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Abstract In order to solve the problems of link handover time selection and complex relay scenarios
in the multi-station data relay problem, a multi-station data relay method based on link handover time
optimization was proposed, which simplified the multi-station relay scene and selected the optimal relay
time, so as to improve the transmission time of data relay transmission. In this method, the mathemati-
cal description of multi-station relay is established based on the satellite-ground model and the motion
constraints of the mechanical antenna, and the expression method of the link switching time between the

satellite and the ground station is constructed. Based on the characteristics of mainstream low-orbit re-

R e AR ST SR R I A 2R3 H % B (XDA19010000)
2024-06-28 W H| 545, 2024-12-13 W BB E

©The Author(s) 2025. This is an open access article under the CC-BY 4.0 License
(https://creativecommons.org/licenses/by/4.0/)


32142.14.cjss.2024-0083
32142.14.cjss.2024-0083
https://doi.org/10.11728/cjss2025.06.2024-0083
https://doi.org/10.11728/cjss2025.06.2024-0083
https://doi.org/10.11728/cjss2025.06.2024-0083

1618 Chin. J. Space Sci.

= A AR

mote sensing satellites and ground stations, the relay scenarios of satellite-to-ground data transmission
are established, the characteristics of their visible time arcs are summarized, and a two-station optimiza-
tion strategy for complex multi-station relay scenarios is constructed. Finally, the typical satellite-to-
ground data transmission model simulation is used to verify the data transmission relay method with op-
timization strategy constructed in this paper. The simulation results show that there are 32.0% re-
layable data transmission arcs in the data transmission links between satellite and the three typical
ground station located in China, of which the three-station relay scenario accounts for 17.9%, and the
three-station relay scenario can be simplified into a two-station relay scenario through the optimization
strategy. In the link handover interval of multiple stations with visible arcs, there is a relay time with
the shortest relay time, and the shortest link switching time can be shortened by up to 25% compared
with the worst relay time after using the relay time optimization strategy. Using the optimized data re-
lay method for relay data transmission, the average time available for each time was increased from 7.61

2025, 45(6)

minutes to 11.12 minutes.
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Multi-station relay of data transmission, Data transmission time optimization,

Single-satellite multi-station data transmission link, Mechanical antenna guidance
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Fig. 13  Relay time and data antenna guidance between Miyun and Sanya, Kashgar
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Table 3 Comparison of data transmission time of the multi-station relay strategy
AR FEE ST NIE] R/MHE
$ 15 R KBRS ] /min 66.78 72.56 56.37
7 3 A AT A ] /min 7.61 9.13 5.92
FE 3 B U AT {F IR R] /min 11.12 11.81 9.61
7k R T DL YRR 4.375 5 2
P ol R T WA 6.19 8 6
14 T T T T 80 r T r
13 | —=— Before relay strategy —=— Visable time per day

—e— After relay strategy

5 10 15 20 25 30
Day number of one month

K 16

Comparison of the number transmission time before and after the multi-station relay

Fig. 16

P 22 35542 1 3 S AR A L B dee fI 2 7 1k i) 6
¥eIm, — A H TR B L 1 AR s B =& 3
/. AT LU B, AR SOR 8 R DL A0 SR g ) BfG 82 07
et T VA T Bl A% i, A k] 8 15 R A
T ER .

& 3 M 16 45 T —A> H i) py i FH & (%42 77
T GETHE B v LB BIFE R w4 0 S s Ak
i Jnt A D7k Ja A R B0A% T ek ] e
72.5 min. X R —REUE AT FHINE, AR AL
F175 gk, AR AT I A P-4 {E R 7.61 min. 4
K G B2 01 J5 s Ja Rk RT AL B TR S
11.12 min, $&&EIEEE 46.1%.

6 5B

e o VR 21 a8 S T A e T KA i [ A A i LA
FE IR BRI ), 78 TR UG RGP BT T —Fp i
R 1 7 W B AL s 18] 2, BB b s T 220
B 135 A R i 2 e e e 0 v, SR AL
TPl AR, AR R SEPR A AL AT DL, &2

75 | —e— Efficient downloading time per day

5 10 15 20 25 30
Day number of one month

2 T e A )X EE

HEWI G AT O 45 7, $R TV 2R Im A e 1) AR 3
BOE RS AT O L, SRR, fe T L
IBE P AT A BB o5 ey 32%, 42 1wl -1
A3 {5 IR ) AR XAt 57 3 L G A I (R4 T T 46.1%, 5
BT HUBRR LU PR fe I 1 7, 583 F AT BR %L
Pl GEUR, A RORBRE 1 A R B b A8y PR B /Y
USLYSGINED

S 3k

[1I] HARRIS A, VALADE T, TEIL T, et al. Generation of
spacecraft operations procedures using deep reinforcement
learning[J]. Journal of Spacecraft and Rockets, 2022, 59(2):
611-626

[2] HE Qi’en, LI Feng, ZHONG Xing. A review of the applica-
tion of multi-objective algorithms in satellite regional cov-
erage scheduling and data transmission planning[J]. Re-
mote Sensing Technology and Application, 2023, 38(4):
783-793 (fifarlel, Axide, S, £ FHARFELE TR X I )
FE R BB B3 1 i R 255 (D). 3B R 5 R, 2023,
38(4): 783-793)

[3] LIU Zhenxing. Research on Integrated Avionics for Re-

mote Sensing Satellite[D]. Hefei: University of Science and


https://doi.org/10.2514/1.A35169

1628

(4]

5]

(6]

[7]

(8]

(9]

Technology of China, 2021 (XI¥RE. M iEER LEMLEEH
TRGEH D] BIL: PEBEH A K, 2021)

ZHANG J R, ZHU S B, BAI H F, et al. Optimization
strategy to solve transmission interruption caused by satel-
lite-ground link switching[J]. IEEE Access, 2020, 8: 32975-
32988

CHEN Yu, ZHANG Yong, CHEN Shi. Adaptive weighted
clustering algorithm for large-scale satellite cluster net-
work[J]. Transactions of Beijing Institute of Technology,
2021, 41(11): 1188-1192 (W&, 3K 55, BRSL. KA TR HERE
W 2% [ 3l NI A A FE TR (J). b B TR S, 2021,
41(11): 1188-1192)

SPANGELO S, CUTLER J, GILSON K, et al. Optimiza-
tion-based scheduling for the single-satellite, multi-ground
station communication problem[J]. Computers & Opera-
tions Research, 2015, 57: 1-16

ZENG Qilin, YU Xizheng, XIONG Weiming. Design of
data transmission antenna beam angles and directions for
solar observatory satellite[J]. Journal of National Uni-
versity of Defense Technology, 2019, 41(6): 135-142 (% it
8%, THa0ke, REIAFAI]. K BAULIN T MY 25015 RER IBR R AR ]
BEIF [J]. EBRHE K244, 2019, 41(6): 135-142)

CHANG Fei. Research on Optimization Model and Al-
gorithm for Ground Station Data Transmission Resources
Allocation[D]. Changsha: National University of Defense
Technology, 2010 (% . T b 1 b 500f% B8 U5 e e A ASE 7
SR D). K EBTEAE, 2010)

WANG Changhong, GAO Fei, DU Wei. Study on predis-

(10]

Chin. J. Space Sci. =AFFFIR 2025, 45(6)
tortion algorithm of spaceborne high rate modulator[J].
Transactions of Beijing Institute of Technology, 2020,
40(9): 988-993 (TR AT, w5 &, #lAf. ZLT B E = R Hl &
R BLRRAFSE (). JE RT3 TR 4244z, 2020, 40(9): 988-
993)

ZHANG Xinyu, YANG Jiasen, XU Cong, et al. High-per-
formance pre-processing method for transmission data
based on CPU-GPU collaboration[J]. Aerospace Shanghat
(Chinese & English), 2023, 40(4): 38-45 (KT, MW, &
¥, 5. CPU-GPU WhR &t ge TR BUE b B [J]. 1
MR (FFHE30), 2023, 40(4): 38-45)

EE RN

BEEA™ 5B, 1989 4F 12 A A FiT
I, BT EREEB RN A G BE
BFEOEAT DL, DAL SR BTN, 80
FEJ7 ) BRI RAT O R R  RATER A
BT 28 ARE S R R

E-mail: luzy@microsate.ac.cn

28T EBREEE) L, 19754
8 H LT, B0 i ERF BN T
SOVHRFSEBEIE B 9 TARIW, A5+ S,
TR R, RS T R AR A BT
TR SRS

E-mail: fubh@microsate.com


https://doi.org/10.1109/ACCESS.2020.2973698
https://doi.org/10.11887/j.cn.201906020
https://doi.org/10.11887/j.cn.201906020
https://doi.org/10.11887/j.cn.201906020
https://doi.org/10.11887/j.cn.201906020
mailto:luzy@microsate.ac.cn
mailto:fubh@microsate.com

	0 引言
	1 问题描述
	2 单星多站数传模型
	2.1 卫星姿态及指向
	2.2 星载数传天线指向
	2.3 单星多站接力数学描述

	3 接力场景分析
	4 优化策略
	4.1 多站接力场景优化
	4.2 最优接力时刻选择

	5 结果与讨论
	6 结论
	参考文献

