B R (R 830
104 AEROSPACE SHANGHAI (CHINESE &. ENGLISH) 55 39 4 2022 RS 4 M

E:.F_l%— ﬁ-\ *EEE,Jﬁﬂ:i 5‘ }-‘- ﬁ*ﬁ:&lb\* ?'EU

R EH TR, B E,EAE
(bREIRRF FRAAFE L£PR, ZAEII %A RiE 150001)

B4 A AR R iﬁnﬁké”&%#@éﬁml BMRRE RET—FHATHHIRA(GPR)GHA A E
BB BEESENL,), BHEEAEAFAFIRD  EXRRGESENES THRES TASGHE BRERFHAFEY
BHAERIE, ﬁﬁ,&ﬂmi%éﬁwmﬁ#ﬁ&%éﬁﬁiﬁiﬁﬁ_%mi B R A A A it A2 w3 (SOGP) F k5 3] A%
Wk EA LR, G565 RGN MEZ T FEREERN LA AASHhE RGN T Z AERBAFTIEFGS,
IR R A A R T R AR R AR M ARIE T AR B R AR IZIR £ 6 Sl s R G B i A
HIGET TR E R B Ak, GRAV,ZOFIENE xS AE R BEIEH (ASMC) 542 W% | & p i
B kAR, B B B ey M AR JE T B 09 SRR JE A B AR 22 R AR

KEW: AR, Wl TR, & pIEH; BRI

RESES: TP 273 SCERARARAD: A DOI: 10.19328/].cnki.2096-8655.2022.04.010

Adaptive Sliding Mode Attitude Control of Spacecrafts Based on Gaussian Processes

ZHAO Yuxin, HE Yongxu, XU Geng, CHEN Liheng

(College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150001,
Heilongjiang, China)

Abstract: A novel adaptive sliding mode attitude control algorithm based on Gaussian process regression (GPR)
is proposed for rigid spacecrafts with model uncertainties and external disturbances. The proposed algorithm has the
ability of self-learning, and can always achieve attitude tracking with high accuracy, robustness, and efficiency under
different attitude control tasks. First, the sparse online Gaussian process (SOGP) technique is used to learn the system
unknown dynamics based on the quaternion nominal dynamic model for spacecrafts, and an SOGP technique is applied
to learn the system unknown dynamics. Second, a sliding mode control algorithm is designed by using the predicted
means of GPs, and the control gain is adapted based on the predicted variances. Moreover, the stability of the closed-
loop system is proved by using the Lyapunov approach, which guarantees the asymptotic convergence of the attitude
tracking error. Finally, the effectiveness of the designed controller is verified by numerical simulation. The results show
that the proposed self-learning controller has faster convergence speed, higher tracking accuracy, and lower energy cost
than the adaptive sliding mode control (ASMC) and neural network adaptive control algorithms.
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Tab.1 Parameter settings of three control algorithms
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Tab.2 Expected attitude parameters of two control tasks
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Tab.3 Performance comparison of  three [1] LIU X, MENG Z, YOU Z. Adaptive collision-free

control algorithms

FEHMESS | gk R, M, E,/(Nemes ')
ASMC 0.005 8 0.008 1 0.1857
1 NN-ASMC |  0.0046 0.007 3 0.249 2
GP-ASMC | 0.002 5 0.006 0 0.176 5
ASMC 0.256 0 0.030 9 1.983 2
2 NN-ASMC |  0.0056 0.007 3 1.986 8
GP-ASMC | 6.014 3X10 *|6.688 310 *|  1.9705
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