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Iterative Learning Control Based on Finite Time Tracking Differentiator
LI Xiang-Yang'

Abstract For the initial state problem of iterative learning control (ILC), a method of arranging transition process is
presented using finite time tracking differentiators. A finite time tracking differentiator, whose parameters are easy to
adjust because of their clear physical meanings, is designed according to the feature of ILC that the desired trajectory
is known beforehand. Based on this, an ILC algorithm with estimator for system uncertainty is presented for a class of
nonlinear time-varying system with uncertainty. A Lyapunov-like approach is used to prove the corresponding theorems.

Simulation results verify the effectiveness of the proposed methods.
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t
Lf/ 1S(7, k)|> dr+
0

t 2
A elAIT, (/ S (k)| d7>

th Cachy-Schwarz R4, L5050
Part2D < L,, /0 S%(7, k)dT+
1A el L g /0 '8 k) <
(Lu + | 4] 417 L, T) /0 Sk (59)
1 i AL (B8) A
AL(t k) < (ﬁ+——L | A AT, T)
/0 S2(r, k)dr — 552@, E=1)  (60)

JEHL B Ay, AT R
B4 3> Ly+ Al TL, T (61)
W2t (60) £

AL(t, k) < —%S2(t, k—1) (62)
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ERG w2 hR (32) B RS 2
(K155 2) ABUE 7 i, B AT UE B B 3, H SRR [ i
i (46) F1X (61). O

SERE 2 FUERE 3 Ui

1) AR RBENLHIAS PRI AREE S R B B 8 22 1
PIR ST R 1) B BRI S W R 2 &, H
TR T A BRI TRD WA S P) e 9 i 2k, 3K 2R 2 A
T, ZJa k3 2) EIEAA I EHIVE R R gkt
PREME IESL I ER AR ZE €;, RRZE W RIR N

g+e, 0<t<T,
fi= ”_{ei, T, <t<T (63)
2) N H e 3 W, KRR bz, t) SEATHIRS AN T,
A V1 15 25 4 I B B R W it ER R R Z2 v 25 3]
AR EACE R b B B A2, DR, TR SR AR 7 3.
3) MEHE 2 FlE s 3 (UE ISR LLE H, Bl
FHIEARWREL BN, 0(t, k) 2 MWSLT f(z,t) M
wiz, ), B O(t, k) ST BLRE A B 52 558 10025 AL
vl ATCAE f(z,t) BE D RGN SIS, M
w(zx,t) FFNHREN I f(x, t) M5 25
NSNS (b(x,t) — bo(x, t))ult, k) 2, &
IR AR 2R ST R B A T ok, A s o BT A
2 SEPLHT ], Ok B e A B H bR, LA R R
5 AP R A 2 AL b, B AP
THIE A I AT, T IR AR A 2 A2 AE kAR 58 1,
CATHI G A B — AN R n)

3 HE#MR
BT ) B AR R A T R 2

{ E1(t, k) = 2at,K) (64
TR (64) T [z, t) WA E BAAT,
R SRR SRS, (7 LTI

ml(xy)? cosxy - sinay

gsinx; — T
e ST e (65)
3 me.+m
CcOS T
b(z,t) = M + M (66)

; 4 m(cosxy)?

(3 - me+m )
1L (64) ML (66) I 21 (¢, k) Al 2o (t, k) 5351245
SEARI LR A, g = 9.8m/s* Ty ik
B, me DRI, m R ERE R, 1 2R
K, w BRI 5. D 30 R 5 3R [24] A+

&%l MB35, B m,. = 1kg, m = 0.1kg
[ =0.5m. $EPILN

r1(t) = —0.2 + cosmt
ro(t) = —mwsinmt (67)
r3(t) = —micosmt
RYGRESVIEA
21(0, k) = 0.55 + 0.1rand # 0.8 ()
To (O, k) =0
bR S R R R 2 8, DL R

MR RGNS E TR [24] €M, FF
K H AR R PE Y 7 3k, BECSR A R 5E A R B
R 25 4O A ) B K R O6E Bk VO 5 I
%, w J1(k) = 1gmaxte[o,T] |€1(t7 k)’ ) J2(k) =
lg max;ejo,1 |e2(t, k)|.

ik bz, t) FIFBEALTE bo(2, t) = 0.5, H A1t
AT IR ME 1, A BRI TR ERER T A48 (7)) BIRR
K==W, I Hurwitz 20 E& B N e =1, co =3
cs =3, MIRECHN a1 = 0.5, oy = 0.6 Fl oy = 0.75,
R AR B A7, SR E:

R = Rmin + (Rmax - Rmin)(]- - ei)\t) (69)

;H\:EP Rmin = 107 Rmax =40 %D )\ = 10. %Ej:jéé—gg
RN (7) W, AT ENEIE S L 2T,
KA e 3 WL, PO sz Z R o, = 15
Flay =3, BURBIEEE B =5, 221825 v = 10, i%&
10 Wagi R 1~ K 5 Fior.
1 T T

0 0.5 1 1.5 2
(/s

B 1 & 10 RIGH r, 21 Bl 2
Fig.1 r1, z1 and x1 after the 10th iteration
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Fig.2 12, z2 and zo after the 10th iteration
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ML T FNE 2 ATLAE HY, BRERTI> a8 K H 2,
ZEATRRIN A1 20 0.3 s JE WS TR v RE0IR
Az IR0 WEILTFY 2 FA, B S AT RUE
AR (¢, k) SEBL T IEh w(z, t) KA

PSRN, > R G L AN 72 I ) 45 4
SRR, AN L 2V S B AEI, AT RAN
FIAS SCIR IR AR X 7 vk, ST BRI ] )5, &R
GRS HE 5. XLk [24] 107 S04

RRT DU, R A7 PRI ) BR R T 20 28 A 22 Hk i i
(11075 A i ARAE ST IR WA il /A T340 T 3 A
RN TR R, 2TV TSR [24] 1R
SV E AN W 7 VE Y b B E TAE S ik
AR SIS T T 1, ASCIEAR 10 05 IR ER 1 RE
1 WSS o R S5 I o2 PR~ ek T 8 e SR
[24] 14X 200 RLLG IS5 3.

20

s
2
20, 05 | s 2
t/s
K5 k10 SR w Al
Fig.5 w and 6 after the 10th iteration
4 e

ARSCAR PR R A B AN ) SRR Bl 7 45 5K 22 HR L
PR R Tk, Be S I M iRtk A2 S F I )
E R, R, BSO8R TG & RAW L Lt S
KA A AT AL PR AR R G kAR A% 2] 3
Jiik, MHIZR Lyapunov JivAgs i TAEWIATGL], s
FLAG SRR WA SR H 1R A7 RN 18] BRER o 73 o AT
AR 2 T3 AT R
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