%536 % 45 10 ] o ML M TR Vol.36  No.10
2025 4F 10 A CHINA MECHANICAL ENGINEERING pp.2274-2283

AT A LR T BT B0 = > 19 42 1E AR e A
AR AT 1 il

W B EFXL
AT LR F AR AR F B AL, 310018

BE AN ET IR ERFERRATE THRARG P, E T —F KT EATHE ST ag 42N
g AR % A 5 3T 42 ) 3% (KROILC) , Eiﬂ&:u&v}’ﬁ' F dr Nt R e ] 2 A L AR R K T A ey B AL 7
i3t & Go 6 Bk o e R &Tm]««#’vhmﬂéﬁéﬁ&mﬁ T A% R AE & B A2 E AL, AE T B 6y Rk o el
EHEATRAEERFIERHNE, STEFIM MR EAFRHATEGL R EREIBP AT T T
Fé’ww‘,ﬁu‘ Bor a8 At Bk 5 3] 13 3], ﬁi’iv TR AL b 52 B B HE 25 R R, AT AR R 6 Sk AR B B

BHRT FIAEF E T 6 oMl Fo Al T B SR IRERE .

KB AT LA B IR By 5 AR PRI B 2 2 5 A% I Ak 5 3R AR 2 2 45

FESES . TP273

DOI:10.3969/j.issn.1004-132X.2025.10.014 FR R (RIRRS )RR (OSID):

Kernel Regularization Optimal Iterative Learning Control Based on
Trajectory Learning under Actuator Constraints

YANG Liangliang® CHEN Hong LU Wenqi
School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou, 310018

Abstract: To address the issues of non-repetitive trajectories tracking and potential actuator satura-
tion, a kernel regularization optimal iterative learning control (KROILC) algorithm was proposed. The
kernel-based regularization method was used to estimate the system's impulse response from input-output
data. Several zero-mean Gaussian process kernels were demonstrated for this purpose. The estimated im-
pluse response was applied to the controller, and actuator constraints were weighted in the objective func-
tion. Initial feedforward input after trajectory changes was learned iteratively. Experimental results on a
brushless DC motor show that the proposed algorithm achieves optimal tracking for non-repetitive trajecto-
ries while maintaining actuator stability.

Key words: actuator constraint; data-driven; non-repetitive trajectory; trajectory learning; kernel
regularization; iterative learning control
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Tab.2 Degree of trajectory parameter variation
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Fig.11 The 2-norm of the error for three algorithms in

0 5

non-repetitive trajectory simulation

M 1T AT DU =R R e 4 kAR
Je TS BE A R AR B B B AT B A A
B2 TR B HAE S 17 ER I T2 5L
6 4 % L {45 DDOILC 3% W #a T & Bl MEfE T
AL, 1 KROILC 5 BFOTLC W) 75 20 28 8 6 J5
R T sk, B 11 H/NESRE 5 30~36 %R
1 KROILC 5 BFOILC % 22 —{E 80 k1% il .
R AR . AR BFOILC BB A% AR fy 1 b B 9F 5 42 3
AT 45 o {0 KROTLC 26 B 1 5 4 10 00 305 B9 B
PERE, AR E Bk /N, T3 58 . S
I AE R gk S R P R A A L DDOILC
R 1% 25 9 B0 B B K B B R P AR O AL
KROITLC 415 22 {5800 MW 8 778 2 5 1y %
FeEFR R EE H BEOILC T8 4 (i BR i PR B
4.2 LIGHIE

TR WE 120w, 8BS Gl

il BT 3 P AL A B . FRMIL Y B E LR Ry 24 VL B E
HLUI R 117 A % 5% 3 R 6000 r/min, 8 28 5% ¥
A R 104 mNem, 5 % £ 27.8 mN-m/A,
a8 20002k . FIFEMLE— G PCHL, ATt
LR — A ARM IS 35 A D % 3K 3 44 i 42
B

AR TOR B AL

B g
E12 ZTRIERBIXEES

Fig.12 Brushless direct current motor

experimental platform
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