HERZE: MEFE hFE XXF

2026 £ £ 56% £ 10 H3: 104511 Q(ﬁzmﬂ,%)%ﬁﬁ:

SCIENTIA SINICA Physica, Mechanica & Astronomica physcn.scichina.com SCIENCE CHINAPRESS
7 CrossMark
-KQ I & click for update:

ETHFiRaEIe NS == a1 28 A2 R ER
122

HIm X, vt SR, i, B AR

Tl REEAE AR B, I 518107
*It & N, E-mail: zhouwy73@mail.sysu.edu.cn

WeRE H 39: 2025-05-02; 4352 H 11: 2025-08-29; W2% i AR H 191: 2025-10-20
E X HRRLE R S (U5 12472049, 62388101, 12202509)FNRIITT BHL +H K1 85 Bh I H (45 202206193000001, 20220816231330001) %% B

BE HANFESHAHZEMSHR ORI EAE = F LS A LR ER A, AXERE - MHETHFRE
HELNEE- L KA RATELEAEFE. ETowrdainE EE 4 RE, BT T AESEIH LG RL
HIRI AR 6 Z AL S AN A FARR, B A R R BRI MR TR, B TR 0BG FER
AR ENUEHEE T ARTHERZERANEE T A%, HHRE TR, BT A &H R F R SUF I
B B N VAR AL LA AR B, B BIONAR A B AR R ST R R S HAT M, R A B 3 R A M
BFHRE HARETFAG, ETREEFAZLRITAME AR RATE. FEEREH, IR EH S £ 5K
E. BHREURRIF A E XA €, B T Hr R 4= 77 % 098 3.

KigiE ZTEANFA, FRES, FREDEL, BENHEFNE

PACS: 02.30.Yy, 07.05.Mh, 45.20.]j, 45.40.Ln, 45.80.+r

jilllg

1 35l PERZENE AR AR H R 58 2 ROTIRAS,  IL AU S5 B dE

KRBT RE K42 W) B m g L 25 18] K B BE

BEE S (H 2% FERYEE . PUERE R RR S R 2k
FURATE 55 5 oK I H 233900, A% Ge WA 2 TR LB 76
XRVERIZE . AR SR B AR ER S B A 5,
BT ILIEN . BB RIEEALHREIR, A
DL 2 2T 25 7R B — ARl as ol
IEERRRT JEIT R FHAEMUR SR B, 4RI T &R
i ¥ B VE AT RENEA FHRCR, A aAE 55 1 AT
AL TR R T SR, AR, FERUE IS B R

uh KRR S M (AR S 4. TR pLas A
RHERRSE BEANRAE S B IAAR, £55
BELJE 2 1) 85 A 5 SEHUBMURES 32 st il i 7™ A= 2
B 5 A AR AIHEAT T Z A, BEE KRR
SPRISRI AT R, SRR RSt 2l R AR
P BB HHIEAL B dhAh, 2 FILEE A AR
PUBE 5 RAER T MRS SR E AN, =3RS
AT N AEAEAZ AME. SRS

Astron, 2026, 56: 104511, doi: 10.1360/SSPMA-2025-0188

SIAMEI: VRm K, i, SRR, 45 3T RS BRI SR A A (I HL 28 A S BREE ). Rl WEReE Ji2E K02, 2026, 56: 104511
XuY F, Ye Z, Wu S N, et al. Singular perturbation-based pose tracking control for rigid-flexible coupled space robot (in Chinese). Sci Sin-Phys Mech

© 2025 (PIERFE) Aktk

www.scichina.com


physcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA-2025-0188&domain=pdf&date_stamp=2025-10-10
https://doi.org/10.1360/SSPMA-2025-0188
www.scichina.com
https://doi.org/10.1360/SSPMA-2025-0188

VR WA i ERE: MBS s ROCE

2026 £ Hs56%E 10 #

RGE, HPR B v 22 8T ik, R, T 1
PURSHERRAEAT S5, R — M AR RS N 2 [ AL A=t
FRPER ekl T, AR T BB AR IR A2 AT
Srtia e .

B2 (L8 N BRERFE M 10 R1, & FH 4 ) 7 v
TG LA 5553 (Proportional-integral -differen-
tial, PID)F i), AR T2 d 1L d il o
fha >0t 3 2 N2 F4% ) 5 (Radial Basis Func-
tion, RBF)FHZEMIZE, $Eth | — ka7 i £ P Azl
T, i E S a LA ORI, ST A )
Mo NBUZs o F e BRI, Lide N T — Rl & 2k
7R DR A LU0 2% ARSI Fo 0 42 o] ) AL 2 a2 S
ER¥EHITE, BRI RS BT TR /), &
FAERSATS. Tia%e NPVelsd 2 [ ML 8% A L0 R
FRiE) R, $RH T A 2N B & SRS H T, SEI TR
RGAH I EHEEH). Guod N%Hnt [ HiFshi
RS [AIALES N BT T AE SRR Tt 42 i 2%, 43 X0
e T AERERUANH 8 PEAN AN N BRER S ] e L B
A9 X 2 RSN BP9 2 TR WL 1 R 4 i ) A
B 75 SR B A 2, T 2[RI L 2 T SRR
B BRI HE ] R S M AN AT 2

ERXTHIZERE & T RINLZE N R G, FERRSH
RAMH 1 AR B A i . G T[] i ST B
e b R BRI 5 e A A AR BN A, 2 B AT )
KAEFEARBRK! . Fonseca® NSVl xit & 1 A BH %
WRAR I LA, SR VR AR AT L fr, T PIDFE il i
T BB SREROE SERTR. B
ElCIpLES ity e YN N C R U ETF S VSEERS € L TN
FEUAR IR 3D, fEHLR 2248 | ik 2% 5 N AR
AR, R T R TR A ANER R SRy
F. B ERITERR A BRI IR S), (HRH
LA B s 0 N AN 3 BB A R FEAIC, b5 N TR
I, BAME TR RS RGPk, SN T ERL
PP EIRE. AL, AT SN RIS B K AR
TRAX — e jg.

A AR — P T 1 Z R RESS R
GER)Je AR R T, T NIMEE 3 5 R VR SRS & 1)
KRG ARARERY. BT wRrEshEg, Al
WS RGER ISR T R, T 5
BT EE, AR ORUESE I M R 1 [R] I & 2 PR R R
Ze g Khan®s NPOR S 2 MESC T LA AAFLE I 2

Bt ARGt RIKSEE ), 32 R T 5 7 1)
IEANP AR R 25 (0 & A - I B 4%, Qiss
N2Vl ot P 5 45 UG T 6 2% IR 48 1 o A b A2 4E 11
ARFAITFPOMPANEIRBY I R, $EH 7 — b 5 & AR A
IR B ) 7 S AR SR ) 7 . Yang s NP HoA WISk
R E B TR LA, BT A R s e vt
I R R AR B 5 ) 2 A P T SR SRR
NPV N 52 BRIV 2 e s R HLES N R 4R,
Fe T A7 e 10 s FS 5 Mt A B e T ISR 2 )
T EE ZEAE SR 2 M s PR A o R VR B A T VK,
SEHURE WIS shz B AR SN BUA % TRk AL
s NI 7 TH I 7E S8 2 OR, ERZED T
FVERATIRBN AW ) B, HL SRR P I U 1 5t
XGRS RERINIERE S RYE, E5) )i @i 5
TR A AEA 22 53, T2 AR I AE 45 K PR U5 5
AL TTTH . I 22 e B AT 5 1 SR HE DL LR
F, ekt FE I S BRI T ok 18 Bk

A3 i Jourdainid B A8 73 IR FE ST WIS A 23
[N & N8 iR 2 5 3k s PR BETH I AR - 2
M R B %% (Singular  Perturbation-based Sliding
Mode Linear Quadratic Regulator, SP-SMLQR)E &%
il &, Bem, I 07 LIRS ] 7V A R

2 F[ENF|ASHFERE

LNV IVSIKIES  Fs IR AR <y RN
FUEF X IRIZE A A S AL N L BEB . nH HHBE A
WRAUBE (Bo-Byet) MO FRATT R ) AL MR (B a2y Bras)
R, FHAEHEPNARE N R G R RS G, VIR
FFSeBUE AT . 22555 5 J 4 k.

NESIAREE BN )T, WAL bR R 2 B E 7E
KBy L, 8 HE B, (5 3B H H EEA3AS 3 H
JEE ) 38 5 P B R R T ] ) A R ML
BHEFEEBIRRE, (= 1,...,n+1). THEWHRA
Craig-Bamptonf 45 25 515, FEN ARSI 00 4 J5 A5
PRFEIARR R, (i =n+2, n+3).

TE S LA N B NIA AL A7 R

q: [xb!ybszbsa9ﬁ9y9919'“301‘3'-'96n]T(i: 13‘“9”)9 (1)

X x5, yo, zMa, B, p 73 A NHE KT Bl A KR ATCAL
G OYSESICIE RSN PSRRI S

104511-2



VR WA i ERE: MBS s ROCE

2026 £ Hs56%E 10 #

_— Bn+l

B nt2

Zy Y,
Bok‘)(o
Bl 1 (MZhMEE)NIZES T LS AR

Figure 1 (Color online) Schematic diagram of rigid-flexible coupled
space robot.
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Figure 2 (Color online) Control system block diagram.
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Figure 3 (Color online) Body-fixed coordinate frame of space robot.
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Singular perturbation-based pose tracking control for rigid-
flexible coupled space robot

XU YuanFei, YE Zhe, WU ShuNan, GAO Yuan & ZHOU WeiYa"

School of Aeronautics and Astronautics, Sun Yat-sen University, Shenzhen 518107, China
*Corresponding author (email: zhouwy73@mail.sysu.edu.cn)

This paper investigates the pose tracking control problem of a rigid-flexible coupled space robot subject to parameter
uncertainties and external disturbances. A novel singular perturbation-based sliding mode-linear quadratic regulator
(LQR) composite controller is proposed, which integrates sliding mode control (SMC) and an LQR to achieve robust and
precise tracking. The rigid-flexible coupled dynamic model of the space robot, that accounts for both uncertainties and
bounded disturbances, is derived using Jourdain’s principle. To simultaneously ensure trajectory tracking accuracy and
vibration suppression, the dynamic model is decomposed via SP theory into a slow subsystem governing rigid motion
and a fast subsystem describing flexible dynamics. A finite-time convergent adaptive sliding mode controller is
developed for the slow subsystem, enhanced with a radial basis function (RBF) neural network for uncertainty
estimation, while adaptive compensation is employed to mitigate estimation errors. For the fast subsystem, an LQR-based
optimal controller is designed to guarantee rapid stabilization of elastic vibrations. Numerical simulations demonstrate
that the designed controller achieves excellent performance in terms of control accuracy, robustness, and vibration
suppression, thereby validating the effectiveness of the proposed control method.

space robot, sliding mode control, singular perturbation theory, adaptive neural networks
PACS: 02.30.Yy, 07.05.Mh, 45.20.Jj, 45.40.Ln, 45.80.+r
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