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Abstract: In this paper, a fully saturated adaptive repetitive learning control (ARLC) scheme is proposed for a class
of nonparametric uncertain systems. A periodic desired control input is constructed by using the periodic characteristic
of the desired trajectory, and an adaptive repetitive learning controller is designed based on the Lyapunov methods to
achieve the high-precision tracking of the periodic desired trajectory without knowing the upper bound of the nonparametric
uncertainties in prior. Then, a fully saturated repetitive learning law is designed to estimate the unknown desired control
input, such that the estimated value can be confined within a specified region. By completing the squares to eliminate some
error-related terms, the signum function can be avoided in the controller design, and thus the chattering problem of the
controller is suppressed. Finally, the error convergence performance of the proposed ARLC scheme is analyzed through
the Lyapunov methods, and comparative simulations are provided to verify the effectiveness of the proposed scheme.
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in = f(x) + g()u,
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RERFEHIFIN; f(x)Mg(x) ARG AL R
B, Hi f ()RR RGPS A E 1, g(x)FR
TNSIRAS IR I3 25

Big 1 g(x) NEIESIERA KA F R, BIAE
TE 3 $ g Mg, 875 5$VE €R™, H g <|g()| < gu
WL, AR, AR g(x) > 0.

BRi&2 f(x) M g(x) ¥ £ Lipschitz 26 1F, B
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o )T, Bl () = @ (t — T), v] K3 BB 45 i
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e
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Ha, ) ) AP AT 60, [R5 9 8 301 T ) B934
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(K, —ba)e +b[f(x) + g(x)u + ae — &,,] =

Ae +b[f(x) + g(x)u + ae — i,,], )
Hrp
0o 1 0 - 0 ]
0 0 1 0
A:(Kl—ba): : : - . (10)
o o 0 --- 1
L—@G1 —G2 —A3 -+ —0Qp
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L A N BEQ ) St /INFFAEAR, MIAHME B ] v €
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g(x,)u, + ael. (12)

HRQ) AL iy, f () Flg () A FYER1E, oK
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W B EITE, FEXXhanhad fx = f(x), fr =
f(®:), 9x = 9(@), 9 = g(,).
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1 2 ~ ~
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U, (t) = sat(dy(t)),
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Tiogylalle— ;s 26)
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A THE. SR, 55 A SCH 4% il &5 (20)AH B, 47 1l 45 (26) /9 B

IR A B 78 200 FH 31 28 S 320 F R UVARRAIE, ELS R B AR
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A5 AR AREE I RET U TR S
Hile, 1 (AL TE. SRR SRR TRE R H Hh, BAT 1 1 R 5 S) 1
i LA S 2 B P A ), SRR BT D, AL
BTt FE B ERAG TR RS Ry, 1, FEAFEREHIPERE
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4 Witk o dr
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FROBRIEAR, A 2 AR UL
[a — sat(b)][b — sat(b)] < 0. (27)

EIE1 AU, B EES]
P 2% (20), 4= PRI 5 2% ST D DK H & 5 B
B 24), MR G (D) M ERER 7222 — o B S 5 5 b i
2RIk A .
UE & U T 2 Lyapunov R £
_ N e S - SV
L=V+g- L_T getidt + 5 -0 + o
(28)

XF(28)3k T, AT1R
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Z1E o, M u, IR, Bl 2, (t) = 2, (¢ — T),
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1~z 1~ =2
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r 3 Ir ~ ~
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2
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R 45 B8 AL (¢) 1 52 SL(23), 43 1t € [0, T) LA K
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A _
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Q
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. 1

FEQ, TTERIE|| e || B 2 e Sl I B I 2R3 N, Hoix
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F 6 RIS FIERTTUUE H, NS Be Flley ]
{RAFE NI 81 . SRTTT H R (24) A5, /N e Flleg 2 FEARL AN
I HISCSICHRE . LA, Er % 22 (20) 1T LA H, /NN 21
1S4 H A S I, AT R B R 22 USSR
5 fhiEgR Ko

AL KRN RS S = AELE RGN
MG L SEA B0 UE BT $E E 3E N B 2% 5] $5 il (adaptive
repetitive learning control, ARLC) /72 i R E.

Bl1 TfEd — gPeFR R, IR RBUKE S L
AR Rk R0

T1 = To,
D N2 J
By= —7332 — Q}f giLfisin(ierl)—
T; s N, J . .
L(z) e > iLycos[(1—i) Noxq|u,
J J &

(39)

Hh: 2y, BT T |, TR
B N T O HL, DI kB 2 5, T ()
GAREEAR, 367 A RS, w g N L,
]gjf SS i LessinfiNoay] 5 Ui B B S Lo -

1=4 1=1
cos|(1 — @) Ny | oA IESZSBRERE 7047, 07 5 EX
j = 4 BB AR SR

&1 REL AR SR
Table 1 Model parameters of the permanent magnet
stepper motor

S 18 ZH fH
Jl(kg-m?) 7.33x107% || Lg/H  1.766 x 1073
D 2x 1073 Ly /H 5% 1073
Ny 50 Lo/ 5x1074
Ty/(N-m)  1.72sinz; | Lms/H  1.66 x 1074
if/A 1 Lpa/H  6.25x107°
X (1) 550(39), Ar 3 #E I 2 g, RIA A
N & .
gx = ZfJ >~ iLycos[(1 — i) Ny ] =
=1
¢ Ny 4. .
sz (L1 + Y iLy;cos[(1 — i) Nyxq]).
=2

(40)
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BRI, RGH Ly, 1=2, 3, 48/NT Ly,
WAFAEIE 2 g, ARGk = G-

JS I RN B A @, = sin(0.57t), Herr 3
T =4s. fEREA, Qualith

0 1 12 0
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JHIE R A# Lyapunov T FE(11)45
o llSl 12] .
12 1

HAnZHI S EOR B N, = 2.8, 1o = 240, 1 = 0.2,
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WENT(0) = 0.4, 25(0) = 0.

P 45 A =5, Forb LRIy Sk
T RGUIRS IR 5 R 22 2 — YA S a2k
P LRI EI2RT LG Y, AR SCRTR 1Y) [ 1 8 T 4 5] 4%
il 5 V20t ] B B A A R AT I ERER AR, Hb S
RGN HIISAT, BRIER R 252 — Y B S A A PR
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P P 3 ) 60, AR ST BT A BRI 2 2 R (2 1) T LA
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MNET, X B3R 4] 0L, R Ged hilii A\ uf e
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H At B -2 A6, X S5 EIR b r
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K1 RS ERER L

Fig. 1 States tracking trajectories
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- 02 1 e ORI, RN
01F |

. . . . ‘ (2 =)t (Z - )
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t/s

5 RESHUs, 1Kk

Fig. 5 Estimates of the unknown parameters /¢ and g

5l 2 EEWT =R RS
Ty = T,
{ Ty = w3, (41)
T3 = fx + gxu,
Hr: AfENE fy = 22 + 2o + sin xg; BHEEE g, =
14 0.5sin(z; + 0.25sin ), F71E 1E % $ g, 1539,
Z Om-

B BB Ny, = sin(0.5mt), FIANT = 45,
TEFEA, QBN

0 1 0 50 0 O
A=10 0 1 1,Q=10 50 0. 42
-1 —-13 -7 0 0 50

JEIE R f# Lyapunov T FE(11) 45
340.8 180.8 25
P = |180.8 161.7 15.8] . 43)

25 158 5.8

HA PR SR E NG, = 0.6, uo = 240, gy = 0.2,
pe =80, 6, =1x 1074 g5 =1 x 107°.
AR IR AR TR ARLC T VA A i, it — 45
H 5 Hi&E N &1 (adaptive robust control, ARC) /7
12 DL 3E B 2 ) 28 4% ill (adaptive neural-network
control, ANNC) 7 V%t B3, Hodr ARCH 1 28 T
X (26)45 i, Hpr) HE RN EHT RN
p = po(la| —e,p), (44)
KSR E N, = 2, ¢, = 7 x 1072 ARCH&Hill2%
26)H g, FIFE R E N 0.6, HiFEA, Q, PHHUEIR
(42)—(43), Bl 5 ARLCH= | 25 4[]
ANNCE Il B0k (23145, BT
R RS o, c A AR uE XN
ap = —C121 — Lo,
) (45)
Qg = —Co2g — 21 — Oy
F
U= —2 — c3z3 — WTS(Z), (46)
H: ey, co, s NIEHEG 21, 20fl2g NIRER T, £
21 =1 — L1,
Ry = T2 — O, 47)
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