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Abstract. This paper studies steady-state control and stability for a class of integrodiffer-
ential control system with pulse-width modulated sampler on Banach spaces. The existence
and stability of the steady-state for the integrodifferential control system with pulse-width
modulated sampler are given. An example is given to illustrate the theory.
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1. INTRODUCTION

In design of distributed parameter control systems, one of the important problems
is to choose controller and actuator. As the dimension of an industrial controller
in actual applications is finite, it restricts us to consider the distributed parameter
system with a finite dimensional output. In industrial process control systems on-off
actuators have been in engineer’s good graces because of the cheap price and the high
reliability.

The interest in the pulse-width sampler control systems was aroused as early as
1960s. It was motivated by applications to engineering problems and neural nets
modeling. In modern times, the development of neurocomputers promises a rebirth of
interest in this field. The theory of pulse-width sampler control systems is treated as
a very important branch of engineering and mathematics. Nevertheless, it can supply
a technical-minded mathematician with a number of new and interesting problems of
mathematical nature. There are some results such as steady-state control, stability
analysis, robust control of pulse-width sampler systems [1-9], integral control by vari-
able sampling based on steady-state data and adaptive sampled-data integral control
[10-15].
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However, to our knowledge, integrodifferential control systems with pulse-width
modulated sampler on infinite dimensional spaces have not been investigated exten-
sively. In this paper, we will be concerned with control system governed by a class of
integrodifferential equation

z(t) = Kyz(t), (1.1)

{iﬁ)-Aw@)+j%aw@%(5xxw)+<ﬁdw,
where state variable x(-) takes value in a reflexive Banach space X, A is the in-
finitesimal generator of an exponentially stable Cy-semigroup {T'(¢t) : ¢ > 0} on
X. f:]0,00) x X x X — X is continuous and bounded on bounded subsets of
[0,00) X X x X, S is a nonlinear integral operator given by

t

(&Mw=/%wQM&ﬂ@M&

0

The function g : [0, +00) x X — X is continuous in ¢, k € C ([0, +00) x [0, +00), R).
Control variable u(t) is a ¢ dimensional vector, u(t) € R?, C': R? — X is a bounded
linear operator. K;: X — RP is a linear operator, z(¢) is a p dimensional output of
the system (1.1).

Suppose that control signal u(t) is the output of the ¢ dimensional pulse-width
sampler controller. v(t) is the input of the ¢ dimensional pulse-width sampler con-
troller, which is the output of some dynamical controller

() = Ju(t) + Kaz(t), (1.2)

where J is a ¢ X ¢ matrix, K5 is a ¢ X p matrix. J is determined by the dynamic
characteristics of the controller, K5 called to be feedback matrix will be chosen and
tuned by the designer. The output signal u(t) = (ui(t),ua(t),...,uqs(t))T and the
input signal v(t) = (vi(t),va(t),...,ve(t))" of the pulse-width sampler satisfy the
following dynamic relation:

i n,, NIy <t< n)To, 1=1,2,...,q;
ui(t) = PIER im0 (n+ lan ) To, i 1 (1.3)
0, (n+|an,)To <t<(n+1)1T;,, n=0,1,....
and
an, = ’U’i(nTo), |’Ui(nTo)‘ § 1, 1= 1,2,. 545 (14)
S1gn Ui(nT0)7 |’Ui(nTO)‘ >1, n:O71a"'7

where «,, are numbers, T > 0 is the sampling period of the pulse-width sampler.
We end this introduction by giving some definitions.

Definition 1.1. The closed-loop system (1.1)—(1.4) is called to be a pulse-width
sampling integrodifferential control system.
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Definition 1.2. In the closed-loop system (1.1)—(1.4), the ¢ dimensional vector &, =
(Qnys Qs -y 0, ) T defined by (1.4) is called the duration ratio of the pulse-width
sampler in the n-th sampling period, n =0,1,....

We defined a closed cube 2 in R? as
Q = {O_ZTL = (an17an2""’anq)T € Rq | |05TL7‘ S 171 = 1727"'7q}7

then we have @, € Q, forn=20,1,....

Definition 1.3. In the closed-loop system (1.1)—(1.4), if there exists a ¢ dimensional
vector
a=(a1,9,...,00)" €9,

and a corresponding periodicity rectangular-wave control signal u(t) = u(t, &) defined
by

sign a;, nTy <t < (n+|w|)To, i=1,2,...,q; (1.5)
0, (n+la)To <t<(n+1)Ty, n=0,1,.... '
such that the closed-loop system (1.1)—(1.4) has a corresponding Tp-periodic trajec-
tory z() = z(-,@): z(t + Tp, &) = «(t, &), t > 0, then the control signal (1.5) is
called to be a steady-state control with respect to the disturbance f. The Ty-periodic
trajectory x(-) is called a steady-state corresponding to the steady-state control w(-)
and the constant vector & €  of defining steady-state control (1.5) is called to be a
steady-state duration ratio.

Definition 1.4. In the closed-loop system (1.1)—(1.4), if there exist some & € € such
that
lim &, =da, where &, = (an,,qn,,... 7o<nq)T7 a=(a1,as,... ,aq)T.

Then system (1.1)—(1.4) is called to be stead-state stable with respect to the distur-
bance f.

System (1.1)—(1.4) is called stead-state stabilizability if we can choose a suitable
To > 0 and K5 such that system (1.1)—(1.4) is stead-state stable with respect to the
disturbance f.

2. PRELIMINARIES

In order to study system (1.1)—(1.4), we introduce the following assumptions:

[H1] A is the infinitesimal generator of a Cyp-semigroup {7T"(¢) : ¢ > 0} on X with
domain D(A).
[H2] {T'(t) : t > 0} is exponentially stable, that is, there exist Ky > 0 and vy > 0
such that
IT(t)]] < Koe ™, t>0.
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Here, we renorm the space X using the semigroup 7T (t) and e*°t, ¢t > 0. Define
[z]lo = sup [[e"°T (s)z|. (2.1)
s>0
It is obvious that
[[z]] < [lzllo < Koll]-

Thus, (X, ] - |lo) is topologically equivalent to (X, || - ||). Clearly for all ¢ > 0,

IT(#)x]lo = sup e e UFIT (¢ + s)z]| < sup [le™ 'O T (s)z]| < ™|y
0<s

Ssit

Let £,(R%, (X, - |lo)) be the space of linear operators from R? to X (with
norm || - |lo), £5((X,] - |l0),RP) be the space of bounded linear operators from X
(with norm || - [|p) to RP.

[H3] (1) f :[0,00) x X x X — X is continuous and bounded on bounded subsets

of [0,00) x X x X, and for any x1, 29, y1,y2 € X, there exists a positive
constant L; > 0 such that

1t 21, 91) = f(t 22, 92) o < Lp(llzr = 22llo + llyr — y2llo)-
(2) f(t,x,y) is To-periodic in ¢, i.e.,
ft+To,x,y) = f(t,z,y), t>0.
[H4] Control signal u(t) is a rectangular wave signal u(¢, &) with a period Ty defined
by (1.5) for a given & € Q.

[H5] (1) g:[0,+00) x X — X is continuous in ¢ on [0, +00) and for all z1,22 € X,
there exists a constant L, > 0 such that

lg (t,21) — g (&, 22)llg < Lg [lz1 — 22 -
(2) ke C([0,400) x [0,400),R), are Ty-periodic in ¢ and s, i.e.,
k(t + Ty, s+ Tp) = k(t, 5),
and ¢(s,x) is Typ-periodic in s, i.e.,
g(s+To,x) =g(s,z), s>0,
with
To

/k(t,s)g(s,x)ds =0, t>Ty>s>0.
0
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By assumption [H5], it is not difficult to verify the following result.
Lemma 2.1. Operator S has the following properties:

(1) S:C([0,Tp], X) — C ([0, Tp], X).
(2) For all x1,x2 € C ([0,Tp], X), we have

1(S21)(t) = (Sz2)()llg < Ly [|El To [[(21)e = (22)tllo 5 -
(3) For all x € C([0,Tp], X),
(S(t+To))=(t) = (S(t))z()-

Remark 2.2. The above results remain true by supposing that the kernel k(¢, s) of
the Volterra operator S is continuous in the domain {(¢,s) € R? : 0 < s < t}.

It will need the following generalized Gronwall’s inequality.

Lemma 2.3. Let x € C([0,Tp], X) and satisfy the following result:

t t
le(®)llp < a+b / Iz (8)llg ds + ¢ / sllo 5 d5, € [0,T0), (2.2)
0 0

where a,b,c > 0 are constants and

£§20

zsllo,p = sup {Sup ||6”°§T(£)x(€)|} ~
0<€<s
Then
(8]0 < ae®*)t.

Proof. Using (2.2), we obtain

t
Jo®llo.s < a+ b+ ) [l pds
0

Define .
Wt =a+ (-+0) [l ds,

0

we have )
h(t) = (b+c)||zellop < (b+c)h(t), with h(0)=a.
Thus,
h(t) < ae®+o)t,

As a result,

lz()]lo < llztllos < h(t) < aebTt. -
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3. STEADY-STATE CONTROL AND STABILITY
Lemma 3.1. Let assumptions [H1|-[H5| hold and suppose that
vo > L+ LyL, ||k‘|| To.

For every u(t, @), system (1.1) has a unique Ty-periodic mild solution given by

t [’
2(t, &) = T(H)z0 + / T(t—0) {f(&,x(&), / (0. 9)g(s. 2(s))ds) +Cu(9,o‘2)]d6, (3.1)

where x(Ty, &) = xg and x(-, &) is exponentially stable.

Proof. We define a map Hg(t) : X — X given by

Hg(t)(zo) = T(t)xo + /T(t —0)(f (6,2(0), (Sz)(0)) + Cu(0, @))do.
0
For every 1, o € X, it is easy to see that
[Hs(t)(z1) — Hs(t)(z2)]lo <

< | T(t)(ar — 220 + Ly / IT(t — 6)(x1(6) — 22(8)) odb-+
0
4Ly [ 17t = 0)((S21)(6) - (52)(6)) fodd <
0
< ey — waflo + Ly / 1(8) — 22(6) lod6+
0

t
T+ LyLy K] To / |(1)s — (22)sllo, 5.
0

By Lemma 2.3, we have
1Hs (t)(21) = Hs(t)(w2)|lo < etFrFhrbalMITomvolt iz —ayllo, ¢ [0, 7o) (3:2)
Thus,
|Hs (To) (1) — Hs(To)(wa)[lo < etFrHEsbalbITomvolTo i) — iy .
It comes from the condition

vo>Ly+ LyiL, Ik|| To
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that Hg(Tp) is a contraction map on Banach space (X, | - |lo). Thus, Hs(Tp) has a
unique fixed point z* € X:

Hs(Ty)x™ = z*. (3.3)
Define y(t, @) = z(t + Tp, &), for t > 0,

y(t, @) = x(t + Ty, d) = Hs(t + Tp)(z*) =
=T(t)(Hs(Tp)z™)+

t+To [’
+ / T(t+ Ty — 0) [f(e, m(ﬂ),/kz(é', s)g(s,x(s))ds) + Cu(b, a)} 6 =
Tt °
t 0+To

+0/T(t+TO9+TO){f(0+To,x(9+TO), / k(0+To,5)g(5,x(s))ds>+

+ Cu(0 + Ty, 0_2)] A0+ Ty) =

0+To

4 O/T(t ~0)[f(0.2(0). 0/ K6+ To, 5)g(s, 2(5))ds) + Cu(® + Ty, @)|d(6 + Ty) =

0+To

+/T(t+T0—9—T0) [f(é’—l—To,x(G—&—To),/k(@—i—Tg,s)g(s,m(s))ds)—i—

+Cu(d + To,d’)]d(e T =
= T(t)a*+
t 6
+/T(t—9)[ 2(0 + Tp) /k 9+T0,s+T0)g(s+T0,x(s+T0))d(s+TO))+
0 0

Cu(t + To,d’)]d(e LTy =

+/T(t _ { /ek y(s))ds) +cu(9,az)]de -
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which implies that y is also a solution. Then, the uniqueness implies that x(-, &) =
x(-,x*) is just the Tp-periodic mild solution of system (1.1). Note that (3.1) and
condition (3.2), we know x(-) is exponentially stable. O

By Lemma 3.1, we have the following results.

Theorem 3.2. Under the assumptions of Lemma 3.1, if the sampler periodic Ty has
the following properties:

2
iwn € p(J), wp= B p=0,41,42, ..., (3.4)
T
where p(J) is the resolvent set of the matrix J, i satisfies i> = —1, then the following

open-loop control system

i(t,d)=A
12(1) (3.5)

2(t,@) + f (£, 2(t), (Sz) (1)) + Cult, ),
t b
o(t, &) = Ju(t, @) + Kaz(t, &),

has a unique Ty-periodic mild solution v(t,d) given by

To t
v(t, @) = et {(I L /eJ(Tos)ng(s,&)ds] + /eJ(tfs)ng(s,&)ds.
0

Proof. By (3.4), we know that e“T0 = ¢i2"™ — 1 that is 1 € p(e’/). Thus
(I — e/T0)~1! exists and is bounded. It is not difficult to see that

¢
v(t, @) = e’y —|—/e‘](f/*s).f('gz(s,62)ds7 (3.6)
0
where vy = v(0, &). Consider
Ty
y=U- el Toy~—1 /e‘](TO_S)ng(s,d')ds,
0

which is the unique solution of the following equation

t
y=¢e’ly+ /eJ(t_s)ng(s7 a)ds.
0

Let

To
vg =y = (I —elT0)~? /e‘](TO*S)ng(s,o'Z)ds,
0
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it comes from Lemma 3.1 that
z(t + To, &) = z(t,d),t > 0.

It is easy to verify that

To t
v(t,d) = et {(I—eJTO)_l/e‘](TO_S)ng(s,o_Z)ds} —l—/eJ(t_s)ng(s,éz')ds
0 0

is just the Tp-periodic mild solution v(¢, @) of the open-loop control system (3.5).
In order to discuss existence of steady-state for system (1.1), we define a map
G: Q € R? — RY given by

G(@) = (I —eTo)™t [ T Ky K (s, d)ds, d € Q,

where z(-, @) is the Typ-periodic mild solution of system (1.1) corresponding to & € €.
O

Lemma 3.3. Under the assumptions of Theorem 3.2, if

| elbstirnleimom L+ LollkITo) 7 (3.7)

1 —ewTo

there exists a constant M > 0 such that
1G(@) - G(@)| < M||Ka|||@—al, & aeq.

Proof. Let x1(t,&@) and x5(t,&) be the Ty-periodic mild solution of system (1.1) cor-
responding to @ and & € € respectively, then

1‘1(0) — l‘g(O) = J)1(T0) — l‘g(To) =
= T(To)(21(0) — 22(0))+
Ty
+ / T(Ty — 0)(£(0,21(0), (S21)(6)) — (0, 22(0), (S2)(0)))db+

0
To

+ / T(Ty — 0)C (u(0, &) — u(0, &))df.
0
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Thus,

|21(0) — 22(0)l0 <

< ||[I_T(TO)]1||Lf[/ 1 (6) —fcz(G)\IodGJr/ll(Swl)(@) - (Sfcz)(9)llod9}+
0 0

I = T(T)] M IC ey a0 10)) / (8, &) — u(8, &)|[radt <

To To

1

< | [ 1010) ~ 22(0)oas + LT [ 1000~ ol mat|+
0 0

1 . =
+ T =oom 1Clley e, x )1-10)) / [u(0, @) — u(f, &)||radb.
0

e—voTo

For 0 <t < Ty, we obtain

|21 (t, @) — za(t, &)]o <
< [|21(0) — 22(0)[lo+

y / le1(8) — 22(6)l0d8 + Ly Ly || To / I(1)o — (22)ollo.5d6+
0 0
100 4@ 1100 / (6, @) — (6, ) zedf <
1
S ||x1 — x3(0)]l0db + L, ||kHT0 H z1)o — (22)olo,5d0 |+

+ 1€l 2o e, x, 11 ||o))( i )/Iu 0,d) — u(9,@)||rsdo+

y / 210 — 22(0) 0 + Ly Ly | K| To / (1) — (22)so.5d6.
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By Lemma 2.3 again, we have

o1 (t, @) — @2(t, @)llo <

To

1

< e“f“f“”’“'%”"{l_emw [ / |1(6) — 2(8) lodo+
0

To
+ LT [ o - <x2>e||o,Bd9]+
0

To
1 . =
+1Cll ey, x,1-110) <1—e—l'oTo + 1) / [[u(8, @) — U(97a)||qu9}~
0

Integrating from 0 to Tp, we obtain

To To

- M. - =
[ lle2(t.@)  aa(t, Dlode < 372 [ ul6,8) (6, ) oo <
0 0

Toq

<32 [ o ul6.a0) ~ w(o.anlas,
My o =1

where

M, =1 — elLs+LsLolIKITo) To, Lp(1+ LgIII;IITo) =0
1 — e voTo ’

1
My = BB BT O o, a0 110)) (MVOTO + 1)‘

For aya; > 0, without loss of any generality, we suppose that 0 < a; < @;, then we

have
To a1 To
/|ul(9,al) — ul(G,dl)\dQ < / |ul(9,0q) — ul(ﬁ,o’q)\dQ < To‘Oél —Qyl.
0 OtlT()

For aya; < 0, for example, oy < 0 < @y, |&;| > oy, we have

To |a1|To

/\ul(ﬂ,al) — (0, @)|do < / 2 (6, o) — (0, G1)|d6 < 2Tl — .

0 OélTo
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By elementally computation,

IG(a) — G(@)ll <

To
< (T =) e o[ K2l 1y ¢ -10) 20) / [21(s, @) — z2(s,@)]lods <
0

To
— M2 — =
< ||(1 = e’™0) 1H||eJT°||||K2H||K1||£b((X7”.||O),Rp)M/H“(eaa) —u(0,a)|[redb <
0

My

<22 = )l NI £y ()1 o) e M,

Tolla — a]|.

By virtue of (3.7),

M,
M,

M =2||(I = ™)l K1l ey, 1-10) 2oy 77 Lo > O,

then
1G(@) - G(@)|| < M| Kalll@ - al, & ae. O
By Lemma 3.3, we have the following result.

Theorem 3.4. Under the assumptions Lemma 8.3, we can choose a suitable || Kz|| > 0
such that system (1.1)—(1.4) has a unique steady-state for any given f € X and the
fized point of G is just the steady-state duration ratio.

Proof. Let x(t,d) be the Tp-periodic mild solution of system (1.1) corresponding to
a € Q, then

To
2(0) = 2(Ty) = T(To)z(0) + / T(Ty - 0)(f (6, 2(0), (S2)(6)) + Cu(0,&))db,
0
that is,
To
z(0) = [I — T(Tp)] ™! /T(To —0)(f(0,2(0),(Sz)(0)) + Cu(f,a))ds.
0

It is obvious that

11 »
l2Ollo < = 7o (1 = ¢ )MT + g oo, x.)-10n To) =

(M T + qlICll £y, (x,1-10) To) = Ms.

1
=
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It comes from
G(a) =
To
=(I—e/T)7? / e?T0=9) Ky K T ()2 (0) ds+

0
T, t
+ (I - eJTO)_1 /eJ(TO_S)KgKl ( T(t — 0)(f (0,z(0), (Sx)(0)) + C’u(@,d’))dﬁ) ds
0 0
that
IG(@)|| < M|l K2,
where

M = (T = &) e 1Kl (x5 To (M + Tol|C |y o, -1o1yd + MTo).
It is not difficult to see that G : Q — € is a contraction map when

1

0< K < g — Y
I max (M, M)

By Banach fixed point theorem, G has a unique fixed point a* € Q. Obviously,
the Tp-periodic mild solution of system (1.1) corresponding to @* is just the unique
steady-state. O

We end this section by discussing the steady-state stability. The following notations
and assumptions are needed.
Denote two ¢ x g matrices

t

g(t,n) = /6"(t*5)K2K1T(s —n)ds,
t

g(t) = g(t,0) = /eJ(t_S)KgKlT(s)ds.
0

[H6] g¢(t) is ¢ x g matrices function continuously on [0, 00) and satisfies
lg@®)| < Mge "s',t > 0, where M, >0 and v, > 0.

[H7] (1) There exists an inverse matrix [ — [;° g(t)dt] ™', I is identity matrix, and

7 -1
[I—/g(t)dt} JTUKK AT fent ©, f e X.
0
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(2) There exists some constant § > 0 such that
J YK, K A7+ (/g(t)dt)o? —v|| >6,veRI—Q,

where & = Projq(v) is the projection of v on the closed convex set €.
[H8] There exist M; > 0, v; > 0 such that [e/t|| < Mje "7t ¢ > 0.

Theorem 3.5. System (1.1)—(1.4) is steady-state stable under the assumptions [H1|,
[H2|, [H4|, [H6|, [H7] and [H8|, that is, there exists a & € Q given by

o0

a=II- /g(t)dt]’lJ’lKgKlA’lf,
0
such that
lim a, = 4,
n—oo
where
’I’LTD

@n = v(nTy) = /"oy + / ¢! (M=) [ Ky 2:(0) df.
0

Proof. The output v(t) of dynamical controller (1.2) is
v(t) = ve(t) + vk, (1), (3.8)

where

t
vo(t) = et + / &) [y K [T(7) (o) + A™Lf) — AL fdr,
0

ok (£) = / o(t, myu(n)dn.
0

From [H6], [HS], it is easy to see that

flim ve(t) = JTTKQ K AT f

From (3.8), after some calculation one can arrive at

> e(nTh) + > Tog(kTy — FnTo)dn — v(nTp)] =0, (3.9)
n=0 k=1

where B, = (Buys- s Bu)T5 0 < Boy < lan, [ < 1,5 =1,2,..,0.
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By Lemma 3.3 of [4], there exists some ¢ x ¢ matrix E(Tp,n) such that

o0

S Tog(kTo — fuTo) = / g(t)dt + E(To,n),
k=1 o
and
Tlim0 |E(To,n)|| = 0 uniformly for n =0,1,2,.... (3.10)
O—)
From (3.9), we have
J KK AT f 4 lim { /g t)dt + E(Ty,n)|a v(nTO)}. (3.11)
0

Let § > 0 be the positive number in [H7]. It is not difficult to prove that there exists
some T* > 0 and N*(T*,§) > 0 such that

v(nTp) = @p, 0< Ty <T*, n> N*(T",0). (3.12)

Combined (3.11) and (3.12), we obtain

n—oo

lim [I - /g(t)dt - E(To,n)}o?n = JURKGK ATV, 0 < Ty < T
0
Note that by (3.10) and [H7], one can complete the rest of the proof. O

4. EXAMPLE

Consider a heat conduction temperature control system with an one dimensional
control and an one dimensional output

Galty) = T+ bu(t)+
+ Lf:v(t7y) + Ly f’(/J(S) sin(t — s)Lgz(s,y)ds,y € (0,27), t>0,
0

x(t,0) =x(t,2r) =0, t>0,

27
2(t) = [ kiz(t,y)dy, t>0,
0

and the output v(t) satisfies

b= %U(t) + ky2(t), (4.2)

where m, b, by, k1 and ko are positive constants.
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Let X = L?(0,27). Define

(Az)(y) = 2" (y), for arbitrary z € D(A),
D(A) = {x € L*(0,27) | z,2" € L*(0,2r), z(0) = z(27) = 0}.

Then A can generate an exponentially stable Cop-semigroup {T'(¢),t > 0} in X =
L?(0,27), has the form

where

Obviously, .
T <e 7', t>0.

Detine 2()(y) = 2(y), COUNy) = bul-y), k(t,s) = B(s)sin(t — s), glt,x(s)) =

fGa(), (52)() (v) =Lf$(')(y)+Lf/k(‘,S)g(‘,ff(S))dS(y),

(=)

where

and

Kia()(y) = Kra(-y) = / k(- y)dy.
0

Thus problem (4.1) can be rewritten as

#(t) = Ax(t) + f (¢, 2(1), (Sz)(t) + Cu(t),
2(0) = (2m) = 0

z(t) = Kiz,
and the output v(t) satisfies

du(t)
dt

= Ju(t) + Kzz(t),

where J = i, Ky = ks.
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(1) For the condition of the stead-state control, we choose Ly and 1 such that

1 2nL 1 1
I L d 1 27fo7f7r2 = mi :
5 < 1 an e R T>0, [ 1n 0(2lf[g7r)’0(2Lg7T)

Then all the assumptions given in Theorem 3.4, our results can be used to system

(4.1), (4.2), (1.3), (L.4).

(2) For the condition of the stead-state stability, take into account that

r < 4 Ak 1
/g(t)dt = mko Z Z_—Z(b, i) k1, di) = mko Z = [ 121 7T(1 — cosimy) ]
0 i=1 i=1

where cosimy # 1, and

TG KA = mkzz;‘;[%ﬁ (1—cosmy><f,¢i>|},

(3
i=1

where (f, ¢;) # 0

We can choose m and ks such that

mkgzﬂH“ﬁ(l—comy><|<f,¢i>|+b>} <1

=1
Then
mky 3" 5 (106,60, 60 + 140, 60k, 90)) < 1
i—1
Obviously,
4 4 7
k3 (00000 < 1= ke 3 550000k =1 [ a0
i=1 i=1 A
mky Z ;12 [((f, i) k1, i) + (b, ¢i><k1,¢i>signv) — v} >4, where |v|>1.
i=1

Thus, all the assumptions given in Theorem 3.5, our results can be used to system
(4.1), (4.2), (1.3), (1.4).

Acknowledgements

This work is supported by Introducing Talents Foundation for the Doctor of Guizhou
University (2009, No. 051), Tianyuan Special Funds of the National Natural Science
Foundation of China (No. 11026102).



196

JinRong Wang

REFERENCES

(1]

2]

3l

(4]

5]

[6]

(7l

(8]

9

[10]

(11]

[12]

[13]

[14]

[15]

R. Teman, Infinite dimensional dynamical system in mechanics and physics, New York,
1988.

D.S. Bernstein, C.V. Hollot, Robust stability for sampled-data control system, Systems
Control Lett. 13 (1989), 217-226.

H.X. Zhou, Q.L. Xu, A PMW temperature control system with a distributed parameter,
Modeling, Simulation and Control 32 (1998), 53-64.

H.X. Zhou, Analysis of the parabolic control system with a pulse-width modulated sam-
pler, Proceedings of the IFIP WG 7.2 Working Conference Shanghai, China, May 6-9,
1990, 211-219.

Q.G. Li, Y. Zhao, Steady-state control of a class of parabolic pulse-wideth sampler sys-
tems, Control Theory and Applications 19 (2002), 516-520.

L. Hou, A.N. Michel, Stability and analysis of pulse-width-modulated feedback systems,
Automatica 37 (2001), 1335-1349.

F.M. Ai-sunni, S.H. Ai-amer, Robust control of sampled data systems, IEE Proceedings.
Control Theory Application 145 (1998), 236-240.

L.S. Hu, P. Shi, B. Huang, Stochastic stability and robust control for sampled-data
systems with Markovian jump parameters, J. Math. Anal. Appl. 313 (2006), 504-517.

J.R. Wang, Ezistence and stabilizability of steady-state for semilinear pulse-width sam-
pler controlled system, Opuscula Math. 31 (2011), 105-118.

A. Ilchmann, S. Townley, Adaptive sampling control of high-gainstabilizable systems,
IEEE Trans. Automat. Control 44 (1999), 1961-1966.

N. Ozdemir, Robust and adaptive sampled data I-control, Ph.D. Thesis, University of
Exeter, UK, 2000.

N. Ozdemir, S. Townley, Integral control by variable sampling based on steady-state data,
Automatica 39 (2003), 135-140.

N. Ozdemir, Digital variable sampling integral control of infinite dimensional systems
subject to input nonlinearity, IEEE Trans. Automat. Control 54 (2009), 1357-1362.

Z. Ke, H. Logemann, R. Rebarber, A sampled-data servomechanism for stable well-posed
systems, IEEE Trans. Automat. Control 54 (2009), 1123-1128.

Z. Ke, H. Logemann, S. Townley, Adaptive sampled-data integral control of stable
infinite-dimensional linear systems, Systems Control Lett. 58 (2009), 233—240.



Analysis of integrodifferential control system with pulse-width modulated sampler... 197

JinRong Wang
wjr9668@126.com

Guizhou University
Department of Mathematics
Guiyang, Guizhou 550025, P.R. China

Received: July 22, 2010.
Revised: November 19, 2010.
Accepted: January 10, 2011.



