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Monotonic convergence of feedback-aided iterative learning control
algorithms in the sense of Lebesgue-p norm
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2. College of Information Engineering, Zhejiang University of Technology, Hangzhou Zhejiang 310023, China)

Abstract: Feedback-aided proportion differentiation (PD)-type iterative learning control is proposed for a class of linear time invari-
ant systems in the presence of a fixed initial shift. Based on Lebesgue-p norm, the monotonic convergence analysis result is obtained,
and the output trajectory asymptotically convergence to the desired one. Furthermore, a kind of PID—proportion multiple integration
differentiation (PMID)-type learning algorithm with initial rectifying strategy is addressed to realize completely tracking result, and the
monotonic convergence analysis processes are stated. Finally, numerical results are presented to demonstrate the tracking performance
and the monotonic convergence property of the proposed learning algorithms.
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Fig. 1 Feedback-aided learning control system

AT I T IRAR 2 SRR PR RE A e 2 A
T oM SEL RS, AR PRSIt 23 i R ] 2k

T A W BEAT 43 A U O ARSI T R 4 SR
1%, 7F Lebesgue-pyuHUE SUN R g 2% ) L
VISR RE, T U7 S0 R LE A BRI T8
L HEAE T B, BRIy ) A k.
2 A RF$R H (Problem formulation)

IS N IRGNMEH RS

Zi(t) = Az (t) + Bug(t),
yk(t) = C.’Ek(t),
Hrp:t € (0,7, kKR RFHZIBATINIREL, ()
€ R, ui(t) € R,y (t) € R™4 5 0 S EIKIEAR K
RGURAS Bl ARG m &, A, B, HA 1
MY RGESEE .

BT R GE(L), 6 H R A AR st A B A
[IPDALIEA S > At

U1 (8) = up(t) + I'(ex(t) + Leps1 (1),  (2)

X e R L e Rm>mo g ssshile, HLIEE
TEAEI HA 1B, ex(t) = ya(t) — yp(t) HERER R
7, ya () A AR,

ELRF(DES

Q
>

(D

JE IR [R] X 8] [0, T) E B s

ﬁﬁ R IBAT IR y g (1) FIG N PR 2 g (1) 3
BRI, HAUGEAT I WILR R 22 AR FE— 5, Bz, (0)
=x0 # 24(0). X FELLRGQ), 6 H st T3
5 A ANy, (8) 013 AR KB T 6 55 K, &R
gty (6) — BT TE e NS Py (¢).
AR ITR EIEI Sk R, 45 H T i B

SIEB1 X FEreR: T

; wr,a0, ],
R Sl = (3 fas(t)rar)?. J i1 <p<ooy
X T BEA € R™*, 5 || Al = max Z |aij,

IS R e
1Azl < [|A]l1]12]l,- 3)

ik HﬂLebesgue—p?ﬁiﬁE"]%X, CIES
T m 1
| Azlly = [f, (X |4ial)d]» <

RG> z Jasjaz; | Pdt] <

i=1j=
(max 2 > '“wmfo [é 2 )Pdd]7 =
41kl

12 BEES BB < RVA TR = ek & KL ok P 1 (0] S
ES
I 2 Wlfz(t),e(t) X hndEm &, A, B;(i =

:ic(t)
) + Cj

Cjoe - Tl)Bsz x(ro)dmodr + - - +

c Jgt A=) IOTI ... jOT”‘l 2 (10)dr - - dry,

4)
Hrt e [0, 7], M)
z(t) = ¢(t) + C[0,0,
LA R 1) S
@,
r(t):fot eA(thl)Blz(Tl)dﬁ +

Alt— Tl)Bl.’l: 7’1 dT1 +

1)

t T
IO A(t—n)BQj ! (7-2)(17-2(17-1 N

j tTlB fﬁ anl x(7,)dry, - - - d7y.
5

é,\

t Tn—
fojo QT(Tn_l)dTn_ld712x1177r(t):x;{
E S = (2, - 2l)T.



%57 W

VAR BRI 27 ) S0 Lebesgue-p iU SC R (M Bl itk 967

ik PERLBRR.
20, FRHERLT T n = 1NI4S

Wit 1 Bx(t), () Jndi I, A, B,C
AAGEERINAERE, B
z(t) = e(t) +Cj A=) By (r)dr,
Hept e [0,7], M)

z(t) = e(t) + cj (A+BOY=7) Be(r)dr.
X —H#E12 ¥ Bellman-Gronwall 5| FE4E) 21| T %
5752
3 B BYPDRLE 3] 1 e Sk 73 #r (Con-
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k—o00
iR,



%57 W

BB i YA ) BT Lebes gue-p iUt SR IR BRI Sl 969

X R W] R G AL A Y615 1E & 1 458 i A
A3)WAE R R, kAR Bk T 55 KR, 7
Lebesgue-piu = U, RSk LT SE 45 € 1)
7 B[R] F SEEIGH B AR 1 50 A R

S fcHh, A5 A W14 18 1E A H I FAP-
MID#Y 2% 3] £ (feedback-aided proportional multiple
integral derivative-type learning law), 345 i R4 AE
e A E TR BB BRI

BEFFAPMID# ) (i

up41(t) =
uk(t) + F(ék(t) + L1€k+1(t) +
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—CBIei(t) Cj A(t=7) AB e} (7)dr,
M5 Q)WT:

ep1(t) =

i
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M2
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0[07 07 tee
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7 ESRHHEL) - ||,

lefa®)lp <
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Fig. 2 Tracking performance by FAPD learning law in
the cycle £ = 20
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6 451 (Conclusions)
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