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Figure 1 Schematic diagram of rigid-flexible coupled space
robot
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Figure 3 Body-Fixed coordinate frame of space robot
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Table 1 Space robot parameters

ZH EE M1 2 3 T4 FF5 6

m/kg 400 30 25 10 8 6 8
ai/m 0 0 0.27 0 0 0 0
ay/m 0 0 0 0 0 -0.03 0

aJm 0 015 -0251 015 -035 0  0.07
by/m 0 O 05598 0 0 0 0
by/m 0 0 0 0 0
b/m 05 015 -0049 015 -035 0  0.16
0.75 0.4630 0.21

lo/(kg-m?) 133 0.4996 0.066 0.21
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0.75 45265 0.21 0.4996 0.0344 0.21
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IZZ/(kg-m'z) 133 0.375 4.2255 0.0588 0.0392 0.0520 0.09
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Table 2 Controller parameters

C1
C2
¥ 13
1.2

ko diag(0.6,0.6,0.6,0.9,0.9,0.7,0.7,0.7,0.6,0.8,0.6)
n 8x10*

8x10°
b; 15
Ci [-6---6]

PR b3 e B BEAT 07 FH 5, JRR A A R
5l 3 P AR M) HEAT 1O bl

<107
4
_ @ ) —
0 ﬂv CoL)
= \
= .2 N/
il
4 4 . ]
0 10 20 30 40 50
BiE (s)
«10*
6
= (c) |_(}| - ‘.
@ 4
W
EVAY. / \ / \
By 0 [ 'wJ _: I
€ / \]
iR ", )
K 4 !
0 10 20 30 40 50

g8 (s)

B 42 R T A pLas N A L iR E R 22,
thAT LG H, BRI SP-SMLQR #5428 7E 4 1244
PR YEFRAE B /INTE L, 3R B L6 AL ES N Bz ER i R
Himia e, R e EEE T RBF &ML
X 2GS S R Al T S R, DA B I N A
A8 TTHLHI T R G e g s 4T IO AR

B 5 /2 SP-SMLQR & & il #s rifr i 5 ol nr
CLE B, HPmihi] 77/77 %0 ih 2k 52 00 H 75 B 1TV e 1k
B 77 RS IR RGNS AR 18 AN [A]
REF RS, B2 2R E 3, Bl
FLIRE T DN v AR AR SRR S 5 R PR L 5k
[F R T RS R M) LQR &l 2%, i HEH
(O S 2 PR A M, AR T AR Sh A0 i R T
PE. A, RBF &M 5H8 AR 7 RGN & M I 1E
LRAG T HE— 20 BRAIG T A 4 ol 4 U] 4 86 25 7% oK, A
EchilpalbabiEL LR TSRS SV

«10°
10
,(._an (b) e ”.f'|
W 5 \
D . j | /
%E}. 0 H,—J-‘-T_‘p"y-r‘s(_t\{')'. {I}z‘_". ) Ii. .'I-"'. ‘.\.
- "
i
5 : . ' )
0 10 20 30 40 50
§9ia (s)
x10°
) . . , :
= @ S SN
£ A A .
o y
i 1
K
-2
0 10 20 30 40 0
6318 (s)

B4 Al HLas AR ERER R 22, ()5 L B ; (0)FE PR, (CONUIE KT A 1-3; (d)HLBE <15 /1 4-6.
Figure 4 Tracking errors of space robot. (a) Base position; (b) base attitude; (c) the robotic arm joint angles 1-3; (d) the robotic

arm joint angles 4-6.
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torques of the robotic arm joints 1-3; (d) control torques of the robotic arm joints 4-6.
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Singular Perturbation-Based Pose Tracking Control for
Rigid-Flexible Coupled Space Robot

XU Yuanfei, YE Zhe, WU Shunan, GAO Yuan and ZHOU Weiya”

School of Aeronautics and Astronautics, Sun Yat-sen University, Shenzhen 518107, China;

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-LQR composite controller
is proposed, which integrates sliding mode control (SMC) and a linear quadratic regulator (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
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