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Repetitive Learning Control Method for a Class of Uncertain Systems
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Abstract
of the backstepping method. Based on Lyapunov-like synthesis, a learning controller is designed for handling parametric

This paper presents a repetitive learning control approach for a class of uncertain nonlinear systems by means

and nonparametric uncertainties, such that system state can completely track the reference trajectory over the whole
time interval after many iterations. Both the partially-saturated and fully-saturated learning mechanisms are discussed
respectively. The uniform boundedness of all variables in the closed-loop system and the uniform convergence of the

tracking error are guaranteed. Simulation results demonstrate the effectiveness of the method.
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(73), W#EfS, Mk — o0, 2z, (j =1,2,--- ,n) 1
[0, T] ER—Eulksun.

(72)

(73)
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Hoen 5z MKRER e, = Zez, ATHI, 4
k— o0, e (j=1,2,--,n) 7 [0,T] F@—3lk
S O

E 1. B\ BRI PTRTAL, M4k — 00, Zn_1k,
Znk M Qn1p BPRFSHET 0. K e — 0, 7]15
S — 0 Fl 09y, — 0. HIL, MAiilAE (41) oAHE
B, il 0 R B 6 A R A B e 3
2.

A 2. ER 1 AT RIE M RGN R
FETEFCS RS R, S8 B 5 LA AT eR B0
ZEAHE A SR 2 S BAE R, (BAEER
FERREFS A E. AT RERF 1A PR 78 il e o 1Y
FE, FETEF AR EOR S A BRI

32 FEEMREFS]

e EMRIES M e, EHaE X LS55
Oy BRGNS A ), 2 28020 50 ol T S 4y
H

9,€ = satg (9;)
8, = saty (0,_,) +7120,400%

Dy, = satp (Dy,)

Py, = saty (Py_y) + V220,09

Gy, = saty (U})

— Y3Zn i (74)

Ht, 1 > 0,92 > 0 Ml ys > 0 R[S HL. 10
%HZI%I/\”M’E%H? 0., b A Ak, MM T4 AT
T, PHLAR A 5E 2 RRIE. ) H %X

0,0, 0, 0. .=-20, 0,0, )
0, —0,_)" (0, —0,_,) =
— 90, (0, —0,_.)+20, 0, —0,)—
0, —0,_1)" (0 —0,_1) (75)
HSCTk [21] HiE I 2.1 S
(8 — saty (8,))"(6, —saty (6,)) <0 (76)
= (75) K& (76), nf5
0,0, -0, 0,,<-20, 0,06, (77
FADI, AR PR

—Dr_Pe1 < —2B, (B

Uy = saty (U} _;)

P.by —Ppa)  (78)

(ﬁk - Ur)2 - (ﬁk 1= Ur)2 <
— 2(uy — ) (dy, — 1) (79)

B2l (77) ~
ALy (t) <

t n
/chzjde—i—Vk 0) — Vi1 ()+

/ ane 5(pkd7'—/ ’0 (5QDkHan|dT+
0

(79) HEAZKL (52)

t
/Zn,kgrp 0 dr—
Ot i
/ G n [T 5] [20 AT+
0

t
/ Zn,kgr (ﬁk - ur)dT_
0

t
711 O 8" (60—, )dr—
1 t
7 s grpk (Pk Py_)dT
1 [ PV
| o —aar(50)

WS EEHAEE (T4), W15

AL (t / chz]de—l—Vk() Vi1 ()

(81)
MR (51), H4t =T, W15

Z/ 125 pdr (82)

L (82), AAUERT Pk g HL.

B 2. X TR 1~4 RS (1), R
PEdil A (41) PARSEEIRIE S BOE i (T4), Wl PA
PRUER G AR [0,T] LA 5 HY
k — oo B}, BREFRZELE [0,T] E—BUstT%,

,n (83)

AL, (T

klim ejr(t)=0,t€[0,T], j=1,2,--

4 (HEHEH
A

.%"1 =T9

BraEL 2 5

&y = cos(x) cos(16mt) + cos(xs) sin(8nt)—
zy — 25 + (14 0.1 cos(sin(t)x,))(sin(z;) x
cos(27t) + sin(xy) cos(4mt) — x5 + u)
(84)
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Eild 46 %

Hrb, Z2HORHE N, 0 (t) = [cos(167t) sin(87t)]T,
p (t) = [cos(2mt) cos(4mt)]T, 1 & B %0 1A &
A, ¢ (x,t) = [cos(z1) cos(z)], ¢ (2,1) =
[sin(zq) sin(zo)]". AESEAHE R, m (x,t) =
—xy — a}, M (x,t) = —axf.  FEHI N,
g(x,t) = 1+ 0.1cos(sin(t)xy). SHFESH M =
1 + sin(27t) + 0.25sin(4nt), ro = 2w cos(27t) +
meos(drt). WRERMA T = 1. REWHRES
21 (0) = 1,25 (0) = 3m, B Brs = 1+ |23, +r} +
1 k71|, Bog = X1 + r1], WK 1. B go = 0.9,
Gmr = 1.1, B3 = 0.1, ¥ 2RI 2.

RS (41) ARSECEHE (47) #1705
B, £Z8WE RN, ¢¢ = 0.5, ¢ = 0.5, I, = 12,
lhb=12,13=24,1, =312, vy =% =3 = 10. &
giisdr 40 NMEWE, TESRNE 1~7 s, &
GRS 40 A2 I PR ESAE R o A 2y 43050
W 1 FE 2 s, ATAE ), & 22 A JE i
MG, RGRES z TR ] g4 BRER FI
BEHGE . FE5 40 A R g AR EE R 2
Fl 2o ULIE 3 FNIEl 4. FEHIEAESS 40 422> J&
PIEBE SO LI 5. K 6 KR Jue B> JE AR 4
oL, Hrr Ji e i= maxyeonler (t)] FTE 0,7
FRZE e HRMERIAME. B 7 ER Jop BINEL
oL, H Jo i= maxejo ez (1) FRTE [0,T]
FiRZE o AAXHE ) FKAH.

5 Zhip

RICE M — R E M A E AN RS, Wi
Lyapunov-like pR%(, BitH &~ ) il 7 ik, ALHE
RGPS BRSO ENE, RSB R GR
AR IX ] S A IR EA B BE. e 1
IR M M1 56 4= BR WA =7 ST AL, 1% T = > ol 7 A W]
PABRIUE R B 1R 22 18— BB
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