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Abstract Control has a key role in enabling spacecraft to perform complex tasks in space environment autonom-
ously. After a brief review of the development of space control technology in China over the past 50 years, we focus
on the main progress of the three aspects from the spacecraft attitude control to the attitude-orbit control, and then
to the “perception-decision-action” (PDA) autonomous control. Based on which, and an analysis of the challenges
brought by more complex space missions in the future, some fundamental control issues worthy of follow-up focus
are involved, especially in the fields of extra-large spacecraft, orbital games, networked spacecraft swarms, extrater-
restrial operations, cross-domain spacecraft and on-orbit servicing, assembly, and manufacturing (OSAM).
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Fig.1 Venn diagram illustrating the relationship

between the three aspects of space control technology
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A U T 07 3K, B ) T e R A S ) ) R
[ B S 1) o) 398 2 o o) 5 3ok R ) ) K R AR A1
AR RV T8 5 NI T B B Al TE 1 B A5 1 25 AR
e, KGN AEFRFRIG LT RS sh75 1 28 12 e
B, JR&E & B E R ], SROE TR 2
R S ) 5 SR USSR T VR R T RN B
1) B A S, 3B B T 3 T g AR T AR 1
i F 5T B RO USSR TRV AR AIE Y ] /0L S
bR QAT IR R B, 2% 5 v H & X /N T BH EG AT 85
R PR T R AT 2R R i o S AN
1.2.2 FEXSS5EAESFIET

2 [A) AL o 0 B2 R A LR S (R LI 4% 1E 1)
FEEERESA (328, SRS LRENHE, 5
B B PR S— (%) B4 E AT
PRI FEE [ 2011 4F 11 H# )\ SH A S
RE—5 HAr CAT 2 E IR 20 AT 55100 [37235 58
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LA, FRE COSCHE T 17 UG Hh U A A A 4
WAL 1 IR A BRZE S0 AT 5%, 201 7 330
Fah. B2 A4 A RS b R R,
TewtE R 2 ~ 3 K455 B2 6.5 /N
2 2 /NI, BORSRE R T AT RERE.

TIAAS 4 S5 E 15 58 & SE OE NTE R 28 7
HURSS RARRAEIR A1, 2% N\ 25 )4 45 5 44 25 1)
RS W ORBE D IR, N RATAESS B R i PR B 5
51 M BRI A S B N B G R S 5 5 o B
1) 32 AT 52 KB R UK 28 MBI aa 30 0E 5 5 2
IR P A ) B BT SR 1 T B, AR T R
FirL R 2 (AL 2 L 408 S0 R X B 8 DA B T o4 7 i K 2%
HUBTH MR ZESE. AL E 2 ~ 3 RIEMEH, e T
5 Bt 3 AR L 22 k9 Nk, REIRAR LS
ME AR SERGERE S 5] 752 20 218, Ak
SORUHBTH AT 2 A i T BRI, SR EH
PO G 5] (1 Ria v, B EEHUR 2SR H PRI R 25 Y]
GEAHAT 0° ~ 360° AN AE , B FE R I [A] 52 R, $2 ]
WL, PRENEFEZ IR Bl AR KM £,
TOFE G 5| L i P R A2 ST 2 Ak B R
A B S N R R £ 7 7 ot il 51 O e =7 S vy 4 = e

PRIBAT 2o BE A AR 07 &2, IR F DU k2 1E
Rk R UVRREAT SR, AT RO 10° 2 A AR
FEAL I e PR, SCik [89, 92) & T R T 24 &
PR A AR AL B & BN AS RN 7 2 R R AR )
ik SR g O ik, v AR B BT EAR UK R )
AFAE S —PERERL ARARTFOL T, R 2 2.5 [l nl
PASE SORAE F5] 3 EA8 4y, & 2 M T8 E s T
PRI iz KA N KRR SEG AR 4.

AR FHUITI, HZE 5 TR SHR &, MK HE
KOG TR IE L 6 R U ER A5 22 b A ) R A
R I SRS, TE IR E AR EE
o HEE R AP 3 AR S SEIRA S HUN B £
g . Horb, A2 W6 7 U BURERAE 9 oK A
PN AFDRT o7 B ARG 2 25 1 £ 22 2 T B, CSeii A
IR H E B AR AE B x2St 5 R FH 150 1)
G 1E AR 3RS H00 A s BRI Z AT R,
WRIRTE T USRS LA BOG R RE Jy AIa] SEE. )
USROG B, 45638 % /s # i, TR
WK R R 2 (Kalman) JEEGRIFHITIRE S
AL THE. R /K 238K (Unscented Kalman
filter, UKF) 5 & PR AE DRI LA SR F 2255 R %
(Monte Carlo) HUEFAS: 74 IR T I8 (Particle
filter, PF) JiE5E, TEACER A my B i | 5 25 158 fh
7 0 7 T B A RS, CH TR RIS a0 S

PR, SCHR (98] $EH T T UKF BIAE 204240
XPEMUEE, A T AR E M . SCHER [99) i
Xf Ik R S 5 ZE R AR RN, SR T —Fh BE R
B PR UE L T VE, B 1R e A AN v M
JBLBE 77, SCHR [100] 4t 7 — Fh sk (0 & ok 1
P JT 1, REREAE 2 Fh U 52 e 75 15 L SR B A
(6] 28 22 AR SL, [RGB BRI T S R . kA,
I FH R BE 2 2 N2 18] B AR 1) 12 A GO 2 200
e E BRI, 2 TSR AR AR X A B AT (0, S
R [101-102]), 2 4704 2 RVERIBE 7 0], fEFL
7 FE AT TR K 50 Ak FER 50 5 22 AR T S B A
P46 7] L.

25 [T A5 SE M B 3 M s AR e AR B
Ky RGLEIR K BEFPOEERIRE . PRTH0™
FAB LN I AZ 0475 B S HEEf. 0Tk, 3
Wk [103] & TR A B A5 B PAT ik, X T #
) R [v [ B Wb A% ], 3R —Fh 2 AR B HARRR S
(Y lE 26 1t o S A S e ) 2 1) vk, IR [ B
FERIHEAT T AFAE AR E 0BT ; SCHR [76] DASE
THRHEBAY (8 BE B & AR 5, IR
53 ) B R B T EAE ST S 4L, KRR AR
PR B R S HORATIZ I, 3R T B T RHEA AL
FR VT 38 R 43 ) 7 9% 1% 0 B A RS T
BRRLEFE/IN B H3E RLPE LT SR8 21, RO TSI B
Feil B s i, LR fE PR SR BN B H S
i, SEIL T ERN EME TR WS TERUT S AR
B 2 75 SRS HERT 2. hAh, SCHk [104] FXHITR 354
M T 1) SR Ge A e M e A 1) AL, AIE B T A A g
il RGAFAEREE AR XK, JF 44 RS X A
THREAFL

AR, G A ARG AR R 38 R UE
HRANEI B IERR BRRHAME SRR S, DAL
AR R BUFEIR B 24T 55, X 25 AR & SR 15 S 4%
B AR T B BB 7SR SCHR [105] BFAL T %
FEIRTIE ERAT R 25 R0 R A 12 BVR 1 H AR AR 38 R
B e n s il o) i, T TR AR Y B AR NS
o B ERER AR AL A (R D s ) 7. SCHR [106)
W T KR RFRIR TS5 KRB AL 22 B £ AR
FHAR, HXDEE A £ S HBUREE R AR T
TR TR (Y ), TR T P OZE S A i
B, B T SR R
1.2.3  ZAR#R/2ERAEH

2012 FFRLK, FRE S FHF I T 2 Ik TR YA
RURFFHARTERRES. £ A% 5 km M 2 %
BARATIRIE H, Se RYEREEHIEIE T 56 WA 2L (1
A A RS T P i 22 1) A6 56 B B 31 /s 20T



482 H

S 49 %

I S5 T R B 4 BA DR RF i 3er v, P9 2 ) B 0.8 ~ 2 km
AT T B R, BRAE 1 AT )5 g B Y A PR 45 4
Bk

T G A TR LR ARF P M R H SR I 7 3R
reHG R 2 A Y 28, b 9 B AR AR R A S
R RBE IS E. S ) 1P AR il
SR BT O EEAS R AR A T R TR X
BB AR B A2 T S T AN [R) e BA A L )
REF. EAUWHUIKZ, BT ES RS EE RS
(Differential global navigation satellite system,
DGNSS) HIfL B K B REIE H] cm B 4%, LR AE
KF) mm /s BR. A Fe, A XAl B AL B R
FE KRG B, PR TR 2 BN QAT B0 A Al s 1 2
JUKRITE P, #om U 2=+ LB A 7 k47—
OCORFFPE I BT, ARG 5 2 1 0T gt A AL B R4
DI FH 5 3R A T e o A X Y S B ) e R £
b, AT RAA RO g BAAS B DR 15 AR R SR, (HK
IR, 2 B L LR KR ATS IR LAVE AR 22 HOHERE AR
R, Rk, SRR I T 2 e 5 HE ) )
BASZ B ERIPRZR AT T (R4 R R 2=
FLBL RGBT SN &) R I HE R A 82
A3, J3h, S8 2 B g DA AT B )4 1 ) B 2 A
REFABEFE (a0, TS 47977 2SR K 7 20
[F 42 ) 01T R T — SR B A A A R
el £ AT AR 2 B g BN RAT A X E
S L IL A

BeAh, FEE R T LA 22 5 A B = 2 B R 2
Gt B 0H I R R R L JE 2R
BEM. nit PEEENCRNERERSG, HHE
P 5 7578 B8 ) PR 58 L il 08 m 2 R AR 0 5% 2%
AR, HAl TEEMARZHE a1 77k,
o 248 o AL 4 A o8 2 R P Y BT I B AR R AE 4 )
TR AR R, 2IREA RS (Global position-
ing system, GPS) M2 &K 11X Fhda i 5
W, it TR R R TR TR AN TR A E
T ) Mg, DAAFS R SO AL rr o 1) O 22 4 D9 f% 1
Ak, KL PREEARA RS E, RN AR SRR
FEANBIAZ A HT 9 77 T PR

[ A BT TR R T AR R 1 A 38
TIERIEFT. AR 4] ub A e JRE e B ORRR 4 1) J7 T, 3¢
R [120] 1 2 R 7 0K fi P 2 i A i, 4R
HH T A SR PR 5 ORI R AR ) FO 22 TR [121]
DUEE P TE HIAE iR Rl 22 2 N AR, fR T ik
LR PR B AE R 1) “BEIX FR bR, SCHR [122] 204 T
Walker- 6 &2 i o 2% T A B i 22 0] 7E AT 55 1O 5%
Wi, it 1 DA 2 AR 7 i MR RS O H AR I R A R

248 %o vt (57 DR 5 SR . R R i 5 A2 e Ay R DR R 1 i
SCHR [123] G A 2 T AT ISR AR NS 1 2 B v
BB 22, FATFPUEIEHIE; STk [124] BTFC T2 8
M RSB AMEE T 3%, SCHR [125] 7007 1 A BREE
RS SR D], 48 2 HY 17 2480 st S RAR X ki 7
SR R PR A ) 2 or 4 ) B SR R B i, RN
BETH A ER A R IE AN 58 da 12 SR g St 25 ik 4.

FAREE “RA-RER-PIT” BEEZH

HEON 21 2l R BT RIS 3 4 1) B R B
T A OR A, 9 N RIR R F i B 3R
KA K ETTHR A E J &, 2007 4F 10 H & 2020 4F
12 A, RE )G9 7 6 IR HEBRIRNAES, BI)sE
LT R H BR B IR G A ki 1840 A ERE R [l R
2021 4£ 5 A 15 H, RE 5 0K BFEMAESS KW —
SR AR B A BT KR S AR IR 5 R R Tk
X; Bl o, SRl KRBT IRAT KR R AR
MAE55.

RS BRMATE 25 A 58 1) v B A2 20 P LSRR 855 1)
AN E M DL R THD 0 42 B 9 K S 8 e B
PEESRSE, X RGN Re A BERE J1 H N
AN e B AN AT 55 B e 0 7 SRR R T, HES)
R SRR H T FAT5$EH] (Guidance, nav-
igation and control, GNC) R4t[H] “JEE1—Hk K-
177 A EE SR E T K. B, AR
R H TR EPCE AR, FER S BRI R
)52 M, 36 sk 0 S ity X b TR 1 000 8 R 5 15 4 / e
IR 7 W (AN B 32 e 3% % 4 Tl s IR
KATPIE (PR IR T S AUE B AT B R R
A ORRRE®] (AT, AT 2830 1E 2
SN PRI B T — B ZI 0 3R R B SR T A s A
R A B, A& IE S2 B2 4 K 3cE . X
n, A AE AT Hu /b B R IR AT S5 16, [F) R 7 22
Xof JE) B 353 b T2 36 A7 0 B TR S B (SR (1)
PRI EAR), AT O Rl EAT M, 4 e k) 22 4
AT B4R, kA7 20 8 iz B3 AT B R HAE H
Fr R

H5EZH GNC R4, TR PDA ¥
EHI RGN ENFEE. RELEEMAG G
YEL R 4: (Cyber-physical systems, CPS) Jy2&fif,
N4 73 (B A58 B AT55 H R 4206 G N PR 4 i
ARG, AR MRS B & /A XTHE 3 2 501
e, B FENTR 25 P88 B AR AT 5537 5 DA L
A H LR AR SO SRR AT 55 FREE AN
H EPIRS A it B bR 2 s 26, 25T B &5
H F il 7 R PATE LSBT H AR

1.3
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fil LA b, SR 5L H bR BAE IR &R
GAT AR E . MR A PDA PRSI 1 1) 1
R BAB LA BIRAWE N AESS, il RS 8#
B ROBHLEIA T WURE S > REAT N ATE TR 45
SR r) . 3K G v @ AE U R T AR A
Ko (4, SCHR [127-129] 5§), ASCK R th 2%
SEE AR R BT SS0sE— DR X L, B AN
CREN— TR —PAT” I HIAESE T A G H AR 2 2.
1.3.1 oA EEREECERRT S

NGk =5 H BRI 35 1 8 O A B4 B
Tz, P 5 H BRTS R X P Y B 3 e
HE i, MR S A B R8s )15
R 1) e A s Bl i o, R H BRI i 428 1)
ARIB A T 0] B TR 8] — 5 KRR 25 1) B D56
fifi, AL Z AR NTE KRS FE B KR,
MBS ) B ) 3 Bl R R & R HEN
ORI B ) T &R (Entry, descent and landing,
EDL) & 5a 8 f2 i 4 5 F 3.

i Ab R AR B Bt ok A B T4 HLAT 55 B (T
F B Bl 38 EAE 10 2250 8 N 58 R HE 130 77980
LA, B RUR I B RERESEh R, KRR
AWV ELE 7 B N SE R BNRGE S KR A
fifi RO $E5E 10 240801E), A MR E; H, T
B o5 Bl ik R A0 KL 91 0 b T 55 BR8P AN
SEPEGR, [ o R e W B il a3k PR v A B SR
= BRI ERARHE AR MR R B RSN, TRk
Ui 55 R R AL A B 2830 1 F R I AR A B2 O, W45 &
Gt 1) B PR LR . M A B 3 O B R R OOE
i X e 5o 1t T2 AR R L Bl AS B ) T BRI A A
ST SR RO E A AN e KT EES
RGAELINLI E E 51T W3 9i0dE F A e 12
ESS AN

26, RAME S NUE NIZ 0 URIE S AR 5
() E EE, [RIB  ORUE T RS FE, ZEERIN2S AT
F o ) F i 2 SR 3G i T A, SR TR A 22 2
T 2 FE R HOE I PR AR R 22 I 7R B4 &R BUhs
SE M RWEPEAS 1AM SR 22 0 T RS 2 R R M)
TN, K 2 TR R HERON AME SO, ) AR
E I R S A A IR IS T RS R BOEE. DAk
EER, Rt KR B AR B 705 A AR SR )
Ry, 3R T — P A 2 A RSB S ML,
T AR FE AT 2 A, R H 1 2 I
BSOTE RS RN A, B — Do T RBE T R T4
ARERGFELO. B S — M daxt ST X, A
AL #2290 2 o) 5 il 2 AEDGE R A4 2 T 3R A (0 4
it K. Onf e, R A Tl T 2 R R T PR AR )

GRS SR RHATEIE, BETER LR TN
FEVE L B B 22 U SR R R S S TE ) A A T T
SRS B0 AN [R] B U TR 2 B M AT U B RO A
i R, H TR TR R R M L R
Tk, BT 2N EE M AE B IR AT w12
T AR AR R T, S T A MR GRS
JERN ] SRR AN, Bt ok R B FEAEAE AT
S o R M 1R S AR R D), g R TR S T R Ak 5
SR AL A 05| B IER TR BE— AR
i ORI T EH R SR ST RE.

TE B FE T THT, BT RE T Beas R OR A 362 T 17 102 T
TEITHRE S, R I = SR B8 b IR AR IR S
TR G EUE AN = 4EBOG R )RR T, TR
78 S B R FH O 2 BB AL AT REL B RS R0, AT R S
W EOL = e AR (Digital elevation
model, DEM) s SeURG FEAG R0, 2R T AR
g F A ) IR R S BB R R e
AL H BR, KR il e i e R U BE O SR
Br 7 HE T XS LA, I8 7 SR S B < 5
BB, NI Bl AR AR ST 1 - BN TR B RS
—ARAL B RIS,

Hok, A6 Bl R o) 3 DI 2B W0 A6 N I EOCAT R
B R AN E T R 2 HE S AR 2 1 2k
. HERERREE R SIWLTERG, N T R HIEE
18, bl 48 PR RIS S EOA T E I, 2
BRI V& X B R EE SR, $2 T HCERi 2 490 A
& N ) AT T, e SR B AT L
SAAE LA H AR5 il s 5019901 2K B2 3 Pl
WS EI%, BE T RBhEGE . BRI N R 4.
FUBENLZ) | T PR Bl 55 CAT AR, N T R X LR
R, R TR BG5S 2L
Al B 3 SR A ) SRS SEE T KRR TR
AT T BITF RS LA ] L e Fes % 1 220 08E 1)
Wil —Bezh, BERE T RERN 2 et 55
R

WAL, B0 H BRAE M R ] T A AR B RS SAR
RS TR R BAR R, DL R B 2% A 1 52
PR i, St 1 20 X DY e He s 18 i 7 v, Refg
PR 23785 R 22 SIS I A T 8 SRS 42 o R A28 A AR s o
HIT)He, SEIL T 2SS I DS AL S A ks B AR . N
TAER B AR SRS 5 B R AR S 3,
SR FH ROYLIN 28 ARAS T S BP0 77 58 (1 Bk sf A 0~
BMH, IR T P0AR A Lot 4 ) 25 2R AT EE AL, K
W i 1 45 R G0 il i AR R IE R AR S B BT
PLRE Sy, FE LR b, B KRR B AR i =
XF AT AR 2R ) 1 SE R E SR AT T S 2
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S 49 %

N7 A RS R, SR T HETHR M SRS LS A S
SR RRIEE, SEILT 3 1 0dd R 7 5 1A
(i PRI PR 4% o M0 32 11 o 2850 v W FE AR ). 00 3
JI9CH R AR AR (R PRI AR R TR 05 E R S
PN T EU ) R SR L R0 i K S L P
T BT PR R SN BT AR ) S A
LG AP S N VeV A K NG R 7 A N EUTR =9 i 2 VST i S
P, B T it PRSI S AS A R R,

1.3.2  #hohEE ¢ EFHEE

5 1k 5 1 D B B 1 A b AR R AR A IR BT
%, EFERTERCT DA AT 6 0 H TS € A
BEN HFRFE HE . T 5808 858 o B v AT
2. TR A E AT, FEEBGE AT A
FEALFIRAE. v, 3R T —FE R 5 E =
FREE G 1 H 2R B e AL H RN AR T OGN &1
XPHER AR, IR R B 2% 58 BE e AL LA T
DIRERII I + RoCH £ 2R G,

52 S b Bt M T (R R2 0, M4 R AR KSR 6 2
R, AHXS B bR RAT 7 AR R Hbdh KRR
WHHERZ, RNEFEASEZEIX 2H TR
SR TR AR T BN R - R R A o R
AL R, & ¢ B A RN SRR ERE
RUEIE N, ik, 1k 45 78 A B 2 U 5 2
fili b, 76 CHT I Pl S O AT B S L, |
FFERN LTS B B ) I S HO R E KB
BURUK R, 08I 78 2 I A o R S HLHE o bk
SR, BEN RG] ES O & T RgRTE
RE . RANWUHE S S A e GRS 7. IR,
feth 7 BT AR RN KB B B
A RBE DU RNV ZE S T IR R B RS dh
BRI L BRI AT 7 Sl ik — B g BTt
NI 224k

X BT R B AR, N T SRR &
ZIASWURE, 75 AR PO B RS AS R
AE b T 25 58 0, 75 RS A FLAS S8 b S 30
T HREERIREE, HGHEEFREFER, LA
R A5 AR RS SRR AN e . Tk, SR 43
B 2 B i) 25 T SR ARE S B R AT B A
[ J57 B AR S RO ) it BT 5K
1.3.3  HuIMKIERMAES

BEERT/ R THRE ST KEF
Hb Ab AR TS AL ER AT 55 1) i Th S, B 3 58 AL
RGN B R AR PR A B
R (671 A Sk HL P 2 Rt b AR P T R R AR 2 b T
ORI RN TR R SR,

AN RARR B 2B T AR RS (Global

navigation satellite system, GNSS) %5 H#2 € {5
7, AUREEN T BLARTE XA AL 4 22 S U =
AT H F AL, TR B A2 E TR 7 v, @
T RN 25 75 2 TRAT 1 Hh ] 5 3 5 e B R A 1]
JR BEIFEATRFAE DL T, 4 Wr R 25 5 17 B O AR AIE 1
WYz 1R AE A BE B, SRAG4ax) Ar BAE S, Hog Aok
JE 2 BT 4t PR PR 1) 7 FE R RO RS 2. I 4h,
R e TR R/ B EEAL T, I
oA AR ) FE R S B A Y R B A T
RBNER LA BAF R, TR E TS EH X
i, AN AR O B RS P BURR, 72 H Bk T 1
A REIRZSTAEL 10 m I ERE, 1K
BREZIN 17 m. MY EA T, TR T RH T
TAaBa M E BT (Wheel odometry, WO)
TIEML R EALKE AL T 6 %. B X AR F A
THHERZN WO 58 AR FE I ) jE, BT R T i A% A
B AE G Al TH T VRAIT FE 08 H R SE PR B . Ik
R, B RN EOR R R, Mos AR (Vis-
ual odometry, VO) Z#T A XS E AL FImEAR.
VO il i EIE S M [F] 44 f UL, SRASAH X L3
I AR, 72 C AW AL L G LT, 15 3|
MET ZI A BEALRS. VO IHHE S &, (HEe
ARG RIS W e R ) WO sEALiR 2, CAER
AT PSSR E BRI HK R AT
I, AR E iR 28 2 Fr ik Bk, ) 2% S AR E
LAt 7 B AE TEAH 255 1) ST .

BEAS E 3R A5, AR RIESR G 2 AR,
JHRFARES, B EE., DFEME ) S TIRA R,
A b wfE DUNC A& R DOAR RO B 1k S BURR R TR,
A A BR BRI SR B AR 2 0l HE AN T T B A 1 v
TR, A 7R AR B GBI L. X H SLAAAL S (Bin-
ocular stereo vision, BSV) & — 2 JF (I FE 1 /BN
WA, @ T 5 e A BB R U A B 22 7]
SRAF I AR %5 = 48 J LTS 8. %7V ER s a0
HEHR SR HURR, X155 / LA EAAAE T 06 (O
MR EOd i) MIEHT, BSV 2 BIJoik ILRE Bl i
DUHC 5 B R g i i iR ) BRI 0. i, BT R
FI A BRZEER AL U 2 I B A5 31
T3l Ol RO SR AE AR LA N FS 18 M
Jt s, R AT EHER R0 X L0 s R T
{5 8, JEHE LRI B RS, ISR T b Ah R
S IX I 22 % SR

] 3 3 e A2 R R T RN A5 3 (1) R 2 TS
B G5E IR IR I8 AT Re AT n AT MR, I
LR 2B IR IS B RE ST AR (N, B 75 ih R 4E),
25 AT AL E B H bR B I 2 e, Bfs
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JVERZE B SEMR A s E L e RO R 2 2 4T
T RV, ST R AR L AR S A
BB R M L eV ER ] R AR A R BR A (Y
FOEWE AR — & MR AIRGLR) HATLRE1T
g3, A5 70 B v R A0S N R S R AR iz B
PEH A ERER IR, LR S KR G AE LR A B3 T
X 4Ry 3 L M B I TV R, SR 4R AR
P8 F 5 PR 7 VA AT 3 L P M PR S R O B
FRIEREMN 0.5 m $-TFE] 1 m™, KIEHRTH 7 K2
BRI R

v 32 B £ 1 AR B R0 ) i A B i o 2 KR
25 G AL AT AL BN LT SR U B AN
(i L FF S, I3 S B 4 RS B R 1
G2 I A R GBI e 1 O B P e e O B A A A
R ER AR, SEBLA R U E Bl RN 2B 1k
THEAA . TR (3 55 5 3R 5 B S AL % 0 5
SEIB P S, SEIGS T e F) R

2  ZTEHEHIRARE K RRE

i [ 1 S A BRE SE st AT AR H R
FHT s BN YIRS SR8 R 2 e it
RIGEH K TRAESS, 452 AR HHoR I B RE H 4L
KRIESEM TR K. SR, AR HURENR
IR BB, KRR EIH B ESSH. LA
Hfeg s im “— 22 M. 2 2HM. M E" 1)
AL B R EE A, B Tk e L2 AR R
DRI PR R R K g a5 B I,
2 [ Al eSS S AN, T RO A AL
F, ORI 7 R RE I REBLAEY RE T
KA V); G ERMAT At R0 3 AR 2 A 2K,
KBTI/ AAEE , [R] I SHeBUK B & [ H A R AR, AT
FFRMHEINE S, I FE RNRM K 7 FR e, X
PRIEHE BE B BRI FRAWRT. A4 &
IXEETR, PRI A 8 5 2 S R M BOR Ty [ A2
it )

2.1  BARGHMRIBFESHERS

8 2 T B R SO S5 A 55 6 S 3R B A
JIT R FET, BA KRG R MENUR S N
AR AR K R T L. flan, mHuEE TaA
A T EAEPR IR R R AR HTEEZE M, R
EJUA KRR EAOK; L EH E By &t 7R )R
(Defense Advanced Research Projects Agency,
DARPA) H#BEATH i 4 (Membrane optic im-
ager real-time exploitation, MOIRE) &I, #fi 1
B LR EAE 10 m ~ 20 m, E85 UG BUR

Z B EE Bk #) 50 m ~ 100 m. BbAk, FfEveRETE
fEML, FE O af H6 5 2SR K BH A8 H s, kI
2028 R G B AR A, 78 2035 41 2050
SR 43 ) BB MW 2 2 (8] K FH g HE 3l 036 2R 40 f
GW 2 Ml 2 1) A BH R HiL 3k (1991, 2 [] S BH R HAL 3k AT
AR KRR RIT EMEEE N (KIAEE K
2 EFoK), SCHEZ AL R K BH FE B (TH
BUEJLTPIrK), IS EAREEKESE LT KK
T it R S T T,

XA OKR B A TR R R S 2 A A
Kok, N RAEG AR IR . BRI AT
T, T A2 By ST KT A, B0 8y 5 A4k
(SR R R ST e LA T e, 20 “NIR—He NI
-t —Pe i ENRRE AR, Bf “&RiEs)
BINARPEERLAS . B SN R R A 40 b
Bl SIS AR GEI AR B TR AR 5N AN T 26
Ry LR — SY RN ESEH SRETENE S
BN, ARG “H ORI + et B i 2
M CAIE 75 Bk R K 45 M NI BeiR & R 2 1 4
A IR, AR R W HaIR A R 130 5
SRR R TP AR o A SR B I = K 45
T R A8 16 20 A7 SR B A ) S 138 R Se i 14 e 2y
AT 5 Aty ) A

2.2 HuET[EEZEH

VTSR, TSR 2% B 25 AV AR ill 48
BLEAFIUR, SRR 2 58 7 PR 5322 4y Kbl
KPbdk. Ban, 2021 4 3 H, “—M-0178” (OneWeb-
0178) DA Jy#l#F s “AFH-1546” (Starlink-1546)
FRRIE A LR, SR T 3 20 R RERIE 43 435 Y 2021 4F
TH1IHMI10 A 21 H, BT 24e%E, RE M55
ARG 6 ) =BT “FEHE-10957 (Star-
link-1095) TEM “F4#-2305” (Starlink-2305) T
B S 1 B o ). TSR R S PR e A R
PG 25 WK 28 AR BV 22 A0 8 3a AT 1y SR I P R Pk ik,
HH S 32 SR [ ZOR R 2 IR A R A RE S ik
AR — B AR R R = AL (W1, BB )R (Euro-
pean Space Agent, ESA) T FRKEM KL H E
B R,

7S (A b ) R A B R A O PR TR &
FNE R H bR, 8 B PGSR A,
AT NFRAEAS B 2 H 3l A A e M 5. el 76 AN 5w
H & BE ML 55 IRTEE T, B I A 2t B 0t 2%
FKHIE B, R TIRNTR SSE L 2 Is T a7 2
i R IR e . XoF b, 7R LR R THI ) R 2RO BT AR R AN
B € st R 28 2 e B B AR EOR, A AR S 72
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B BRI ERZRIE LT B EBRE B
JE TSR S IS¢ O VE I HLEh MR s 1. Ik, £E
NPT IR OHESE T, @ 2k — b
Tt FC AT SE BB E UL TR T A LR 25 3 e 2
PR R GU A S AR L T 1) ) BEE B AR A 2 2T TR R
HL e 22 GeAT 0 (0 R4S VP O S SRRl ) R, A
T8 B F AR 2 AR S B R 24T AR
SEAE B RS MR ) S R B,

WA R B SRR

WAL IR SRR E N i A LR R Gk R
o — AT B, 2 IR 55 AR 7 TR] S A I L /N T A
RIS A) 22 5 ) N H 1) B SR e 7 1) filan, ~ —
AR R G R T-R A e i R 2 S sh A
2 AR ZE M, DA & 0 B U I (). DUSE & 4 9 56 7 i
KT AR Bt /N EICHE 1 7] S8 38 45 1) 22 SR 000 i ) oA
KT B RIS, £ EE X ENRE (Na-
tional Aeronautics and Space Administration,
NASA) & 7 B E9KERE (Autonomous nano-
technology swarm, ANTS) 11X, it @ BEiA
R AT A R SR, A5, 70 L
LHKEER S, UL RGH E LA
H ORI H FAZESERE S0,

SRR G KA R A IRE 2 5 — D Re gl
SEAMRA A, TR P 2640 E (S R G SEEAMA 8]/
AMA G I 2 T8 B R A2 BAE L, JF s ik B A
ZURIE BETR B, M) BOBE AR ) AR PR B2 AT N RE ),
HA& IR 2 AR sl R EB BE E A5 A A7
ey, oA s 28 280 R BAE B A2 B B
T H AR E L LR AA 8] 45 K M) RE 1Y) 22 57 1
LR MUR BT M Ay R Pl xf i, 7 IR AT
FNUR SRS R G R G KIEE =T
(15 BRI S W R B 2 290 %A T 8945 A X

2.3

GBS NI S AN S i b i W AT E LR

EEREAT I B 22T AL ) S5 A ] R
HE MR E BETT A\ R Gzl

AR H BRABMIF G Hh AT B BRI S AT 25 2R
HAMRIITC N 2 58 R & 5k B8 RO BCE Bl m AL
fE H O FERIN SRR RE 7). i, R E SRR
TR A TAREPUHA, 1% 2030 4F §T7E H BR 76 A% 2
V] e H BRI sl (1 AR A 0] 2 i o0 P0G R 2
REDFTL T —ANEER; M H, EARREEERH
ERABHI G b, 2 2 A KA B R A A R AR AE
HAERETHELL AN TR, @il 2 XA RSG5 L
B4 T ) 3R B2 R IR JT SR T R A R A B 27 B 9T
NASA-ESA A (K BFEAR A 8] (Mars Sam-

2.4

ple-return Mission, MSR)!" 1 /& @ i %5 il 4% &
LA N E AL E, 58K B R AR IR AR
R IR [ HLER.

—J7 10, N SII B vy ) 3 i R R S A 7 ) fik
Hizsdl, JFERRIET ARMEENS. A%/ RIEE
PRURSE B RS S, SR 2 R AR R
FH'F, EHTHENREF LG RS, &
T H AR HE J1 K B HL BT 30 2 i [F) 428 1) 0100 &5
K. H—J5H, R /bR R IR ™5 AR S5
FIVRR R TR E A7 PR A RS S E IS
W, FE SRR B R Bl B 1Rk B S
R v B, 5 LI T AR A TC 2 PR R 1) 2 A% I
as B[R B TH R R AR R - E B AT AR RN 5
. B ERZ AL AR Em el EM
RN 2N RS0 ae th AR H) BIRSZ PR 5%
R R T RS BEAKCT PRI & oS H
HAR, Pl B0 Frals o A R,
TN RGN E ERGEKT, SLHUN 375 5 A
ARAT S5 B EBIE RN, MARAS B3 T Hi AR 35 RE.

B KRB EEH

R SR B R B A % AR A BRI BN S R 4
LR #5 B ENIE 72 [ AR S5 58 ) (B4n, ESA 14
2023 R IR B IK AR EE (Jupiter icy moons
explorer, JUICE) ¥H#ATHAE LH 3T TPE (K
.= Europa. AP Callistor K .= Ganymede)
FIERIIAESS ), Josent FA& s s I, o s 4 AT RE
1+ KIS RIS AT S R 24 th 1 K e 7 oK.

5 BT R A A ) 2R G 5 R A R AN R PR B R
IE S E] S AN IH RS B FL B g 2 R M A Y i B e i
RE, BASOO T AR BAT LAY (FL R ATARSME ). &2 fh
ARSI 9 B 3G S, R SEIRAE IR T L AL
MRS SEHE RN T RE IT. REGEAEEI
RN =R R | AN 6= I 7 = S T e
IS A] /AR A IR R 2 B AR PE. PR, 75 2
il RINEE AT S5 SR H AL R AR 2
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T ) 22 o) B (4 AE L A 2R ddt s, DA R 5 i AR Y
Bl R AT R A% K B R A2 5L RORL N+ % B S 55
TEAEY LS5, IRSSHUR & AL A E M T,
M BA — A 2 8] B0 5 AT 1 A 3 4%
AR e RS ssRE HAA 2R

2.5

2.6



3 RIS AR R R S R 487

H PR TR &% 2 S AG E 4%, I 56 B tndfv b 391
PO InvESE TR 228 1) 2 RERAIEE S, 2AE55E
IR s REAN AR R . i, FRE Ck “fE
PUIRSS 5 4R RS0 51 9 ZRHE R I NASA
THH] 2024 FRHATEPER K OSAM-1 (On-orbit
servicing, assembly and manufacturing) 5 H, 7]
NIE % R AT PR RN, BT RS
ORI TR iR SEEM Hir LA, VIFIaE
JE L VIMT R $7 T # F InvEAeHRIT 4d L BRI
52 MU ERAEAESS

FERN I 5 4E4r 4 i T Im AR S A E B ARRR AR A,
I AFAE Z TP BRI AR Sk e fid
WS )5 B2 AT AR RE HE L f 2 A R I L
K& 2 7Pk, Xk, 75 2RI A IR
FRENES SR, @A AL S AR E S A
AP MRS RN G R R B -HISRIRITH . £
KRG E G RS AP BB S R Re RIS
KRR SCHUT ARG AT E IR I Rk %
A 5538 8L A B 5 [R) I SHe RS TSR AR Y B 0 )
AT

3 HRiE

2 (A B ST AR B R R AE S AR 2 $2 il
RE T BN &5 A5 1 &%, th A2 BH BT ) 24
EFA B, AWK R A5 F 5K 425
T, BB N TR REEERIR RIS T,
] 22 ) 2 | B ARSI 1 MG T2 BB AMTR S R
IR S U R, FETR A% AT LS
B BRI AT B SR =AY
WG 7 ERA. ARSI T o 2 (A R BOR
T R LA b, 45 B R R A 1A 55 AN
FNUR A JERTAY, 3R T 2 E RUOER 6 MR
7 TR Bt ) A, B HE AR SRR 4 3 e B E 2]
BRI BIHT K.

T, AR SCRE IR, 8% SRS
B, 3 [ 2 18] 2 11 S50 R (1 R )3 1 S AL,
bEE B 3. B — AN TR RS BRI AT 220,
CAR AR BRE BORREE AEWRLE . MRERL 24540
SRFELBIHT, DR A JIHESIILR 2545 ] R SUHT—
FE I Q0T R EANBE T TH S, D e ok 2 TR A B AR A0
1E55 248 RGUANIE 6 0 R AR T 1 B 6] ]
AR PAT OG5, SR ) 2 1A 42 il B ) B e AL
R W EERTT R, S RO R OR B)
BLA BIRAE N2 M.

References

1 China Academy of Space Technology. Chinese Spacecraft.

ot

10

11

12

13

14

15

16

Beijing: Publishing House of Electronics Industry, 2008.
Gl Es N 7 SN s A B
2008.)

Iwata T. Precision on-board orbit model for attitude control of
the advanced land observing satellite (ALOS). Journal of
Aerospace Engineering Sciences and Applications, 2012, 4(3):

62-74
ALOS-2 Satellite overview [Online], available: https://

spaceflight101.com/spacecraft/alos-2/, November 20, 2022

WorldView-4 [Ounline], available: https://www.eoportal.org/
satellite-missions /worldview-4#worldview-4-formerly-geoeye-2,
January 28, 2023

Tu Shan-Cheng, Lv Zhen-Duo, Zou Guang-Rui, Xing Guang-
Qian, Liu Liang-Dong. Control of the Chinese geostationary ex-
perimental communication satellite STW-1. Journal of Astro-
nautics, 1986, 7(4): 1-13

(&, RPREE, 45 5, JAOGHE, X R AR, & E F S s 2
BSTW-1IEH]. /2%, 1986, 7(4): 1-13)

Lv Zhen-Duo. Two different attitude control methods for geo-
stationary communication broadcasting satellite. Chinese Space
Science and Technology, 1990, 10(1): 28-35

(B R, HuERIFERD A 7 DR A 77 0. hE 200
BlERAR, 1990, 10(1): 28-35)

Lv Zhen-Duo, Li Tie-Shou, Liu Liang-Dong. Improvements in
attitude and orbit control software for Chinese STW-2 satellite.
Journal of Astronautics, 1990, 11(1): 1-6

(BHREE, 205, X Rk SEATEME) 7 DR AH Aok, 5
Wi, 1990, 11(1): 1-6)

Qi Chun-Zi, Yu Jia-Ru. Control subsystem design of FY-2C
meteorological satellite. Aerospace Shanghai, 2005, 22(S1):
36—41

(Gr&E T, Tadi. FY-2C 260 £EBE. LlHIR, 2005,
22(S1): 36-41)

Xu Fu-Xiang. The technological improvements of FY-1(B).
Missiles & Spacecraft, 1991, (1): 5=7

(BRARRE. 28 IR — SRR LEMBAR YU, R SHE
WK, 1991, (1): 5-7)

Xiong Y Z, Wu Y P, Cheng H Y, Liu D. The online estima-
tion of relative alignments for multiple heads star tracker based
on the invariability of inter-star angle principle. In: Proceed-
ings of SPIE 10141, Selected Papers of the Chinese Society for
Optical Engineering Conferences. Changchun, China: SPIE,
2016. 60—66

Li Ji, Zhang Hong-Hua, Zhao Yu, Liang Jun, Zhang Xiao-Wen,
Guan Yi-Feng, et al. In-flight calibration of the gyros of the
Chang’ E-3 lunar lander. Scientia Sinica Technologica, 2014,
44(6): 582-588

(B, Skuftie, R, R, RIS, KERIE, 5. Ik =54 [hids
HIBERRELERR 8. TPERLS:: BoRFL:, 2014, 44(6): 582-588)

Han Jing-Qing. Active Disturbance Rejection Control Tech-
nique The Technique for Estimating and Compensating
the Uncertainties. Beijing: National Defense Industry Press,
2008.

(i E0UE. AIIERER —— b A R R s d R
Je5t: BB Tk AL, 2008.)

Han J Q. From PID to active disturbance rejection control.
IEEE Transactions on Industrial Electronics, 2009, 56(3):
900906

Guo L, Cao S Y. Anti-disturbance control theory for systems
with multiple disturbances: A survey. ISA Transactions, 2014,
53(4): 846849

Chen W H, Yang J, Guo L, Li S H. Disturbance-observer-based

control and related methods An overview. IEEE Transac-
tions on Industrial Electronics, 2016, 63(2): 1083—-1095

Si Zhu-Hua, Liu Yi-Wu. High accuracy and high stability atti-
tude control of a satellite with a rotating solar array. Journal
of Astronautics, 2010, 31(12): 26972703

(rpt e, ) —a. MU BR N R iR (9 TR R 2 R R e A e


https://spaceflight101.com/spacecraft/alos-2/
https://spaceflight101.com/spacecraft/alos-2/
https://www.eoportal.org/satellite-missions/worldview-4#worldview-4-formerly-geoeye-2
https://www.eoportal.org/satellite-missions/worldview-4#worldview-4-formerly-geoeye-2
https://doi.org/10.1360/092014-54
https://doi.org/10.1109/TIE.2008.2011621
https://doi.org/10.1016/j.isatra.2013.10.005
https://doi.org/10.1109/TIE.2015.2478397
https://doi.org/10.1109/TIE.2015.2478397
https://doi.org/10.1109/TIE.2015.2478397

488

H Zlj

¥ i

49 %

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

il TR, 2010, 31(12): 2697-2703)

Chak Y C, Varatharajoo R, Razoumny Y. Disturbance observ-
er-based fuzzy control for flexible spacecraft combined attitude
& sun tracking system. Acta Astronautica, 2017, 133: 302-310

Zou A M, de Ruiter A H J, Dev Kumar K. Disturbance observ-
er-based attitude control for spacecraft with input MRS. IEEE
Transactions on Aerospace and Electronic Systems, 2019,
55(1): 384-396

Liu Y W, Si Z H, Tang L, Chen S L. Angular momentum man-
agement strategy of the FengYun-4 meteorological satellite.
Acta Astronautica, 2018, 151: 22—-31

Tang L, Chen S L, Wang K, Liu Y W. Fengyun-4 attitude con-
trol system design and its in-flight performance. Journal of
Spacecraft and Rockets, 2019, 56(1): 200-210

Li Ming-Qun, Lei Yong-Jun, Mu Xiao-Gang. Satellite attitude
control method and physical test with load disturbance sup-
pression. Chinese Space Science and Technology, 2019, 39(1):
73-77, 86

(FUIRE, I, 2R BA B P bl i T2 LS T7
BRIE. A AR R, 2019, 39(1): 73-77, 86)

LeiY J, Lu D N, Mu X G, Li L J, Chen C. Modelling and mit-
igation of dual-axis antenna-induced disturbances on space-
craft. In: Proceedings of the Chinese Control Conference
(CCCQC). Guangzhou, China: IEEE, 2019. 3202-3207

Lu Dong-Ning, Lei Yong-Jun, Chen Chao. Research on atti-
tude maneuvering path planning method with motion con-
straints. In: Proceedings of the Symposium on Inertial Techno-
logy and Intelligent Navigation. Kunming, China: China Iner-
tial Technology Society, 2019. 237-244

(Rt T, SWAZE, Mol BATIZ3h 2R % S0 8h B AR 07
WEFC. e B R 58 G S RET i scdk. B, drE:
i E AR PR RS2, 2019, 237-244)

Lu Dong-Ning, Guo Chao-Yong, Wang Shu-Yi, Chen Chao. A
disturbance mitigation method for moving appendages on
spacecraft. Chinese Space Science and Technology, 2020, 40(5):
26—33

(FMR T, S0 5, Ell—, MRl B 4E 2 B4 2 30 1 77 12
Fi. PEZERRZERAR, 2020, 40(5): 26-33)

Guo Chao-Yong, Lu Dong-Ning, Chen Chao, Zhang Meng, Yu
Guo-Qing. Drive and active control scheme of solar array for
GF-7 satellite. Spacecraft Engineering, 2020, 29(3): 151-156
(FBEE 53, BhMRT, MR, skAE, TREIR. @065 TR KRS
T %, FRE TR, 2020, 29(3): 151-156)

Pinilla-Alonso N, Stansberry J A, Holler B J. Surface proper-
ties of large TNOs: Expanding the study to longer wavelengths
with the James Webb Space Telescope. The Trans-Neptunian
Solar System. Amsterdam: Elsevier, 2020. 395-412

Guan Xin, Zheng Gang-Tie. Integrated design of space tele-
scope vibration isolation and attitude control. Journal of Astro-
nautics, 2013, 34(2): 214-221

(T, FBANEL. 2 EARHLRR IR 5 & A4 H — AR B Th . F=HAE R,
2013, 34(2): 214-221)

Liu Xijao-Xiang, Hu Jun. Fuzzy vibration control of space
structures with close modes. Aerospace Control and Applica-
tion, 2010, 36(4): 18—24

(RUGHFR, 7. AL 2 85 SRS 1) 2% 8] 45 4 (RSO R) 2 B4R 3h 42 .
R A SR, 2010, 36(4): 18-24)

Li Dong-Xu. Large Flexible Space Truss Structures: Dynamic
Analyses and Vibration Fuzzy Control. Beijing: Science Press,
2008.

(BRI, KEG P2 W T 2R 5 M 3l g 20 B S IR sh i) b
50 BEE R, 2008.)

Yang Hong-Jie, Liu Lei, Li Xin-Guo. Separated active vibra-
tion isolation technology for ultra-quiet scientific satellites.
Chinese Space Science and Technology, 2021, 41(4): 102-110
(B s, X, 28 . s R LR 5 s RS REAR.
o E SRR, 2021, 41(4): 102-110)

Hao Ren-Jian, Tang Liang, Guan Xin. Observer-based robust

32

33

34

35

36

37

38

39

40

41

42

43

44

45

control for the Hexapod platform on the ultra-quiet spacecraft
in the joint-task space. Aerospace Control and Application,
2019, 45(3): 8-16

(RA=8Y, Boe, KB ST SR LR X —(E5T
I B i 2 RSB SR, 2019, 45(3): 8-16)

Wang You-Yi, Tang Liang, He Ying-Zi. Dynamic modeling and
decoupled control of ultra quiet platform. Aerospace Control
and Application, 2016, 42(4): 611

(EATE, Wsn, 9L B 630 )% IS Rl 2%
HlIFA SN, 2016, 42(4): 6-11)

Kong Y F, Huang H. Vibration isolation and dual-stage actu-
ation pointing system for space precision payloads. Acta Astro-
nautica, 2018, 143: 183—192

Liao Bo, Liang Jian, Liu Sheng, Liu Lei. Disturbance compens-
ation research of disturbance-free payload agility satellite with
disturbances in payload module. Space Electronic Technology,
2019, 16(3): 48-54

(B, Jedd, XUME, X%, XU e PR S A sl e a 7T, =22
[ HFHR, 2019, 16(3): 48-54)

Xu Yu-Fei, Zhao Yan-Bin. Complex attitude control study of a
zero stiffness satellite based on voice coil Stewart platform.
Aerospace Shanghai, 2017, 34(2): 52-60

(VFBLE, AXHEAY. 5 T 5 S Stewart 6 MERIE TRE &K
BEHIF. BHEEHIR, 2017, 34(2): 52-60)

Tang L, Guo Z X, Guan X, Wang Y Y, Zhang K B. Integ-
rated control method for spacecraft considering the flexibility
of the spacecraft bus. Acta Astronautica, 2020, 167: 73—84

Tang L, Guo Z X. Integrated control and magnetic suspension
for fast attitude maneuvering and stabilization. IEEE Transac-
tions on Aerospace and Electronic Systems, 2019, 55(6):
3273-3283

Wie B, Bailey D, Heiberg C. Rapid multitarget acquisition and
pointing control of agile spacecraft. Journal of Guidance, Con-
trol, and Dynamics, 2002, 25(1): 96-104

Yuan Li, Wang Shu-Yi, Lei Yong-Jun. Agile and Robustifying
Attitude Control of Spacecraft: Methods and Applications.
Beijing: Science Press, 2021.

(R, EiRl—, BHHE. fRSLSEERREE A S MA. b
at: BHEH R, 2021.)

Kojima H. Singularity analysis and steering control laws for ad-
aptive-skew pyramid-type control moment gyros. Acta Astro-
nautica, 2013, 85: 120—-137

Sun Yu-Jia, Yuan Li, Lei Yong-Jun. SGCMG singularity
avoidance method based on command torque vector helix
search. Aerospace Control and Application, 2016, 42(6): 26—30
(PN, SR, . 2T R R R SGCMG 7
SRR . AR BOR S5 R, 2016, 42(6): 26-30)

Lei Yong-Jun, Yao Ning, Liu Jie, Zhao Jiang-Tao, Zhu Qi, He
Hai-Feng, et al. A Command Torque Vector Regulation Based
SGCMG Singularity Avoidance Method, CN 1053889024,
March 2016

(FAZE, W, X, B, Kk, e, & —fiE T84 7
i % B R T 1A 5 ) 0 A BE IR AT S ML T3, i 1053889024,
2016-03)

Lei Yong-Jun, Yuan Li, Wang Shu-Yi, Tian Ke-Feng. A steer-
ing method with torque command adjustment and dynamic dis-
tribution for single-gimbal control moment gyro systems.
Journal of Astronautics, 2019, 40(7): 794-802

(T, BA, TR—, WEEE. SGCMG R4 /14T &
FAICERITT . FHFR, 2019, 40(7): 794-802)

Creamer G, Delahunt P, Gates S, Levenson M. Attitude de-
termination and control of Clementine during lunar mapping.
Journal of Guidance, Control, and Dynamics, 1996, 19(3):
505—511

Zhou Duan, Shen Xiao-Ning, Guo Yu, Chen Qing-Wei, Hu Wei-
Li. Profile planning for attitude maneuver of flexible space-
crafts based on multi-objective optimization. Journal of
Nanjing University of Science and Technology, 2012, 36(5):


https://doi.org/10.1016/j.actaastro.2016.12.028
https://doi.org/10.1109/TAES.2018.2852369
https://doi.org/10.1109/TAES.2018.2852369
https://doi.org/10.1016/j.actaastro.2018.05.031
https://doi.org/10.2514/1.A34226
https://doi.org/10.2514/1.A34226
https://doi.org/10.1016/j.actaastro.2017.11.038
https://doi.org/10.1016/j.actaastro.2017.11.038
https://doi.org/10.1016/j.actaastro.2017.11.038
https://doi.org/10.1016/j.actaastro.2019.08.030
https://doi.org/10.1109/TAES.2019.2907343
https://doi.org/10.1109/TAES.2019.2907343
https://doi.org/10.1109/TAES.2019.2907343
https://doi.org/10.2514/2.4854
https://doi.org/10.2514/2.4854
https://doi.org/10.2514/2.4854
https://doi.org/10.1016/j.actaastro.2012.12.019
https://doi.org/10.1016/j.actaastro.2012.12.019
https://doi.org/10.1016/j.actaastro.2012.12.019
https://doi.org/10.3873/j.issn.1000-1328.2019.07.008
https://doi.org/10.2514/3.21650

3

Ll RIS AR R R S R

489

46

47

48

49

50

51

53

54

56

57

58

59

846-853
(Ru, HPmeT, S0, MRECAR, #A4EAL. 3T 2 HArtt i npet:fn
KA LA NLB) B AR R R . B R B T OK & A4, 2012, 36(5):
846-853)

Zhang Y, Zhang J R. Combined control of fast attitude man-
euver and stabilization for large complex spacecraft. Acta
Mechanica Sinica, 2013, 29(6): 875—882

Wie B, Lu J B. Feedback control logic for spacecraft eigenaxis
rotations under slew rate and control constraints. Journal of
Guidance, Control, and Dynamics, 1995, 18(6): 1372-1379

Su W C, Drakunov S V, Ozguner U, Young K D. Sliding mode
with chattering reduction in sampled data systems. In: Pro-
ceedings of the 32nd IEEE Conference on Decision and Con-
trol. San Antonio, USA: IEEE, 1993. 2452—2457

Lei Yong-Jun, Lu Dong-Ning, Guan Xin. A maneuver attitude
trajectory planning and control method for earth remote-sens-
ing satellite reorientations. Aerospace Control, 2020, 38(1):
9-16

(FIZE, BhEdR T, 8T, — Pk b2 25 550 ) A AL Bl 02 90K A
Pl vk, URFE, 2020, 38(1): 9-16)

Lee J F L, Yeichner J A, Matulenko R, Chang D S. Space sta-
tion attitude control system. In: Proceedings of the 43rd Inter-
national Astronautical Congress. Washington, USA: 1992.

Chinese Society of Astronautics. Report on Advances in Space
Science and Technology. Beijing: China Science and Techno-
logy Press, 2020.

(P EF 2. 2018-2019 fRFHFEHAR SRR R . dbat:
BRI, 2020.)

Zhang J, He Y Z, Zhang J J. Attitude control and momentum
management of inertially oriented space station. IFAC Pro-
ceedings Volumes, 2013, 46: 1-6

Cheng Ying-Kun, Sun Cheng-Qi, Zhang Jin-Jiang. Study on
torque equilibrium attitude and momentum equilibrium atti-
tude of the space station. Aerospace Control, 2008, 26(2): 3-8
(203 PhAR R, SKRERTT. 2513 )0 P R S R Bh B P i 8 7
RIRFFSE. AL R3], 2008, 26(2): 3-8)

Liu Jiang-Hui, Li Hai-Yang, Zhang Ya-Kun. Influence of air
torque on average torque equilibrium attitude of space station.
Journal of National University of Defense Technology, 2018,
40(5): 2026

(XK, R BE , SR 3. 23 )l P 28 0 R -7 S8 25 1 <3 D09
SO [ B R R 25 24, 2018, 40(5): 20-26)

Zhang Jun, Zhang Zhi-Fang, Liu Cheng-Rui, Zhang Jin-Jiang,
Feng Shuai, Lin Han-Zheng, et al. Design and on-orbit verifica-
tion of the guidance, navigation and control system of the
China space station. Scientia Sinica Technologica, 2022, 52(9):
1355-1374

(B2, SkETT, XU, SRATL, I, bR, & cpE 25 (]
GNC REG I SEHIIE. FEE % FAR, 2022, 52(9):
1355-1374)

Flores-Abad A, Wei Z, Ma O, Pham K. Optimal control of
space robots for capturing a tumbling object with uncertainties.
Journal of Guidance, Control, and Dynamics, 2014, 37(6):
2014-2017

Huang P F, Wang M, Meng Z J, Zhang F, Liu Z X. Attitude
takeover control for post-capture of target spacecraft using
space robot. Aerospace Science and Technology, 2016, 51:
171-180

Huang P F, Wang M, Meng Z J, Zhang F, Liu Z X, Chang H
T. Reconfigurable spacecraft attitude takeover control in post-
capture of target by space manipulators. Journal of the Frank-
lin Institute, 2016, 353(9): 19852008

Ma Guang-Fu, Gao Han, Lv Yue-Yong, Song Ting, Yuan Jian-
Ping. Super-twisting observer based finite-time backstepping
attitude control for a combined spacecraft. Journal of Astro-
nautics, 2017, 38(11): 1168-1176

(578, =%, BERH, Ky, 2@, HE 000K SEA RN &8
W S50 A . AR, 2017, 38(11): 1168-1176)

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

Han D, Huang P F, Liu X Y, Yang Y. Combined spacecraft
stabilization control after multiple impacts during the capture
of a tumbling target by a space robot. Acta Astronautica, 2020,
176: 24-32

Huang X W, Biggs J D, Duan G R. Post-capture attitude con-
trol with prescribed performance. Aerospace Science and Tech-
nology, 2020, 96: Article No. 105572

Yang Bao-Hua. Guidance, Navigation and Control of Space-
craft. Beijing: China Science and Technology Press, 2011.

(B frde. BiR#HIS. SHSEH. et b EBZEE AR AL,
2011.)

Crouch P. Spacecraft attitude control and stabilization: Applic-
ations of geometric control theory to rigid body models. IEEE
Transactions on Automatic Control, 1984, 29(4): 321-331

Byrnes C I, Isidori A. On the attitude stabilization of rigid
spacecraft. Automatica, 1991, 27(1): 87-95

Guo Chao-Li, Zhang Du-Zhou, Wang Shu-Yi. Sliding mode
control for rate damping of underactuated spacecraft. Aeros-
pace Control and Application, 2013, 39(4): 12-17

(FRHAAL, TR, EWl—. RIRBNHIR I BOH R B e FE ). 23 )
BB 5, 2013, 39(4): 12-17)

Zhang Hong-Hua, Wang Fang, Hu Jin-Chang, Wang Ze-Guo.
All-attitude control for underactuated flexible spacecraft.
Journal of Astronautics, 2015, 36(4): 419-429

(ke £557, 1A, EEE. RIKSPAEHR 20 2 REE
il TR, 2015, 36(4): 419-429)

Kim S, Kim Y. Spin-axis stabilization of a rigid spacecraft us-
ing two reaction wheels. Journal of Guidance, Control, and Dy-
namics, 2001, 24(5): 1046-1049

Lei Y J, Yuan L, Zhu Q, Wang Z G, Liu J. A steering method
with multiobjective optimizing for nonredundant single-gimbal
control moment gyro systems. I[EEE Transactions on Industri-
al Electronics, 2022, 69(4): 41774184

Lei Yong-Jun, Yuan-Li, Liu Qi-Rui, Liu Jie. An attitude hy-
brid control method for earth-orienting satellite systems with 2-
SGCMGs and magnet torquers. Chinese Space Science and
Technology, 2021, 41(1): 75-83

(FE, A, XILE, Xk, 2-SGCMGs 51 715 2% 1 Hh 28
ARG IE P ES AR, 2021, 41(1): 75-83)

Hu Jun, Li Mao-Mao. Review of spacecraft entry guidance
method. Acta Aeronautica et Astronautica Sinica, 2021, 42(11):
Article No. 525048

(W%, ZBE. MRBIENG T ELGE. 2, 2021,
42(11): Article No. 525048)

Wu Hong-Xin, Hu Jun. Theory, Methods and Applications of
Characteristic Modeling. Beijing: National Defense Industry
Press, 2019.

(R%#%, E. FAEREIIE . TREMRH. Jbat: FEps LAk g
#t, 2019.)

Wu Hong-Xin, Hu Jun, Xie Yong-Chun. Characteristic Model-
based Intelligent Adaptive Control. Hefei: China Science and
Technology Press, 2009.

(REE, AFE, MAE. BT RAERAN 68 B G RE ] &
Hh R ROR B R, 2009.)

Wu Hong-Xin. Theory and Applications of All Coefficient Ad-
aptive Control. Beijing: National Defense Industry Press, 1990.

(RFEFE. & REOEE NI H S LR, st BE7 Tk iR
#t, 1990.)

Hu Jun. All coefficients adaptive reentry lifting control of
manned spacecraft. Journal of Astronautics, 1998, 19(1): 8-12
(P75, SN TR 4 R & R NT 4 ] FHER, 1998,
19(1): 8-12)

Xie Yong-Chun, Wu Hong-Xin. The application of the golden
section in adaptive robust controller design. Acta Automatica
Sinica, 1992, 18(2): 177-185

(KR, RESE. HEHHEBIER& R 2 o R .
A3k aEAR, 1992, 18(2): 177-185)


https://doi.org/10.1007/s10409-013-0080-8
https://doi.org/10.1007/s10409-013-0080-8
https://doi.org/10.2514/3.21555
https://doi.org/10.2514/3.21555
https://doi.org/10.11887/j.cn.201805004
https://doi.org/10.1360/SST-2021-0517
https://doi.org/10.2514/1.G000003
https://doi.org/10.1016/j.ast.2016.02.006
https://doi.org/10.1016/j.jfranklin.2016.03.011
https://doi.org/10.1016/j.jfranklin.2016.03.011
https://doi.org/10.1016/j.jfranklin.2016.03.011
https://doi.org/10.3873/j.issn.1000-1328.2017.11.005
https://doi.org/10.3873/j.issn.1000-1328.2017.11.005
https://doi.org/10.3873/j.issn.1000-1328.2017.11.005
https://doi.org/10.1016/j.actaastro.2020.05.035
https://doi.org/10.1109/TAC.1984.1103519
https://doi.org/10.1109/TAC.1984.1103519
https://doi.org/10.1016/0005-1098(91)90008-P
https://doi.org/10.3969/j.issn.1674-1579.2013.04.003
https://doi.org/10.3969/j.issn.1674-1579.2013.04.003
https://doi.org/10.3969/j.issn.1674-1579.2013.04.003
https://doi.org/10.2514/2.4818
https://doi.org/10.2514/2.4818
https://doi.org/10.2514/2.4818
https://doi.org/10.1109/TIE.2021.3073357
https://doi.org/10.1109/TIE.2021.3073357
https://doi.org/10.1109/TIE.2021.3073357

490 H ) ¥ i 49 %

76 Xie Yong-Chun, Hu Jun. The application of the intelligent ad- 1-8
aptive control method based on characteristic model in rendez- (KT, T 5. 25 (A1 38 2 SRmS [l il Jx B R PUE AL 22 5 B . =5
vous and docking. Journal of Systems Science and Mathematic- I HIEAR SR H, 2014, 40(4): 1-8)
al Sciences, 2013, 33(9): 1017-1023 . . ) . ol
(Wots, 1. 36 TR E B S RE ERHR R ke e nr e 00 DU Jume Xie Yons Chun, Zhang flao, Y Dan, B Hai-Xia,

ORI, RAEIEGHE 2013, 33(9): 1017-1023) ang ‘(‘%— in. Shenzhou- bvpdc(,(,r‘d guidance navigation an
IR & control system and flight result evaluation for rendezvous and

77 Yang Meng-Fei, Zhang Gao, Zhang Wu, Peng Jing, Wang docking. Aerospace Control and Application, 2011, 37(6): 1-5,
Yong, Wang Xiao-Lei, et al. Technique design and realization 13
of the circumlunar return and reentry spacecraft of 3rd phase (B, KR, kS, T, SHIEE, R4EFE. % )\5 KIS
of Chinese Lunar exploration program. Scientia Sinica Techno- XHEHS . S-SR R H AT BRI, 2 EEHEAR S
logica, 2015, 45(2): 111-123 i, 2011, 87(6): 1-5, 13)

(%JTT“.K’ %%J gfmf Bj%’ IE’HIH%ﬁ’ ffﬁgﬁ%ﬁ:ﬁﬂiiﬁ‘%]? 91 Yang Zhen, Luo Ya-Zhong, Zhang Jin. Analysis and design of
TR AT S BOAR BT S AL OB, 2015, phasing strategy for near-earth short rendezvous mission.
45(2): 111-123) Journal of National University of Defense Technology, 2015,

78 Ye Pei-Jian, Yang Meng-Fei, Peng Jing, Li Qi, Dong Yan-Zhi, 37(3): 61-67
Zhang Zhao, et al. Review and prospect of atmospheric entry (W&, Bk, skt PR 22 2 R AR SR IS B 54555 0 4.
and earth reentry technology of China deep space exploration. B 27274, 2015, 37(3): 61-67)

Scientia Sinica Technologica, 2015, 45(3): 229-238 . . . . .
G B, T R S b 2 (i Meng, Gong Sheng-Ping, Peng Fun, Ma Xiao-Bing. Applica-
TR HAR 0 FEBAR T 2. v B BRI, 2015 | oot v G cofliaht. 2017,

i ; ’ ’ cuver strategy of short rendezvous. Manned Spaceflight, 2017,
45(3): 229-238) 23(2): 156-162

79  Zhang Bai-Nan, Yang Qing, Yang Lei, Ma Xiao-Bing, Huang (ZFHg, ZBPESF, 2, Bl B EEE TR AL 20 58
Zhen. Progress on China’s new-generation manned spaceships. FEmE R R . BRARTR, 2017, 23(2): 156-162)

Chinese Science Bulletin, 2021, 66(32): 4065-4073 03 Zhang Qiang, Chen Chang-Qing, Liu Zong-Yu, Hao Hui, Xi
N - P S ; ; ; )

Gfgfg%’ %j‘%’; i, St ﬁﬁ ﬁf,‘}'ﬁ FCBA i S I Kun, Su Yan, et al. All-phase autonomous quick rendezvous

i BRI R, 2021, 66(32): 4065-4073) and docking technology and in-orbit verification of Tianzhou-2

80 Li M M, Hu J, Huang H. A segmented and weighted adaptive cargo spacecraft. Aerospace Control and Application, 2021,
predictor-corrector guidance method for the ascent phase of hy- 47(5): 33-39
personic vehicle. Aerospace Science and Technology, 2020, 106: (Fkam, MR, XIS E, ME, Bi Jrz, & RN S RIE TR
Article No. 106231 SR E DT SRR AITESUIRAIL. 25 Ml B S R,

81 Lu P. Predictor-corrector entry guidance for low-lifting 2021, 47(5): 33-39)
vehicles. Journal of Guidance, Control, and Dynamics, 2008, 94 Zhang Hao, Xie Yong-Chun, Wu Hong-Xin. Research on the
31(4): 1067-1075 target pattern solution validity of optical imaging sensor used

82 Brunner C W, Lu P. Skip entry trajectory planning and guid- in RVD',,AEMSP f,cic"“m’]’ 20081 2?,(32: 447448’ ,,5 ? .
ance. Journal of qu‘dancg. Coni,ro]. gmd D};flilmjcs %008. 3g1(5): (;Hi%’ ﬁtpﬂ(%i R EE. SN I IR BUB IR R R
1210-1219 ’ ’ T HRNERTIC. RTER, 2008, 26(3): 44-48, 58)

83 Shui Zun-Shi, Zhou Jun, Ge Zhi-Lei. On-line predictor-correct- % Zhang Hao, Shi L‘Cl" Tu Jun-Feng, Guan‘Yuc—Xln.,.).(lc Yong:-

: Chun. A CCD optical sensor based new binocular vision meas-
or reentry guidance law based on Gauss pseudospectral meth- . . )
. . urement algorithm for rendezvous and docking. Aerospace Con-
od. Journal of Astronautics, 2011, 32(6): 1249-1255 trol and Application, 2011, 37(6): 6671
ORI, J8 7, B B0, ST B0 O o ik i BN AT g o i el B ke JET A A OCD Y2
TSI R, SRR, 2011, 32(6): 1249-1255) (K=, fi%5, B, AL, KR 21 X -
G R A P O R B s A R ROR 5 R 2011, 37(6):

84 Zhang Hong-Bo, Zeng Liang. A predictor-corrector guidance 66—71)
method for skip reentry missions. Journal of Spacecraft TT&C 96 Wang Shi-Xin, Hua Bao-Cheng, Yuan Qi, Zhang Liang, Li
Technology, 2014, 33(1): 82-87 ) Ming-Zheng, Zhao Chun-Hui. Analysis and design of cooperat-
(BRI, 3T, — R BB IR A (0 B R IE ) S 73, %47 o o ] e o0Per
SIS 2014, 33(1): 82-87) ive targets for camera- ype rendezvous and ‘ ocking  sensor.

Aerospace Control and Application, 2020, 46(6): 56—62

85 Zhang 7, Hu J. Prediction-based guidance algorithm for high- (EHEH, HeE Ak, 28, kR, B BFE. oS
lift reentry vehicles. Science China Information Sciences, 2011, GIBURSS R A E BRI AT 5%t EEEHIHEAR SR A, 2020,
54(3): 498-510 46(6): 56-62)

86 Hu Jun, Wu Hong-Xin, Yang Ming, Zhang Zhao, Dong Wen- 97 Gu Ying-Ying, Wang Li, Hua Bao-Cheng, Liu Da, Wu Yun,
Qiang, Yang Jun-Chun. All-coefficient Adaptive Control Meth- Xu Yun-Fei. 3D point cloud filtering method for pose measure-
od Based on One-order Characteristic Model, CN 104570734B, ment application of space non-cooperative targets. Journal of
April 2015 Applied Optics, 2019, 40(2): 210-216
(FA%, R, B, 5k4, B3O8, HRE. — T —Br e (BUE M, F5r, T, ik, RE, the . —FEEEES
AL 42 ZH B E R 7k, 1 1045707348, 2015-04) 1 H 5 Ao 2 005 B0 FH IR = 4 o 2= BB SRR L6 2, 2019,

87  Hu Jun. Adaptive predictive guidance: A unified guidance 40(2): 210-216)
method. Aerospace Control and Application, 2019, 45(4): 53—63 98  Liu Tao, Xie Yong-Chun. Stability analysis of UKF and its ap-
(WA, BERME S —Ma—rH S 5% FhEfliEARS plication in relative navigation. Journal of Astronautics, 2010,
i, 2019, 45(4): 53-63) 31(3): 739-747

88 Xie Yong-Chun, Chen Chang-Qing, Liu Tao, Wang Min. The- (j’:'hﬁ SRR, UKF A PR 0 SRR ST (LA 320

ory and Methods of Guidance, Navigation and Control for #2010, 31(3): 739-747)
Spacecraft Rendezvous and Docking. Beijing: National Defense 99 Liu Tao, Xie Yong-Chun. Adaptive deterministic sampling fil-
Industry Press, 2018. ter algorithm. Information and Control, 2010, 39(6): 673—680
(AR, BRTT, XU, E80 URESAE S0 Heih] T 3 4% 1 J 2T (K%, fEKAE. —Fh B & R E VERARIE BTV, 5 B 5],
vk dbnt: ER Tk RRAL, 2018.) 2010, 39(6): 673—680)

89 Xie Yong-Chun, Hu Yong. Reviews of space rendezvous 100 Liu Tao, Xie Yong-Chun, Hu Hai-Xia. Application of particle

strategy and short rendezvous profile design for autonomous
spacecraft. Aerospace Control and Application, 2014, 40(4):

filtering in relative navigation filter design for spacecraft.
Aerospace Control and Application, 2011, 37(6): 19-27


https://doi.org/10.1360/N092014-00484
https://doi.org/10.1360/N092014-00484
https://doi.org/10.1360/N092014-00484
https://doi.org/10.1360/N092015-00049
https://doi.org/10.1360/TB-2021-0228
https://doi.org/10.1016/j.ast.2020.106231
https://doi.org/10.2514/1.32055
https://doi.org/10.2514/1.35055
https://doi.org/10.3873/j.issn.1000-1328.2011.06.007
https://doi.org/10.1007/s11432-011-4187-x
https://doi.org/10.3969/j.issn.1674-1579.2019.04.007
https://doi.org/10.3969/j.issn.1674-1579.2014.04.001
https://doi.org/10.3969/j.issn.1674-1579.2011.06.001
https://doi.org/10.11887/j.cn.201503011
https://doi.org/10.3969/j.issn.1674-5825.2017.02.003
https://doi.org/10.3969/j.issn.1674-1579.2021.05.005
https://doi.org/10.3969/j.issn.1674-1579.2011.06.011
https://doi.org/10.3969/j.issn.1674-1579.2011.06.011
https://doi.org/10.3969/j.issn.1674-1579.2011.06.011
https://doi.org/10.3873/j.issn.1000-1328.2010.03.019
https://doi.org/10.3969/j.issn.1674-1579.2011.06.004

3

Ll RIS AR R R S R

491

101

102

103

104

105

106

107

108

109

110

111

112

113

114

(XU, KT, SHIEEE. R T I8 I S FEAE ML R 28 38 2 0 B Xt
MR IR . 2 (a4 R AR S5 R, 2011, 87(6): 19-27)

Sharma S, D’'Amico S. Neural network-based pose estimation
for noncooperative spacecraft rendezvous. IEEE Transactions
on Aerospace and Electronic Systems, 2020, 56(6): 46384658

Valada A, Mohan R, Burgard W. Self-supervised model adapt-
ation for multimodal semantic segmentation. International
Journal of Computer Vision, 2020, 128(5): 1239-1285

Wang Ying, Xie Yong-Chun. Rendezvous and berthing control
method based on line of sight guidance. Aerospace Control and
Application, 2012, 38(2): 1-4, 23

(B, MK, 2T L] SR 058 S Skl Tk, =)
filH AR S5, 2012, 38(2): 1-4, 23)

Chen Zhi-Hua, Xie Yong-Chun. Stability analysis of the closed-
loop system of a phase-plane controlled rigid satellite. Aeros-
pace Control and Application, 2018, 44(1): 1-14, 29

(FREHE, KR, R B EAFIEH A 2GR ek o =
G AR SR, 2018, 44(1): 1-14, 29)

Hu Yong, Xu Li-Jia, Xie Yong-Chun. Control for rendezvous
and docking with a tumbling target spacecraft. Journal of As-
tronautics, 2015, 36(1): 47-57

(139, IR, KA. ST X R AEBIVR H bR R 88 138 2 X%
#1l. LR, 2015, 36(1): 47-57)

Liu Tao, Xie Yong-Chun, Wang Xiao-Lei, Hu Jin-Chang. An
autonomous rendezvous navigation and guidance method in
mars orbit. Journal of Astronautics, 2019, 40(4): 406—414
(R, AR, ERd, HME. KEPEA XM SH ST
i FFAR, 2019, 40(4): 406-414)

Zhao Z M, Liu Y W, Xie B, Zhai F, Yao F, Li L. Flight result
and achievement of SJ-9 technology demonstration satellite. In:
Proceedings of the 64th International Astronautical Congress.
Beijing, China: 2013.

Gou Xing-Yu, Li Ke-Hang, Zhang Bin, Liu Jie, Tan Tian,
Dong Jun, et al. On attitude and orbit coupling and thrust loss
of SJ-9 formation flying orbit control. Aerospace Control and
Application, 2013, 39(6): 1-5, 11

(RjP%T%, ZwAT, ok, XIBE, WHH, #5%, 5. KIS R T
BT IR G S BURBE . R ER 5 R, 2013,
39(6): 1-5, 11)

Li Ke-Hang, Gou Xing-Yu, Zhang Bin, He Ying-Zi, Wei Chun-
Ling, Bai Xu-Hui, et al. A Method for Obtaining Satellite Rel-
ative Motion State, CN 104765373A, July 2015

(AT, H4T, TR, 9, RIS, A0, 5. —FE B
HEFIRARIUT %, HE 104765373A, 2015-07)

Gou Xing-Yu, Han Dong, Li Ke-Hang, Zhang Bin, Dong Jun,
Zhao Jian, et al. A Control Method for Spacecraft Formation
Maintenance or Orbiting Evacuation, CN 104317303A, Janu-
ary 2015

(AT, B4, ZEadT, Jkok, #5, Ra, &5, —FhR a8 i bA 4
Rl Se W il Uik, E 104317303A, 2015-01)

Chen Tong, Xu Shi-Jie, Li Ke-Hang. Control strategy using at-
mospheric drag for along-track formation maintenance. Chinese
Space Science and Technology, 2008, 28(6): 8—13

(BREE, AR, 2R oadT. R B D O 1 g A g . o [
2 R ZERR, 2008, 28(6): 8-13)

Song Ming-Xuan, Shao Xiao-Wei, Liu Fu-Cheng, Wang Ji-He,
Zhang De-Xin. Research on satellite formation reconfiguration
by using differential aerodynamic forces under J2 perturbation.
Aerospace Control, 2014, 32(4): 4248, 61

CRYIET, FRmeR, XIATRL, E400, TRAEH. 2T 20380710 J2
TR 3 T TR g AR T EAAH 7E. AT RIE ], 2014, 32(4): 42-48,
61)

Fan Fan. The Micro Satellite Formation and Attitude Control
Based on the Atmospheric Drag [Master thesis|, University of
Defense Technology, China, 2014

(VL. FE T RABEII s TR g A IE 5 R SR I A [ e
3], ERRHERR R, hIE, 2014)

Zhang Ya-Bo, Shi Peng, Zhang Hao, Zhao Yu-Shan. A robust

115

116

117

118

119

120

121

122

123

124

125

126

127

coordinated control method for hovering of electromagnetic
spacecraft formation. Journal of Beijing University of Aero-
nautics and Astronautics, 2019, 45(2): 388—397

(TR, DTG, s, B . R R 2 g BN B e Bl 4% 1)
T3k ACE MU NUR R 2 244), 2019, 45(2): 388-397)

Gao Ce. Research on Dynamics and Control of Flux-pinned
Spacecraft Relative Motion [Master thesis|, University of De-
fense Technology, China, 2017

(5K BB HUAE F R R AN 183 3 ) % SR H 5L [
3], R R, i, 2017)

Scharf D P, Hadaegh F Y, Ploen S R. A survey of spacecraft
formation flying guidance and control. Part II: Control. In:
Proceedings of the American Control Conference. Boston, USA:
IEEE, 2004. 2976—2985

Mesbahi M, Hadaegh F Y. Formation flying control of mul-
tiple spacecraft via graphs, matrix inequalities, and switching.
Journal of Guidance, Control, and Dynamics, 2001, 24(2):
369-377

Ren W. Formation keeping and attitude alignment for mul-
tiple spacecraft through local interactions. Journal of Guidance,
Control, and Dynamics, 2007, 30(2): 633—638

Ran D C, Chen X Q, Misra A K, Xiao B. Relative position co-
ordinated control for spacecraft formation flying with commu-
nication delays. Acta Astronautica, 2017, 137: 302-311

Lasserre E, Dufour F, Bernussou J, Brousse P, Lefebvre L. A
linear programming solution to the homogeneous satellite con-
stellation station keeping. In: Proceedings of the 48th Interna-
tional Astronautical Congress. Turin, Italy: 1997.

Qian Shan, Li Heng-Nian, Zhang Li-Jun, Zhang Zhi-Bin. The
station keeping dead-band budgets and analysis for GNSS con-
stellation. In: Proceedings of the 5th China Satellite Naviga-
tion Conference-S3 Precise Orbit Determination and Position-
ing. Nanjing, China: Organizing Committee of China Satellite
Navigation Academic Annual Meeting, 2014.

(B, Z1EAE, 5k 7, SRR, SRR SR PR R 4E RS “JEIX”
30, W B TE T E PR SRR E SR CE-S3 M e 5
. e, RE: PE RS RESAZES, 2014.)

Yang Xiao-Long, Liu Zhong-Han. Walker-6 constellation con-
figuration maintenance based on coverage performance.
Aerospace Control and Application, 2012, 38(2): 53-57
(Fale e, BN BT G MERER) Walker-8 2 JEF T fR 7. 23[H]
BHIEAR SR, 2012, 38(2): 53-57)

Hu Song-Jie, Shen Jing-Song, Huan Pei. A relative phase-keep-
ing strategy of Walker constellation based on reference orbit.
Aerospace Control and Application, 2010, 36(5): 45—49
(FAAAZ, AR, IR, 25 TS HHE K Walker 2 3 AH X AH AL
PRIFSRNE. 2= MEEHIHAR SR, 2010, 36(5): 45-49)

Jiang Yu, Li Heng-Nian, Baoyin He-Xi. On perturbation and
orbital maintenance control strategy for Walker constellation.
Aerospace Control and Application, 2013, 39(2): 3641

(LT, R, FHEWI. Walker £ FEIES)/ M5 5 4 ng.
2 I A SR, 2013, 39(2): 36-41)

Li Heng-Nian, Li Ji-Sheng, Jiao Wen-Hai. Analyzing perturba-
tion motion and studying configuration maintenance strategy
for Compass-M navigation constellation. Journal of Astronaut-
ics, 2010, 31(7): 1756-1761

(BB, BUFE, 0. AR RIS 8) Rk sh fMzig 12 5
WAL, TR, 2010, 31(7): 1756-1761)

Sun Ze-Zhou, Chen Bai-Chao, Jia Yang, Yuan Bao-Feng, Liu
Guo-Qiang, Ma Jing-Ya, et al. The Tianwen-1 roving explora-
tion technology for the Martian surface. Scientia Sinica Tech-
nologica, 2022, 52(2): 214-225

(PN, e, TIRA, s, 08, T, 55, Rin—5k
EISARMEA. drER: FARBE, 2022, 52(2): 214-225)

Yuan Li, Huang Huang. Current trends of spacecraft intelli-
gent autonomous control. Aerospace Control and Application,
2019, 45(4): 7-18

(R, P, A RAT 2V B B BRI EARIVR S KR, =


https://doi.org/10.1109/TAES.2020.2999148
https://doi.org/10.1109/TAES.2020.2999148
https://doi.org/10.1007/s11263-019-01188-y
https://doi.org/10.1007/s11263-019-01188-y
https://doi.org/10.3969/j.issn.1674-1579.2012.02.001
https://doi.org/10.3969/j.issn.1674-1579.2012.02.001
https://doi.org/10.3969/j.issn.1674-1579.2018.01.001
https://doi.org/10.3969/j.issn.1674-1579.2018.01.001
https://doi.org/10.3969/j.issn.1674-1579.2018.01.001
https://doi.org/10.3873/j.issn.1000-1328.2019.04.005
https://doi.org/10.3321/j.issn:1000-758X.2008.06.002
https://doi.org/10.3321/j.issn:1000-758X.2008.06.002
https://doi.org/10.3969/j.issn.1006-3242.2014.04.008
https://doi.org/10.2514/2.4721
https://doi.org/10.2514/1.25629
https://doi.org/10.2514/1.25629
https://doi.org/10.1016/j.actaastro.2017.04.011
https://doi.org/10.3969/j.issn.1674-1579.2012.02.011
https://doi.org/10.3969/j.issn.1674-1579.2010.05.009
https://doi.org/10.3969/j.issn.1674-1579.2013.02.007
https://doi.org/10.3873/j.issn.1000-1328.2010.07.009
https://doi.org/10.3873/j.issn.1000-1328.2010.07.009
https://doi.org/10.3873/j.issn.1000-1328.2010.07.009
https://doi.org/10.1360/SST-2021-0487
https://doi.org/10.1360/SST-2021-0487
https://doi.org/10.1360/SST-2021-0487
https://doi.org/10.3969/j.issn.1674-1579.2019.04.002

492

H Zlj

(8

¥ i

49 %

128

129

130

131

132

133

134

135

136

137

138

139

Iz HIR AR SR, 2019, 45(4): 7-18)

Yuan Li. Spacecraft intelligent autonomous control technology
toward uncertain environment. Journal of Astronautics, 2021,
42(7): 839-849

(R, T ) AN E FRAR RO TR 23 e B AR HRR . R,
2021, 42(7): 839-849)

Yuan Li, Jiang Tian-Tian. Review on intelligent autonomous
control for spacecraft confronting orbital threats. Acta Auto-
matica Sinica, DOI: 10.16383/j.aas.c211027

(G, Z2ETEE. R S BUP L e B B HORAT SRR, B
kAR, DOT: 10.16383/j.aa5.c211027)

Li Mao-Deng, Huang Xiang-Yu, Guo Min-Wen, Xu Chao, Wei
Chun-Ling, Zhang Xiao-Wen, et al. A Recursive Multi-sample
Large Dynamic Inertial Navigation Method, CN 111351483A,
June 2020

(e, AT, TR0, 1, RIS, ke, 55 —FdAZ
TR SHTE, PE 111351483, 2020-06)

Zhang Hong-Hua, Li Ji, Guan Yi-Feng, Huang Xiang-Yu.
Autonomous navigation for powered descent phase of Chang’ E-
3 lunar lander. Control Theory & Applications, 2014, 31(12):
1686—1694

(ki B SCRRIE, ST IR = SRR TR E
S PSS N, 2014, 31(12): 1686-1694)

Wu Wei-Ren, Li Ji, Huang Xiang-Yu, Zhang Hong-Hua, Wang
Da-Yi, Zhang Zhe. INS/Rangefinder/Velocimetry based autono-
mous navigation method for safe landing. Journal of Astronaut-
ics, 2015, 36(8): 893-899

(R, 28, 3O0F, kPR, £RB, k. BT /N /&
& 122 0E A TS 07 % PSR, 2015, 36(8):
893-899)

Li Mao-Deng, Huang Xiang-Yu, Xu Chao, Guo Min-Wen, Hu
Jin-Chang, Zhao Yu, et al. Autonomous navigation technology
of Tianwen-1 Mars probe during EDL process. Journal of As-
tronautics, 2022, 43(1): 11-20

(B8, AT, IR, 8O, IR A, B, & RiA—5 KR
WAREDLIE 2 B F SHEA. FAIFR, 2022, 43(1): 11-20)

Li M D, Huang X Y, Wang D Y, Xu C, Guo M W, Hu J C, et
al. Radar-updated inertial landing navigation with online ini-
tialization. IEEE Transactions on Aerospace and Electronic
Systems, 2020, 56(5): 3360—3374

Li M D, Huang X Y, Xu C, Guo M W, Hu J C, Hao C, et al.
Velocimeter-aided attitude estimation for Mars autonomous
landing: Observability analysis and filter algorithms. IEEE
Transactions on Aerospace and Electronic Systems, 2022,
58(1): 451-463

Zhang Hong-Hua, Liang Jun, Huang Xiang-Yu, Zhao Yu,
Wang Li, Guan Yi-Feng, et al. Autonomous hazard avoidance
control for Chang’E-3 soft landing. Scientia Sinica Technolo-
gica, 2014, 44(6): 559-568

(Tkutfe, R, AT, BT, 50, REkiE, 5. Hifk=5 81k
iR G R HIRR. hERR: FoRFHE:, 2014, 44(6): 559-568)
Zhang Hong-Hua, Guan Yi-Feng, Cheng Ming, Li Ji, Yu Ping,
Zhang Xiao-Wen, et al. Guidance navigation and control for
Chang’E-4 lander. Scientia Sinica Technologica, 2019, 49(12):
1418-1428

(Fkuete, gk, TR80, U, T, ke, 55, D05 35 [ 2%
fl e M S EH RS B ERE HOREY, 2019, 49(12):
1418-1428)

Hu J C, Huang X Y, Li M D, Guo M W, Xu C, Zhao Y, et al.
Entry vehicle control system design for the Tianwen-1 mission.
Astrodynamics, 2022, 6(1): 27-37

Zhang Hong-Hua, Guan Yi-Feng, Huang Xiang-Yu, Li Ji, Zhao
Yu, Yu Ping, et al. Guidance navigation and control for
Chang’ E-3 powered descent. Scientia Sinica Technologica,
2014, 44(4): 377-384

(Fkitte, BRI, SORITE, R BT, TRE, & IR = S i
B R BRI S S S d. B ERR FRRE, 2014, 44(4):
377-384)

140

141

142

143

144

145

146

147

148

149

150

151

152

Li Ji, Zhang Hong-Hua, Zhang Xiao-Wen, Guan Yi-Feng. Re-
search on GNC technology for crewed lunar soft landing.
Manned Spaceflight, 2020, 26(6): 733-740, 750

(WL, gkt Jkmese, SRRk, BN EREE R GNC HoRBTF.
FHANTR, 2020, 26(6): 733-740, 750)

Zhang H H, Li J, Wang Z G, Guan Y F. Guidance navigation
and control for Chang’E-5 powered descent. Space: Science &
Technology, 2021, 2021: Article No. 9823609

Huang X Y, Li M D, Wang X L, Hu J C, Zhao Y, Guo M W,
et al. The Tianwen-1 guidance, navigation, and control for
Mars entry, descent, and landing. Space: Science & Techno-
logy, 2021, 2021: Article No. 9846185

Li J, Wang D Y. Autonomous positioning and orientating for
Lunar launch. In: Proceedings of the 62nd International Astro-
nautical Congress. Cape Town, South Africa: 2011. 5195-5202

Zhang Hong-Hua, Li Ji, Yu Ping, Guan Yi-Feng, Wang Lei,
Wang Zhi-Wen, et al. Guidance navigation and control techno-
logy for the lunar ascent vehicle of the Chang’E-5 mission. Sci-
entia Sinica Technologica, 2021, 51(8): 921-937

(Tkutfe, 20, T, KBk, £&, EE, & W5 Ak
KT S S S EHEOR. P EEE HORBEE, 2021, 51(8):
921-937)

Li Ji, Zhang Hong-Hua, Guan Yi-Feng, Zhang Xiao-Wen.
Emergency guidance strategy for lunar surface ascent under
main engine failure. In: Proceedings of the 16th Committee of
Deep Space Exploration Technology Annual Academic Confer-
ence. Qingdao, China: 2019.

(A, ke Rk, SRIDESC. AR EHLEE T # R T _E TR S
S, W IR AR LR ASB I ANEERES. F
B, HE: 2019.)

Yang Meng-Fei, Jia Yang, Chen Jian-Xin. Research on system
design of lunar rover. Aerospace Control and Application, 2008,
34(3): 3-6, 36

(Bida %, BIRH, BREEH. FABRIKMRM S R Awt 7. = i hlEAR
ERi M, 2008, 34(3): 3-6, 36)

Xing Yan, Wei Chun-Ling, Tang Liang, Jiang Tian-Tian, Hu
Yong, Huang Huang, et al. Development of autonomous sens-
ing and control technology for extraterrestrial mobile explora-
tion unmanned systems. Aerospace Control and Application,
2021, 47(6): 1-8

(B, BRI, Woe, R, B3, HE, & HAMSALERITE A
RGH BN S BEHORR LR, SRR AR SR, 2021,
47(6): 1-8)

Chen Jian-Xin, Xing Yan, Li Zhi-Ping, Mao Xiao-Yan, Teng
Bao-Yi, Liu Xiang, et al. Autonomous environment perception
and obstacle avoidance technologies of Zhurong Mars rover.
Scientia Sinica Technologica, 2022, 52(8): 1186—1197

(BRafh, TRk, &5, TR, Bk, XM, & BlRlS KRR
B P S R R ROR . T E R SRR, 2022, 52(8):
1186-1197)

Chen Jian-Xin, Xing Yan, Teng Bao-Yi, Mao Xiao-Yan, Liu
Xiang, Jia Yong, et al. Guidance, navigation and control tech-
nologies of Chang’'E-3 Lunar rover. Scientia Sinica Technolo-
gica, 2014, 44(5): 461-469

(BREHr, TR, R R, BMet, xR, Bk, &, =510
GNC F R H AR, I E R HAREE, 2014, 44(5): 461-
469)

Ding L, Gao H B, Deng Z Q, Nagatani K, Yoshida K. Experi-
mental study and analysis on driving wheels’ performance for
planetary exploration rovers moving in deformable soil. Journ-
al of Terramechanics, 2011, 48(1): 27-45

Li Nan, Gao Hai-Bo, Lv Feng-Tian, Ding Liang, Liu Zhen, Yu
Hai-Tao, et al. Wheel trace imprint image frequency domain
analysis and rover wheel slip ratio estimation. Journal of Astro-
nautics, 2016, 37(11): 1356-1364

(Fh, milEd, BRR, T8, X%, T, 5. ZERE G
BT R B ERZEZE ROV R AG T 7. FFAR, 2016, 37(11): 1356—
1364)

Gonzalez R, Chandler S, Apostolopoulos D. Characterization of


https://doi.org/10.3873/j.issn.1000-1328.2021.07.004
http://dx.doi.org/10.16383/j.aas.c211027
http://dx.doi.org/10.16383/j.aas.c211027
https://doi.org/10.7641/CTA.2014.40795
https://doi.org/10.3873/j.issn.1000-1328.2022.01.002
https://doi.org/10.3873/j.issn.1000-1328.2022.01.002
https://doi.org/10.3873/j.issn.1000-1328.2022.01.002
https://doi.org/10.1109/TAES.2020.2987405
https://doi.org/10.1109/TAES.2020.2987405
https://doi.org/10.1109/TAES.2021.3103254
https://doi.org/10.1109/TAES.2021.3103254
https://doi.org/10.1360/092014-51
https://doi.org/10.1360/092014-51
https://doi.org/10.1360/092014-51
https://doi.org/10.1007/s42064-021-0124-y
https://doi.org/10.1360/092014-43
https://doi.org/10.3969/j.issn.1674-5825.2020.06.009
https://doi.org/10.1360/SST-2021-0102
https://doi.org/10.1360/SST-2021-0102
https://doi.org/10.3969/j.issn.1674-1579.2008.03.001
https://doi.org/10.3969/j.issn.1674-1579.2021.06.001
https://doi.org/10.1360/SST-2022-0045
https://doi.org/10.1360/092014-48
https://doi.org/10.1360/092014-48
https://doi.org/10.1360/092014-48
https://doi.org/10.1016/j.jterra.2010.08.001
https://doi.org/10.1016/j.jterra.2010.08.001
https://doi.org/10.3873/j.issn.1000-1328.2016.11.010
https://doi.org/10.3873/j.issn.1000-1328.2016.11.010
https://doi.org/10.3873/j.issn.1000-1328.2016.11.010

3

Ll RIS AR R R S R

493

153

154

155

156

157

158

159

160

161

162

163

164

machine learning algorithms for slippage estimation in planet-
ary exploration rovers. Journal of Terramechanics, 2019, 82:
23-34

Cunningham C, Nesnas I A, Whittaker W L. Improving slip
prediction on Mars using thermal inertia measurements.
Autonomous Robots, 2019, 43(2): 503-521

Xing Yan, Liu Xiang, Teng Bao-Yi, Mao Xiao-Yan. Autonom-
ous local obstacle avoidance path planning of Lunar surface ex-
ploration rovers. Control Theory & Applications, 2019, 36(12):
2042-2046

(¥R, XU, ek, BReHE. F BRRTE ISR B 35 6k R
Rl EHIEE 5B, 2019, 36(12): 2042-2046)

Xing Yan, Teng Bao-Yi, Liu Xiang, Mao Xiao-Yan. Guidance,
navigation and control technology for Lunar surface explora-
tion. Chinese Journal of Space Science, 2016, 36(2): 196—201
(B, M=%, XFE, BRetl. HEREZIEHHEN GNC HA. =
)Rl 2244, 2016, 36(2): 196-201)

Dong Shi-Wei, Hou Xin-Bin, Wang Xin. Retro-directive mi-
crowave power beam steering technology for space solar power
station. Chinese Space Science and Technology, 2022, 42(5):
91-102

(A, BRREE, EH. 2% AR A A il B R & S e I8 R 2 )
HOR. B, 2022, 42(5): 91-102)

Hou Xin-Bin, Wang Li, Zhang Xing-Hua, Zhou Lu. Concept
design on multi-rotary joints SPS. Journal of Astronautics,
2015, 36(11): 1332-1338

(BERFE, FO7, sk, JAIH. 20k 50 23 [ OR PH R HE sl B2 77
FHE. TR, 2015, 36(11): 1332-1338)

Roulette J. OneWeb, SpaceX satellites dodged a potential colli-
sion in orbit [Online], available: https://www.theverge.com/
2021/4/9/22374262 /onewebspacex-satellites-dodged-potential-
collision-orbit-spaceforce, August 17, 2022

European Space Policy Institute. Towards a European Ap-
proach to Space Traffic Management, ESPI Report 71,
European Space Policy Institute, Austria, 2020

Araguz C, Bou-Balust E, Alarcén E. Applying autonomy to
distributed satellite systems: Trends, challenges, and future
prospects. Systems Engineering, 2018, 21(5): 401-416

Vassev E, Sterritt R, Rouff C, Hinchey M. Swarm technology
at NASA: Building resilient systems. IT Professional, 2012,
14(2): 3642

Sterritt R, Rouff C A, Hinchey M G, Rash J L, Truszkowski
W. Next generation system and software architectures: Chal-

lenges from future NASA exploration missions. Science of Com-
puter Programming, 2006, 61(1): 48—57

Agle D C. NASA will inspire world when it returns Mars
samples to Earth in 2033 [Online], available: https://www.
nasa.gov/press-release/nasa-will-inspire-world-when-it-returns-
mars-samples-to-earth-in-2033, October 8, 2022

Li Lin-Feng, Xie Yong-Chun. Space robotic manipulation: A
multi-task learning perspective. Chinese Space Science and
Technology, 2022, 42(3): 1024
(BRI, K. P NRIE: —F AR 2200 A, P ES
ARRERA, 2022, 42(3): 10-24)

=M AbsUEH TR I
AL B TCTT F RS B
A& A A .

E-mail: yuanli@spacechina.com
(YUAN Li
stitute of Control Engineering. His

Professor at Beijing In-

research interest covers spacecraft
autonomous control and robust fault-tolerant control.)

ZEE AL nTsh DA AT R L
PRI, EFWFFCTT IR AR &4 1 A
ARkl A SCEEEE .
E-mail: jiangtt@amss.ac.cn
(JIANG Tian-Tian Senior engin-
eer at Beijing Institute of Control

.

covers spacecraft control and nonlinear control. Corres-

Engineering. Her research interest

ponding author of this paper.)

MBS b nt w5
L BB IIT R O TG,
R AR &5 B 2.

E-mail: clwei502@163.com

(WEI Chun-Ling Professor at
Beijing Institute of Control Engin-
eering. His research interest covers
estimation theory, control theory, and spacecraft
autonomous navigation.)

B¢ o A R ORI T B 7T
AL EERT T AR AT 4% R G
SR, RS, IR ATE
BAF.

E-mail: yangmf@bice.org.cn
(YANG Meng-Fei
China Academy of Space Techno-

Professor at

logy. His research interest covers spacecraft system,
control system, control computer, and trustworthy
software.)


https://doi.org/10.1016/j.jterra.2018.12.001
https://doi.org/10.1007/s10514-018-9796-4
https://doi.org/10.11728/cjss2016.02.196
https://doi.org/10.16708/j.cnki.1000-758X.2022.0070
https://doi.org/10.3873/j.issn.1000-1328.2015.11.016
https://www.theverge.com/2021/4/9/22374262/onewebspacex-satellites-dodged-potential-collision-orbit-spaceforce
https://www.theverge.com/2021/4/9/22374262/onewebspacex-satellites-dodged-potential-collision-orbit-spaceforce
https://www.theverge.com/2021/4/9/22374262/onewebspacex-satellites-dodged-potential-collision-orbit-spaceforce
https://doi.org/10.1002/sys.21428
https://doi.org/10.1109/MITP.2012.18
https://doi.org/10.1016/j.scico.2005.11.005
https://doi.org/10.1016/j.scico.2005.11.005
https://doi.org/10.1016/j.scico.2005.11.005
https://www.nasa.gov/press-release/nasa-will-inspire-world-when-it-returns-mars-samples-to-earth-in-2033
https://www.nasa.gov/press-release/nasa-will-inspire-world-when-it-returns-mars-samples-to-earth-in-2033
https://www.nasa.gov/press-release/nasa-will-inspire-world-when-it-returns-mars-samples-to-earth-in-2033

	1 空间控制技术的主要进展
	1.1 航天器姿态控制
	1.1.1 航天器自旋稳定姿态控制
	1.1.2 航天器精稳敏捷姿态控制
	1.1.3 大型组合体航天器姿态控制
	1.1.4 航天器稳健控制

	1.2 航天器姿态轨道控制
	1.2.1 再入返回自适应制导控制
	1.2.2 空间交会与接近停靠控制
	1.2.3 多航天器/星座编队控制

	1.3 航天器 “感知−决策−执行” 自主控制
	1.3.1 地外自主避障软着陆控制
	1.3.2 地外起飞上升控制
	1.3.3 地外巡视探测控制


	2 空间控制技术的发展展望
	2.1 超大结构航天器姿态轨道控制
	2.2 轨道空间博弈控制
	2.3 网络化航天器集群控制
	2.4 地外探测智能无人系统控制
	2.5 跨域航天器自主控制
	2.6 在轨建造与维护控制

	3 结束语
	参考文献

