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ABSTRACT

In this paper, we examine the parameterization of
all stabilizing multi-period repetitive controllers for
multiple-input /multiple-output plants with the spec-
ified input-output frequency characteristic. The pa-
rameterization of all stabilizing multi-period repeti-
tive controllers, those are used to improve the dis-
turbance attenuation characteristics of the repeti-
tive controller, for non-minimum phase systems was
solved by Yamada et al. However, when we design a
stabilizing multi-period repetitive controller using the
parameterization by Yamada et al., the input-output
frequency characteristic of the control system cannot
be settled so easily. From the practical point of view,
the input-output frequency characteristic of the con-
trol systems is required to be easily settled. This
problem is solved by obtaining the parameterization
of all stabilizing multi-period repetitive controllers
with the specified input-output frequency character-
istic. However, no paper has proposed the param-
eterization of all stabilizing multi-period repetitive
controllers for multiple-input/multiple-output plants
with the specified input-output frequency character-
istic. In this paper, we propose the parameterization
of all stabilizing multi-period repetitive controllers for
multiple-input/multiple-output plants with the spec-
ified input-output frequency characteristic.

Keywords: Periodic Signal, Multi-Period Repet-
itive Controller, Parameterization, Low-Pass Filter,
Multiple-Input/Multiple-Output Plants

1. INTRODUCTION

In this paper, we investigate the parameterization
of all stabilizing multi-period repetitive controllers for
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multiple-input /multiple-output plants with the spec-
ified input-output frequency characteristic. The pa-
rameterization problem is to find all stabilizing con-
trollers [1-5]. First, the parameterization of all sta-
bilizing modified repetitive controllers that follows
the periodic reference input with small steady state
error even if there exists a periodic disturbance or
the uncertainty of the plant was studied by [6]. In
[6], since the stability sufficient condition of repeti-
tive control system is decided as H., norm problem,
the parameterization for repetitive control system is
given by resolving into the interpolation problem of
Nevanlinna-Pick. Katoh and Funahashi gave the pa-
rameterization of all stabilizing repetitive controllers
for minimum phase systems by solving exactly Be-
zout equation [7]. However, Katoh and Funahashi [7]
assumed the plant is stable. This implies that they
gave the parameterization of all causal repetitive con-
trollers for a stable and minimum phase plant. That
is, they do not give the explicit parameterization for
minimum phase systems [7]. In addition, in [7], it
is assumed that the relative degree of low-pass fil-
ter in the repetitive compensator is equal to that of
the plant. Extending the results in [7], Yamada and
Okuyama gave the parameterization of all stabiliz-
ing repetitive controllers for minimum phase systems
[8]. Yamada et al. expanded the result in [8] and
gave the parameterization of all stabilizing repetitive
controllers for a certain class of non-minimum phase
systems [9]. They obtained the parameterization of
all stabilizing repetitive controllers using fusion of the
parallel compensation technique and the solution of
Bezout equation. However, they gave the parameter-
ization of all stabilizing repetitive controllers for lim-
ited class of non-minimum phase systems. Yamada et
al. gave the complete parameterization of all stabiliz-
ing modified repetitive controllers for non-minimum
phase single-input/single-output plants [10]. In addi-
tion, the parameterization of all stabilizing repetitive
controllers for non-minimum phase multivariable sys-
tems was considered in [11]. In this way, the param-
eterization of all stabilizing repetitive controllers has
been established.
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However, the repetitive control system has a bad
effect on the disturbance attenuation characteristics
[12], in that at certain frequencies, the sensitivity to
disturbances of a control system with a conventional
repetitive controller becomes twice as bad as that of a
control system without a repetitive controller. Gotou
et al. overcame this problem by proposing a multi-
period repetitive control system [12]. However, the
phase angle of the low-pass filter in a multi-period
repetitive controller has a bad effect on the distur-
bance attenuation characteristics [13,14]. Yamada
et al. overcame this problem and proposed a design
method for multi-period repetitive controllers to at-
tenuate disturbances effectively [15, 16] using the time
advance compensation described in [13, 14, 17]. Using
this multi-period repetitive control structure, Stein-
buch proposed a design method for repetitive control
systems with uncertain period time [18].

The parameterization of all stabilizing multi-
period repetitive controllers for non-minimum phase
systems was solved in [19]. However, when we design
a stabilizing multi-period repetitive controller using
the parameterization in [19], the input-output fre-
quency characteristic of the control system cannot be
settled so easily. From the practical point of view, the
input-output frequency characteristic of the control
systems is required to be easily settled. Yamada et
al. [20] solved this problem by obtaining the param-
eterization of all stabilizing multi-period repetitive
controllers with the specified input-output frequency
characteristic. However, the method by Yamada et
al. [20] cannot be applied to multiple-input/multiple-
output plants. Because, the method by Yamada et
al. [20] uses the characteristic of single-input/single-
output system.

In this paper, we expand the result in [20]
and propose the parameterization of all stabiliz-
ing multi-period repetitive controllers for multiple-
input/multiple-output plants with the specified
input-output frequency characteristic. The ba-
sic idea to obtain the parameterization of all
stabilizing multi-period repetitive controllers for
multiple-input /multiple-output plants with the speci-
fied input-output frequency characteristic is very sim-
ple. If the multi-period repetitive controller stabi-
lizes the plant, then the multi-period repetitive con-
troller must be included in the class of all stabi-
lizing controllers for the plant. The parameteriza-
tion of all stabilizing controllers for the plant is ob-
tained using the method in [4,5]. The parameteri-
zation of all stabilizing controllers includes the free
parameter, which is an element of the set of stable
causal function. That is, the parameterization of
all stabilizing multi-period repetitive controllers for
multiple-input /multiple-output plants with the spec-
ified input-output frequency characteristic can be de-
signed using the free parameter in the parameteriza-
tion. Using this idea, we obtain the parameterization

of all stabilizing multi-period repetitive controllers for
multiple-input /multiple-output plants with the spec-
ified input-output frequency characteristic.

Notation
R the set of real numbers.
R(s)  the set of real rational functions
with s.

RH., the set of stable proper real coef-

ficient rational functions.

H the set of stable causal functions.

a({-}) largest singular value of {-}.

u the unimodular procession in
H.,. That is, U(s) € U means
that U(s) € He and U 1(s) €
H.

diag {a1,...,a,} an nxn diagonal matrix with a;
its i-th diagonal element.

AT transposed matrix of A.

2. PROBLEM FORMULATION

Consider the unity feedback control system in

y=G(s)u
R X M

where G(s) € RP*P(s) is the multiple-input/multiple-
output plant satisfying rank G(s) = p. G(s) is as-
sumed to be coprime. C(s) is the multi-period repet-
itive controller defined later, v € RP is the control
input, y € RP is the output and r € RP is the peri-
odic reference input with period T' > 0 satisfying

r(t+T)=nr() (Vt>0). (2)

According to [12], the multi-period repetitive con-
troller C(s) in (1) is written by the form in

N
C(s) = Co(s) + <Z Ci(s)qi(S)BSTi>

N -1
(I— Z%(S)@Sﬂ) ) (3)

where N is an arbitrary positive integer, Cy(s) €
RP*P(s), Ci(s) € RPP(s)i = 1,....,N
rank C;(s) = p(i = 1,...,N), qi(s) € RP*P(s)(i =
1,...,N) are low-pass filters satisfying Zf\il ¢:(0) =
Iand T; > 0(¢i = 1,...,N) and rank ¢;(s) = p(i

1,...,N). From [12], if low-pass filters ¢;(s) €
RH(i=1,...,N) satisfy
N .
[= 3" gi(wr)e T =0, (4)
i=1
where wi(k = 0,...,n) are frequency components of
the periodic reference input written by
27k
wk:L(k:(),...,n) (5)

T
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and w, is the maximum frequency component of
the periodic reference input r, then the output y in
(1) follows the periodic reference input r with small
steady state error. In order for low-pass filters ¢;(s) €
RH (i =1,...,N) to satisfy (4) in wide frequency
range, low-pass filters ¢;(s) € RHx(i = 1,...,N)
must be stable and of minimum phase. Using re-
sult in [19], it is difficult to settle low-pass filters
qi(s) € RH(i = 1,...,N) to be stable and of min-
imum phase. If we obtain the parameterization of
all stabilizing multi-period repetitive controllers such
that low-pass filters ¢;(s) € RHoo(i =1,...,N)in (3)
are settled beforehand, we can easily design the multi-
period repetitive controller in (3) satisfying (4). Since
low-pass filters ¢;(s) € RHoo(i = 1,...,N) work to
specify the input-output frequency characteristic of
the control system in (1), we call the parameterization
of all stabilizing multi-period repetitive controllers
such that low-pass filters ¢;(s) € RHyo(i =1,...,N)
in (3) are settled beforehand the parameterization
with the specified input-output frequency character-
istic.

The problem considered in this paper is that when
low-pass filters ¢;(s) € RHoo(i =1,...,N) in (3) are
settled beforehand, we obtain the parameterization
of all stabilizing multi-period repetitive controllers
with the specified input-output frequency character-
istic written in (3).

3. THE PARAMETERIZATION OF ALL
STABILIZING MULTI-PERIOD REPET-

ITIVE CONTROLLERS WITH THE SPEC-

IFIED INPUT-OUTPUT FREQUENCY
CHARACTERISTIC

In this section, we give the parameterization of all
stabilizing multi-period repetitive controllers with the
specified input-output frequency characteristic.

In order to obtain the parameterization of all
stabilizing multi-period repetitive controllers with
the specified input-output frequency characteristic,
qi(s) € RHyo(i =1,...,N) are assumed to be settled
beforechand. The parameterization of all stabilizing
multi-period repetitive controllers with the specified
input-output frequency characteristic written by the
form in (3) is given by following theorem.

Theorem 1: The parameterization of all stabiliz-
ing multi-period repetitive controllers written by the
form in (3) if and only if C(s) is written by

where N(s) € RHw, D(s) € RH, N(s) € RHx
and D(s) € RHy are coprime factors of G(s) on

RH, satisfying
G(s) =

X(s), Y(s), X(s) and Y(s) are RH,, functions sat-
isfying

0 sa ][R ]
- lot]
- |20 36 ] 5w b | @

Q(s) € Hy is written by

where @, (s) € RHy, Qa(s) € RHy, rank Qq(s) =
p, Qi(s) € RH, (i = 1,...,N) and rank Q;(s) =
p(i=1,...,N).

Proof of this theorem requires following lemma.

Lemma 1: Unity feedback control system in

y=G(s)u
{ u=C(s)(r—y) (10)

is stable if and only if C(s) is written by
C(s)
= (%) + D)) (V(5) = N()Q(s))

= (Y& -QWN®) (X + QD).
(11)

where N(s) € RHw, D(s) € RH, N(s) € RHy
and D(s) € RHy are coprime factors of G(s) on
RH,, satisfying (7). X(s), Y(s), X(s) and Y (s) are
RH, functions satisfying (8) and Q(s) € Hu is any
function [5].

Using above Lemma 1, we shall show the proof of
Theorem 1.

Proof:  First, the necessity is shown. That is, we
show that if the controller written by (3) stabilizes
the control system in (1), then C(s) and Q(s) are
written by (6) and (9), respectively. From Lemma
1, the parameterization of all stabilizing controllers
C(s) for G(s) is written by (6), where Q(s) € Hoo
is any function. In order to prove necessity, we will
show that if C'(s) written by (3) stabilizes the control
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system in (1), then the free parameter Q(s) € Hy, is
written by (9). Substituting C(s) in (3) into (6), we
have (9), where

@n(s)
= (Y(s)Con(s) = X(s)Coa(s)) Cals), (12)
Qa(s)
= (N(5)Con(s) + D(5)Cua(s)) Cals) (13)
and
Qi(s) = Cinl(s)(i=1,...,N). (14)

Here, Co,(s) € RHoo and Cyq(s) € RH are coprime
factors of Cy(s) on RHo, satisfying

Co(s) = Con(s)C57 (s). (15)

Cin(s) € RHoo(i =1,...,N) and Cy4(s) € RHo, are
coprime factors of C;(s)Coq(s) on RH., written by

Ci(5)Coa(s) = Cin(s)C;'(s)(i=1,...,N)(16)

Since N(s) € RHy, D(s) € RHoo, X(s) € RHo,
Y(s) € RHy, Con(s) € RHy, Coi(s) € RH,
Cin(s) € RHoo(i = 1,...,N) and Cy(s) € RHo,
we find that Q,(s) € RHu, Qa(s) € RHo and
Qi(s) € RH.(i = 1,...,N) in (9). From the
assumption of rank Ci(s) = p (i = 1,...,N),
rank Q;(s) = p(i = 1,...,N) holds true. Therefore,
it was proved the necessity.

Next the sufficiency is shown. That is, if Q(s)
in (6) is written by (9), then the controller C(s) is
written by (3). Substituting (9) into (6), we have

C(s) = Cy(s) + <Z Ci<5>qi(s>€—sTi>

N —1
(I—qus)e—sn) . oan
=1

where Cy(s) and C;(s)(i =1,---, N) are denoted by

Cols) = (X(5)Qu(s) + D(5)Qu(s))
(V(5)Qu(s) - N()Qu(s)) (18)
and
Ci(s)
= Q) (T(9)Quls) ~ N()@us))
(i=1,...,N), (19)

respectively. We find that if C(s) and Q(s) are settled
by (6) and (9), then the controller C(s) is written by
the form in (3). From (19) and the assumption of
rank Q;(s) = p(i = 1,...,N), rank Ci(s) = p(i =
1,...,N) holds true. Therefore, it was proved the
sufficiency.

We have thus proved Theorem 1. |

4. CONTROL CHARACTERISTICS

In this section, we explain control characteris-
tics of the control system in (1) using the param-
eterization of all stabilizing multi-period repetitive
controllers C(s) for multiple-input/multiple-output
plants with the specified input-output frequency char-
acteristic. In addition, roles of Q,(s), Q4(s) and
Qi(s)(i=1,...,N) in (9) are clarified.

From Theorem 1, Q(s) in (9) must be included in
H. Since Q,(s) € RHy and Q;(s) € RHu(i =
1,...,N) in (9), if

N -1

{Qd(s) + Z(N(S)Qi(s) - Qd(S))qi(s)GST"}
i=1

€ H, (20)

then Q(s) € Hs. That is, the role of Qq(s) and
Qi(s)(i = 1,...,N) is to assure the stability of the
control system in (1).

Next, the input-output characteristic of the control
system in (1) is shown. The transfer function S(s)
from the periodic reference input r(s) to the error
e(s) = r(s) — y(s) of the control system in (1) is
written by

(21)

Since g;(s)(t = 1,...,N) are settled beforehand to
satisfy (4), the output y(s) follows the reference in-
put r(s) with small steady state error. If the gain of
Qi(s)(i =1,...,N) increases, then steady state error
decrease. That is, the role of ¢;(s)(i =1,...,N) is to
specify the input-output characteristic of the control
system in (1). In addition, Q;(s)(i = 1,..., N) play
an auxiliary role to specify the input-output charac-
teristic of the control system in (1).

Next, the disturbance attenuation characteristic
of the control system in (1) is shown. The trans-
fer function from the disturbance d(s) to the out-
put y(s) of the control system in (1) is written by
(21). From (4) and (21), for the disturbance d(s)
with same frequency components wi(k = 0,...,n)
of the periodic reference input r(s), S(jwy) satisfy
S(jwr) ~ 0(k = 0,...,n) independent from Q4(s)
and @Q,(s). This implies that the disturbance with
same frequency components wi(k = 0,...,n) of
the periodic reference input r(s) is attenuated ef-
fectively. That is, the role of ¢;(s)(i = 1,...,N)
is to specify the disturbance attenuation character-
istic for the disturbance with same frequency com-
ponents wi(k = 0,...,n) of the periodic reference
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input r(s). For the disturbance d(s) with frequency
component w # wi(k = 0,...,n), even if ¢;(s)(i =
1,...,N) satisfy (4), S(jw) satisfies S(jw) # 0, since
e T £ 0(i = 1,...,N). If Qu(s) is settled satis-
fying 6 (Y (jw)Q4(jw) — N(jw)Qn(jw)) =~ 0, then the
disturbance with frequency component w # wy(k =
0,...,n) is attenuated. That is, the role of Q,(s)
is to specify the disturbance attenuation character-
istic for the disturbance with frequency component
w#wk=0,...,n).

Next, a design method for @, (s) to reduce influ-
ence of the disturbance d(s) with frequency compo-
nent w # wi(k =0,...,n) is shown. When G(s) is of
minimum phase, that is, N(s) is of minimum phase,
Q@ (s) is chosen by

0u(s) = N IOV ()Quls), (22
where
i(s)
= iz { Ty T )
€ RHy (23)
7> 06=1,...,p) and ai(i = 1,...,p) is a positive

integer to make Q,,(s) proper. When Q,,(s) is chosen

as (22), Y (jw)Qa(jw) — N(jw)Qn(jw) satisfy
Y (jw)Qaljw) — N (§e0)Qn (i)
= (I —q(jw) Y (jw)Qa(jw). (24)
Therefore, when g(s) in (23) is set satisfying
o {I —q(jw)} ~0, (25)

the disturbance d(s) with frequency component w #

wr(k=0,...,n) is attenuated effectively, since
7 {5(jw)}
= {(V(w)Quljw) = N(j)Qn(jw))
N
(1 Gi(jw)e M‘) Sd1<jw)D(jw>}
= o {1 = () ¥ (j)Quljw)
N
(1 > qi(jw)e M‘) Sd1<jw)D(jw>}
-0 (26)
where
Sa(s)

On the other hand, when G(s) is of non-minimum
phase, that is, N(s) is of non-minimum phase, Q(s)
is chosen by

Qn(s) = N, (s)q(5)Y (5)Qa(s).

Here, N,(s) € RHy is an outer function of N(s)
satisfying

(28)

N(s) = Ni(s)No(s), (29)

where N;(s) € RH, is an inner function of N(s) sat-
isfying N;(0) = I. q(s) is set as (23). When Q,(s) is

chosen as (28), Y (jw)Qa(jw) — N (jw)Qn (jw) satisfy
Y (jw)Qa(jw) = N(jw)Qn (jw)
= (I = Ni(jw)q(jw)) Y (jw)Qa(jw).  (30)
Therefore, when g(s) in (23) is set satisfying
o {I - Ni(jw)q(jw)} ~ 0, (31)

the disturbance d(s) with frequency component w #
wr(k =0,...,n) is attenuated effectively, since

7 {S(w)}
= G {( (]w)Qd(jw — N(jw) Qn(]w))

(- Fosorer )
NY(

= 5{(I—N( w)q(jw)) Y (jw)Qa(jw)

N
(I — Z qi(me‘f”i) Sd‘l(jw)f)(jw)}

~ 0. (32)

In summary, the role of Qu(s) and Q;(s)(i =
1,...,N) is to assure the stability of the control sys-
tem in (1) by satisfying Q(s) € He. The role of
gi(s)(i = 1,...,N) is to specify the input-output
characteristic of the control system in (1) and to
specify the disturbance attenuation characteristic for
disturbance d(s) with same frequency components
wi(k =0,...,n) of the periodic reference input r(s).
The role of Q;(s)(i = 1,...,N) plays an auxiliary
role to specify the input-output characteristic of the
control system in (1). The role of Q,(s) is to specify
the disturbance attenuation characteristic for distur-
bance d(s) with frequency components w # wy(k =
0,...,n).

5. NUMERICAL EXAMPLE

In this section, a numerical example is shown to
illustrate the effectiveness of the proposed parame-
terization.

Consider the problem to obtain the parameteri-
zation of all stabilizing multi-period repetitive con-
trollers with the specified input-output frequency
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characteristic for the plant G(s) written by

s+ 3 2
G(s) = (s _52)+(S3+ 9) (s _32)+(84+ 9) (33)
(s—2)(s+9) (s—2)(s+9)

Here, the period T of the reference input r is T =
S[sec], N in (3) is N = 5. T;(i = 1,...,5) and
qi(s)(i=1,...,5) in (3) are settled by

T, = 5-i(i=1,...,5) (34)
and
1 100 0
s+ 100

respectively. A pair of coprime factors N(s) € RHo
and D(s) € RHo, of G(s) in (33) satisfying (7) is
given by

D(s)
s>+ 7s—18 0
_ 52 + 209 + 10920
0 s® 4+ 75 — 18
s% + 203s + 10920
(36)
and
N(s)
s+3 0.6s+ 1.9

_ s% + 209s § 10300
s +
s2 + 209s + 10920

s2 + 203s + 10300
s+ 4
s2 + 203s + 10300
(37)

X(s) € RHy, and Y(s) € RH,, are settled to sat-
isfy (8). From Theorem 1, the parameterization of
all stabilizing multi-period repetitive controllers with
the specified input-output frequency characteristic is
written by (6) and (9).

In order to satisfy Q(s) € Hoo, Qn(s), Qals),
Qi(s)(i=1,...,5) in (9) are settled by

Qn(s) = N_I(S)(ﬂs) (S)Qd(‘s)v (38)
Qa(s) = N(5)Qi(s)+1, (39)
B s+ 51 107
Qi(s) = | 2hgh 312l |(=1--.5)
s+5 s+5
(40)
where
100 0
as)=| 3 + 100 100 (41)
O 53100

From the Nyquist theorem, Qu(s) € RH. and
Qi(s) € RH., if the Nyquist plot of Qu(s) +

vazl(N(s)Ql(s) — Qa(s))qi(s)e=*Ti does not encir-
cle the origin, then Q(s) € Hs. Using Qq(s) in (39)
and Q;(s)(i = 1,...,5) in (40), the Nyquist plot of
Qa(s)+ Zi]il(N(s)Qi(s) —Qa(s))qi(s)e~*Ti is shown
in Fig. 1. A specially magnified detail drawing show-
ing the origin (0,0) of Fig. 1 is shown in Fig. 2.

Bs 0 05 1 15 2 25
Re
Fig.1 The Nyquist plot of Qa(s) +

7 4
-0.015 -0.01 -0.005 0 0.005 0.01

Re

Fig.2:  Specially magnified detail drawing show-
ing the origin (0,0) of the Nyquist plot of Qq(s) +

szlvzl (N(S)Ql(s) — Qd(5)> qi(s)efsTi

From Fig. 1 and Fig. 2, since the Nyquist plot of

Qa(s) + 211 (N(5)Qi(s) — Qa(s))as(s)e~*T does not
encircle the origin, we find that Q(s) € H.

Using above-mentioned parameters, we have a
stabilizing multi-period repetitive controller with
the specified input-output frequency characteristic.
When the designed multi-period repetitive controller
C(s) is used, the response of the error e = r — y in
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(1) written by

e }
e =
L 62
= T — y
_ 2! W
L T2 Y2
[ =Y
= 42
e (42)
for the periodic reference input r
poo |7 }
L /,12

sin 2r
P sm((j‘zﬁ) (43)

is shown in Fig. 3. Here, the broken line shows the

[
3l

£ O.0,0.8,0.,0

]
o
(42}

-1.5

ol EF g,

0 10 20 30 40 750 60
t[sec]

Fig.3: Response of the error e for the periodic ref-

2 2 T
erence input r = {sin (Tﬂt) ,2sin (Tﬂ'tﬂ

response of the periodic reference input r1, the dotted
line shows that of the periodic reference input 79, the
solid line shows that of the error ey, and the dotted
and broken line shows that of the error e;. Figure 3
shows that the output y follows the periodic reference
input r with small steady state error.

Next, using the designed the multi-period repet-
itive controller C(s), the disturbance attenuation
characteristic is shown. The response of the output
y for the disturbance

dy
do

i 4z
_ sin ( T t)
2sin (4—7%)
T
of which the frequency component is equivalent to
that of the periodic reference input r is shown in Fig.

d

(44)

d,(0.0,(0.y,0.y,00)

0 20 30 0 50 60
t[sec]

Fig.4: Response of the output y for the disturbance
T
d= [sin (477%) ,2sin (477(25)]

4. Here, the broken line shows the response of the
disturbance dy, the dotted line shows that of the dis-
turbance ds, the solid line shows that of the output
y1 and the dotted and broken line shows that of the
output y». Figure 4 shows that the disturbance d is
attenuated effectively.

Finally, the response of the output y for the dis-

turbance
_ | d
o= i)

sin (£t>
= | L (45)
Sin (T )
of which the frequency component is different from

that of the periodic reference input r is shown in Fig.
5. Here, the broken line shows the response of the

d,(0.4,(0.5,0.y,0)

-15
2 o 2D o 2 -
0 20 30 40 50 60
t[sec]
Fig.5: Response of the output y for the disturbance

d= [sin (%t)  2sin (%t)]T
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disturbance dy, the dotted line shows that of the dis-
turbance ds, the solid line shows that of the output
y1 and the dotted and broken line shows that of the
output ys. Figure 4 shows that the disturbance d
is attenuated effectively. In this way, we can easily
design a stabilizing multi-period repetitive controller
with the specified input-output frequency character-
istic using Theorem 1.

6. CONCLUSION

In this paper, we proposed the parameterization of
all stabilizing multi-period repetitive controllers for
multiple-input /multiple-output plants with the spec-
ified input-output frequency characteristic. Using the
result in this paper, we can easily design a stabilizing
multi-period repetitive controller.
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