard i f%,
H8 R VTW $a#id 27 i, CPLEX Z58 i 3K fist
PRI S A) SO T, X DATE A B ] N 3R AT
AN, AR KR R A N S L 3

B 0t b SR AR A R AR R85 R 1247, R4

SOMSZE S 20 IR, BUPIEAE AR & 4R fEA
(137 54 N R, SPS-ETS #ir Hi & [ 52 1, IR bR AR
AP 2, T IBIT—IR.
32 SLRER
B4 FE S Al R T 4 FiEVETEANE T A%
B 5T 5 HURE T 1 B2 U35 R 58 AT I TR, PR E
P W 1. SISk B K B, SPS-ETS 7E i ¥ i & 5k
FERBCR AN YERE 3R BB
MR BE 25 kG, SPS-ETS & T M1z 5t 3
B4 Bt i YA A 28, P50 28 #55 A-ALNS, GRILS

0 A-ALNS
100 =3 GRILS ]
[ DRL ]
I SPS-ETS —
80 — o
° __
E |
\g 60
40
20 |7
2/(100 ~500) 2/(600 ~ 1 000) 2/(100 ~ 500) 2/(600 ~ 1 000) 2/(100 ~ 500) 2/(600 ~ 1 000)
W5 (BRI 530
E4 FEWERLLEER
103 (e} O~ A-ALNS
o) O~ GRILS
A DRL
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o O
w 107
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o n A-ALNS (C#) GRILS (C#) DRL (Python) SPS-ETS (Python)
TR AE25 A — - — - — N " -
a5 2% It 8] /s a5 2% T I8 /s W55 2/% e /s a5 2% I ) /s
2 100 ~ 500 68.29 406.12 78.63 406.12 70.34 228 81.86 131
2 600 ~ 1000 30.09 1133.03 51.60 1133.03 35.57 5.93 58.50 3.05
3 100 ~ 500 76.98 172.47 93.92 172.47 83.48 1.01 96.68 0.97
3 600 ~ 1000 37.49 763.92 73.18 763.92 50.01 426 76.39 3.58
4 100 ~ 500 88.57 172.08 99.06 172.08 88.78 0.94 99.54 0.79
4 600 ~ 1000 49.72 640.25 84.18 640.25 57.55 3.24 86.70 4.43
“FHE - 58.52 547.98 80.10 36.79 64.29 2.94 83.28 2.36
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1) OOP-ETS: {Xf&k#& OOP #A7HFf7;

2) AOL-ETS: {f&k#E AOL AT HEF.

SIS R UK 6 FIR 2 Fon. SR g R, R
F 88— 55 W% (OOP B¢ AOL) A 76 i 25 5 % U5
FIH 27 T35 B E AR T A w7 k. Hd, O0P-
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mm SPS ETS
90
S 80| [
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= 70
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W 3 5 (B R BT 45550
Elo HRMSLIG B RUNERESTEE
52 BEEhER RIS, KRGV T AFE o BUEXT SPS-ETS Hik
T owEs ol wems - PEBEMORSEL BB, SRR T 4 FLE (o =
B OBUBD s s dass s szt 0,0.25,0.5,1) RS R EATERNE, Ya =
2 100~500 8123 070 8136 106 8186 131 OFf, ETS B fb 24 MIT; 1 4 o = 16, NE L K
2 600 ~1000 5830 284 5828 283 5850 3.0 MIC. Ak, i it o L 28 4 (A 1 f H e, A 5c
3100 ~500 9630 072 9606 0.86  96.68 0.97 X o . i
3600 ~1000 7574 3.4 7557 315 7639 3.58 5L T K BEHLE A S ) SPS-Random {5 24 %t
4 100~500 9926 069 99.14 067 99.54 0.79 FRUZHL. SEIG 25 RNk 3 B, 45 R, BEE a M 0 B
4 600~ 1000 86.15 3.04 86.23 3.03 86.70 4.43 {ﬁij(i 0.75’ E%Wﬁﬁ%%%%iﬂ%%, ﬂfFE
“EIE - 82.83 1.86 8277 193  83.28 236

34 SEPRELR
RISAEFTHEH ETS W SRS H S50 o i BU
ARAE B EHER 2 AN 100 ~ 1000 [
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%%, A EE Z F, SPS-Random U %5 A AN 50.07%,
AR T A 2 TR0 A SR, 3 — P IRE T g
i ETS AL A Rt S5 0 B,

®3 BAESHHBMIRLER

vk RS %1%
SPS-Random 50.07
SPS-MIT (« = 0) 68.95
SPS-ETS (aw = 0.25) 68.41
SPS-ETS (v = 0.5) 69.31
SPS-MIC (o = 1) 69.44
SPS-ETS (v = 0.75, default) 70.18
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