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Error-Tracking Iterative Learning Control for Robot Manipulators With
Iteration Varying Lengths

CHEN Qiang' CHEN Kai-Jie' SHI Hui-Hui’ SUN Ming-Xuan'

Abstract In this paper, an error-tracking iterative learning control (ILC) scheme with iteration varying length is
proposed for the trajectory tracking of robot manipulators with arbitrary initial shifts. Firstly, a hyperbolic cosine-
shaped desired error trajectory independent of the desired trajectory is constructed to relax the identical initial con-
dition requirement in traditional iterative learning control. In the presented desired error trajectory, only one con-
stant parameter needs to be set in prior, such that the computation can be reduced, and the design of the desired
error trajectory becomes simpler. Then, the problem that the operating range of the robot manipulator varies with
the number of iterations is investigated, and an error compensation mechanism is established to compensate for the
error information of the non-operation intervals by defining virtual error variables. Consequently, the identical iter-
ative length condition in traditional iterative learning control can be relaxed. Based on the Lyapunov-like theory, an
iterative learning controller and a fully saturated learning law are designed to guarantee that the joint position of
the robot manipulator could track the given desired trajectory in the specified interval and the boundedness of the
estimation of the unknown parameters, respectively. Numerical simulation results are provided to demonstrate the
effectiveness of the proposed scheme.

Key words Iterative learning control (ILC), error-tracking, iteration varying lengths, robot manipulator

Citation Chen Qiang, Chen Kai-Jie, Shi Hui-Hui, Sun Ming-Xuan. Error-tracking iterative learning control for ro-
bot manipulators with iteration varying lengths. Acta Automatica Sinica, 2023, 49(12): 2594-2604

1EAREE 2] (Tterative learning control, ILC) SR R e A IR ER, O 2 N AU ST

e @it F R AR R 1T 22 5T, ARBAR AT S WPt R0 2 ik A2 S 4 i ik
MR SRR R R IPE A, RSB RIK gy 28 TARAIORATITIE AT AR LS AT, €5 D 2
P AR PD & S 8L ik, T Lyapunov

ek F1 301 2020-08-20 3% FI Y] 2021-04-29 R B d kA 2] #51] (Adaptive iterative lea-
Manuscript received August 29, 2020; accepted April 29, 2021 3 g 1014 K S L B S ot
5K R 23 4 (62222315, 61973274, 62073291), ZUH #HE A5 rning C(zltml’ AI‘PC) 734% . *\Hp[;%”mf’ Hbﬁ?kjf
S 3 TP RO F H 4> (GDSC202010) % B XA E RASEN HIENIERE: S, MR
Supported by National Natural Science Foundation of China e EL 2 oty b b
(62222315, 61973274, 62073291) and Ministry of Education Key %J%ﬁn}ﬂs'ﬁﬁlﬁﬂ‘ fi HE.- ) )
La?{ato?%gggni’gzct Fund (GDSC202010) Z W ILC ﬁYiﬁﬁﬁ%ﬂ??\?}E%ﬂﬁﬂzi‘%iﬁ?
\I% i X % S S N S Y 2 A S =
Recommended by Associate Editor LIU Yan-Jun ’Hﬂ%ﬁl‘ﬂl%ﬂ ;Z‘:' ‘I{_:T‘ ’ EI] {k%{ﬁfj‘—%% EP ) /% é}‘ﬁ ¢l {ﬁ Hﬁ%
LWL LKA B LR SR Bl 310023 55 BB R A R — B, SR, ZE NI 2%

1. College of Information Engineering, Zhejiang University of

Technology, Hangzhou 310023 SKhr ARG, BT A IR T DR 3R E LA S SE R



12 # R am a5 MUBRES X B iR 22 BR B i AR 2% ) i 2595

ZAME — B AE L2 R, W] R 3E A

R I A i R Y, IR A A I v
S SR [19] XA ST B RGE 5 YA S L
R RIS RS BIHAT T 4007, 3R LS B A
ST 2R I T B 5. SR [20] SR = £ B
R 7 2 0TS L R KR AR TR Bk
i, SIS B B U AR T 5 1
. ORT, TS PR A AL i R
S I IR, TR, R AS S TE TR
S PR 7 T R R e LS. 7E R L
SO [21] B R B I, R
SBT3 ST 58 (I 22 B I L 1
WTLEAE IR, SR A E 7 LR, i 22
B 0 B2 2 L 1 RS IR R S L,
LT R 2R A ST LA B i
By,

BESh, BT BUR B S 5 bR R G AR TE R4
YR 2 A IR RS S R ), S B )
38 e e 4 AR K FE R AR A, R
ILC &K R, ot B U HUb s h T
RSB AR SE, T REAEE A K R B ik g
PR RERAR AT b, EAT, O [ ARt
ILC &K i B AT T BRI, SOk [24-25] #1085
O T e P R 55 1 TLC S K o, B fe T4
BT, IR PR AR B RS 2
T BB S M RS T, (RS o
FER ELAIE A KT B 00, EL R BRI iR 22y 22
HEAT I 6. SR [26] % %A% KRR 434 R K
WL, S A K R P2 ST B U7,
SR W BRI 15 22 7E 497 B b OBk, AT, %
TAEIE R A TR, SOk [27) % e A
U B B — K B O 2 b R, 4Rt B
TR 1 T 49 B T AR 2 ST B 7 i, 6 7E
2 F1 i UM 5206 & F B E %07 v A
SOk [24-27] 2 7 B 2 S8y s BN ) 2o M R 4,
PRI TR 4RI v, AT A4S
B3R AR,

BE AR S AR G TLC AR5 K [,
SOk (28] B IR 2 A ML B T HAME B,
SR 9 5 U A B R, B2 1
FITE ST, 2R Gol th A% SR BT A ) 5 4 R
B, SCHR [20] i 5\ G bR 2, 45 2 kA
UM AR ] — I 22045 AT 2 5, S h gt
704 4 Bl BB GIE I A AR K FE RS 0L F RGOS 1
HCBIcHE. SOk [24-25) RERBT MO e AR L ME P 20 2
SEi TLC AR5 K R, (8§31 5% 7 7 s SR M

—HEAF. T Z LR ARG ILC YME AT A
SEA ] R R N A, DRI SOk [24-29] B9 ARG
TR N RAE SIS T AP R ) L. K
SCHR [30] B HUARE ik R b B TLC A4E 17 72
AANEEA ], 5 PR B IR TR IR SE MM — Bk
F, FFIEI AR ISR T RGEIRZE I Ly EH K
Y. R0, RSB IE TN EAE R GOSN R R E
P EE, S EOHERERK.

BT UL ETHE, ASCHE TR BRI T FIVUME
B PR R R, SR — PR R R 2 BRERIA A 2
DT, B0 TLC HME 1)@, #ig 5 3 B A
R AR AR 52 AR ZE U, (AT GR B P AT
BBE, LS SR A 2 I M IE — Bk A
S PR BIETEM L, 42 151 5 3R 22 Lk
i LR SR PR iR Z A S L S RO A 6, HIER
ZER L FRIE AL RR UGS AN T/ o it AFET
BUA AR ZE BB TR AR SO R IR ZE
A T B E N HEOW, AR IR ZE P BT S e
il BEXF ILC ANSEA R, A3 R DL DR 22 A8 B iy i
WEAMEILE], T AMERISTXERERS R,
JRCTEIE A EANAL 1A PR 1) 25 1. 5 3R [28-30] #H
Pt ASSCHR A A BROEIEACS: S 4 Uy i, #efs
A R0 G 2 B THE R IR SIS B R TR AR E
I AL, DR AL o 7 i B iR 22 AE NS A X ]
FERER BRI

1 e AT AR
HHE n I E I O RIPEBUIRE , JLals Jr R

q1,k = q2,k
M(qi,)d2,x +C(q1,k, 92,1)q2, 1 + (1)
G(qi,k) =Tk + di

He k =1,2,3, -, FRERKE, g1, € R,
go,k €R", Go, € R" 73RN KT E L KT L
RTINS, M (qu ) € R RXHFRIE E 157
HiFE, C(qrk, q2.x) € RV N ALO—FE BB HRE
G(qi,x) ER" NEHFE, d, e R" LR B RS
BERLAST 5 PE NSRS AE N I B30, i 2
lldi]| < d, d N—RFIEFEE, 7 € R" KRR
LIEIN

MUME 240 (1) BA WS-

MR 1%, 6 M(q1, 1) — 2C(qu. 1, g2, 1) =R}
SERREEE, BT R E 2 € R, " [M(q1 k) —
2C(q1,k, q2,1)]x =0 JEAL.

MR 20 X TAER I E q, g e RPAMEE R E
A& v, v € R", fRAE— D AREN I AR 2 5 m) &
6 c R, flif



2596 B | 1t =2 Eitd 49 %
M(q)v+C(q, v+ G(q) = W(q, 4, v, v)8 (2) 41,1(0) = G1,%(0), g7 ,(A)=0 (6)
Heb, Wig, 4, v, 9) € RV R EIEAEFE. G k(0) = @(0), @ x(A)=0  (7)

E%%%U%%iﬁiﬁ%%%ﬁzﬂﬁ‘zﬁ& 51

SIEE 1. ZEbRE o b, Wi b<a<b, M
UL AE ﬁﬁi
[sat(b) — a][sat(b) —b] <0 (3)

Hrr, b 90 B EF, b b KRS, sat(-) SHIATER
#, HREA N

sat(b) = {

AL B bR E X BV N HLRE R 4%
(1), WG 23548 o, (515 kAR Sk &
[T I F I, RALE g (¢) B AESR E XA [A,
Ty) BRERIAE NI qq(t), B Mk — oo B, H G x —
0,t€[A, Tk AT

2 HAEIRERHILI

2 LR AR ST AR T — R ELR RS 2
WHE— B
{(h,k(o) = qq(0)
q2,x(0) = q4(0)
Xk L. SRR SEFRIZ AT, BT HLIRE & 4 i
72 UL RN 5 1) AR AE, 264 (5) — ModE LA
JE. PR, AR ORI — AN T 3 B8 e 1) B R
WL 7 (), LUBTEHIE — B (5).
WP 1 B, W1 ZE #0000 2 R 22 T R Lk
FIVE N = L s e e i, HLIEE R ZE Bhadb (R vt
B 2 LR 2

. b
, b<b<b (4
b

o o o
VAN VANRWAN
ot o o

()

QI.I;(O)

qi (1) /rad

(NI{.k(A) =0

A
BAS t)s

K1 EiRENL

Fig.1  Desired error trajectory
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