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Table 1 List of major international deep space exploration missions
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Fig. 1 Pioneer 10 and Pioneer 11
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Fig.2 Voyager concept art
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Antenna, LGA) , TAETSHIE, &iEHHER;
OS/XAURE TCARW AN RS SR, BT RIFHLRINL
PRARE CGZEMBUR IR, HGARRESLIL5E 4
JETF, SEERMZ A KBILGATI®IG . TEAREH
HIZITH B, LGAMSEPR NTIH A 10 bit/s, HE
L} 2 H O (] R,

H: KRIETNASA.

B3 “imAlng s i
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Mars Odyssey Orbiter
B HE NUMB 5

100,000 0151«
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H: SRIETNASA.

B4 B0 SE R 200440 BRI A A I

Fig. 4 Tmages of Odyssey’s achievements as of 2024
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BEAT G M i B CRX P BT 35 58 ) 5 @Fr
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AR HAT 55 B} 2 S AR His B Ak s e v] SE 48 iR %5
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i SKIETNASA.
K5 R EENEHER RO E
Fig. 5 MRO renderings

“RA ST R E AR (52023410 5 13 H 101
194y, 7fEH JEMfi K+ > (Kennedy Space Center,
KSC) M8/ B k# (SpaceX Falcon Heavy) &t
TH e HAZ RS AT KR 5 AR B 8] F /M7 B
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SRS E W Ee R .
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Fig. 6 Psyche mission concept art
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1064 nm. IHHEKT100 fWHTEOLES, B&ERE
28 kg TIFE76 W, KA T i EAHHLHE U1 064 nm
FATEAROLEY . @M B0 K H 4 (Ground Laser
Transmitter, GLT) : $F LT HIRT el(E &%
Jith, BT A BART R A T m AR 2085 B i AT T 4
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ML 25 R
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— fifTs 70%
------- EEBOCEER 9%  80%
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Fig. 7 Psyche spacecraft's trajectory to the asteroid 16 Psyche and key
mission milestones
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Fig. 8 Europa Clipper concept art
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Fig. 9 Chang’e-1 and Chang’e-6
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Table 2 Chinese deep space exploration engineering applications
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Status and Prospect of Space-Borne Communication Technology for Deep Space

TANG Yuhua"®, LIANG Qichao', LEI Zhenyu', JIANG Tiantian', XU Yang', YANG Zhihua’,
HU Maohai', CHEN Zhong’, ZHENG Weimin’, XU Dezhen’
(1. Deep Space Exploration Lab, Beijing 100195, China;
2. National Space Administration Lunar Exploration and Aerospace Engineering Center, Beijing 100190, China;
3. School of Electronic and Information Engineering, Harbin Institute of Technology(Shenzhen), Shenzhen 518055, China;
4. Institute of Electronic Engineering, China Academy of Engineering Physics, Mianyang 621999, China;
5. ShanghaiAstronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China;
6. Beijing Institute of Tracking & Telecommunications Technology, Beijing 100094, China)

Abstract: In deep space exploration missions, the space-borne portion of the deep space communication system serves as the
foundation for long-distance information transmission. Its technological development directly promotes the growth of ground-based
received data rates, which affects the design and engineering implementation of exploration missions. In this paper, the development
and current state of space-borne communication technologies in deep space exploration missions worldwide were systematically
reviewed, with a focus on key technologies such as high-frequency band communication, high-efficiency coding/decoding and deep
space relay technologies. The findings offer valuable technical reference for the design of deep space communication systems and

mission planning in China’s future deep space exploration.

Keywords: high-frequency band communication; high-efficiency coding/decoding; deep-space relay communication
Highlights:

e Compare space-borne communication technologies used in various typical deep space missions.

e (Quantitatively analyze spatial loss and one-way optical travel time in long-distance communications.

e Focus on three key technical areas: high-frequency band communication, high-efficiency coding/decoding and deep-space relay
communication.
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