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fAi B SRS, 5 T, H o7 (0) =1,
0”(0) =0,j=0,1,2,,n-1;j%#i-1, 8T
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[0, ¢ cp,mye, 1", HIEEEEL e =1,

N T BUR TR, SR ek A I ] 9 728 e g
%,

XFE(5) HHY s, SRS, AT AE

%s'k =b"(c'e, —e,,)
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RIER(5), /40 s2(0) =0 < (7)., = (10),
(11),7%

~ N T
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EX 1 YHUESTH) (A, E
A, =L (26)

2,0 BREFEH¢=0e R, m=
2 e N,

XF(26) PII ST & SKRAFBOR R, #43 2nF
PER

ZAk < 2q (27)
k=1

2 (24) T H Young's AL AT
siH, = s, (We, +¢,)

1 « | 1 _
bl LA v

=L epete + Ly
= Ak.skeqokgok +Ak. A (1 +8)

(28)
Hrp b = | W" |7,
B (28) fR AR (24) , 1T

1, 1

- 1 B
V. s =A% Si0p e, + Z ZAAA(l +8%)

— d
+ m, sk(pkuk +d,)

L 9 € u
A ¢k¢h SiP Uy,

myg
2

2 1 dy
+ s +ZAk(1 +& +%) (29)

A, mg
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V=7, +1 % (30)

2B
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e

B

2 L 5o
u, =-— (0’ +X)Sk _XS’“ 0k¢/t¢k (31)
i k

Hrp o FIEHEEL
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k

B 2
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m
Bi%4 xt Vk, H6,0) =6,,(T),
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EE1 JELMRGEA(14) FEAEEET, W
FRARBE 2 ~ 4 SRR A (31) LR Asor-22 0355
JEER(32), R ZUGEE Il s, DL L? Ju 08
KT 0,

IEBA % X Lyapunov {Z ¥ ;

5 (s
L =V, +%L0kdfr (34)
FEZE 2 WE R 2 h
AL(1) = V(1) =V, (1) +—j(29§ )dr
< jol(- o5t +D,)dr +V,(0) V., (1)
- [#1p (58, - 56, ,)dr
ARG (35)

W% (b -a)(2a =2¢) +(b-a)” - (b -
) == (c—a)”, M= (35) WP B 155

- [a6 (50, -0, )ar +—f(92 9.)dr

— 8 ' 0 0 2
- —%fowk ~6,.)%dr
I

AL, (1) sfo'(-a-si +D)dr +V,(0) =V, (1)

(36)
HTs,(0) = 03‘?4:!211&114 155
V() =y st(0) + ! 2/3 %:(0)
< 1 -
= meosl. 1(T> B 0k 1(T)
=V, (T) (37)

Hi, 2 =T, B (36) P kE=1,2,--- NI
SR, w15

Ly(T) = Ly(T) + iALk
< L,(T) + va(-asi +D,)dr

= L,(T) +41( + 3 +)ﬁA

N

T
- ;UJ;sidT (38)

L, (T) +ZT( +2 4+ )ZAA’/F'%

id L,(T)
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L,(T) B, =0 (38) A8 N
ﬁa’LTsidT < L,(T) = Ly(T) < L,(T) (39)
m=(27)

2
limL, (T) < L,(T) +ﬂ(1 + 3 +‘L‘2)

2 mo
GREUEW] Ly (T) WA FME, W L(T) A5, 456
K(39), M k— oo B, ANl s, ZEEEAVEML X [H] 11K
ST 0, NHEUEW L, (¢) ZEIXIE] [0, T] LAAF
P,
X (34) L, SRS, A48

5 5

L(t) <-0os, +D, - Bé{(ék -6,.,) +%éi(t)
(40)
HT0, -6, =6, -0,,,(40) )5 Pk
fajJa , IS
- OB ) e < D)
PE— s, = (40) 153
i) <D, + 28, (1) (42)

2B
M =0m, T 6, () =0, W&, (1) =6, HD,
=0,

Ly(t) <D +%¢92 < oo, 155

Ly(T) < L,(0) + T%ﬁz <

i, L,(t) fEXE [0, T] FEAFR, |
K (39) W, Zad sk s, Tl s, DL L2 35508
K ELT 0,

3 REGR

R T R TR AR B A RPE , F R T AE
XIFRBEIX i A B R 5t

x2,k = @T¢k +f, +bD(u,)
Hr,0=[1,1]", ¢, = [0.0lx,,, 0.01x5,]", f,

(43)

= a7, (1 + cosx, ;) o

ZEARXIFRIEIX R B R IR AN

(1.3 -0.1cosu, ) (u, —0.3) u, =0.3
D(u,) =10 -0.1 <u, <0.3
(1.2 =0.2cosu, ) (u, +0.1) u, <-0.1

BOERGA(43) W ESHEMT . T=2,T, =0.5,
¢, =8,0 =0.1,¢ =90/3,m =2, B =1, REWMHE
x%,,(0) =0.25+0. Irand, x, ,(0) =0, b =2,

BESHHIMINT

[x,,, %, ]" = [0.45cos(mt), —0.45msin(m) |"
R IR E M RE AR AR S, = Jmax (s, 1), K&
WEMERRER J,, = jmax (e ), oy =
,g[l(cy;]( ey, ll)o

SRAEMRIFRICA 0.001 s, T R GRS VIE Bl %
AL, HFEEITKRIESZRDT x,, = [%,,,
Xogy ], BARFRIRH

X1, w, (1) w,(1)
. . xl,k(()) _xlr(o)i|
Xorw = | % |t w (1) (1) |
. . xz,k(o) - x,,(0)
X3, w1<t> wz(t)

Hh o, (1) o, (t) BIERAT .
L +a, 0" +a,t +a,t" te[0,T)
wl(t) =
0 te [T, T
t+ay, ' +ay,t a5t tel0,T)
0 te [T, T]
Hr Z2ECh
_a],l_ i T% T?

w,(t) = {

T -1
a, |=|2T, 3T; 4T, | 0

La, ;1 L2 61, 121t 0
fa,, ] [T7 T T -1,
ay, |= | 2T, 3T, 4T, || -1
La,s1 L2 61, 12771 0

FIFH RBF #2225 78 1 42 I 45 11 i A S5
M X, = ey €y Xy4y Xy, 7.63d’k:|To B P28
W25 R = 60, iR L B S AR TE - 1
~ 1 ZJ8], i PR ARTE R 10,3 6,(0) = 0, %%
R (31) LR G- 22 4327 2T X (32) I g
T B i A R E 1 ~ 5 FiR,

M T FE 2 AT 2 ARG ARAS «, , F
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B3 FRERTRSZEMEEIERT, ., ],

— 1140 —

10

BEPEEHERE S,

s 6 7 8 9 10
LA
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AT ESLH], T LA R A SCRT $ 2 > 95
T, R G0 T SEHLAE T8 S Ml X a) X 2% 4
W0 5 A BRI

4 % i

ARSI T — 28 & i ASEIX LR WIME R R
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04f
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Lk
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0.1 %

g 5 6
IEARIREL

H6 RERERTJ,,, ), HEHsER

JEVEIR EHERES,

5 6 7 8 9 10
AR
E7 EZEXIERAT S, B RE
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Adaptive iterative learning control of nonlinear

systems with input dead-zone

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

For a class of nonlinear systems in the presence of asymmetric dead-zone input and arbitrary initial state, a
neural network iterative learning controller is presented to realize the tracking control of finite operation interval. A
rectified desired trajectory is designed by constructing a new correction function, which relaxes the consistent initial
value of iterative learning control. The radial basis function ( RBF) neural network is used to estimate and compen-
sate the system uncertainties and dead-zone parameters; thus, the iterative learning controller is obtained. A series
convergence sequence is introduced to deal with the influence of reconstruction error and the differential-difference
learning law of unknown parameters is given. Theoretical analysis shows that the controller can achieve perfect
tracking of the desired trajectory on the specified interval. Finally, simulation results demonstrate the effectiveness
of the learning control schemes.

Key words: iterative learning control (ILC), asymmetric dead-zone, nonlinear system, neural network , dif-

ferential-difference learning law
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