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Figure 1 (Color online) Space non-cooperative mtion patterns. (a)
Vertical spining. (b) Horizontal spining. (¢) Rolling with nutation
angular.
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R AREOBIZAS W, ISR E ] 5 0 A 1)
3 A T )

o7 28 A 3ot ER DB AR AL 19X 2 A5 PR AR LA A S D A
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BLRIAMEZ S Ligs AR BB X OGR4
EEh 2 MHLANBRRE J7 i, R B EDKE RO RIS R
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HFx;

() ML T RMZ AN RS, RUZ R HE
FEAGEENIUN WIS ELINAY Wi iz
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ARBEELZANNHEH RGENAE, BTN NE R
GUIHAT BRI E, A E ARV N AN S . 2
J&, BN FEXE RGO IR AR S, AR
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SERY, WIS ZESARRRESE . SLARKR AR B ER A S bR
HHAT Z LIRS E. 25 PR e J5 ik B LATEAR E 1
[FBT B g — AR R, (EARIRK BSOS, MAE S
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G A S bR g R B R — AN 2R AR R T, 2R,
e A AN Z ML R Gibr g RHEH . B
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EBYEAE, 2 MR 4 W R R 68 )R P A
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51 ZiiReEthEZEN
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U3 o B L, E T A W RS T A R S
W LA R B RO B AT, 2 LA E fr
JIERAE % B R IE LR, AR R S B E
Peal IS H AR f ok g r S LB, SR J5 il
% B LR K 280 5 & @ S 7 FR A AT H bR B
fRA

25 3R FE SO0 I 1] 38 XS5 R 1 5 1 S IR £
ANELIEHE HARRE L. 2 (ARSI N B EK A H
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52 ZARERHEIN

BEXE Z A K28 O R, SCHR[29142 H —Fh R T
FERURER A 0] B AR AL A Y. SCHR[30,3 1148 H
% B UK F R 23 8] B bR OB TE. SCER[32]HR 4
% B USRI RN 5 2 H AL A, AR LA
JR BR S A (6] H ARG CEE.  SCRR[33 17 A AR DG IEC S
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(3610t 7t 2 (8] Z AL 2 A XS HEAAF B A5 1) 2 A4 P[4
DA FERT AT ) . SCHR[3 714 H 25 T R0 (Al s A
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FEHE.
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Z KA WA FEIRL A 0 6] B s, RN A
PIEUEBCHE, e SR E SR I S AL i a2 LA
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FH AR SR AT A 53R, EliasllLaganiere ™ 42 Hi J&
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IEAZAM A AR [R] 1 76 8 B N AR T AR o AR e S 4. i
ST R P B R AR e Z K B AR R T R T R R
B R B B A AR AR 22 U UL L TV, (R —2
WAL I SRS A 2 % VT BC AR AIE DX 3 1) B S AR e,
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WL R A8 A [RIRE M 4a 3823 6] B b, 8 flE A~
AR R BEREE L, F2 R HirwE =
PR, AR MR ARSI E T L EE A5

B8l K B 457 (Structure-from-Motion, SfM)/& M
% WA BRIk 52 3 e s i — 4 5 = RIS AR AT S TR B
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AR T B oI, T X i N U8 2 2 AN SR

iy RV . AL AL E . R A SRR
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55 ZMRFNEZ BIRRER

BN SR % EARERES R AU E . D AP
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st | SOV L o 0 FiF Q-learning (115 51 it 2 1) B
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TR 7. B Mo AP T 2 X0 B b S A
LRSI BRER 7 Ry A I 1]

(1) 7ESELE IR BRI AR it SRR
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(4) KL H bR IR 0 8 2 R
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b, B 92 2 MK 2800 E) R % B bRERES, AEf5 ST
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TF 4 FTHRAZ LA J5 BN B — AN LA I, 24
A K 40 B [ S I A eSSk T B X 0, ) R
BT 55 g e,

6 ZTEEFESERRERRESMEITAREHRE
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1 1
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473 8] B 5 AP IR R p7E BHR B AL AR &R N 1Y
AR AICx, ), AR AL BR FR IR 5E SCAT AL AR B LAR AR R
IR NGy, ) FeH fOERRE, R0 B ER
SFIHRIEEES, fERB R G003 T o IF] 4L
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X
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AR AR 22 8] H AR R PAME ip, 752
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Ly=o;“00£=Nh (5)
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b R R AR R B AR R R, Ho,
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R, ARAR RS MR AL E K& H FRRFIE AR (R
ffE p=(x,))") « = 4 H= & 5 oL Mk IT RS (R
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B AANLEAT 23 PR Al T A7 AE — el i, i,
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X,
AL AR F

3 MIFLEF LR B

Figure 3 Camera pinhole imaging model.
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AERN SRR HE R A, AT S T IR AR . FIRBF S
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Pt —FhEE T Z MRS EDUI AR S 1R Hir LS is
FERE SR ITVE, ZAREBMIAFRALE W B
Br, X EHPRHEAT = 4EE g, AR LU i 18] 1) H
b5 2 DURE AR S L A0 1, Zhou S NP5t 4 W
FIREUE EURAS B2l AT RAAE SR B, AR 7 R
FE A AT RR PR R, A L DU A P R B PR A AL
LI GRINT, FFW 00 381 2 A UL 5% %) 00 e JEE i 1)
RRAIE sA B 25 A8 57 4 LI B AR AU 53— AN
AR, IR I A 1R 0 DU A A E SRR B rhovt
A Ak S ER. Nallapus NP7 % 2% bk R W00 ) /)
KAk B =4EE 77k, Him el fe b, @240
NLFE FA 5 A WL 58 6N AR J3E 47 2 40 A Df 4.
Felicetti M Emamil” X i F 75 B it A% o 10 52 2% e 18
WEE, Wik — e ERBE AR A W [FDU,  JRAE
“ERUREY EIHTEG AR, @R R 2 R ARG
T FZERA. WS, FelicettifIEmamil i 5t £ i
TR W VR UL 3 TR R 3ok R P RS W R R AR ST
Hk[93,941 0 I, FelicettiZh Nt £ i K884 A X
6P RS I 28 1 7 [ R ARSI AL, 2R A8
(LI U, 43— AR R s, FH

SR PIE S 2 MUK A3 AR AR IR R R e (1 H
9. Yuane \POB3T A& VEBH H AR S50 T 1
Bt i T U B R WL 6 5 2 AAB 1 2 KA 15
% H %, AR RER R, SO R
VU ST R g LR, BRI i TR AT
REAE N BARIBRFRY & R /K 2B AR .

ik, T ZAMEE RS LT
EIRITBL. HATRORT SO S T 2 P RN R 4
A3 5 7 25 R e, (BT e RS HERS AL AT 1%
I ARAT AT ICHR. JE T 2 WA e H AR A T
EE PALAPIRE T SEA SR, R A% RS S A%
Gi7iE— 2, HEZAM AR B RS T RE Rk
JEA DN BB B IR A THEY RNl LT 52,
B 22 AL R 4% 22 1) ) A Aty v 2 57 H AR ) 8 80 77
FE, ESCHR[72] 28 At b it LA s 7 2R IR 2
ZH.

6.8 AR IFINEINNEY =S 8] B ARRZS AT 4

BT IR AR R S A AR S R RIR HARIRS A T2
LR A P DU A, BT B R SR S S
PERIR HARIRS AT AT By (1) A B3R
B (2) BB A S HARHHR; (3) RHIEE S 5ILAC; (4)
MG MBS, (5) FET UM ISz ZHub i,
2R F W EDULIN 4 22 TR AR S VR VR HARIRAS A 2
AL (1) ZAMEGIEG ) Z0MEBREE;
(3) EMEALFLYE HAsHHR; (4) FHEEFESILE; (5)
FATRVRFIEAR 5 70 75 (6) RAIEERER; (7) MLoE I E A 7Y
L (8) BT IR B TR L LiTia 3l 2k AR e )
ZH.

L EIRRTLE, 2O A Bl FE I 4 B R R
N ARG R 7 L] RHIE LTI 3h
Kz sh ZHUER. A NG)HR, SR N
PRAEESL. BGAEEE K B FRRIEAER . = s alor
PRUCHC AR, SRR AEAR I 7 LA R o 2 AR &
E EAR B OLIE BEAN R, A RO DR AL e R i 1)
R, MBS RIERE 1T, SR ES R
FErP I A AR R AE S RIS S . HIE LIS 3N IS sh
SHERS, B AT I IR IS AT 75y ey
A0 JUMTARSE,  FUHT F BRRFE 5 1R B B2 SR gt Lh R
BENZHL, BT ARG AT R WU AR A,
EERR B ARSI

224503-13



TR, HEEB: WELY J0E RO 2025 4F S5 2

7 EMRB[HEIMENERESTS
ffife

LB o 0 2 2 T 5 0 P A B o 315 1
AR KT 5 BIG 2 AR A IR 2 R S 5 W £
PLBEI AR, L2 A LI R B LI £ 5% 22
b, ALK B2 MIRBER AR . SRS
B RHEA S SR . ZHNREIRE. B0
PR A S BT R 5T 2% 7]

IR SO, B2 R 2% B R LI 252k
W RG0S, MINLELRER . FINLREN S M BB B
FROUEREEE . ARG S R e Mt AN, = A
BM= M6 RS, MMEIRERm A, 2 itk
IF, ARHUEEE TP AT 68, TEET = MmN, 5%
KIMERTE, RGO MR 25 R R 25 13 R
AP EARZE AT, T4 20 A8 W E XL £ o7 B %
FEAE R AR TG, AR 2 A58 R BUR DN, M
ARG AR .

ST 43 1) H AR (RS S 2, H TR £
% RS AN LIS 000 T B R 22, B IEs ALY
S HTAENL B S HORZE . P P15 25 0 PR AL A i
ZZ MR, ARSI TR E SRR A
T EAE B 2 I 2. A B 5 AT 9 Il gt 22
2 LEAR 2 A 32 5 A 8 22 0 o7 S I 25 [ B
ARG N g A g ILA S, Bkm . B
B HORR S SER R R, KSR 5N SA I
BT 200, Liuge NUOV IR0 5 U 22 56) i 25
SN, Zhangs N1V Hris 25 BRI R0 EAS 12 22
R, He AU ORI 7 5 bt 2l 51 p ] i 2 1] A
B O S BEAR X H I R SR TR, M
IR £ BE 25 03 W AN R RO R A2 352 22 15 B0kt 2 ) T )
RGO B LG P . SRR A%, 5 F SRR
BIREL R ES SEUHNLING 1R E 4SS B M
T A A5 7 FE DR AS TR RE R, it Sk sl IRy
B 5 5 PR £ AL 28 550 10U o A5 2 A4 B WL 2 4]
2. LR R BRI T

(1) FAMHT B — R 250 o S I R B ), B/l 4
AR 2 VR ) 5 44T

(2) ZFENASI AL IR ZE R R RAEAE, IR ZEF AR
T 185 5% 7 B 4% [ U [ R B 25 A8 1

() BIRASEY R LR S RS

e, 2B R, BN RIS,

(4) MLZERERE WM, KRS T 1 &
GOFRARR G TUE IR 20, (HEE%E 232 LR S
FRL M R AR LR i, %277 V2] BEHE LA S L.

gi b, AR EIL R 2 0 b 7 AR A A
A, (EZHURES MK R Z 0 B 5 A T 3% B
HIALD. 2R RGN 2 AR E AR AE A R R 4
REERR. ZHINERG IS HSHEEHTR
ISR A A AR, HE I ) 5 R P A e 2
T I EAE S I R OR, TR IR RS RIREE, N
0 A P 22 LR A5 B RO PR I B4 o b, 3K ) AU
FHRABIIT. ZHURA P RN 55 BAR AT LLUKIE S
JEALSE DN B I e, (2R SR R AR, R
ZEANTT IR G > BEE LA A3 22 AT R AR, ol 4 &t
THARALI 28 1) RAR RS, LB DR L U EERS E A
TR ENEEE, TIRERRERADTT. AN, ZHIR
WmAGEEEWT . LE . E 8RS KT
HOWMARNIEC B A SRR EZ RIRRR, 2T
JEEIRN T IL.

8 MRk SEIN

AR [ A A BB M A B, R B R A
K 452 Hh 2 R s o RO A, (BB s AR S 1
B H AR 2 2 20U T PRl T IRE e Tl
BrBL 2R A U RO T 2 4 R S ol S 2 AN [
SERIZ HALSE(ECE Z M) RS, KRR ALARRLSE
DR 2 MR AR P [RDU N 2 29 AT LA ) B4 41 22 )
FARAEAS FIAL AR B2 A I 8] A PR, SR R IR A4
I R EE, U 6 AR e B i1, i 5 AR
PRI AR FE [ o8 JE Al R IR %, SEBLEAE
A4 AR A A, 2R A o RN E 6
LRI Z N AR Ge b g, RIS 8] H AR 3L
LR NN SN SHRE, a2 PR
GG SHRE SR B F DR RBIRRT. K
fHOLT, ZMPARGERSMBLZE FP A, A3k
B ARHUEA AL N0 BARBI AR, A A A B H4%
HAMLA it A ZhAE, AL AT CASR A iR A PR AT [ 20 1,
EHTREGBERD AR, nmdE. HEl
SRS PR 2 AR A Dl R R R AR P 2 1) i
KL R, OB TEEZR RS, TR B 4

224503-14



TR, HEEB: WELY J0E RO 2025 4F S5 2

BALOT ISR i ZARHL S B S . T SRR CEL
M2 - 6 T F P, A vk KT8 At B8 e P, i)
R 22 LR s B TR) 000 e = ) Al B B A B S
Z P A FISLAM RS a8 2 A BEHLEEA
EETANL, 2 B 2 KA LR, Wi T H
P, RSB T AR, 2R R EW
T BA BRI, T 922 % 2 i [ W0 £ 44 1 4k
WPt HATHIPER/E T LR LA 7 1.

(1) ZRRAZ W AIEAENE T H, T HbrE T
P LT SR AT LAY FR B2 ()37 5 S . 6 TRk
B, R S s RS aE 2SR R . b
LrFR, fESEEET ARSI T ST I A R I
A, T e R R R SRR T T v

(2) ZHfA 2R AR AT, SAUM T
BUG P BFRRE . B2 WG 5 B A7 A 25
S U G PR T A P AR e, TR P TR b,
FER AR NI T AR IR AR AR He i 5 o 1 b
T T v PR A5 1 ) B2 AR e, (RS P T AR e T o
SIRZ R, BT — AN A B AENIE AR e T

(3) T WG R B RS M T H, £
VLA (58 S AR RS J LT R R, 3 — 2B SR ARIZ )L
% R SL BRI S B Hub 1. 7 BB IR AR
Y5 R 7i, BUH 24 DL A A AR . T AR
ST SR BT (R 5T I R 2 R B R A
TR B 7 vk et ol o 348 R o T M ) S 0
W, AT, TR 2 MR AR
HOR RS BEhS 775

(4) ZHUK B2 FIHUE B 710, BUA 177 5%
FE “Z iR A H AR AL E T 5, RRNEE <%
WK #+ToF+45 /4 e+ X0 H FHAL+2L AME ML 55 2 5
WO B, ToFAIMLGHERE MEoR . ST P e (E 40 HE K.

SE 3

XUHARHL > A ESE i PEAR S DEIREBUR. S5 eH
HURT AREXS H R i e S0 BE e) i, ks e v, (H0
RIEAMR. AMAPLAER SCELFT PR (il &
H D QHAHE. KRZRMACE, RIS
FHVR H b e i RS Al

(5) FET ZMURE W [R5 18] F AR i dhs
PERIIR T, 25 IR 4 B [RDULIN 04 5% HE Ry s A T AR 20
ML AR 20 52 S T, - 22 LR 45 W [RDUL N et
FEAR,  BEASPLA SRR (0 WL B0 P AL AT KO0 e B
WONHFAE 7> 5 TS T — S m R & AR, Wf
ST AR s 2 S R ORAEAS W TE I T .

(6) F=T 2 LR W [RI WL ) 25 8] Aoz 2 il i
Jit, AR MRS SERON 2 AW H R RS, 1EH]
SR TT AR (8] H R 5 ) 42 JR) = 4R AR bR
AL A JRAAR R, SCHR1 BT BT R 2% 43 B4 7 B
FARPL, 8IS0 HABL, A AR #5206
PIZLIN B T AR 2R 55 B A R AR AR R T, AT
FISRECAE SRR G R, Zha b VWA Bt
PRIESS RHIRS RS SR EAE L Z MR R, N
B, RSN R RV AL AR R R H ARAL bR &
THITIREAFRARTTT. ARl R B A AR —
iRz, HRESEURZE R, JR8HETH Eit— it
TUAARR I L.

(7) ZRURE I EDILIN R GE R 22 50 87 77 1, 5 A
PUEEEERL S 2RSS B 2 AR & 1Y
WM TR 2 AR LR S, MamExE. &
AP FEALIE SR B SRR RTE. B, T2
LR G PRI AR 4, 7 B2 8 4% SR 22 U IR A
R, T 2 RS O AL B A B ) a e
R, Qs vk RE AR AL AT 2 AR LI 2 A B2 I DX, M
T X BEAS 28 Gt RE WL DN B2 52

1 XuY]J, LiuXL,HeRJ,etal. Space debris active removal mission planning: A review (in Chinese). Control Decis, 2024, 39: 371-380 [ L7,
FGERE, B, 55 2 W LRI BRAE S5 IRITT T 4iR. ] 5 ¥R, 2024, 39: 371-380]

2 MulJZ,Hao X L, Zhu W S, et al. Review and prospect of intelligent perception for non-cooperative targets (in Chinese). Chin Space Sci
Technol, 2021, 41: 1-16 [ &5, MBI, K31, 55 AEE1E BARE EEAMBORTT 7L 5 R 8. b = RARAE0R, 2021, 410 1-16]
3 Zhu W S, Mul Z, Li S, et al. Review and prospect of spacecraft pose estimation based on deep learning (in Chinese). J Astronaut, 2023, 44:

1633-1644 [R3C1L, BE5E, 29K, 5 TR TNURS LM THII R, FHIAR, 2023, 44: 1633-1644]
4 LuY, Liu X G, Zhou Y, et al. Review of detumbling technologies for active removal of uncooperative targets (in Chinese). Acta Aeronaut
Astronaut Sin, 2018, 39: 33-45 [ 5, Xk, T, &, RIS IE B bR REAR R RLOR. Hizs 54k, 2018, 39: 33-45]

224503-15



TR, HEEB: WELY J0E RO 2025 4F S5 2

10

11

12

13

14

15
16

17

18

19

20

21

22

23

24

25

26

Tang H W, Deng G, Song B. Overview of developments in the field of space defense and services in 2022 (in Chinese). Space Int, 2023, 3: 20—
25 [JEREC, BN, ARt 202248 K2 Ty IR 75 IR 55 U8R R k. [ BRok =8, 2023, 3: 20-25]

Zhao Y J, Tang H W. Overview of developments in the field of space defense and services in 2023 (in Chinese). Space Int, 2024, 4: 28-33 [i[¥ &
VH, R SC. 20234 K 25 BUGTRIR 23 R 55 A SR 470k . [ Bk 2, 2024, 4: 28-33]

Wen X. Space exploration is entering the era of spacecraft cluster (in Chinese). Frontiers, 2017, 5: 19-26 [[H#7. K= R EEIEAMT R A5
AL AR IR AR, 2017, 5: 19-26]

Yue CF, LuL, Wu Y H, et al. Research progress and prospect of the key technologies for on-orbit spacecraft swarm manipulation (in Chinese). J
Astronaut, 2023, 44: 817-828 [[EA2H, MR, RZME, & FEPUERHRIE CREARTT Ll 5 R E. FHIFHR, 2023, 44: 817-828]

Jia P. Modular reconfigurable spacecraft will become a new direction of spacecraft development (in Chinese). Space Int, 2019, 5: 42-45 [F{~F.
R T B AR B4 BOR AR 8% A SR 77 . BRI, 2019, 5: 42-45]

Zheng Z X, Bai Y Z, Chen Z J, et al. Spacecraft covert maneuvering: Concepts, principles and methods (in Chinese). J Astronaut, 2024, 45:
1065-1077 [FRAAIE, B K5, BREUY, &, BRI &, RELS 7% TR, 2024, 45: 1065-1077]

Zhang J, Yu H, Deng H, et al. A robust and rapid camera calibration method by one captured image. IEEE Trans Instrum Meas, 2018, 68: 4112—
4121

XuQY, Yang L Y, Niu Z Y, et al. High-accuracy calibration of multi-camera positioning system based on precision angle reference (in
Chinese). Acta Optica Sin, 2019, 39: 0115001 [#&xFkT2, Mk, 4-Eim, &, K% M BEIEUE T ZHMPLE N R AR E. o2,
2019, 39: 0115001]

Lee S E, Shibata K, Nonaka S, et al. Extrinsic camera calibration from a moving person. IEEE Robot Autom Lett, 2022, 7: 1034410351
Li J, PiJ, Wei P, et al. Automatic multi-camera calibration and refinement method in road scene for self-driving car. IEEE Trans Intell Veh,
2024, 9: 2429-2438

Zou D, Tan P. CoOSLAM: Collaborative visual SLAM in dynamic environments. I[EEE Trans Pattern Anal Mach Intell, 2012, 35: 354-366
Lajoie P Y, Ramtoula B, Chang Y, et al. DOOR-SLAM: Distributed, online, and outlier resilient SLAM for robotic teams. IEEE Robot Autom
Lett, 2020, 5: 1656-1663

Chien H J, Klette R, Schneider N, et al. Visual odometry driven online calibration for monocular lidar-camera systems. In: Proceedings of 2016
23rd International Conference on Pattern Recognition (ICPR). Cancun: IEEE, 2016. 2848-2853

Nagy B, Kovacs L, Benedek C. Online targetless end-to-end camera-Lidar self-calibration. In: Proceedings of 2019 16th International
Conference on Machine Vision Applications (MVA). Tokyo: IEEE, 2019. 1-6

Schneider N, Piewak F, Stiller C, et al. Regnet: Multimodal sensor registration using deep neural networks. In: Proceedings of 2017 IEEE
Intelligent Vehicles Symposium (IV). Los Angeles: IEEE, 2017. 1803-1810

Cheng X N, Ma Q W, Ma S P. Self-calibration based multi-view 3D digital image correlation measurement method and its application (in
Chinese). Trans Beijing Institute Technol, 2024, doi: 10.15918/j.tbit1001-0645.2024.047 [FL 14, Db, S/, EirE 2 M MA =47 K
AGAR I 7k S M. AL ECEE T RS2 244H), 2024, doi: 10.15918/).tbit1001-0645.2024.047]

Malowany K, Malesa M, Kowaluk T, et al. Multi-camera digital image correlation method with distributed fields of view. Optics Lasers Eng,
2017, 98: 198-204

Li Y, Huang W, Zhou J, et al. Development status and prospects of near space observatories (in Chinese). Chin Space Sci Technol, 2024, 44: 1—
15 [ZERE, WRir, el asa) B AR R B8 ik grid. o E S MFAEOR, 2024, 44: 1-15]

LiJ. A dynamic track initiation algorithm for passive bearing-crossing location systems (in Chinese). J Univ Electron Sci Technol China, 2006,
35: 894-896+912 [4=2). M]3 S A RSB HULRIE . TR FZ4R. 2006, 35: 894-896+912]

Li F, Yan G Y, Li H Y. Study on the target location and configuration analysis of the space tracking and surveillance system (in Chinese). In:
Proceedings of the First China Space Security Conference in Sustainable Development of Space Resources. Yantai, 2015. 36-40 [4= &, FiR &,
ZRUFRH. 700 HARER R S A R GERT H AR e A S R R B T e W A R BRI P R B R e — 3 — Ja P A R e R S SR M
&, 2015. 36-40]

Ye B, Zeng Z K, Feng G, et al. Research on trajectory estimation and selection based on observation data of stss (in Chinese). Aerospace
Shanghai, 2014, 31: 7-11 [}, 15 50k, WA, S5 TP Tt T2 I B Adis i 9 0 S A S5 0k R SEA T T, ERAUR, 2014, 31: 7-11]
Gao Y D, Cui K K. Method of space target optical detection and positioning based on micro satellite (in Chinese). J Naval Aviation Univ, 2016,
31: 365-371 [FEAR, Il Fe T i/ BRI HFROGARIE T, W E M TR A4k, 2016, 31: 365-371]

224503-16


https://doi.org/10.1109/TIM.2018.2884583
https://doi.org/10.3788/AOS201939.0115001
https://doi.org/10.1109/LRA.2022.3192629
https://doi.org/10.1109/TIV.2023.3323665
https://doi.org/10.1109/TPAMI.2012.104
https://doi.org/10.1109/LRA.2020.2967681
https://doi.org/10.1109/LRA.2020.2967681
https://doi.org/10.1016/j.optlaseng.2017.05.003
https://doi.org/10.11728/cjss2024.06.2023-0145

TR, HEEB: WELY J0E RO 2025 4F S5 2

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

4
43

44

45

46
47

Qiao P, Lyu X N, Zhao J S, et al. Space target tracking and positioning algorithm using multi-satellites (in Chinese). Spacecr Eng, 2021, 30: 9—
15 [Frl, BiveT, BB, 5. N 2 2 1A ) B ARBREE (L 50E. RS LR, 2021, 30: 9-15]

Lu F, Gao B, Xing C, et al. The influence of the number of measuring participants on the location error in multi-station bearing-crossing
location. Fire Control Command, 2011, 36: 69-72

Feng F. Research on Ubiquitous Perception of Space Targets Based on Star Sensors (in Chinese). Dissertation for Master’s Degree. Beijing:
Aerospace Engineering University, 2019. 12-33 [15 &, 2 B URE 23 0] H bRz R BB AR 7. LA 3. Jbat: ik TR,
2019. 12-33]

Feng F, Li HN, Zhang Y S, et al. An improved synchronized orbit determination method based on distributed star sensors. In: Proceedings of
International Astronautical Congress. Washington, 2019. 1-5

Huang Q S. Research on Space Target Association Technology Based on Distributed Star Sensor (in Chinese). Dissertation for Master’s Degree.
Beijing: Aerospace Engineering University, 2020 [ 38k S5, 3145 A 202 BURAE 1725 18] H AR RBRBORBIEFL. St 22008 5. dbat: Ak T2
K2, 2020]

Huang Q S, Zhang Y S, Feng F. Space target synchronization association method under distributed star sensor (in Chinese). Chin J Sci Instrum,
2019, 40: 106113 [3EAKSL, KA, 7K. 04 U2 BUR S T 210 HARFID KRBT, AR EAR, 2019, 40: 106-113]

Huang Q S, Zhang Y S, Feng F. Algorithm of space track segment association under distributed star sensor (in Chinese). Syst Eng Electron,
2020, 42: 1007-1013 [B{AKSE, FRAERA, 5K, A SR BUR S T 2 1R FARAUZ BORBR AT, R LIS THOR, 2020, 42: 1007-1013]
Huang Q S, Zhang Y S, Feng F. Short-arc association algorithm for space target based on sine fitting (in Chinese). Chin Space Sci Technol,
2020, 40: 111-118 [3ERKSE, TRAMEA, 10K, 26T IETZIA 2% (0 B ARG, o[22 REROR, 2020, 40: 111-118]

Zhao D, Sun C, Yuan J P, et al. Multi-view-based cooperative observation method for space non-cooperative target’s attitude determination (in
Chinese). ] Northwest Polytech Univ, 2021, 39: 267-277 [#Xidl, fhoh, ZE-F, 5. JET 2 MR 35 0 F I 1 25 (A1 4E -G B AR R A& S HHER
PR T7 VR TE. PEAE Tl K 2225440k, 2021, 39: 267-277]

Han F, Liu F C, Wang Z L, et al. Multiple line-of-sight angles-only relative navigation by multiple collaborative space robots (in Chinese). Acta
Aeronaut Astronaut Sin, 2021, 42: 316-326 [ &, XK, EIeI, . 4518 Z L&A W R 0 2 MLA DU A AN . AT 27431, 2021, 42:
316-326]

Gao X H, Liang B, Pan L, et al. Distributed relative navigation of geo non-cooperative target based on multiple line-of-sight measurements (in
Chinese). J Astronaut, 2015, 36: 292-299 [= 2%, Fok, WK, 55, MG 1E B AR 2 8 /A VA XS S ATV, TR, 2015, 36: 292—
299]

Fan D W, CainW W, Yang L P, et al. Multi-line-of-sight fusion based configuration design for near-field situation awareness in high orbit (in
Chinese). Syst Eng Electron, 2023, 45: 3984-3994 [Yu K fH, £2Hhfh, 457, 55 BT Z MR G IS UL B . RETESH
FHAR, 2023, 45: 3984-3994]

Simper A. Correcting general band-to-band misregistrations. In: Proceedings of International Conference on Image Processing. Lausanne: IEEE,
1996. 2: 597-600

Gongalves H, Gongalves J A, Corte-Real L, et al. CHAIR: Automatic image registration based on correlation and Hough transform. Int J
Remote Sens, 2012, 33: 7936-7968

Lucchese L, Doretto G, Cortelazzo G M. A frequency domain technique for range data registration. IEEE Trans Pattern Anal Mach Intell, 2002,
24: 1468-1484

Kolar R, Harabis V, Odstrcilik J. Hybrid retinal image registration using phase correlation. Imag Sci J, 2013, 61: 369-384

Karani R, Sarode T K. Image registration using discrete cosine transform and normalized cross correlation. In: Proceedings of IJCA Proceedings
on International Conference and Workshop on Emerging Trends in Technology, India: IEEE, 2012. 28-34

Sarvaiya J, Patnaik S, Kothari K. Image registration using log polar transform and phase correlation to recover higher scale. J Pattern Recognit
Res, 2012, 7: 90-105

Tong X H, Zhen Y, Xu Y S, et al. A novel subpixel phase correlation method using singular value decomposition and unified random sample
consensus. IEEE Trans Geosci Remote Sens, 2015, 53: 41434156

Pedrosa G V, Barcelos C A Z. Anisotropic diffusion for effective shape corner point detection. Pattern Recognit Lett, 2010, 31: 1658-1664
Zhang X, Wang H, Smith A W B, et al. Corner detection based on gradient correlation matrices of planar curves. Pattern Recognit, 2010, 43:
1207-1223

224503-17


https://doi.org/10.1051/jnwpu/20213920267
https://doi.org/10.1080/01431161.2012.701345
https://doi.org/10.1080/01431161.2012.701345
https://doi.org/10.1179/1743131X11Y.0000000065
http://doi.org/10.13176/11.355
http://doi.org/10.13176/11.355
https://doi.org/10.1109/TGRS.2015.2391999
https://doi.org/10.1016/j.patrec.2010.05.013
https://doi.org/10.1016/j.patcog.2009.10.017

TR, HEEB: WELY J0E RO 2025 4F S5 2

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Elias R, Laganiere R. JUDOCA: Junction detection operator based on circumferential anchors. IEEE Trans Image Process, 2012, 21: 2109-2118

Zhang W C, Wang F Y, Zhu L, et al. Corner detection using Gabor filters. IET Image Process, 2014, 8: 639-646

Smith S M, Brady J M. SUSAN—A new approach to low level image processing. In: Proceedings of International Journal of Computer Vision.

Norwell: Springer, 2015. 45-78

Shui P L, Zhang W C. Corner detection and classification using anisotropic directional derivative representations. IEEE Trans Image Process,

2013, 22: 3204-3218

Chen Y Q, Zheng H C, Yan Z W, et al. Parallax image alignment with two-stage mesh optimization based on homography diffusion constraints

(in Chinese). Acta Automat Sin, 2024, 50: 11291142 [[4EST, A=, M EAE, & JET 3R R BRI 0 MR R AL 2 S X 55, B

kAR, 2024, 50: 1129-1142]

Gong Y. Research on Data Association for 3D Reconstructions from Multi-View Images (in Chinese). Dissertation for Dcotoral Degree. Wuhan:

Wuhan University, 2023 [28/#. T[] 2 30 f1 5218 = 4E 5 2 B IOt 7. LA e, e UK, 2023]

Wang S Q, Zhang J Q, Li LY, et al. Application of MVSNet in 3D reconstruction of space objects (in Chinese). Chin J Lasers, 2022, 49: 176—

185 [ A, sk Kok, 2, . MVSNet?EZF M A =4 S @ H R . EHEOE, 2022, 49: 176-185]

Xie B X, Zhang Y, Chen J T, et al. An improved GM-C-CPHD algorithm for spatial multi-target tracking (in Chinese). Aerospace Shanghai,

2024, 41: 89-96 [ DUIE, 7k#, BR4E74, & —MEGHIGM-C-CPHD % 0] £ H bR EREZ 5. IR, 2024, 41: 89-96]

Zhou D, Sun G, Lei W, et al. Space noncooperative object active tracking with deep reinforcement learning. IEEE Trans Aerosp Electron Syst,

2022, 58: 49024916

Li B, Huang J, Feng Y, et al. A machine learning-based approach for improved orbit predictions of LEO space debris with sparse tracking data

from a single station. IEEE Trans Aerosp Electron Syst, 2020, 56: 4253-4268

Hu Y P, Li K B, Chen L. Toward space situational awareness: A space-based autonomous optical tracking method for space objects (in

Chinese). Sci Sin Tech, 2021, 51: 424-434 [#1 M, B 70ife, Mra. 1HI 17 25 (0] A5 SRR B R B T 6 23 8] B bk ) S BRERT7 ik, i A ¢

REBIE, 2021, 51: 424-434]

Qiao P, Lyu X N, Zhao J S, et al. Space target tracking and positioning algorithm using multi-satellites (in Chinese). Spacecr Eng, 2021, 30: 9—
5 [FvM8, BT, BAES, & N2 B RS R B PRERER E AL, SiREE TR, 2021, 30: 9-15]

Jiang L H, Gong B C, Liu C K, et al. Space multi-target tracking method for space-based distributed passive detection (in Chinese). Syst Eng

Electron, 2024, 46: 2789-2797 [VLAKilE, SRMIE, XUt dl, 45, RIED A X TLIRRM I 0 2 BARERER77i%. RS TSR THA, 2024, 46:

2789-2797]

Zheng B Q, Li B Q, Liu H W, et al. Distributed target tracking based on adaptive consensus UKF (in Chinese). Optics Precision Eng, 2019, 27:

260-270 [HURH, 200G, )M, 45 RA A IE R — B UKFR 4010 50 FRERER. J62# K% T2, 2019, 27: 260-270]

Wang S, He C, Gong B, et al. Cooperative angles-only relative navigation algorithm for multi-spacecraft formation in close-range. Comput

Model Eng Sci, 2023, 134: 121-134

Lowe S, Fitzpatrick D, Buynovskiy A, et al. Concept of operations for SWARM-EX: A three cubesat formation-flying mission. In: Proceedings

of 2024 IEEE Aerospace Conference. Big Sky: IEEE, 2024. 1-13

Zhang P, Lei W M, Zhao X L, et al. A survey on multi-target multi-camera tracking methods (in Chinese). Chin J Comp, 2024, 47: 287-309 [3k

S, TEON R, BT, 2. PRk B ARERES T RGR. THENLER, 2024, 47: 287-309]

Xia J Y. Researches on Monocular Vision Based Pose Measurements for Space Targets (in Chinese). Dissertation for Dcotoral Degree.

Changsha: National University of Defense Technology, 2012 [E 7%, 75 [a] H AR i 5 H AL AL M = IHERT 7T, 2200w s Kb B

BREAHAR R, 2012]

Volpe R, Sabatini M, Palmerini G B. Pose and shape reconstruction of a noncooperative spacecraft using camera and range measurements. Int J

Aerospace Eng, 2017, 2017: 1-13

Segal S, Carmi A, Gurfil P. Stereovision-based estimation of relative dynamics between noncooperative satellites: Theory and experiments.

IEEE Trans Contr Syst Technol, 2014, 22: 568-584

Wang DY, Zhang L, Zhu W H, et al. Autonomous relative navigation for noncooperative target using stereo vision measurements (in Chinese).

Sci Sin-Phys Mech Astron, 2019, 49: 024509 [ K%k, K%, & DT, 55, T 0 B 62 BUE(E B A& 15 Hbs B EMHX SH 5% &

ERL S PBEEE J1% RIL, 2019, 49: 024509]

Feng Q, Pan Q, Hou X L, et al. A parameterized method to estimate relative pose and inertia information of a non-cooperative target (in

224503-18


https://doi.org/10.1109/TIP.2011.2175738
https://doi.org/10.1049/iet-ipr.2013.0641
https://doi.org/10.1109/TIP.2013.2259834
https://doi.org/10.1109/TAES.2022.3211246
https://doi.org/10.1109/TAES.2020.2989067
https://doi.org/10.1360/SST-2020-0098
https://doi.org/10.3788/OPE.20192701.0260
https://doi.org/10.32604/cmes.2022.017470
https://doi.org/10.32604/cmes.2022.017470
https://doi.org/10.1155/2017/4535316
https://doi.org/10.1155/2017/4535316
https://doi.org/10.1109/TCST.2013.2255288
https://doi.org/10.1360/SSPMA2018-00294

TR, HEEB: WELY J0E RO 2025 4F S5 2

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

Chinese). J Astronaut, 2021, 42: 1128-1138 [{%iz, ¥R, Bbed, 55 —MSEAAEGE B FRMX A MR A 5%, FAER, 2021,
42: 1128-1138]

LiY, Wang Y, Xie Y. Using consecutive point clouds for pose and motion estimation of tumbling non-cooperative target. Adv Space Res, 2019,
63: 1576-1587

LuRR, Sun H B, Fu S F, et al. Point cloud registration based satellite motion parameter identification method (in Chinese). Laser Optoelectron
Prog, 2019, 56: 211-220 [ 282, FNEER, AIXUY, 55, — AT A ZMHE ) RRIZIHSHHHRTTE. HOL 5 h 1248, 2019, 56: 211-
220]

Li P, Wang M, Zhou D, et al. A pose measurement method of a non-cooperative spacecraft based on point cloud feature. In: Proceedings of
Chinese Control and Decision Conference. Hefei: IEEE, 2020. 4977-4982

Guo W, Hu W, Liu C, et al. Pose initialization of uncooperative spacecraft by template matching with sparse point cloud. J Guid Control Dyn,
2021, 44: 1707-1720

Lampariello R, Mishra H, Oumer N W, et al. Robust motion prediction of a free-tumbling satellite with on-ground experimental validation. J
Guid Control Dyn, 2021, 44: 1777-1793

Peng J, Xu W, Liang B, et al. Pose measurement and motion estimation of space non-cooperative targets based on laser radar and stereo-vision
fusion. IEEE Sens J, 2018, 19: 3008-3019

Meng C, Li Z, Sun H, et al. Satellite pose estimation via single perspective circle and line. IEEE Trans Aerosp Electron Syst, 2018, 54: 3084—
3095

Mu J, Li S, Xin M. Circular-feature-based pose estimation of noncooperative satellite using time-of-flight sensor. J Guid Control Dyn, 2024, 47:
840-856

Shu A, Pei H D, Duan H X. Trinocular stereo visual measurement method for spatial non-cooperative target (in Chinese). Acta Optica Sin, 2021,
41: 163171 R %, 33 AR, BORAL. B RAEEF BARK = HSLARRSEIETT %, J62544), 2021, 41: 163-171]

Wang Y, Zhang Z, Huang Y, et al. High precision pose estimation for uncooperative targets based on monocular vision and 1D laser fusion. J
Astronaut Sci, 2024, 71: 1-26

Pan W, Zhu F, Hao Y, et al. Fast and precise 6D pose estimation of textureless objects using the point cloud and gray image. Appl Opt, 2018, 57:
8154-8165

Feng C, Wu H T, Chen B. Method for relative pose parameters between spacecrafts based on mixing of multi-sensor (in Chinese). Infrared Laser
Eng, 2015, 44: 1616-1622 [13%, SRiki%, WA, 5T 246 a8 Al & RS A L S5l 24M 5806 TR, 2015, 44: 1616-1622]
Chen B, Cao J, Parra A, et al. Satellite pose estimation with deep landmark regression and nonlinear pose refinement. In: Proceedings of the
IEEE/CVF International Conference on Computer Vision Workshops. Seoul: IEEE, 2019. 2816-2824

Lotti A, Modenini D, Tortora P, et al. Deep learning for real-time satellite pose estimation on tensor processing units. J Spacecr Rockets, 2023,
60: 1034-1038

Gao X H, Liang B, Pan L, et al. A monocular structured light vision method for pose determination of large non-cooperative satellites. Int J
Control Autom Syst, 2016, 14: 1535-1549

Song D P, Lu L. Non-cooperative circle characteristic pose measurement using multiple cameras without public field of view (in Chinese).
Infrared Techn, 2020, 42: 93-98 [ARACY, P, ZAHHLARIEIIA A& MR IRRHE AL E N T ik, L08R, 2020, 42: 93-98]

Du X, Liang B, Xu W, et al. Pose measurement of large non-cooperative satellite based on collaborative cameras. Acta Astronaut, 2011, 68:
2047-2065

Du R Z. On-Orbit State Estimation Methods of Space Targets Utilizing Multi-View ISAR Images (in Chinese). Dissertation for Dcotoral
Degree. Xi’an: Xidian University, 2022 [FL5fE. 3T 2 W AISAREG K 7% 7] HARTEPUIRA SO 7VE. 18 L2000 30, 1922 e iR
K2, 2022]

Zhao D, Sun C, Zhu Z, et al. Multi-spacecraft collaborative attitude determination of space tumbling target with experimental verification. Acta
Astronaut, 2021, 185: 1-13

Matsuka K, Santamaria-Navarro A, Capuano V, et al. Collaborative pose estimation of an unknown target using multiple spacecraft. In:
Proceedings of 2021 IEEE Aerospace Conference. Big Sky: IEEE, 2021. 1-11

Sun C, Zhao D, Deng Z X. A method of feature information transfer and cooperative tracking in the observation of space tumbling non-
cooperative targets (in Chinese). China Patent: CN202011199729.8, 2021-02-02 [Fh, 843, FBT5F. — P2 [BENR AES1E B br 0t 72 A

224503-19


https://doi.org/10.1016/j.asr.2018.11.024
https://doi.org/10.2514/1.G005042
https://doi.org/10.2514/1.G005745
https://doi.org/10.2514/1.G005745
https://doi.org/10.1109/JSEN.2018.2889469
https://doi.org/10.1109/TAES.2018.2843578
https://doi.org/10.2514/1.G007629
https://doi.org/10.1007/s40295-024-00461-8
https://doi.org/10.1007/s40295-024-00461-8
https://doi.org/10.1364/AO.57.008154
https://doi.org/10.2514/1.A35496
https://doi.org/10.1007/s12555-014-0546-x
https://doi.org/10.1007/s12555-014-0546-x
https://doi.org/10.1016/j.actaastro.2010.10.021
https://doi.org/10.1016/j.actaastro.2021.04.029
https://doi.org/10.1016/j.actaastro.2021.04.029

TR, HEEB: WELY J0E RO 2025 4F S5 2

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110
111

IIRHES BAE 18 5 YMEBRE: 77, H E R BIER]: CN202011199729.8, 2021-02-02]

Zhou L, Wang A Q, Wu L P, et al. Agent collaboration technology based on multi-camera pose monitoring system. Trans Nanjing Univ
Aeronaut Astronaut, 2023, 40: 77-84

Nallapu R T, Xu Y, Schuler T, et al. Development of a hardware demonstration platform for multispacecraft reconnaissance of small bodies.
IEEE J Miniat Air Space Syst, 2023, 4: 283-304

Felicetti L, Emami M R. A multi-spacecraft formation approach to space debris surveillance. Acta Astronaut, 2016, 127: 491-504

Felicetti L, Emami M R. Attitude coordination of multiple spacecraft for space debris surveillance. Adv Space Res, 2017, 59: 12701288
Felicetti L, Emami M R. Spacecraft formation for debris surveillance. In: Proceedings of 2017 IEEE Aerospace Conference. Big Sky: IEEE,
2017. 1-12

Yuan J, Hou X, Sun C, et al. Fault-tolerant pose and inertial parameters estimation of an uncooperative spacecraft based on dual vector
quaternions. In: Proceedings of the Institution of Mechanical Engineers, Part G: J Aerospace Eng, 2019, 233: 1250-1269

Huo J, CuiJ S, Wang W X. Error analysis of monocular visual position measurement based on coplanar feature points (in Chinese). Acta Photon
Sin, 2014, 43: 144-150 [FE4E, HSK I, FMH%. 2T ICHRHME B8 B LSE AL MR IR Z T, D6 T3K, 2014, 43: 144-150]

Zhou J, Hao Y M, Zhu F, et al. Influence of the error of camera parameters on the accuracy of pose measurement (in Chinese). In: Proceedings
of The Ninth Youth Academic Conference of China Instrumentation Society. Huangshan, 2007. 565-569 [J& &, A0, ZRA, 25, HAIHLAR &
SHECARFER AL LM EAE LRI, W h B A ECR S 25 URF AR S UGE SR, 1L, 2007. 565-569]

Hao Y M, Zhu F, Ou J J, et al. Error analysis of P3P pose estimation (in Chinese). Comp Eng Appl, 2008, 44: 239242 [/ilFEH, AW, RRE#R %,
5. PIPALZEM BT ERIIRZ M. RN TRE S R, 2008, 44: 239-242]

Hao R J, Wang Z Y, Li Y R. Error analysis method for monocular vision pose measurement system (in Chinese). J Appl Optics, 2019, 40: 79-85
DA, Erb3e, ZElian. — M B AL A& R G MR 2 Wik, B e, 2019, 40: 79-85]

Liu Y, Xie Z, Liu H. Three-line structured light vision system for non-cooperative satellites in proximity operations. Chin J Aeronaut, 2020, 33:
1494-1504

Zhang Z, Zhao R, Liu E, et al. A fusion method of 1D laser and vision based on depth estimation for pose estimation and reconstruction. Rob
Auton Syst, 2019, 116: 181-191

He Y, Liang B, Zou Y, et al. Depth errors analysis and correction for Time-of-Flight (ToF) cameras. Sensors, 2017, 17: 92

Hu G L. Research on Short-Range Pose Measurement Technology of Space Non-Cooperative Target Based on Vision Information (in Chinese).
Dissertation for Dcotoral Degree. Xi’an: Xi’an Institute of Optics and Precision Mechanics of CAS, 2020 [#A[H K. & T3 s B2 AHES
E AFRIEEE B AL B B HORBIE L. W2 G0 S W22 o R 2 B 0 226 ARG BRI 77T, 2020]

Zhang Y Q, Chen M J, Hu B, et al. Transmission mechanism and suppression methods of measurement error based on camera networking (in
Chinese). Acta Optica Sin, 2023, 43: 128-140 [5KER3E, BREAA, B, 55, 26 THINLAL KO R 2 (B LI M 5. a2l 2023,
43: 128-140]

Gao G, Yao L, Li W, et al. Onboard information fusion for multisatellite collaborative observation: Summary, challenges, and perspectives.
IEEE Geosci Remote Sens Mag, 2023, 11: 40-59

Yu Q F, Zhang Q, Chen W J, et al. Videometrics methods and applications of static and dynamic deformation of large-scale structures (Invited)
(in Chinese). Laser Optoelectron Prog, 2024, 61: 129-142 [Tt U, 5kik, FRoC3y), & KB TS MR sh & LTG5 7 1455 N (Rrig).
Bt S TR, 2024, 61: 129-142]

Yu Q F, Guan B L, Hu B, et al. Large-scale structural deformation monitoring technology based on camera networking measurement (in
Chinese). Struct Environ Eng, 2023, 50: 108-114 [ T-#2U&, SCkea, B, 25, B2T REALZEL I & i KR S5 /A8 I UEE AR 5 R AT . 3 53
54, 2023, 50: 108-114]

Zhang T, Zhang L, Chen Y, et al. CVIDS: A collaborative localization and dense mapping framework for multi-agent based visual-inertial
SLAM. IEEE Trans Image Process, 2022, 31: 6562—6576

Jang Y, Oh C, Lee Y, et al. Multirobot collaborative monocular SLAM utilizing rendezvous. IEEE Trans Robot, 2021, 37: 1469-1486

Lin Z, Wu B. Image-based multispacecraft feature tracking control under visibility constraints with observer. IEEE Trans Aerosp Electron Syst,

2024, 60: 8069-8085

224503-20


http://doi,org/10.16356/j.1005-1120.2023.S2.011
http://doi,org/10.16356/j.1005-1120.2023.S2.011
https://doi.org/10.1109/JMASS.2023.3279411
https://doi.org/10.1016/j.actaastro.2016.05.040
https://doi.org/10.1016/j.asr.2016.12.012
https://doi.org/10.1016/j.cja.2019.08.024
https://doi.org/10.1016/j.robot.2019.03.010
https://doi.org/10.1016/j.robot.2019.03.010
https://doi.org/10.3390/s17010092
https://doi.org/10.1109/MGRS.2023.3274301
https://doi.org/10.1109/TIP.2022.3213189
https://doi.org/10.1109/TRO.2021.3058502
https://doi.org/10.1109/TAES.2024.3423848

FIAE. PEB MY ) RO 2025 4 S5 B2 M

An overview of the state estimation for space non-cooperative
target with multi-spacecraft cooperative observation

1,3,4,5 2,345

WANG ZhaoLong"**, ZHU WenShan™"*’, MU JinZhen**",
-3,4,5

HAN Fei”*” & JING ZhongLiang'

! School of Aeronautics and Astronautics, Shanghai Jiao Tong University, Shanghai 200240, China
? College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China
} Shanghai Aerospace Control Technology Insitute, Shanghai 201109, China
* National Key Laboratory of Space Target Awareness, Shanghai 201109, China
3 Shanghai Key Laboratory of Space Intelligent Control Technology, Shanghai 201109, China
*Corresponding author (email: jinzhen_mu@163.com)

Large debris such as failed satellites are generally in a tumbling state and cannot provide auxiliary measurement markers,
which is called a space non-cooperative tumbling targets. Visual measurement is the core premise of large debris capture
and removal in orbit. The traditional measurement method based on a single observation spacecraft is difficult to ensure a
good observation state for a long time. Multiple spacecrafts carry visual cameras respectively to observe the target
simultaneously from different directions, which can effectively deal with the complex interference in the measurement
process. Based on this, this paper summarizes the research progress of space non-cooperative tumbling target state
estimation through multi-spacecraft cooperative observation, summarizes from the aspects of concept development of
multi-spacecraft cooperative observation, feasibility and advantage analysis of multi-spacecraft cooperative observation,
multi-camera system self-calibration, multi-view cooperative observation, state estimation of space non-cooperative
tumbling target, measurement error analysis and optimization. Finally, according to the analysis of the research status, the
key problems of multi-spacecraft cooperative observation such as camera configuration, space domain, baseline and
network are discussed, and the recommendations for the further development are presented.

space non-cooperative tumbling target, on-orbit capture, relative state estimation, multi-spacecraft multi-view
cooperative observation, camera networking measurement
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