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Abstract: To minimize system uncertainty and external disturbance in attitude tracking control for rigid
spacecraft, a predefined-time sliding mode controller (PTSMC) is proposed. First, the spacecraft attitude
tracking system is developed with quaternion parameterization, and the predefined time sliding surface is
designed using an error quaternion and error angular velocity. Then, considering the uncertainties and ex-
ternal disturbances of the spacecraft system, a PTSMC with a non conservative upper bound is designed,

and the noise of the system is reduced using boundary layer technology. Finally, by designing the Lyapu-
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nov function, the predefined-time stability of the proposed controller and the non conservative upper bound

of the system convergence are demonstrated. The simulation results show that using the proposed ap-

proach, the attitude tracking accuracy of rigid spacecraft can reach 1. 5>X 10 ° rad, and the angular velocity

tracking accuracy can reach 2>X 10 ° rad/s. Compared with the existing predefined time control and non

singular terminal sliding mode control, the upper bound of the stabilization time of the proposed control is

more non conservative and has higher tracking accuracy and robustness. The effectiveness of the control

scheme is further illustrated by the attitude tracking experiment of the 3 DOF airborne platform. The angle

tracking error is less than 0. 1 rad, and the position tracking error is less than 0. 2 m.
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Fig.6 Attitude tracking errors of PTSMC, PD and
NTSMC
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Fig. 7 Angular velocity errors of PTSMC, PD and
NTSMC
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Fig. 8 3-DOF free-flying robot floating platform
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Fig. 9 Attitude tracking experimental results of the float-
ing platform of a 3-DOF free-flying robot
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Fig. 10 Changes of x, y and ¢ of the floating platform

with time

AR SCAEAREPERE RO RTHR T, M T ALK 28 19
T SCR ] 2 25 MR () B, il 2 Lyapunov #5
FRE , FRAT A E B TR A i R T
KA B 8 25 R B %) R s ) 2 AT DL a4 o 2
Bowids . [ AR T3 B e 4R
Tl SR W, S BT 0 A ) D 4 0 SR T 2 T

http://www.cnki.net



2900 P

K T 5 29 %

ANPRSE Y XA R R 2% 2 38 U8 B ) ) A
LIRS N S TR0 N g 11 N R P PN
P %5 A BR B 1% 25 RGBT 3k 1,510 ° rad, £ #H
BE B R 22K BE ] 3K 2X10°° rad/s, [A) B 3
W T A 5 AT A ROk A

SE WK

[1] XIAYQ,ZHUZ, FUMY, et al. Attitude track-
ing of rigid spacecraft with bounded disturbances
[J]. IEEE Transactions on Industrial Electronics,
2011, 58(2): 647-659.

(2] Fo, 2= . BEAEGIERER: H bR 0958 2 15 (i

FRA[T]. k% #%E T4, 2019, 27(8) : 1854-
1862.
YINF, WU Y. Model reconstruction and pose opti-
mization of non-cooperative rotating space target
[J]. Optics and Precision Engineering, 2019, 27
(8): 1854-1862. (in Chinese)

[3] WANGF, MIAO Y, LICY, et al. Attitude con-
trol of rigid spacecraft with predefined-time stability
[J]. Jowrnal of the Franklin Institute, 2020, 357
(7):4212-4221.

(4] Far, 2R, 7, F. a2 RHNZ

A PREDULI P S RILT] e R A,
2019, 27(1): 58-68.
FANG Y K, YUANB W, MENG Z Y, et al. At
titude control in multi-satellite cooperative observa-
tions for distributed remote sensing [J]. Optics and
Precision Engineering, 2019, 27 (1) : 58-68. (in
Chinese)

[5] #%, MRAAE, F o 0. 56T QUM LR 00 = A

BEt MR Sk [T]. k¥ M E LA, 2020, 28
(2): 350-362.
LIU J, DENG Y T, LI H W. High-precision pho-
toelectric acquisition and tracking based on cascade
sliding mode control[J]. Optics and Precision Engi-
neering, 2020, 28(2) : 350-362. (in Chinese)

[6] PUKDEBOON C, JITPATTANAKUL A. Anti-
unwinding attitude control with fixed-time conver-
gence for a flexible spacecraft [J]. International
Journal of Aerospace Engineering, 2017, 2017:
1-13.

[7] WANG Z, SUY X, ZHANG L Y. A new nonsin-
gular terminal sliding mode control for rigid space-

craft attitude tracking [J]. Jowrnal of Dynamic Sys-

g I N Pl i L1 O S = B T 7 7 e
A IR R R ZEAE B . A 3 A R R TET
ELDEARY Y 7o el I oF e iR S &
IR AR 22 /N T 0.1 rad, {7 B R BE IR 22 /N T
0.2m,

[9]

[12]

[14]

[15]

[16]

tems, Measurement, and Control, 2018, 140(5) :
051006.
POLYAKOV A. Nonlinear feedback design for
fixed-time stabilization of linear control systems|[J].
IEEE Transactions on Automatic Control, 2012, 57
(8): 2106-2110.
70U A M, KUMAR K D, DE RUITER A H J.
Fixed-time attitude tracking control for rigid space-
craft[J]. Automatica, 2020, 113: 108792.
SANCHEZ-TORRES ] D, GOMEZ-GU-
TIERREZ D, LOPEZ E, er al. A class of pre-
defined-time stable dynamical systems [J]. IMA
Journal of Mathematical Control and Information,
2018, 35(Supplement_1): i1-i29.
JIMENEZ-RODRIGUEZ E, MUNOZ-
VAZQUEZ A J, SANCHEZ-TORRES J D, et
al. A Lyapunov-like characterization of predefined-
time stability[J]. IEEE Transactions on Automat-
ic Control, 2020, 65(11): 4922-4927.
ALDANA-LOPEZ R, GOMEZ-GUTIERREZ
D, JIMENEZ-RODRIGUEZ E, et al. Enhancing
the settling time estimation of a class of fixed-time
stable systems[J]. International Journal of Robust
and Nonlinear Control, 2019, 29 (12) : 4135-
4148.
SANCHEZ-TORRES J D, DEFOORT M,
MUNOZ-VAZQUEZ A J. A second order sliding
mode controller with predefined-time convergence
[C]//2018 15th International Conference on Elec-
trical Engineering, Computing Science and Auto-
matic Control (CCE). September 5-7, 2018,
Mexico City, Mexico. IEEE, 2018: 1-4.
JIMENEZ-RODRIGUEZ E, LOUKIANOV A
G, SANCHEZ-TORRES J D. A second order
predefined-time control algorithm [C]//2017 14th
International Conference on Electrical Engineering,
Computing  Science and Automatic  Control
(CCE). October 20-22, 2017, Mexico City, Mex-
ico. IEEE, 2017 1-6.
BHAT S P, BERNSTEIN D S. Finite-time sta-

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



% 12 3

TEAEH A5 WA R A% 04 T SCIRF ] 3 A5 42 ]

2901

[17]

bility of continuous autonomous systems [J]. SI-
AM Journal on Control and Optimization, 2000,
38(3): 751-766.

SANCHEZ-TORRES J D, SANCHEZ E N,
LOUKIANOV A G. A discontinuous recurrent
neural network with predefined time convergence
for solution of linear programming [C]//2014
IEEE Symposium on Swarm Intelligence. Decem-
ber 9-12, 2014, Orlando, FL, USA. IEEE,
2014: 1-5.

fEE &I

FTAEE(1996— ), I TR MW B, 1
WS, 2018 4F T P AL A MR BL 45
BRGNS VANE N S ORI
BN AL A A F22 1 25 D T ) AT

%% o E-mail: saihuayangl8@mails.
ucas. ac. cn

[18]

[19]

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

WENIJ T Y, KREUTZ-DELGADO K. The atti-
tude control problem [J]. IEEE Transactions on
Automatic Control, 1991, 36(10): 1148-1162.
R, FRAA, KO, F . AH ATHLE AR
Bl g Bt (1], k¥ % 242, 2019, 27(2):
352-362.

XU C, LID W, HE SH, et al. Design of air-bear-
ing simulator for free-flying robot [J]. Optics and
Precision Engineering, 2019, 27(2) : 352-362. (in
Chinese)

BIRIEE

BIRFA(1982— ), B, NS T A,
W3¢ 51, 2005 4 . 2010 4 F o [H Bl 2
AR K913 %+ 220, &
N A ] RE ML 2R N (A ] e K R
W R 3 e i 5 1 B SE . E-mail:

xuzhenbang@ciomp. ac. cn

http://www.cnki.net



