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Abstract: In this work, an iterative extended state observer based data-driven optimal iterative learning control is pro-
posed for a class of nonlinear non-affine discrete-time system with exogenous disturbances and operated repetitively over a
finite time interval. First, a modified iterative dynamic linearization method is proposed to linearize the controlled system
into an affine form related to control input, where the uncertainties are incorporated into a nonlinear term; second, an itera-
tive extended state observer is developed to estimate the nonlinear uncertainty term as a compensation for the disturbances;
finally, both a parameter iterative updating law and an optimal learning control law are proposed via the optimization
technique by designing two objective functions. The bounded convergence of tracking error is proved rigorously through
mathematical analysis. Simulation results have been provided to verify the effectiveness of the proposed method. The
proposed new iterative dynamic linearization method can reduce the dynamic complexity of the linearized control gain
greatly such that it easy to be estimated. The proposed iterative extended state observer can learn from repetitions, and
thus estimate the non-repetitive disturbances effectively. Moreover, the controller design and analysis in this work are data
driven, depending on the input-and-output data only without using other explicit model information.
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(REART ORI 2%, K4 P ARG A e AR A
BT SRS, X HUIEARR AT A5 1 B, it i
THRAN & R AR AN MEAS THEL P H bR R 2L,
PEH T s ST R S EOE . B A A
FLE SRR T BT R R B . R, K e
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FQue(®)s gt = 1), et = ny ), un (1),

Forr g, (8) My (¢ )/\”Mﬁ%,%é}iﬁ’ﬁau)@n%utljiﬁw)%
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Fr(®), ye( — 1), ye(t — ny),

Up_1(t),up(t — 1), -+ yup(t —ny)) —

W1 @), =1t = 1), ypaa (t = ny),
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ZREUN HAREREL

J(u(t)) = len(t + 1) + Mue(t) — wp—s(2)]?,
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A CHE H IITESO-DDOILC 7 ¥ 1A SRl Slott: my
H 0T e PR AR

FoR i, (t) HIWIE;

() (ep_ 1 (E+1)—EL (¢
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St (13) P s [E] S B L R, Al 153
|</3k(t)’ <

UAU%—l(t) 7
11— m“ﬁbmﬂtﬂ +

| Au_1 (0161 ()] nlAugp_y(8)]|€x—1(1)]
pt+ Aug_ (t) pt+ Aug_ (1)
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H0 < ¢ < 1LRMEEMIERE, Fit, 75
77Auk—1( )

[@r-1(D)] < e1lgn-1(D)]-
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RGN EIREA I E S N
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¢ ¢
0.5sin1—7(; +0.3cos 1—7(;, 30 < t < 70,
0.5 x (—1)rouwd(®10) = 70 < ¢ < 100.

(28)

B E P, RE RV R A R IR,

() = 01 sin T FHAIEEAER AL +
. k

1) = 0.2sin(t + 2—5)

PSR B R RN =Lu=1p=1,1n=1,
o = 0.15, bg = 0.04; FIEEFEHIBNIG 5 uo(t) = 0;
WIS HAE TR do(t) = 1 WY RS T
J9&o(t) = 0. J3FHFFR H 9 IESO-DDOILC J79%(9)—
(12), D7 45 R B 12T 5%,

&1 1 775 55 300726 1 28 5 i Hh R i,
T B BN ), PR R G B P Sk T
SR R LT, 2T 2R ST U
AT LA H, U7 R 4 LR R BE P ahind,
PR 7 R RE S SCBL R B TR e
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Fig. 1 The system output tracking performance

ARG

23R R E (1T TSR, Bph s
FRUCHL, IR R G UEA G R R 0 BOK (B ER
R, emax(k) = _max (Jex(t + 1)]). H
LT A, SRR R A 2 R R Gi4 )
FNF, TR P AR O (R BRI R T T TR,

+d(t+1), 50 < t < 100.

27

RRIRERRZE

0:0_ - 1 1 1 1 1
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Fig. 2 The bounded convergence of the tracking error

N T BRAGE L, P SCHR (19142 H A DDOILC S
12:(29)-3 )X RGTtAT .
por(t)en—1(t +1)

uk(t) = uk,l(t) + At &z(t) ) (29)
P(t) =

Pr—1(t) + nAug_1(t) x

(Ayp_1(t+1) — dp_1(t) Aug_y (1)) , (30)

pt Aug_y(2)
Pr(t) = Po(t), #di(t) < e8| Aup_1(t)] < e
(31)

ZRMANREVIGRE S, XA S
IESO-DDOILC/7 % AH [F] 4% il 28 2 B 5 W1 46 H,
N FHDDOILC /7 7 1 17 .45 - an B 1 -2 7 1 s Rl 2%
F7R.

H ] DUE H, 1% 4t FIDDOILC 7 X 1B AR L
(K RBHIUA S PR Bh th A — 2 e b, TR IRITE
T RGIAH E M vl e — e FE R st oy (¢) 2k ik
FAdrE. 2R, B R FIESO-DDOILC /7 yE 44
FIH T IESOXT RGHIA & HERAT G T AR M2, T
A I LA Ge T DDOILC 773 B U Az b P B

5l 2 KR E L FEHLPMLM)BO i R
() = U () — fripple.k (1) ;\;friction,k(t)—fl,k(t) 7
fariction, ks (t) =[fe + (fs — fc)e_(v’“(t)/vs)2] X

sgn(vi(t)) + Byvk(t),
Jrippte, (1) = Arsin(wzk () + ),

(32)
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35 4%

Hor: vg (8) R AL FE (m/s), A& 2R FR L FE 4%
1l R AR s g, (8) TR AL T R (V), 7E AR
FE ) vh VR A3 N MR s A Bl HE 7 %k 2K 1) R
H(KQ); Srriction k (1) 7 BEHE TI(N); Fripple,x (1) 32 7 9K
LUIINY; frn () FRAATPIGRETIN), 5 A
BVERS); B, RN BEEESEUN- s/m); f 2R/
JFEAG BEHE TI(N); f RN BEHE T I(N); v RN S
H(m/s); 2R R AL AL B (m); AR IR fripple R A
(N); wR7R 2 [0 15 #8302 (rad/m); R8N 507 B H K
(IR S (7).

BN ZHE AM = 0.59kg, B, = 10N - s/m,
fe=10N, fy = 20N, v =0.1m/s, A, = 8.5N,w =
314 rad/m, ¢ = 0.057.

1] b2 38 4 i) ELZR B L I o 1 FRUE, il L
TR REERER A0 R

. mt
vg(t) = 2sin 500" (33)

5 . R R HLAE B RIS AT IR 46 38 2 N v (0) =
sin(50mk), UEILENNA i () = 3+2sin(50(t+4k)).

1B, SKAEN B uh =0.001 s, 17 B8] H0.5s.
P 5 S HOE NN =0.0008, p=0.95, p=1,n=1,
a=0.008; & H| RELH R GHE Nuo(t) = 0, 2(0)
=0, olt) = 0.07, & (t) = 1. i i T 41 i 9 IESO-
DDOILC/57%(9)-(12), /i FL.45 R an K34 Fx.
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Fig. 3 The PMLM velocity tracking performance
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Fig. 4 The bounded convergence of velocity tracking error

P32 7 T2k HIUAL I T R R B R, i R s i

[E](s), A~ ELLEHALIEE (m/s). B TP sEgkRoR
2R LI R, 2R R OR S5 500 IE R A 4k
MURTE R 26, Bk T UGB H 24 AR iR LR
WIURTE P A FAR BN, B Hh 1) 72 R 8 S HATL
T A FERER T RE.

437N B HOATL I B2 R B R 22 USSR, Ml
FoRIEARIREL, DR IR R GG RE Bk
FROE i BR B AR ZE 6 5HE. Bt n] LA, M7 EAR
AR Ak, B AT] G TE B RN BBk B Bh B BT 4R 9 TESO-
DDOILC /7 ¥2: 6 % 52 i F AL I B2 PR ER % 22 1A S
S

[FRE, S T BRI, R H 4% 40 (1) DDOILC J5 i
(29)—(3 )X} EL 28 FEATL IR s P AT 3 ). 7EAH | ()il
SRS HOR B G, 05 B8 R anE3-4rh
1) i R 26 Bt . 1T LLE HH, BT BT 32 Y B TESO-
DDOILC 5 =404 F T IESOXT AL & 4t i AN i
PEBEATAG TR FIRME, MITT BT SR G A% 45 () DDOILC B
U M RE.
6 45 (Conclusions)

ASCET N — AP BN AR A BRES (] [X 7] |- E s
AT IR AR M0 5 B U TR 2 R4, B T —Fp
IESO-DDOILC /7 i%. F| A st FIIDL A V244 #5 4% &
G N IE S, JEH R A AT 2 A 2
—ANEZE I R TRt TESO iz AE L A
e Tl TH R, RTS8 TR g ek
SEIUR BN A EASFE 2, Brig i ka2
BIRIRS) (1771, TR 7 R % o Ak 72
A T BT T i R A RS R, 2B T
VO% .
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