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Design of Repetitive Control System for Linear Systems with
Time-Varying Uncertainties
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Abstract : This paper considers a design problem of the repetitive control system for linear systems with time-varying norm
bounded uncertainties. Using the Lyapunov functional for time-delay systems, a sufficient condition ensuring robust stability of
the repetitive control system is derived in terms of an algebraic Riccati inequality (ARI) or a linear matrix inequality (LMI).
Based on the derived condition, we show that the repetitive controller design problem can be reformulated as an optimization

problem with an LMI constraint on the free parameter.
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Fig. 1. Repetitive control system.
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Fig. 2. Reference command #(£) and tracking error e( £).

MO - Xts8- AIAEIES =24 M 11 &, H 1 = 2005. 1

dw PA3} S0 A{Ps} 2o wXg &g A 9
Bz Ay 128 A7) Wi, A 3¢9 -y =4
£ Al 20] B} A AFSlcHconservative). T ThAl,

238 0.2 7Y 5 e 20F PR AT,

G7F mxm 9F JEE MIMO) Al
WZ mwem 7 0] RRHTE,

SAgle] A87Fs s

L g(s)7} a(s) =
AotH Hd ¥ AA Wy

IV. =] ofxj
e e A2Y W9E e 2AE BAE GE
TSRk
_ 0 1 _ 10
AI) - [__10 _3], BD - [1], Cp = [20 0]
_ 0 0
44,9 [sin(O.Sm‘) 0.lsin(0.57rt)]
AC,(H = [0.5sin(0.57) 0]
A" ggene F(Hsy Hy, Hyp, E,Z
_ [ sin(0.57%) 0 00
F() [ 0 sin(0.5m)], Hy - [1 0.1]

_ |10
Hy = [0.5 0], E, = [() 1

o} o] HY F Aot

@& 1 radiseca 3w, @=0.01734, x=8002% &
H, LMI control toolbox [12]8 ©]&3ld (15)9] HAsg =
AE 9, ¥4 94 P=

0.0206 0.0145 —0.0074
—0.0250 —0.0074 0.0106

[0.3225 0.0206 —0.0250}
P =

olm, A& 0011, y= 0.670] Hh

MR RANAA A
T

05 —

A A f M

05 I
(] 150 200 250
Time (sec)

Reference Commend rt)

Track ng Em ore(l)

Az ADFF 234 e()).

Fig. 3. Reference command #{#) and tracking error e(?).

¥ 3. 7159y



Journal of Control, Automation and Systems Engineering Vol. 11, No. 1, January 2005 17

mebr e 38 WSSk A9 S ZEe Hg Ad
FoF W= 249 radisecy) "L AHAFE R ARG B
3, HAE ¥HE Alojr]o QS HEIh 39 2% U)E
WY A2 FHn) TS w), £ xE BAFE)
1311, a9 32 A4t 71E B8 Aag FolHs o
L2Mg BolErh a7 29F 3oA] ke AlolrlE 125
se0°ﬂf‘1 F2g) vhE Aojr|e Fr1FQ 1FE HWE 4%
o] 718 Fuprel I Al FulrEelA &
gk mepA, vhE Ao] AlaHloME 21Ee AHlE A
28, F g(9)=0, o 9ok 2 ofFF A2 FF 2
2p7F gk g, whE Fojzld) ofs) wAlEkE
o]Ze] Fa7} ol 7] wiel, FF A= 022 53

Ae de

FI OI5E

KO

v. 28
B ERAE M 3 99 BRAYS 10 Ay As
A8 AL R A 9 EAT 240, Dl
= Y olee ALsiel W Aol Axdel it 9
§ F% 24 fEsigm W Aop] ’“741 =A%
(93] At 7o) de HaseE A4 A2 4
3% 5 2dee Bark OE WS vasge o, A

Gl EFeta, g(s) 9

_>,L

[11 S. Hara, Y. Yamamoto, T. Omata, and M. Nakano,
"Repetitive control system: a new type servo system for
periodic exogenous signals", IEEE Trans. Automatic
Control, vol. 37, no. 7, pp. 659-668, 1988.

[2] L. Giiveng, "Stability and performance robustness analysis
of repetitive control systems using structured singular
values", ASME Journal of Dynamic Systems, Measure-
ment, and Control, vol. 118, no. 3, pp.593-597, 1996.

[3] J-H. Moon, M.-N. Lee, and M. J. Chung, "Repetitive
control for the track-following servo system of an optical
disk drive", IEEE Trans. Control Systems Technology,
vol. 6, no. 5, pp. 663-670, 1998,

[4] G. Weiss and M. Hifele, "Repetitive control of MIMO
systems using Ho. design", Automatica, vol. 35, no. 7,
pp. 1185-1199, 1999.

[S] J. Li and T.-C. Tsao, "Robust performance repetitive
control systems", ASME Jowrnal of Dynamic Systems,
Measurement, and Control, vol. 123, no. 3, pp. 330-337,
2001.

f6] Y. Onuki and H. Ishioka, "Compensation for repeatable
tracking errors in hard drives using discrete-time
repetitive controllers", IEEE Trans. Mechatronics, vol. 6,
no. 2, pp. 132-136, 2001.

[7]1 J. Abedor, J., K. Nagpal, P. P. Khargoneckar, and K.
Poolla, "Robust regulation in the presence of norm-

bounded uncertainty”, IEEE Trams. Automatic Control,
vol. 40, no. 1, pp. 147-152, 1995.

[8] M.-N. Lee, J-H. Moon, K. B. Jin, and M. J. Chung,
"Robust H., control with multiple constraints for the
track-following system of an optical disk drive", IEEE
Trans. Industrial  Electronics, vol. 45, no. 4, pp.
638-645, 1998.

[9] M. S. Mahmoud, Robust Control and Filtering for Time-
Delay Systems, Marcel Dekker, Inc., 2000.

[10] S. Boyd, L. E. Ghaoui, E. Feron, and V. Balakrishnan,
"Linear matrix inequalities in system and control theory",
SIAM  Studies in Applied Mathematics 15, SIAM
Philadelphia, 1994.

[11] H. Kokame, H. Kobayashi, and T. Mori, "Robust He
performance for linear delay-differential systems with
time-varying uncertainties", [EEE Trans. Automatic
Control, vol. 43, no. 2, pp. 223--226, 1998.

{12] P. Gahinet, A. Nemirovski, A. J. Laub, and M. Chilali,
"LMI control toolbox user's guide”, The MathWorks, Inc.,

1995.
RE
a8 49 C O & g(e T2 e 23 o

Ao g@sR 94, C (9% Ag g+

Y _ we X/
Us) = ste, X9 (16)

2 ez or1d, o)k Y9)s w(her v)e

HEete Bgoln X (e mx gy WD g
2k wgol) (16) e BAl BRE 27] wEo,

w.e TX ()

SEIPaY
&, &
Il I)

sX () + 0 X s

.0 = —wx )+ u(d
v = ox(t—T)
e(f) //; ________________ N #D
, —
- — |
! g’ '
y At ) ) C,,I,(ﬂ

% 4. 92 Aoz C ().

Fig. 4. Repetitive controller C yp(S).



o]

v (D= 2A37) 98 w(d=eD)+y(De] BAZ o
239, 03 Aol 99t 2o ez FHE,

T H 8

1969 2948, 1992 AEhEw Az}
T 294, S=HEIEA AAK199),
azael 4 ¥AK1999). 19974 ~
20013 47 YAE mo] A
2 AAAFL]. 2001d ~2002d FH3)
7)1 Azt BK2l 29
4= 2002 39 ~3A) I AoASE e 2w
. BAlRoks HiE Ao, dgale], Ao, tiAE Ao
Az, 3 vl EapolH Ao AlEL

MOl - S8l - AlARESS =2X M 11 2, A 1 = 2005. 1

.0 = —ox(D+wx(t—T)+e(d
u(t) =

wx Lt— T)+ eld)

A o Al

19503 1948, 1973 Ajgdista A7)
3-8k} &AL 1977 University of Mic-
higan ®7)28k} 24k 19831 University
of Michigan A&z} BRAL 19761
e Ta d7 1981d 1€~
198311 8%l University of Michigan,
CRIM &7 1. 1983 104 ~3A] =538tr|ed d=t
At [7) 2 AXFEAFT a5 ARk ZRY

2 73 Ao




