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Extended Laguerre basis function based

iterative learning control for non-minimum phase systems

LIU Shan, LIU Jie
(State Key Laboratory of Industrial Control, Zhejiang University, Hangzhou Zhejiang 310027, China)

Abstract: A new iterative learning control (ILC) method based on extended Laguerre basis function is proposed for
the non-minimum phase system. The stable inversion which is an optimal and ideal solution for the non-minimum phase
system tracking problem is achieved by iteration using this method. An optimal ILC law is designed in the basis function
space to ensure the control performance. A priori model is not required in this method because a simple version of system
model can be identified in the basis function space. Compared with other model based ILC methods, this method alleviates
the influence of the model uncertainty. The effectiveness of the method is verified through a simulation on a single-link
flexible manipulator model, which is a typical non-minimum phase system.
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3.2 R BE A 3] 3 Hl(terative learning con-
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erative learning control)

4.1 ¥ FELaguerrepf #((Extended Laguerre basis
function)
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N0 =1
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1 +joo
-1 — = — st _ =
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AR A4 AT FIPERR L, (s) = —Li " (—
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s), tH ECn]
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Ua(s) = D(s)Ya(s) + (Bx(s) + Rs(s))Ya(s).
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[ &8 F 4 I s s e A5 2. U e SIE A (—o0
00), JE Wi Laplaceidi A 25 B, 512t b & Fe 1.
TE A8 3 R Laguerre i pR 25036 3T Rg () H1
Rx(s),
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b b @
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X T ARG AR I WA o3, W] SCHR (13100 5 VA e %
ya(t) 1B FECH SE R B 275193
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, b, } @ span{bf,--- b} }, (A7)
L b 38 23 % ) i) 0k 8 A A T e AR A I DU
TEANEE SE #8453 « 1 MRS E FB 43, AT SE B XS HE A
R 10 A 2% 1) ) 78 i

M RGEE 4 € S 25 U 2 E SC 1 ISR AN,
BT E NS i ™ € RYimy o nys {i ™|
it € R}z iy {diizo,1,... WAL

uq(t) =

> dig((ii) +
i=0

oG 15 {07 ), {bF M hZ ll(17) F H 0 IE AT B
AR, Hog Lt T (—o0, +00).
4.2 B A% A% 3] A Y B TH(Optimal iterative
learning control law design)

TERGRERR IO, 4 1Y ELaguerre ik
BRI ARV T R AR A S P A v ALRUE S B R SE I

FEHE R EE ) A ), IR ARS ) B et AT LLS %
(1) EAE SRR MR H, S, —Fh BN
TR S HEFEL, = H ' H 2 HIFAS BRI IE
SRR T ). A SCR B R S Lk A S A s
J7FRE X — ) L AR RO (R N, 25 TE DA el
fEbr:
Jer1(rsr) = llerlly, + llowsr — oz, =
ep11Quert1+(ari—a) Ry (g1 —ay). (19)
HEERler = er — H(ag — ag), WS 1R
I I

Qi1 = oy + [Ry+H'"Q H] "HTQ ;. (20)

FEARAEH WAL DRI, 7T AR R AR R R,
Q.. BB SRR REEK. 15 MIE IR, Q.1
71 WL ST N B ORGSR A B BT AR I AL
R
4.3 ¥ JELaguerre3t g H AN B ¥ 3% B (Selection

of the number of extended Laguerre basis func-

span{by by , - -

span{b;,--

lim (% afB{-l—% a;Tb), (18)
i=1

ni,m2—00 ;|

tions)
TEHE SR FIRI IR AR ) P v, ik o B0 250117 1 Y
PELRUE S R RS B2 7 T R AT BB AR . A SCER

H 9 i Laguerre & bR 2008 il . FH 30 22 R 008 1T £
S TR AR TE USRS 23« 1 DUASE 8 43 1E AN B 356
g3, FLrR AR IR WS 2 R A A 2 TR, S B2 2% Bk Je #%
i S 200 BT K A, AE SN RS AIXS B T RTEE T, B
RSB R T AL, Sor + I SE R )
56 AR 1 IX 4 A ). X T RS IR RS e gy, 7L
FLaguerre & o FAE A N I8 T (4 I R (s). X
MR (17181 & HY T Al V1 B RS B FN 0 pR AN B
ZHOERFEI L.

SIER 2 AL IS R LG (s) € Hy, WIAFAEN.
> 0, W2

N
G(s) = 2o aiLi(s)] <e. 1)
i=1

SIEE 3 20T, Re(s)TEMERN i%ELL, H
TLARENO > 0, i oy < 07, WIET R 253 AL

Bw)=| ¥ aL|<Mw| % al<
i=N.+1 i=N.+1
NE

SN 0
i:NZSJrle = M(W)l -0
L M(w) = |Li(jw)| < /2/p,i=0,1,---.

X I ARS8 (19358 45, vT A 51 33, R4 M (w),
O UL B Jit B R 1y i 22, #E 2 ek B0 NN

X T IE WA B 2 3 43, m) ¥ R B3y () %E #1
F|(—o00, +00), HAL I, 2R G Fya (—t)w it A
FE M R (—s)JEW%. T Rn(—s) € Hy, W2 532,
DRI, AR m] W FH 5 | 33k AR Al P 75 25 14) 268 0 K e
58 Pt B 1) 3k R U A4
4.4 FHIH 5L Briz 47 /5 2 (Practical control mode)

e NI RGP i Laguerre & bR #00%E AR 2%
) i N SR e AR (— o0, +00) F, KPR FIX
JEANBESZILIN. VR B R AR IE ST IS
J7 1) EAREAIE 10, — M RS, R A R
i SR R, R AT DAAE R W 2 25 AR A T LA AR
ANZE 1 b T W SRR AN R DR, b A4 i e E
SEBRIBAT, $45 E S  HRAE FAEIE S a7
PR P HI R A ua(t) € [to, te], Hoty < 0O,
tr > T, KZHWilyqa € [0, TPEHE € [t,0]5
t € [T, t] b, Ime T

p

M(w)] (22)

O, t € —OO,to],

[
[

yr(t) = yd(t)7 te [07T]7 (23)
[

Horb Fya(to) Bya (te) AN R %, Wry () 8y (¢) BETH K
T RIOM B . KRy, (1) A FRIZ AT 2
25 AT 5 R 3 P A AR X ] — 2L
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TEIE PR IR AR, I I, 75 2440 Ay A EAT LA
5 R ECA B N TR R U, S B R ek 4t
HOH R an REE BRI 2, T BT 2 )8k
briz AT AR, 1Al Y @ Laguerre it & £, H 75 221
ATAR DRI R 256

X TR 0 0 25 bR £, v S Bl Laguerre 5 bR 2L
(IR B X

G(s)Li(5)Ya(s) = G (5) ()" Vals) =

S—Pyi-1
(S+p) G(s)Li(s)Ya(s).

FECLRTHEDT = L (s)Ya(s) M\ R 55, 4T — U
LS, 4 5 B4 G () Lo () Ya (s), T30 3k
ﬁ@ﬁ&ﬁﬁﬁ&%@iﬁ%%ﬁﬁaﬁﬁ%ﬁ
LaguerreJit bR £ 1) S50 4 4fs .

[RVRE, X AR 343 0 B 8, T LA 32 i
by = Ly (s)Ya(s)MNRE, B30y Fkyr 4
ﬁéi%H%ﬁﬂ%M;%E%@@wﬁ&%

T S5 R ST (0 .

I, SR Y ELaguerre & pR 3 AT 154X 52 ) 15
1, TR AR S 3 3R 5, 4990 R i — st
By, AT DU T AT A B R . 5 HAb
(15 B IR AR 2 ] 2 R B, T LA K A e 3 4
S () UK, FRARIEAT A

3RS BRI AT I, 4550 RE I 1) [ B0 o T, SRR
Bk N WSS R U ARIEAT P A, 1T 85 A5 38 i
Huy:

uy = (ur(0), us,(Ts), - - - ,uk(NTS))T e RN+,
S [FIREI 7 2, AR AR R R o i) % A iy, o),
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