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Abstract: On-orbit service technology has developed rapidly in recent years. Foreign countries have completed the
verification for the key technologies of on-orbit service for cooperative targets, and are carrying out the research and
validation of the key technologies of on-orbit service for existing targets. In China, a series of research achievements
have been made in the key technologies such as detection and recognition of tumbling targets, active and passive
detection imaging measurement, coordinate grasp, and service operation tools, which provide a good foundation for
the on-orbit applications of service tasks such as refueling, module replacement, and derbris cleaning. In this paper, the
difficulties and research progress of the aforementioned key technologies are analyzed and summarized, and the follow-
up development direction is prospected.

Key words: on-orbit service; research progress; key technology

0 3=

12 ¥ IR %5 (On-Orbit Servicing) — ik & 48 18 i
N HL AR N B [ 58 B I SE K 4 B R 55
i R THRATAE 55 B 1 i — S A T R AR AR SO E
R IR ML NTEUIR 55 o AE IR 55 1 R A P TR Al
R — ROk UL R LR S W i B BT AR
U TERAUR LR,

Tl A 48 2 48 0T TR B R A R B TR PHA T
B e IF R B e B S MR AR L T X B
6 A RB IE BRI TL R (R B B X AR R B T
BB 2 A 1 ) A B R T P 48 6 R AR LE

Y5 B #:2021-03-27; &€ [E] B #§: 2021-04-20

25 [0 K 7 TLRL R AT 32 2l R Bk 2l 0 4 4K T B
YE3P B TE PRI 5 0 BT AN 45 SR 4R X TR A T R AT
AN KT A i o SR 1 S M A HE 2 5 5 7E B
2H %€ J2 8 ) ) A A P A 0 o DR B R L A
RERLMAERARESE, WiH 3D ITEH AR K
J& , ) F 03 P14 T R AE B i A 3 T AL

HT T B0 00 i B, X BR 1k #1038 (Geosta-
tionary Orbit, GEO) & i 6 1L 5 f e B 4E 18 H4
AMITHE A5 K T DR BRI L E K, e A 20£
AR, FEOR K A ISR S DR IR 55 ORI
e OG5 5 A BIF 5 A M 1 3, O 492 % AR T R G
R NI R Z-E A VA3 S I € T £

EFE A 4 ARZ(1964—) U3 T4 5T By, 2 B0 8 05 1) Ay 25 [) 76 U 55 2 48 ik i it



AR (R e 30)

86 AEROSPACE SHANGHAT (CHINESE &. ENGLISH)

o5 38 % 2021 4R 31

PR PR N R AR S A X
TARICE A MRS W, — B AR A HArab B
BORMEEE L fe K. 2 R G R AR A 2K H
PREYIE SRR PE BRI S 28 R S AU i P B S LR
T IR TR TR 25 o B TR U 55 R B R iy Bl
T U RV B M AR IR B A A BT T
A BEFR) AT AN D REARE L n] B R SE I RE . A SCAESY
29 B N SMIE ST BUAR B9 6l b, 4 T S R BRI G
WFSE B HE S, ] INF e A 21 1 JL A e 28 ) il 55X, B
Ja g T AEUIR 55 O R SR K S S A e B

1 Es a5 Bk
TRAEPR MG, RERF LA, RAE20

(a) ETS-VII

(b) SREBLER G-I H

T2l 60 AR T PR 55 7 A SR AR, DL
fiff PRl B AL A TE S4B R R, 20 i 22 8O4EL E
Attt 204y, P i R B 2 ) sl B FE BB AT, A ATEBUIR
SATRIH kRS HEN . NATa ) £45, 2
o NAEB IR 55 Fp 28 K e 1) 20 4, 45 Fh A IR 55 1) ik
AR OB AR BB AE I 2 B AE
VLA IR B B I Rt — —HE B HAR

1) BZEEM S TRk T A E B H 2 214
SEEPIFRERBUE, LT HELSEEHE
s BT . LR R H AR TR R R TR
i H (ETS-VIL, 1997 4F) | 36 E B P £ 5 H (Or-
bital Express, 2007 4F ) . H A 4 2K 25 57 3% 1% BT 2 5
H(ELSA-d, 20214 )%, il 1 i .

(c) ELSA-d

B1 SEBRENRSEXRAREIE

Fig.1 Validation of orbit service technologies for cooperative targets

BB B AR A, A B
KHL 2 NI 28 (ASTRO) 2 AF 55 H B IR 55 &, 4%
/N NextSat BE 475 1 #5245 5 , X4 w18 2 1 %
B fAa . BUBERZEDS H LI T RS LA
B AR E AR H AR I 58 B e
30 FOAE UK RN I 45 4 AR

2021 4 3 7, DLk S s 21 oy 44 R SN
ELSA-dJ H AL UE B bR BIR TS 00T, Ik 55 AL
MNGER A F L8 KR R e R,
BAEHLE N A RIBE S . ER LR IR R
KRR P R ELS NG E 5% R
HEAT W 2, 56 BTG e A 5 76255 2 AN os v, & P
RN 4 B A RIVR MR 55 2 o L AT S b R B
I B AL 8l B E2 07 B, 58 L H AR R BT 1
XTI 5B 3N E RN E W ERE P RGN E
BAE AL B B S KAk .

2) fXTE AR AR IR S TR T HRR

A e, S E T 5 R ok, HEi g
SEPLT AR E H bR 0 B W ORI X 4
AW, IR 5 AN

% E ok 58/ TR I H XSS-10(2003 4 ) |
XSS-11(20054F) &, & X HE G 4F B br , 8 E 7 50t
T 5 RS TREOR AT S R B i, D5
BRSO R AW BRI H  EUIT R T4
B9 5 TR R Al bR R B iR i B (2018 4F ), 4
b RS #3558 il 2R AR 40038 R 1 2 R 38 i 3
(2019 4F) , KR 4G T e & R-FEFL S, v L -F
R B R 25 08 R, 4R 4P B8 22 PR B o WO 2 [A) R
(ESA) F 2020 4 3 H Ja 8 1“5 i K =5 " (Clear
Space) i H , iK1 F 2025 4 & 5“3 18 i B ESA
fFHIE E—H 100 kg M Ao AEA1E B AR TEHL
% 25 HH 2 A B85 B an 1l 2 r o

2020 4%, 3¢ [ % k% A A AT 55 ST 5 R AT AR
(MEV-1) 2k A W% 48 XF 82 19 5 R F B # 4 Intel-



45 38 %% 2021 4E45 3 1

B AR5 AU 4 T QR B AR B 5T 87

(2) KHAERRAE

(b) EHARZTH

2 FEEEREHNRSERIRARREIE

Fig.2 Validation of orbit service technologies for non-cooperative targets
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Fig.3 Validation of on-orbit service technologies for existing targets
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Fig.4 Schematic diagram of RSGS program
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Fig.5 Schematic diagram of OSAM-1 mission

LB HAR B 4R HRAE IR S5, (AR A A B R
S AURESE O BE R BRAT 55 0 IR 55 TR AT AR R VR AT
20 R AT B A, (EL IR o A RE A (A, 5 2
JEE R B0 PR AT

2 ERRHFEFMHRRERA

SR LRI S5 AN B R AR B AR AR S A
FUAR R AL 18 H 5oz sl 5k HE R L O I A 0 &
BRSNS = 3 N S e o [ RO 1 4
B AR 5 A S AR . X T AR H AR Ak
K5 B A B BT Y T A £ SR A RS
VB F R AR 55 108 15 A RE I B K o AR SO A 1l 55 1k
FEAH O 1 B 7R H ARz sl A5 PSR DN U3 | 35 4 sh
ﬁifﬁﬁiﬂﬂi\ﬁ}ﬂﬂl\ﬁ EEHEIEET S X5 % NI
L g ot JE BT A 41

JIr&mo

2.1 EREHRSIHEHEERUAR KRR

it 224G KR AR AT RE TR S R R T AL

TRRARE . M TR — D RERE s, &k
B FPRMERZ B o 1A R AR 24> SRR L

B e HA AR M 1 — 28 TR M RUARAE . 76 K 2 4k
JIHEAE R, B P UK f sh kil s ) 2 e AN A
(9, ELH e KO il ) e R AR E Y . WY AR B A
(R B F WAL AR 3% 45 1) 2 2 D 1] B 3T ) 3 2 I ¢
S ALAT B AR, AT L sk R Al T A8 I 2 AR AR,
W 6 s o

X R B SK Be A HERR IR 5 H bR is s R 48 B AR
EI’JﬁJl_FFjUJ\ sl 2 [ 6. X iz e

B H R, 655 255 5 B AR B A A @%E*TZMZIK
%‘:ZEL P R RRAE IR AL H AR RG4S, X eefE B
?ﬁﬂﬂﬁ%ﬁiﬁﬁu\%fjucéxaﬁzziiiﬁﬂ’ﬂo



45 38 %% 2021 4E45 3 1

B AR5 AU 4 T QR B AR B 5T 89

/ | \
e BATERRIAS
AR
BRI 7B
6 HRMEMELBEENR
Fig.6 Approaching a tumbling target along the angular

momentum
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Fig.7 Schematic diagram of three-dimensional

reconstruction of the observation path
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Fig.11 Structured light image of the docking ring
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Fig.12 Structured light image after filtering
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Fig.18 Test system of non-cooperative target coordinate

grasp
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Fig.19 Schematic diagram of several operation tools

X PR AT TR A4 T TR R AN ) 5
AT AR AU T H o e ds TH U1K TR A5y
YIRS B (T, 5€ WL AR 4y B JE O ZE AT 55 19
BAE TR o A TR B4 A B B, ML i 223 1 R
Sy BRA 2 171 2 2 R I 1) R A TR S BN T 114 2 A 2
[F1=S O B S 0 T T O D N DR (5
AE 8 UE LR B 1k T H R AMBE v (B 1k TR R
S5 22 A P AT AR R B A 6, LA R LR AR A

J5i 22 30 4 M A 22 Fh A2 B 55 B AR 7 5K, O R
bR TR o HBER A MEAL 9 TR PR 1,
RE 8 22 B0 HILBRRT 2R S 58 SO DL #8844 55

3 AAAENMSE A

SEF P MR TG 5 Yo SR, 7T 1 9
TLIITESUI S5 BE S0 , IT IR 2E U R T, 0 45 0 )
NI R e e R 0 B R 7 LR

3.1 HEFHFI AN MAR S
iR AN | PR 13 [ NE L 2 = s ) || e
RE B Bl 30T 1R A B R A i i 4 o HE IR Ab

A s FEN LA 32 8 v
(QIRERZILTE S8

1 PR T B WSk (RT3

T AR 55 B4 S S8R RN T e O R A8 BT TR A R
ol /0 T R 5 A R4 S R 8 0 A R B 2 B A
Blo A BUANINAT 55 2 11 A A E bR TR SR 55
BN AT K 2% 7 TC A X S AR A HUAUE S AR
A T A0 >k T & AR 55 A0 K 4 3 AT L BT , 3 7 22 1]
A5 RE AN B g g, S AR 55 00K A o8 LB
5% 5 R A R R AR A G T R B v
S BLAE BN A 5C B A o

— &AM B bR A AN ke B T 5 Al 20 B
718, AT LS B A R A 450 A e AR A A I Al B A
IEHLHE R TERRSMA B R xR
KT — Al e Al Bt REBK AL BRE £ 4 8 Y
[ bF 58 A0 B R R Sk R Y B . R R Sk AR
2 R I U R Sk A BRI WO Sk I T 1R
RSk . B IR T N E R /9 T e B R
GEAN S/ H R D RE T SR o HL AT M A 55 T R
e E AR L A % Sk SRR RCR o O i R O g o e el
SR B K TR 2B e &

SE I T 38 53 B0 ML TE 56 E , 4 T R AR Bl 5 i
4 21

RS EIE  AhnfsfEbLineshn

EN i 2 W (T IS D)

(b) BB

E20 —fkLEENMIHE

Fig.20 Integrated docking and refueling mechanisms
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