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Table 1 List of major international deep space exploration missions

FE55 4475 RSt e JEEHBY/GHz Yy W ERERA
. 2.1 GHz (_EAT) ; -
e 19 51 - 1 4F il ﬁ,-ﬂ N
IR 1057 (Pioneer 10) 19724F 23 GHz (F47) BRI 2.74 mlH 5 S5 T
. 2.1 GHz (_EAT) ,
“el =) G} : [14F Ll ] 52 o
JIRE 1157 (Pioneer 11) 19734F 23 GHz (F47) LY 2.74 mlH 5 S5 T
2.1 GHz (B4 » .
et 7] - 4= ! /E\Ié i ==
“WeATH1E” (Voyager 1) 19774 | 2.3 GHz /8.4 GHz (/1) gg?g;f;ﬁgﬁfﬂ/ 3.66 mH 5 R
W IRTEIR AT 45 R B Xl B R AT ”
o 2.1 GHz (_EAT) Golay 14 FA L B2 At/ '
“pte 4 (=92 18] VAT & s
ig1T#25” (Voyager 2) 19774 23 GHz / 8.4 GHz (F47) RS 1A S 3.66 mlfil 7€ & 5T
2.1 GHz/7.2 GHz ( b4T) = .
“FIIE 2 (Galileo) Logose | 23 GH§/8.4 GHE CRAT RS/EEF GG 238 ?gﬁﬁrijﬁ}i*
N HIFXPEB O R R AR, TR 38 R LR o e
TR, DRI S S B A2 S B R AT RS
RGBT S 7.2 GHz ( bAT) P e
RE TS ki B
(Cassini-Huygens) """ 19974 8.4 GHz (FAT) RSB 4 miElE S I
7.2 GHz (k47
“HMEZES” (Odyssey) i ag" 20014F | 8.4 GHz (A7) RS/ TS 1.3 ml#l & /45 T
400 MHz/437 MHz ($&[a)i815)
218 GHz (_47)
“CREEMEIE S (Mars #18 GHz/%132 GHz (F47) RS/ mhL/ R
Reconnaissance Orbiter, MRO) ™! 20054 #1400 MHz (#%[8]3815) TurboZfid 3 mlEE ST
IEH —{CUHFIRS R %
- . . 7.2 GHz ( k41 . ,

“,‘ A= [15-18] c Iyl . R 52 s
HALE 5" (New Horizons) 20065F 8.4 GHz (T4 TurboZm % 2.1 ml#] & S i
Py H020] 7.2GHz ( k47 TurboZfi%/RS/ o o i

K557 (Juno) 20114F 8.4 GHz (47 - 2.5 ml# 7 R4
«ER T LY [21-22] 7.2 GHz ( I—ﬁ“) Sy g T e '
#FEP55” (Lucy) 20214 8.4 GHz (47 RS/#5FA 4G 2 ml] & & ST
e 7.2 GHz ( b47) g
Cupit rl’kf\ﬁzixﬁﬁ ion) ™ 20234F | 8.4 GHz (F4T) isfj%%gﬁg/ 2.5 mlil 58 J I T
uptter fey Voons Exploratio 31.8~32.3 GHz (F4P) HIDOE
7.2 GHz (b4
“RIET” (Psyche) ) 20234 | 8.4 GHz (F4T) Turbo/LDPC%ifith 2 ml#l 52 [ 5T
RGBS
7.2 GHz ( bFAF)
“BRE M (Europa Clipper) ®  20244FE | 8.4 GHz (F4T) Turbo/LDPC%wf5 3 ml#l & R 4T
32 GHz (FAT)

“RIRE105 7 RNASAT 197243 H2 H R 5 A
W2, WwENFTR, HAZOAES B AR & R BMT
BT TSR AR K R SR, RN E SRR
FH AR PRME 55 B0 UE B AR . E R A A HENKFH
RIGRIE I LIAT B BNUAT R A, Hil(E RSR
Witiz 7 200 TR AH

OIS TR K29 m, RAHARREEHRR (&
H4.8% /min) , I H Bl 2 e 1) B IR i 1Y R R KRR
Fam bR, DU g 2 BRI A (L A i . @08
BRGURH ZHRETUREEN, HAR2.74 miP) & &
AT R A F o AE R, [ T B R T s 5
TR T 4 il 18 25 52 1A) R ZRAE N Bhid 5 @i 4 1)
I f R 2238 T R e KRR T T, TR 28

fEPRRE . @IM(EREBCR SR, LATHIR2 110 MHz,
FATHIZ2292 MHz, BT XUT RN R G- AT 5
P, F5 RS ML A, W8 WARHL, L
PRIEZE R B IS F oK . @“SEIRE 1057 (1 K4 14 f s
R KAERERFAIE2 048 bit/s, ESKBESE
16 bit/s. FTA H IR IEITNASAHEZ M 64 m 42K
LR BB BRI

CORRIRF S VRN R IR ZE, AR I T %
B RGN, TI93FEPATT RAES: BRI E
PRINAL, 1 RSB L B pE s W, IR “IRAT #
SRS R AE T RN A R A . PRERI AR (S
RGN G LR TS B E T 30, FITR ML A
DGR Z SRS ENME.



5 3

EEE, & BERBBEEEARK RIS R 465

(a) SEHKE10%

(b) JeIRH115

E: RIETNASA,
K1 “REE 105 7R kE 1157
Fig. 1 Pioneer 10 and Pioneer 11
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Fig. 7 Psyche spacecraft's trajectory to the asteroid 16 Psyche and key
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Table 3 Typical free-space loss and one-way light travel time
comparison at spacecraft-Earth distances
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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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