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Analysis of Sampled-Data Feedback Control
Systems with Finite Pulse Width

By
Shigenori Havasur* and Koichi Mizukamr*

(Received June 3, 1964)

A method for analysis of sampled-data feedback control systems with finite
pulse width is presented in this work.

The analysis is based on introducing a new technique with some approxima-
tions by the theories of the Periodically Interrupted Electric Circuits.

The results make it possible to obtain the transient and steady-state response
of such systems containing a sampler with any pulse width. Furthermore, by
utilizing this method, the stability criterion is readily developed and its applica-
tion to systems under consideration make clear the effects of the sampler with
finite pulse width on the performance of sampled-data feedback control systems,
which are of considerable importance in view of its engineering applications.

Some illustrative examples are given to clarify the method involved and its
numerical results are presented to show the performance of the system dynamics.
Moreover the results in this investigation are examined by the simulation of the
control system in question by means of the analog computer.-

1. Introduction

Analysis and design of sampled-data control systems have been developed
after considerable investigation during the past decade. Especially, the deve-
lopment of the z-transform and modified z-transform in recent years has
become an important tool in the analysis and synthesis of sampled-data systems.

However, in almost all cases the sampled version of a given signal has
continued to be regarded idealistically as a train of impulses of infinitesimal
duration.

More recently, efforts have been made to deal more realistically with the
sampling problem by recognizing that in practice the duration of a pulse
formed by sampling a function of time is not only not infinitesimal, but often
appreciable.

Farmanfarma® introduced the p-transform to allow consideration of pulse
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width, and Tou® introduced the r-transform for the same purpose. These
efforts led to the establishment of methods of analysis and synthesis of open-
loop sampled-data systems with appreciable pulse width.

Furthermore, Farmanfarma® has published an exact method for the analysis
and synthesis of closed-loop sampled-data systems with finite pulse width.
However, the exact method is very tedious. Murphy and Kennedy® developed
an approximate method for such systems from a different point of view.

The purpose of this paper is to present a method which allows the treat-
ment of sampled-data systems with pulse width ranging from zero to the
sampling period®>®. The technique presented here, which is based on the
theories of the Periodically Interrupted Electric Circuits, yields approximately
the correct value of the system response at all instants and also develops the
valuable stability criterion for systems under consideration.

Investigating the stability of sampled-data feedback control systems with
finite pulse width is of considerable importance to examine the effects of
pulse width on the system dynamics.

Numerical examples are worked out to show the application of the method
presented in this paper, and also the results are examined by means of analog
computer simulation.

2. General Analytical Method Based on the Theories of
the Periodically Interrupted Electric Circuits

The sampled-data system with finite pulse width under consideration is
shown in Fig. 1.

As is well-known, the basic difference between a continuous system and
a finite pulsed sampled-data system is due to the presence of the sampler in
the latter. Thus any general investigation of the pulsed system must start
with the study of the sampler, and the relation between its input and output
time functions.

Fig. 2 illustrates the input and output of a sampler with pulse width £
and sampling period T.

L Controlled
Aimed input 55’”/7//‘79’ otject  Controlled ert) en(t)

rit) 4 \‘ - cutput
- e(t) o (f) T tt)

b)) 1‘
140 0 0" r r+/7 T
Feedback element
Fig. 1. Sampled-data feedback control Fig. 2. (a)-Input signal to sam-

system with finite pulse with, pler. (b)-Sampler output,
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Hence, the relation between input e¢(#) and e
output ¢,(f) in the time domain may be written €, /e(t) ey

e ,
ex(t) = e(t) u(t)—~u(t—h)} +e()(u(t— T) : : :
! | 1

— T |
u(i T—h)} + ‘: A i s I

= o) 3t —nT)~ult=nT—0} @1  Ff o pe=rp T
- m=]

where «(#) is a unit step function. Fig. 3. Pulse width % of sam-

pler output is subdivided into
m—1 narrow pulses with each

subdivided into m—1 narrow pulses with each different width 4/ (#=1,2, -,
. . . . —1).

different width 4;, (i=1, 2, -, m—1) as shown in m=1)

Fig. 3, then the output e,(¢) is expressed in the form, too

Now if pulse width % of sampler output is

en(t) = e(t){u(t)—u(t—4,)} +e(D){u(t— 4)—u(t — 4,— 45)} +
+eOt—8 d)—ult— 2 4)) + t) Wt = T)—lt = T=4)) + -+
+e(t){u(t—nT)—u(t—nT—4)} +
+e(t){u(t—nT— ZA) w(t—nT— ZA)
-5 S ! (t—nT— )34) wt—nT~ 5 4) @.2)
where 4,=0.

For the application of our new technique to the system under discussion,
we first assume that the output pulse e¢,(f) may be expressed approximately
by staircase functions as indicated in Fig. 3, in other words, that it is flat-
topped pulses during each different width 4;, then we have

ex(t) = e(0){u(t)—u(t— 4.)) +e(Al){u(t_Al)—u(t_Al—AZ)} +
+e(nT)u(t—~nT)—u(t—nT—4)} +

+e(nT+ZA)u(t nT— ZA) w(t—nT— ZA)
—Z ge(nTJrZA)u(t nT Z}A) w(t—nT— Z]A)} 2.3)

Accordingly, it may be obviously said, from inspection of Eq. (2.3), that
the sampler with finite pulse width % in practice is replaced by an idealized
cyclic sampler approximately equivalent to it. This ideal periodic sampler
with sampling period T is illustrated in Fig. 4 (B), which is followed by zero
order hold networks with different holding time 4;, that is
1—e24;

? ’

Thus the system under consideration as shown in Fig. 1 can be evidently

H{p) = i=1,2-,m-1. 2.4
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r
elt) ~ et 2l
A --=
Hn-:AP)
(A) Sampler with finite (B) An idealized cyclic sampler
pulse width % in approximately equivalent to
practice. the sampler in Fig. 4 (A).

Fig. 4. Cyclic ideal sampler with sampling period T followed
by zero order hold networks H;(p)=(1—e~?4i)/p.

rewitten as illustrated in Fig. 5 according to

replacement of the cyclic ideal sampler and
zero order hold networks. Hereafter, we
consider this approximate equivalent system
in the following analysis by means of the

present method in this paper.

Fig. 5. Equivalent block diagram

Now assume that a linear controlled ob- of the sampled-data feedback
ject with transfer function G(p), as shown in C({r“ittr}i’lhsyswm with finite pulse
Wi .

Fig. 5, is generally an a-th order element
and subjects to the sampled output e}(#), and that a feedback element with
transfer function K(p) is generally a #-th order element.

For brevity, we introduce a new symbol such that

FOT)=em, KMT+A)= e, T+ 3 4)= o (2.5)

where #=0,1,2,--- and r=1,2, -, m
During from t=#T to ¢t=nT+d,, that is, its interval is said so as the 1st
circuit mode on the n-th stage, the controlled output c,(¢#) may be obtained by
solving the differential equation of the form
;w ;w lCn(T)+ e o7 o 1;
where a,, -+, a5 are constants of the controlled object.
Here it is convenient to express Eq. (2.6) in the matrix notation as

co{t)+ ay

C”(T)+ awcn(f) = €m O S T _<__ A1 (2. 6)

D aD aD-e Ga—1 D+ay C.z—l(f) €m
—1 D 0 orverereinnns 0 0
0 —1 D e 0 : | @7
................................. ci(x) :
0 veerermneernenanns 0 -1 D en(7) 0 0<r< 4,

where D—ai, and ¢i(7)= c,,(r), 1=1,2,-,a-1),
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In feedback loop, the differential equation is written in the form

B )+ d P b+ e+ dp S b8) Fdebal) = Er)  0<r< 4y (2.8)
dr8 T dr

drP
where b,(r) is the output of the feedback element in the lst circuit mode on
the »-th stage, and d,, -, ds are constants of the feedback element.

Similarly Eq. (2.8) is expressed in matrix notation

D dD d;D-eee ds—1 D+dg) (b37(7)) ( calT)

-1 D O cerrreiiininen 0 0
(? T e _ 2.9)
................................. 0 b:,’1(r)

[y 0 -1 D bn(z.) 0 0 _<_ - S 4,

where Dzzd;, and bf‘,('r)zj—;b,,(r), (i=12,-,5-1).
While the relation between ¢(#) and b(¢) is represented as follows, clearly

by inspection of the system under discussion
em = {r(t)—b<t)}t=nT (2 10)
Cnr = @O}y _r 1S 4,
i=1

Now, for simplicity, Eqs. (2.7) and (2.9) are rewritten in the abbreviate
matrix forms, respectively

[2e DY yui(z)] = Lol (2.11)
[zx(DYI[xm(7)] = [T I ym(=)] (2.12)

where [7T7] is a transformation matrix whose elements consist of 0 or +1.

and

While, [w,,] is expressed as
[wid = {[ROI-LT 2]} t-nt
=[Ru]-[T"Ixm] (2.13)
where [zm1=[%p—1.m(dn)], and [Ru;]=[Ra—1.m{4m)] consists of the aimed input
o Then substituting Eq. (2.13) into Eq. (2.11) yields
Lzo(D)IL yni(2)] = [R3 LT Ixn.]. (2.14)
Hence it is first necessary to obtain [x,—...(z)} from Eq. (2.12) for deter-

mination of [z, J=[x,—1..(dm)].
By the use of the Laplace transformation*, Eq. (2.12) becomes

* Fp=p| fienat,
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[Za( D)W X 1 £)] = LT ILY neroml £)1+ PLL &I 2221 1 (2.15)
where elements of [Lx] consist of elements /;; when elements of [ Zx( p)] have
the form of /;;p+ 7.

Premultiplying each term on the both-hand side of Eq. (2.15) by [Zx($)]17%,
we have

LXnrm( )] = [Z&( DT [T LYy )1+ BLZ&( )] [Ld 520 m] . (2.16)

Transforming Eq. (2.16) into time function by the use of the inverse
Laplace transformation®*, we get

[xn—lvm(f)] = [@K(T)]*[ T,][yn—bm(f)] + [ZK(T)][xﬁL—ql.m]
= [@K'yn—l»m(f)] + [IK(T)][xn~1,m—1(Am—1)] 0 g T g Am (2 17)

where a symbol “x” means the convolution integral, and its result is written
of the form [@x*yn—1.x(7)], for brevity,
while

[ox(c)] = O[Zx(p)T, } (2.18)

[x k()] = 9L Zx(p)1'[Lk].
Similarly, Eq. (2.14) is expressed in the form of p-function as
LZ( Y ud )] = [Rud =L T I xmd + L LI yil] - (2.19)
By a similar way, Eq. (2.19) becomes
LY £)] = [Ze( 9T H{[RmI— LT Ixm ]} + pLZe £)1 [ LGIL 3af (2.20)
then, the solution in time domain is given by

Lym(0)] = Lol ) IR — LT I 2w} + [x ()] 371
= [¢G(T)][Rn1] + [ZG(T)][yn—l-m(Am)] - [¢G(T)][ T/][xn—hm(dm)]
0< <4, (2.21)
where
[oc(2)] = DLZ( p)] (2.22)
[ro(0)] = OpLZc( )1 [ Le] (2.23)

and the unknown matrices [%y—1.m{4dm)] and [ yp—1..{4)] are readily determined
by the following recurrence formulae in matrix notation

[xn—l»m(dm)] = [¢K'yn—1:m(dm)] + [ZK(Am)][xn—bm——l(Am~1)] (2 24)
and
Lyn—1m(dm)] = [P6(dm) IR n~1m{d) ]+ [X L dn) I 1 15m—dm—1)]
“[¢G(Am)][T,][xn-—l,mﬂ(é’mﬂ)] . (2.25)

*x f(t):i)F(P)=% lim S'Hzf‘_%f’_) ebtdp.

T B> Jr—i
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It is evident in the end from these recurrence formulae that these two
values on the left-hand side of Egs. (2.24) and (2.25) are given by the given
initial value matrices [ 7] and [xi?] respectively.

Therefore, Eq. (2.21) is the general solution of the system under discussion
in the 1st circuit mode on the n-th stage, in other words, during from ¢=#T
to t=nT+4,.

Consequently, with above relations in mind, the solution in the i-th circuit

mode on the »-th stage can be written as

[30i(2)] = [ IR+ DX (DML ymiai( i) ] = [oT)IL T W 2 p0i— (1)1
0< 7 < 4 (2. 26)
(:=1,2,--,m. n=0,1,--)
while

[tniidim)] = [@&-Ymi—i(di- )1+ [X k(i) W 2 si-A di—2)] (2.27)
and
[ymi—odi-)] = [oc(4i- )W Rnoi—1 3+ XA 4i-)IL yoi—o di—2)]
—[oe(4i-)ILT I xni-o(4i-2)] . (2.28)
Since the matrices on the left-hand side of Egs. (2.27) and (2.28) can be
finally determined by the given initial matrices [ yi¥] and [xi?] according to
the recurrence formulae, Eq. (2. 26) results in the general solution in any circuit

mode on any stage.

3. Numerical Examples and The Effects of Pulse Width
on the Stability of the Control System

First we consider the control system under discussion with unity feed-
back K(p)=1. .

In this case, the solution is reduced to the more simple form as follows,
putting [x,.;—(4;~,)] on the right-hand side of Eq. (2.26) into [ y,.;.—«(d;-))],

[yad0)] = Loc(t)I[Ra: 1+ LX) I ynsi-i(d:-)] 0< < 4; 3.1
where [X(z)]=[x(z)]1-[es(zJ[ T"]

and the initial matrix [ ym.;-(d4:—1)] is written of the recurrence formula, but
in a more compact form, as

Lymi—di-)1 = [0c(di-) W Ry i1+ [2(4i- )P 4i—2) [ Rpsi-21
+ [Z(Ai—1)][Z(Ai—z)][¢G(Ai—3)][Rn»i—a] e
+[0(4:-)J0(4i=2)1 -+ [2(A)I ynsom(dom)] (3.2)
and
[ynvl.m(Am)] = [Q)n—l'm] + [Bm][(pn—z»m] + [Bm:lz[@n—avm] +ee
+H[ B[ Dim)+ [Bm] [l (3.3)
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where
(Bl = [X(4m)I2(dm-2)] -+ [¥:(41)] 3.9
[@rm] = [¢G(Am)][er] + [I(Am)][¢6(4m—1)][Rr,m—l] T
+ [Z(Am)][Z(Am—l)] [x(dz)][¢0(41)][Rr1] . (3 5)

Therefore, substituting Eq. (3.3) into Eq. (3.2) yields

[yn.;—x(d.-—l)] = [®nni—l] + [Bi—l:l {[@n—l»m] + [Bm][@n—z,m] +ee
+[Bn1" [ Pim] + [ Bml" L5171} . (3.6)

Furtheremore, when the pulse width % is subdivided into m—1 narrow
pulses with each equal width 4, that is,

d;=4=h/im-1), (1=1,2,---,m—1) and d,, =T—h. 3.7
[B,.] and [®,,,] become, respectively
[Bwl = Dx(4)1LX(HT (3.8)
and
[¢rm] = [¢G(Am)][er] + [x(Am)][¢(;(A)][Rr:m—1] +-
+ (4 (DT [P DHILRA] . (3.9)
Consequently, Eq. (3.6) is substituted into Eq. (3.1), then we get finally
the solution of the system with unity feedback in question in the s~th circuit
mode on the n-th stage.

Now let us apply the above established method to an example of a third-
order system as shown in Fig. 6.

A=250-A
P-plane
rit) / A cit) ’
S P e T " 9
-5
X:ipole
Fig. 6. An example of a third- N
order system with unity feed- Fig. 7. Root loci of G(p)
back. with 7,=5.0.

Here assume that the controlled object is of the form

A
(D) = 5oty (3.10)

whose root loci are illustrated in Fig. 7, and that the pulse width %# of the
sampler is subdivided into m—1 narrow pulses with each equal width 4 as
shown in Eq. (3.7).

The respons¢ to a ynit step input for the system illystrated in Fig. 6 can
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be readily evaluated by the use of Eqgs. (3.1), (3.8), (3.9) and following relations
of Eqgs. (3.12) and (3.13), since in this case it is satisfied that

[0rm] = [Drorm] = - = [O1] = [Drs1m] =[Dn], (3.11)
then
[yn—lym(dm)] = {[U] +[Bm] + [Bm:lz +oe ek [Bm]"-z} [q)m] + [Bm]”“[yﬂ’]
= {LU1-[Bn]} LU J-[Bn]"}[®n]+[Bnl [ 517 (3.12)
and
[ynu'—l(Ai—l)] = [d)i—l] + [Bi-l]( {[ U] - [Bm]} - {[ U] - [Bm]”_l} [q)m] + [Bm]”—l[yi}{)])
(3.13)

where [U] is a unit matrix and [B,,]* ' is calculable by the use of the
Sylvester expansion theorem of the form

§=1,2,.,1
g, U1 (B)
[Bm] = ;glar §=1,2,.,1
(as—ar)
r*#s

where a,, -+, a; are the distinct latent roots of [B,,].

In the case where the controlled object is given by Eq. (3.10), the several
fundamental matrices in the solution of the example shown in Fig. 6 are ex-
pressed as follows,

.ém'(T)
Lyndc)] = [ém(r)] (3.14)
cm(T)
where .L:”i(‘l'):g;cni(f) and (}ni(T):Ed;cni(T)-
1
[R.1=| 0 ] (8.15)
0 ),
0 01
f71=10 0 0] (3.16)
0 0 0),
ou(t) @ulr) @ul7)
[oc(t)] = | @alt) @ulr) @ul7) (3.17)
Pult) @ulr) PulT)

where
Pu(t) = Are™T1", @ t)= -1+ T = Tire ™ T17, @fr) = — Tie 717,
Paie) = 13 (L—(1+ Tk P17}, @ule) = 2™V, ufe) = — (L—(L+ Tede™ M1,
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Pul7) = (E Ay 1)+ (‘r—{- e~ T17), (3.18)

@ufT) = {1-A+ T 117}, @uft) = ZT_A(I_G_T‘T)_Tf_TlT .
1

WW

Zn(T) 112(7) Zla('f)
[XG(T)] = [121(7-') Zzz(T) Xza(‘l') ] (3- 19)
X3(T) Zsz(‘l') 7533(1')
where
X)) =Q+ T ) 1", X r)= —The T, X(r)=0
Za(t) = z'e_TlT y Xodr)=A+Tir)e Tz, Xx{r)=0
- 2 (3.20)
Xi(t) = 1 A+ T T1™), Xylr)=r1e 11" + 1 14 Tyo)e Ta7}
133(7) =

and [x(r)]=[xe(r)]—[9s(r)JLT"] is of the form, from (3.17) and (3.19),

Xu(z), Xf1), Xr)—Pulr)
Lx()] = | Xaf7)s Xod7), Zo(t)—Pulr) 3.21)

Xalz), Xal7), Xaalr)—Pulz)

whose elements are given by Figs. (3.18) and (3. 20).

The results based on Eq. (3.1) are easily calculated by means of the Digital
Computer (KDC-1) as illustrated in Fig. 8, where G(p)=100/pp+5)* (A=100,
T,=5.0) and #/T=0.25, on three cases of initial conditions and sampling periods.
Next we consider the stability criterion for the sampled-data feedback

T

12

c(t)
< =
> 2
1

D
(&)
T

(1)
T=025sec
m=6
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(i)

=

&
|

o
(&)Y
T

(2)
7=10sec

m=6

1 ! | { |

6 8

—, sec.

No
NN

)4
0 (3)
02 1=20
m=]]
0 | ] | ] | 1 !
0 2 4 6 8
f.sec.
Fig. 8. Response to a unit step input for a system of the type

illustrated in Fig. 6, with G(p)=100/p(p+5)% and A/T
=0.25, where initial conditions, i.e. a: ¢*°=0, ¢*°=0,
é+°=0, b: 0, 10,0, c: 0, 2.0, 0.
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control system with finite pulse width in question and examine the effects
of finite sampling on the performance of the system.

The criterion is established under the presumption that the system should
be supposed stable so long as the factors containing the initial values of the
system variable vanish away gradually from the solution as time goes.

Accordingly, in our case, the stability criterion for the system may be
achieved by examining the initial matrices of Egs. (3.12) or (3.13), whose
values must be limited one for the stable system.

As was well-defined in References (7), by the use of the Sylvester expan-
sion theorem, it is evident that the necessary and sufficient condition that the
system should be stable is that the absolute values of all the latent roots of
fB.] should be less than unity, or in other words, that all the latent roots
should lie inside the unit circle on the complex domain with its center at
the origin.

In general, assuming [B,] to be the n-th order matrix, the characteristic
equation of [B,,] is of the form

0{afU1-[Bnl} =0 (3.22)
and this determinant reduces to an algebraic equation of the form

aa”+ @@+ - tagata, =0 (3.28)

/ where a,, a4, *--, a, are constants,

The solutions a;, a,, **-, a, of this equation
result in the latent roots of [B,,].

Here, it is convenient to do the bilinear
transformation such as a=(1+1)/(2—1) in Eq.
(3.23), and its results become

boA? + DoA™ e + by A+, =0 (3.24)

where by, b,, -+, b, are constants determined by
constants a, ay, -+, @y.

unstable

Then, we can immediately apply a stabili-

ty criterion of the Hurwitz type to Eq. (3. 24),

because that the points inside the unit circle

on the a-plane can be transformed to those

lying on the left half region of the complex
. . A-plane by this bilinear transformation.
05 0 a5 10 15 oqs e .

bobs Now based on these stability criterion, we

bt examine the stability of the example system
Fig. 9. Region for stability. shown in Fig. 6.

unstable
stable
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The numerical results illustrated in Fig. 9 make clear the relations between
the finite pulse width % with respect to the sampling period 7 and the
stability of the control system under discussion, where the controlled system
G(p)=250/ p+5)%, (A=250, T,=5.0), that is, a value of A=250 is a critical point
between the stable and unstable regions of the system in linear continuous
cases as shown in Fig. 7.

In this case, the analogue form to Eq. (3.24) is written as

b+ 0,22+ b2+, = 0 (3.25)

therefore, the following conditions are the necessary and sufficient one for
the stable system by the Hurwitz’s criterion

bO, bl, bZr b3>0

b] b3 = blbz_bob;; > 0 (3- 26)
bo bg

These numerical evalutions are done by means of the Digital Computer
(KDC-1), whose flowchart is shown in Fig. 10.

Start
i

’ Set system constants, conditions & &/T
i
—»’ Set m, 4 & dp-,
!
’ Compute components of [pg], [16]& [ 1]
i
Compute [B,]
|
Modify Determine determinant & reduce to
h/T—h+4dr/T algebraic equation: d(a[U]—[B,])=0
i

Apply bilinear transform & Hurwitz’s
criterion for stability of system

v

Print out results

no l
Is h/T=17?

yes
Halt

Fig. 10. Digital computer flowchart for calculating
the stability of the system.
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From inspection of Fig. 9,
when the sampling period T=0.5,
the system is stable for any value
of /T, while on the other hand,
when the sampling period be-
comes large such as T=10 or
T=20, the stability of the sys-
tem is variable with respect to
the change of #/T.

It is now of interest to clarify
the performance of the system
under consideration due to the
change of pulse width of the
sampler when the control system

is naturally unstable in conti-
nuous systems.
w=( I'
]
/
[ 4
/
/”
300
Gw) ~Jw G+ 5)?

Fig. 11. Inverse transfer function
of an unstable control system.

For instance, we take A=300,
T,=5.0 in our example system of
Fig. 6 which is unstable as its
inverse transfer function is plot-
ted in Fig. 11.

The numerical results in this
example are illustrated in Fig. 12
which demonstrate that the pulse
width of the sampler affects re-
markably the stability of the

314

stable

unstable

unstable

15

=10

05

—_—

0

bo b3

05

by s

Fig. 12. Region for stability.

10

5

10

*Q||\

=10
A =350

4

06

02

unstable

(!

| 1

stable

\

TP

unstable

i
=20 -5  -10  -05 baabs 05
b b,

1

S

15

Fig. 13. Region for stability where arrow symbols

“e-and —

show results by the analog computer.
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control system, and that the unstable controlled object becomes stable by the
use of the sampler with finite pulse width.
Another result when A=350, T,=5.0 is shown in Fig. 13 comparing the
theoretical result with the simulated one by means of an analog computer.
Both results indicate a close coincidence as might be expected, and one
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Fig. 14. A simulated result by the
analog computer when G( ) =350/
p(p+5)2 T=1sec and k/T=045.

result by the analog computer is illustrated
in Fig. 14 when the sampling period T=1sec
and k/T=045, which shows an unstable
response.

The analogue simulation of this example
may take the form shown in Fig. 15 where
the sampler with finite pulse width is simu-
lated by electronic elements as shown in
Fig. 16.
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Fig. 15. Analogue simulation diagram.
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Fig. 16. Representation of a sampler with
finite pulse width.
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4. Conclusion

The response of a sampled-data feedback control system with finite pulse
width can be predicted with good accuracy by the use of the theories of the
Periodically Interrupted Electric Circuits described here.

Based on this new technique, the stability criterion of the sampled-data
feedback control system with finite pulse width is easily derived and relatively
is valuable and accuracy as was indicated in numerical results in the present
work.

In an effort to examine the stability of the finite sampling control system,
it is evident that the effects of the sampler with finite pulse width is a
considerable important for the performance of the system, and that even if
the controlled object is originally unstable, its system can be made stable by
making use of a sampler with finite pulse width.
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