EFE A 2022 4F 4532 & 557 #1.719-726

doi;10.3772/j. issn. 1002-0470. 2022. 07. 006

BEARRBANESHIARERFRERBERFESIEH"

HOLAD EAAE TR RO

(LT AF¥EETEFKR At 310023)

fif O A R EHEMNRARMANNGESH LR AR R R T —HRZRER
REJEFRLC) Fik, HAE ME-MHFBOHLRZRAMTE LA RF T BB
ME—B &M, ER AR PEREREARARERY LB AR ZE LR
B (RBF) t# 2 F 438 A A 2 L K S B ATt A, Ao kah b bR £
BEARFIEHNEMA 6 0 ENE, LA R KA T X X525 &R R,
% J& , 2T Lyapunov-Like 221 34T RE AT, F 1t 0 IR AE T A SCHT#R 07 7 00 B0
Kukinl R RFIEH(LC) ; RERE; FARARX; A6 HENE; FEETHERR

0 3 &

402 > #5244 (iterative learning control, ILC)
Xof A PR DX I PAY F B A R B ) AT S R G Aol
. FIRYE A S P 5 1 AL P A D A
A SRR R R4 S A T SO AT,
FEFEER 6 /2 42 J5) Lipschitz 2544, 3T Lyapunov-
Like 3% £ 2% S 42 il B L0 510 T R K MR,
ZITEAMARZ 4 J) Lipschitz Z5FRR 1, 7 HfE
A E MRS EE

R4 ILC J5 I AEAE 2K R Gl 2 W — 2 ok
PES B R GRRZS WA 55 391 SR BT ) (™ s — 2K
B FERG PRI Tk B b, i T A A 1
P FREE DN 2R W RIAILARORS BE AN R 25 N, R G
—HOREARER A . SCRR [ 9 ] R RS WIME B
DR 75 PRBSORNINE AR 11 572 ek 80, M P I 728 300 532 9
TR, SEI R GE IR 22 AT WS, SCHR[ 10 ] 1+
W1 ILC H Ry 5 FPIMEE DO I T B IR R
T3, M R G A A BRI 0 B 5 PE , DRAIE
RGAME S B IS A BB (H— 2, SCHk[11]

Pl TIRZEMERTT U5, 1 e I B R 25 B Rk
AR TRl o | DR IR 1 22 U8 T 5 1) D) B R 22 T
MM, R 22 BRI T U G TR U B AL TR A AR
B A A AR A B R 22 L TR XA K
HEBUE o A R TR N RS B BT LA ]
BEE N 0,080/ TR, SCAk [ 12 ] A E BUT Y
AR R 0 BURE A S T AR IR R B iR 22
5, SCHR[ 13 ] R 22 BR R T 34 HE ) 21 5 — Jise B
FRLRAE M BB R L, A R SR ZE U A PR A R
ZE RN WA SR R — RN AR A

SO — TP AR UL B AR PR ER Y, HE s T
T AL IR RS, SE X B 77 A 23 R IR P RS B2 BR
il R AR , X2 BT e, AR A
M LA ABE DX B AR TR | A TG 6 DX R
SCHRL 15 PRRMESEIX Y 2 T AEXFRASEIX, I
Tl & AN, S B S0 BRI A f R
B, SCHR[16 ] 13— BATAEX AR E S #7 SE X Y
A ZR ARG, T — Mo B AT B
TR FE A, SR 2R W s, SCHk[ 17 ]
BEXA A LI By AR AR BB R 4T, 48— Bl A BR

O EFRARFESAIE FI5E (61973274) , BVEA H AABLAFESE (LY17F030018 ) i e 5 50 HE B 58 BB il 0 Sl s S = JF

TR (GDSC202010) BERIIH H

@ 3 ,1995 4 A s BFEE T ) AR 2 S RIS T ST ; E-mail : 764170312@ qq. com,

@ HfEEH , E-mail: sdnjchq@ zjut. edu. cn,
( Wk H 3 :2021-03-04)

— 719 —



ERRGEIR 2022 4E7 A #5932 % 457 1

I 11 7 2 i DI R 42 o) B0 | 92 IR 5 22 Y A BR
WIS, (HIE, S RGN IRIX S EOA i E
RGN, i — [ M LS B R R A R A A
PR, AR SR FHIEA S T ] e ik Ay S e — 20
e mR L

BT BRI A SCE X B R X FRIE X i A
MAESEOAE R ST, $ th—Fh i 2 ERER A2 )
PR T g S DX TA] N S B0 S0 B 300 ) e G
BRI o T (R g B R XS R IE X B 6 Ry 2 M TE
20, A AL 1) 36 bR B (radial basis function, RBF)
PREE 280 R GERIANBA E PEEATIE T, BEX ILC %)
(ELMR, it B B R 22 ks, i R iR
EAMERERE, RS2 ILC MIE—B5% 0, 1t
AN AR SCHE T Lyapunov-Like BRI | #5640 27 2 %2
AR AL S N A, SR R B R 25 Vi TR A 40 2R
RPN S 0 (LB .

1 3] 9 58 Y Ao B4 0 R

1.1 [EFEAREH
% B — R HA AEXTFRAE X B A AES BT
%, = f(x,) + b+ D(v, (1)) (1)
Vi = X,
H, k(k =0,1,2,) FmifCxEL, ¢ € [0,7]
FORBATHIM], T AEKRE x, =[x, x,,]" €
R RIRAZRGWA, f(x) HARACHEEA FIEL
PERREL, f(x) BT RET WIS BT EE, b
FRKRAPFE BRI BWE b >0, y, € R
INRGI, v, = v, (1) € R FERRGEHIKA,
D(v,) FRAERTFRICK IR, HABAY B K

m, (v,) b, < v,
D(v,) = 0 b, <wv, <b, (2)
m,;(v,) v, < b,

Hdr m, (v,) 1 m,(v,) FmARHAHICHHAEL M
PREL, b, > 0 Fllb, < O NH %L, FARAKHMILIX FE
B E 1 R,

— 720 —

A D)

m(v)

v

m,(v,)

1 JEXFRIEX

AR SR ) F bR 2 B0 BAT HEXRRAE X i A R
ZHARGA (1) IR ZEREECE T E LS v,
{75 AR & ) o595 B AR BRI, S8
RGeS v, X EREIE o, 0 R R ERER
1.2 &R

RBF Ff1 25 [0 28 X6 A 0 ) S 1 AR Ze ik iR 4 B
I yE AR, e RBF 28 0 4% 288 1 Ak
DGR AR 2Pk oR B, X T AT 2O 0 R T pR R
h(x) , FFAE—H & LT 15

h(x) = W'é(X) +¢ (3)
Hi X e Q, AR, Q, e R V—RETLE;
& WBITRYE FE—TIEER ey, R el <&y
d(X) = [¢(X), -, &,(X)]" e R NHZLH
FEeRE, 1L > 1) PR E M 588G W e R
Ry PRARAE L e Lh

W* = arg glein%gllgzl G(X) -Weop(X) ||

Rl )

(4)
Hrp, W e R NFCERERE, Pt k4L
b(X) = e T e (5)

Hortt, w, JPD AT, m, RN,
2 RERERENT I EH

2.1 REEXNERGHiR
T SCHRERIRZE M (6) B



WREILAS A - HATFE DR A S RO E 2R G815 22 B R AU > 4

i T Xy T Xy (6)

€rr T X T Xy

Hrpr ) x, Fon B L, x, X REPE R —
MR YR PR R 52 22 1 8 X, B RGE(1) Fedie Ry iR
ZiEK.
T .. (7)
e, =f(x,) +b+D(v (1)) —x,
Horpx, FOR RTINS 5L
TEFE T4 4 B T RS e PR 43 A Z A, 7 X
FEIX AT AT a0 M R
B 1 BWE m,(v,) Mom (v,) el HAFGER
MR IEHE myy my, sm,o Flm,,, 15

0 <my<m'(v,) <m, Yo, € (-,b)

(8)
O0<my<sm' (v,) <m, Yo, € (b, + o)
(9)
Hoh, om(b) = m(b) =0, m', (v) =
d ' d .
% ,m' (v,) = mrd(zyk)

2=y z=vy

HFIER m, (b)) =m,(b,) =0, WIS PEE
HARXFRIEIX AT (2) AT LA S

D(v,) = mpw, +d, (10)
Hrpr,
m, = ml,k(”k) + mr,k(”k) (11)
m'r(§,> b, <,
m, ,(v,) = { (12)
v, < b,
b, < v,
m,,(v,) = { (13)
m' (&) v, <b,
-m' (&)b, b, < v,
d = {_ [ (€) +m' (€D T0, b < v, <D,
—m'l(fl)b[ v, S b,
(14)

Mb, <o, <b W, & € (v, b)), e (b,v,); X
v, < b W, €& € (v, b); Ho, =b, B, & e (b,,
) o

HRPEEE 1 A (10) ~ (14) , 07 UE R IS 2
Bom, B d, A FHE,

m, = min{my,, myl <m, <m, +m, (15)
ld, | <dy, = (m, +m,)max{b, —b,} (16)
it , AT LR (7)) 1 — 25

1 T G (17)
ey, =fx,) —x, +b+ (mp, +d,)

E1 M -b, = b,,m(v,) Fim, (v,) AHEE,
AEXTFRAE X FR 5 2K (2) Ron Ry A% 58 1Y % FR 4 PR 4T
X, B, AEXTFRAEIX B HA AR RHEEX FRAEIX
AT LA BIE L,

2.2 HAZIREHITFIZIT

FESE )EAE: T AR T T 2 R G0 VA
— AT B

x,,(0) = x,(0)

x,,(0) = %,(0)
X (18) T AR B YCEAC P A A BT, BIXT Y E AR
3o B, RGP Tk R BT AR
FEME SMERTHE BUMORS B S IR S 3R (18)
ARRTEAT B UGE R P RLST

BRI, AR SCIE T T — o B G B BR R 25 Bl , A7
Bk T AR (18) YRR I, ik an =X (19) Fr
R

(18)

e (1) = [e,,(0) +1-e,,(0)]p(z) t e [0,A]
1k 0 o

(19)
Hh, pr) = 10(4A;t)3 ~ 15(AA4_t)4 .

6(AA7;‘>5,A FORHEA L2, T 7 i IR X

e, Fme, (1), A2 P,

OIS
AN

e (0

1
| en(m=0

A t T

B2 HEIREHIT

— 721 —



ERRGEIR 2022 4E7 A #5932 % 457 1

W RS (19) WAL T EIAE UM

e, (0) =¢,(0) ¢,(4) =0 (20)

e, (0) =e,,(0) ¢,(4) =0 (21)

A (19) B & 7 2IE 2R 5809 1R 200 ME
e, ,(0) BILFEUINHIE e, , PIMEE HLA, A
(t=A)FHALE R O, ik T B IR 2= Bl 4%
A ZI S EUE R TR E LRSS S
BRI v, TEIC, R T A [ A4 B R 3, 9 82
REPIBRIEATCHR AL,

K2 Foi 7 BIR ZZ B AR B, iR 22
B B R IR R 22 B I, ol T B R 22 L A
[A,T] 20 BRZEPUE, P HOIR 2SI RE AE 45 & X W]
[A,T] 9230 1 B B0 300 Y kg B2 B B, X b
X (18) X (19) , AT LUK B Ge s A2 2 42 i v S
XF R GURASHE AT BRI, 17 AS SCHIr 5 12 2 1 i
IR ] 399 B R 22 B of sl S PR ) R GOIRAS IR, IR
DRZEB AT LLBEIE AL, T 2R GRSV E A RS B
HE TR R Z O LRI
2.3 RERBRIERFEIEHIEIT

EX z, =6, -,

F & Lyapunov PR%L .

1
Vi = TZT/. (22)

X (22) KA1
I'/l,,f = zl,kz'lyk =z ,(e, - él*,k)
=z2,(z5, ta, —¢,) (23)

Hi, 2, = ey, — a0, FAREBTEHIR

BT AR 25 A

Q =—cz, +e, (24)
H e, > 0 MIEHEL,

R (24) A (23) , 155

Vl,k == clz?,k +2 .2 (25)
YIS 2 /> Lyapunov PR :
v L yl-Ag (26)

2T Dy T g

H A HiREO0 <A <1 BIEFE, B NIHEB >

0 WITEHEL, 6, =6, 0", 0, FmAt 07 [fhiHA,

0" MR BARRA IR G A,
XF(26) 3K T, 7533

— 722 —

. 1-Az 7
Vz,k = Ezz,kzz,k + B 0,0,
=z, ,h, +ﬁ(mkvk +d,) +1 —A ékék
' My B
(27)

o by = ) -, -

I A 25 D) 246 38 30T AN o2 PRI, , 1530

hy, = W*T‘bk(X) + & (28)

R 2, by HIE(28) B [R50 — 25 7
),

zz,khk = ZZ,kW*(ﬁk + 2z,
2

z 1
2,k g% 4T 2

= 720 ¢k¢k + Zal +1 Zy | En
a,

2
2y kow T 1 1 1
= ;7{0 ¢li¢k + Zaf + ?z;k + 78?\
(29)

Hip o7 = | W72, ¢, = (X)), HZEMEHIA
%X = [xl,k’ x2,k7 5&(19 ak:l € R4O
BT Sebaga il 4

2k 5
Up = = C% — 2 _aTgk ¢Z¢k (3())
1

Hr e, BIFE ¢, > 1 BIIEHFEL
VTS A AN

(1-2)60,=-A ék +A ék—l +E2Z§A¢I:¢k

(31)
Heih, 6.,(1) =0, 6,(0) =6,,(7)
B (29) ~ B ICAR(27) , IF i R A%
2,155

: . NG aih g
V2,k S—Chn — 245 Ty 0,(-0,+0,_,) +d

B
(32)
_ 2
E¢J=%ﬁ+%¢+%th)wxﬂmﬁﬁwg
my,
=c -1,

3 S AT

EE1 ARG, AW BRI «,, B



WREILAS A - HATFE DR A S RO E 2R G815 22 B R AU > 4

TR 2EHGE R (19) , BRI #820 (24) |, SLPR
g (30) , HE HEMHR(31), REIRELE

{EEIZA TS B sl s L L 350 i ik
SUE) 0 T A AR .

'IEHH EXEmei@ﬁ

E, =V, +V,, + 2 62r (33)

X (33) #ATR S, AR 2 W4T, AT A

E, _Vk+V2k+2’802

+7ék<_ék +ék—l> (34)

=0,-6, VI X% ab-d =

! (34 T AL

2 2 1 2
- (@ =) = (a-b)

TB( 0; - 6;.)

; 2 r 2 5
E,s-cz, —chz5, +d-

AL~ ~ 2
- B( ak - ‘91%1)
/\ ~ _
A +d 3
/30 (35)

TS — R AR B0k = 0 B, T 0, (1)
=0, Bk, R (35) AT A5 N

. A N _
Eosz—ﬁez+d<oo (36)

I E, (1) < E,(0) + T(z%g*z . Zz)< o, [
WM E, 75 [0,T] X8 AR,
XFFAZE P AR AR B 2 A fE

B, 153,
SE, =V, , -
2l (51 = 82 ar

= Vl k<0) + Vz A(O) 2A 1 Vl,k—l

PR AT 22 oy

Vl,/c—l + Vz,k - Vz,/ffl

+ fo [Vl,k + I./2,/f + (éz - éifl) ]dT

28
(37)
RAEFERX (b -a)® = (c-a)’ = (c-b)[2(a
-b) +(b-¢)], WTLITS5.
A N U S AN o _ 0
2ﬁ<0k 0i1) 23(01571 0,)[-26,+(6,-6,,)]

A~
=- 7( Hk-l

B
WA 2, 2, BIERIRZEPIE ¢, K (19), B
il g o, 2(34) HyE X, A%,

V],k(o) =0,

-0, 6, (38)

V0 =22 g20)  (39)

2B
Kr3(25) . (32).(38) L (39) fRAK(37), AT

8k, (1) < V,,(0) =V, (1)

+ fo -z, — g, +ddr (40)

WESHAE HIE
= 6,.,(T), 115
V,,(0) = WG . (0)
_l-Arz
LY. Gk](T) +
= Z,k—l(T) (41>
I, % e = TARA(40)  ARPE (41) 153,

IO A 5 L (25) , 6,(0)

zzA 1(T)

E(T) = E,(T) + iaE.(T)

k r n
$E0(T)—cm2[fz”+z“d7 “

Jj= m

(42)

)

T
2 2 M

d =

m;[J;(”zl/c” +||z2,,l;|| )T+c,n1

< E(T) —E(T) <o (43)
m, =Td, || - | FREJL

L e in{c,,c’,},
/'%‘:7_"&0
A& — B uE B, E (T) 2&A F 09, 1M

E (T) BIEE SOEA I, tal(37) flH, 20

FUHERZIE, [ 1z, 1200 B [ |z, ] 2dr 20

i

@ﬂ”w

m

o, FEA RUGE £,

AN . LA, 0 T 4 R R

ZEL

XL R R R 1R

2, BELA L2 YEBAIE A 88 0 BiF i — MR/
ARIRIA

R7E z), M

— 723 —



ERRGEIR 2022 4E7 A #5932 % 457 1

W,
4 GFRERR N

IR RE

xl,k = x27k

%, = f(x,) +b6D(v,)
Hor, fx) = (1 +sinw, ), b = 1, AEXFRIEIX
WA D(v,) WEN

(44)

(1.5 = 0. Isiny,) (v, =0.3) v, =0.3
D(v,)40 -0.1<v, <0.3
(1.2 = 0.2sinv,) (v, +0.1) v, <-0.1
(45)

AU — D HARX A S BRI E RE
3 (44) 4TI UE JIT B8 12 25 MR R 22 AR 27 20 8 361 O vk
A ROHE, R AR SO D i (ML) 5 A& R 4 il 7
5 (M2) EATRS EE

M1 AR SCHRE H A 15 22 BR B 26 AR 2 ) 1 o
B, AL AR B R 2 Bk X (19) | M 4004 4 4% =X
(24) zbrizdlesat(30) fgl G HEM AR (31) .,

M2 g [ 3 ) i, G R A8 1 28 0 S B
P g T A

a =-cz +2x, (46)
vE-on -z - s igle (47)
1
Hifr, 2 = 2 —x,2 = %, —a,x, A, HRGORE,
éE‘JEE‘ W %j‘j
é = zZI. k¢k - (48)
al
y Ry > 0 BYEEL
ARG BEGE B E N 1, (1) = 0.2cos(mt) , &R

GHERRKERENT =5 s, REBRT A 0 =
0.001 s, F&HIFRAF I HESEER 1 PR,

i EEIRMNE 3 ~ 7 Fos, K3 S ML AT M2 JF
PRSI B, nTRLR B, 243K ECH 50
BF, A SO 3 M1 751k He M2 D52 EL A 0 1 11 B
B B4 S M1 HTM2 Jr ik iR 22 BRERSCR L W] L
KRB ML 7 1% 15 22 Be T 4 T80 A 01 28 452 22 0L 3
Wesl, I HAa SR 2 M2 5 i /N RS k=1,

— 724 —

x1 S¥E
M1 M2

P25 o, 4 4
RIS ¢,

S q, 0.4 0.4

TWHEEN 50 50
FTRRECP O R WA -1,1] BWAATE] -3,2]

BEFE m, 10 10
EoRzlee S @) 0.1
) BRSHB 1

PERESEER  Jue = max Clz )

tel0,

0.6 =
- =Ml
05 S TR M2
E)
04_-_-:\ O.ZM
sl ; 0.18
1 39 4 41 \
= 02Nt
g 13
\§

0 05 1 15 2 25 3 35 4 45 5
B[] /s
B3 KRERIRBE (k=50)

0.35

0.3

0.25(

02}%

S 015} ¢

........

NDON AN

0.1r

36 4 44 48

N

0.05

) P
0 05 1 15 2 25 3 35 4 45 5
B [8]/s

B4 RERERZEE(k=50)

10,50 A Ay i 22 BRER L I mT LUE X TAE
WIME , R ZEVEARGE 5 R 22 VA T &, Tkt e
THME—8EM0, 5 BRI —5, K6 AHT Ml
M2 RIS S A, AT LU B, M1 FT M2



WREILAS A - HATFE DR A S RO E 2R G815 22 B R AU > 4

ASEPRE AR S 2RI, 7 e T PERESE AR
e BVZEAEAR B, ey 1T 80, Bt 35 35 A R A A W7 2
o AT H T vk M1 A B KA 22 18 Wil /I, 42 il s
JEARW i LA A K3 ~ 7, AT LA B LU 4548, 4

04k, =1
N:’ 0.2F \} - = e |4
ok N
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
A R] /s
gL " " g g g g . . —

el,lO

el,l()
0.2\ .
0 :
0 05 1 15 2 25 3 35 4 45 5
fif 18] /s
04} ' ]
1,50
02\ = = 'el,SO &
0 —_——— —_—

0 0.5 1 1.5 2 2.5 3 35 4 45 5
B8] /s

61,50

5 EAREERREH M1 BIRERERHR

v(t)

05 1 15 2 25 3 35 4 45 5
B 18] /s
Ee6 #=HIESFIEXEH
0.09
0.08}
0.07
0.06
% 005
g
S 0.04]
0.03 ]

0.02} ]
0.01-L,_,\_‘__\w
o

0 5 10 15 20 25 30 35 40 45 50

B 8] /s
7 EEEIEER

XFEATIEX A AR AE S BN E R G, AR SO 07
5 M1 RESEBTEAE IR 2E T IR ZE B W R IR2EH
WS, I HARSRE X [A,T] ESEBUXIR AR =
BB

5 % #

ARSCE W — R BASE X i ARYAES RO E £
Gt T — MR ZEIRER R A T DT, Tl
TR R B R 22 P, e TS TLC BRI — 2L
S RIS 1R 22 ARSI . FIJH RBF 22
P25 3%F 22 48 H A B A 1 FIBE X S 8k AT Al 3, OF
BRI AR AL FOE A, AR 2E AR R
SE XA SR O BFi — MR/ 283N . R
BT Lyapunov-Like BUEHEATRE M0 AT, I 38 i
HIGIEIZ TR A

&% ik

[ 1] ARIMOTO S, KAWAMURA S, MIYAZAKI F. Better op-
eration of robots by learning[ J]. Journal of Robotic Sys-
tems, 1984, 1(2) . 123-140

[ 2] MENG D Y. Convergence conditions for solving robust it-
erative learning control problems under nonrepetitive mod-
el uncertainties [ J |. IEEE Transactions on Neural Net-
works and Learning Systems, 2019, 30(6) ; 1908-1919

[ 3] XIONG W, HOD W C, YU X. Saturated finite interval
iterative learning for tracking of dynamic systems with
HNN-structural output[ J]. IEEE Transactions on Neural
Networks and Learning Systems, 2016, 27(7) :1578-1584

[ 4] XU JX, XU J. On iterative learning from different track-
ing tasks in the presence of time-varying uncertainties
[J]. IEEE Transactions on Systems Man and Cybernetics
Part B: Cybernetics, 2004, 34(1) ; 589-597

[ 5] TAYEBI A, CHIEN C. A unified adaptive iterative learn-
ing control framework for uncertain nonlinear systems[ J |.
IEEE Transactions on Automatic Control, 2007, 52(10) .
1907-1913

[ 6] LI X F, SHEN D, XU J X. Adaptive iterative learning
control for MIMO nonlinear systems performing iteration-
varying tasks[ J]. Journal of the Franklin Institute 2019
356(16) : 92069231

— 725 —



AR IR

2022 4F7 H H32% 7

[ 7] XU J X, TAN Y. A composite energy function-based

[ 8]

[ 9]

[10]

[11]

[12]

[13]

learning control approach for nonlinear systems with time-
varying parametric uncertainties [ J]. [EEE Transactions
on Automatic Control, 2002, 47(11) ;. 1940-1945

MENG D Y, MOORE K. Robust iterative learning control
for nonrepetitive uncertain systems [ J]. [EEE Transac-
tions on Automatic Control, 2017, 62(2) : 907-913
CHIEN C J, HSU C T, YAO C Y. Fuzzy system-based
adaptive iterative learning control for nonlinear plants with

initial state errors| J].

tems, 2004, 12(5) ; 724-732

IEEE Transactions on Fuzzy Sys-

XU J X, YAN R. On initial conditions in iterative learn-
ing control[ J ]. IEEE Transactions on Automatic Control,
2005, 50(9) : 1349-1354

INUIEE, JUsR L. SR T 4 R G DR 22 B ER T
Jrik. ABiEA[)], 2013, 39(3) : 251-262

YAN Q, CAIJ, MA Y et al. Robust learning control for
robot manipulators with random initial errors and iteration-
varying reference trajectories[ J]. IEEE Access, 2019, 32
(5): 2354-2360

CHEN Q, SHI H H, SUN M X. Echo state network-

based backstepping adaptive iterative learning control for

[14]

[15]

[16]

[17]

[18]

strict-feedback systems: an error-tracking approach [ J].
IEEE Transactions on Cybernetics, 2020, 50(7) : 3009-
3022

TAO G, KOKOTOVIC P V. Adaptive control of plants
with unknown dead-zones[ J]. IEEE Transactions on Au-
tomatic Control, 1994, 39(1) : 59-68

IBRIR S, XIE W F, SU C Y. Adaptive tracking of non-
linear systems with non-symmetric dead-zone input[ ] ].
Automatica, 2007, 43(3) :522-530

XIE K, LYU Z, LIIU Z, et al. Adaptive neural quantized
control for a class of MIMO switched nonlinear systems
with asymmetric actuator dead-zone[ J]. IEEE Transac-
tions on Neural Networks and Learning Systems, 2020, 31
(6) :1927-1941

DING L, LI S, GAO H B, et al. Adaptive neural net-
work-based finite-time online optimal tracking control of
the nonlinear system with dead zone[ J]. IEEE Transac-
tions on Cybernetics, 2021, 51(1) :382-392

KM, VISR, E5WEE. BA M ASEX M AELM: R
GEBEZES[T]. Ahtb#fk, 2013,39(6):
908-912

Error tracking iterative learning control for non-parametric

uncertain systems with input dead-zone

CHEN Kaijie, SHI Huihui, CHEN Qiang

(College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023)
Abstract

An error tracking iterative learning control (ILC) is proposed for non-parametric uncertain systems with non-

symmetric dead-zone input. Firstly, a new type of desired error trajectory is constructed to relax the identical initial

condition requirement in the classical iterative learning control. Then, the asymmetric dead zone is converted into a

linear form by mean-value theorem, and a radial basis function (RBF) neural network is used to estimate the sys-

tem uncertainty and dead zone parameters. Based on this, an error tracking iterative learning controller and a uni-

fied adaptive learning law are designed to achieve high-precision tracking of the desired trajectory in the specified

interval. Finally, the stability analysis is demonstrated through the Lyapunov-Like method, and numerical simula-

tion results are provided to demonstrate the effectiveness of the proposed scheme.

law,

Key words::iterative learning control (ILC), error tracking, non-symmetric dead-zone, combined adaptive

non-parametric uncertain system
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