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Abstract-This paper describes a new technique of Pl
controller for systems with parametric uncertainty. A
PI1 controller is designed using necessary and sufficient
condition for robust Hurwitz polynomial. The method is
illustrated through a typical numerical example
available in the literature
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ILINTRODUCTION

There has been a great amount of research work on
the tuning of PI, PID and lag/lead controllers since
these types of controllers have been widely used in
industries for several decades [1-5]. However, many
important results have been recently reported on
computation of all stabilizing P, Pl and PID
controllers after the publication of work by Ho et al.
[6-9].Robust  stability analysis with uncertain
parameters has been very important research topic.
Since control systems operate under large uncertainty
present in the control system causes degradation of
system performance and destabilization. An
important approach to this subject via expressing the
characteristic polynomial by an interval polynomial
i.e, a polynomial by whose coefficient each varies
independently in a prescribed interval. The stability
analysis of polynomials subjected to parameter
uncertainty have received considerable attention after
the celebrated theorem of Kharitonov [11] , which
asses robust stability under the condition that four
specially constructed extreme polynomials, called
Kharitionov [11], polynomials are Hurwitz.
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The problem of robust stability of interval
polynomial is also dealt in [11]-[17]. In this regard
few entrance point results that are pure gain
compensator c(s) = K stabilizes entire interval plant
family if and only if it stabilizes a distinguished set of
eight of the extreme plants. Hollot and Fang [ 19]
considered that same setup as Ghosh but allow the
controller to be first order. They prove that to
robustly stabilize the extreme plants which are
obtained by taking all possible combinations of
extreme values of the plant humerator has degree m
and the plant denominator is monotonic with degree
n, the number of extreme plants can be high as N ; =

2m-n+1 in [20], barmish proved that, it is necessary
and sufficient to stabilize only sixteen of the extreme
plants. A complete survey of these extreme points is
given in [21] .In [21], a necessary and sufficient
condition for interval polynomials is proposed using
the results of Nie [22] for fixed polynomials.

In this paper the PI controller is designed for higher
order parametric uncertain system. The necessary
and sufficient conditions are applied to the for higher
order parametric uncertain system. This method is
illustrated through a typical numerical example
available in the literature. The following section
illustrates the procedural steps of the proposed
method.

11.PROBLEM STATEMENT

Consider the set of real polynomials of degree n of
the

form

A(S)=ag+a;5+a,8% +------a,8" e @)
Where the coefficients lie  within  given
region

8y €[Xo. Yol ag €[Xy, Y112y €[Xq, Vo] -(2)
We assume that the degree remains invariant over the

family, so that a ¢ [X,yn] such a set of polynomial
called a real interval family and is referred as an
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interval polynomials. The set of polynomials given
by is stable if and only if each and every element of
the set is a Hurwitz polynomial. A necessary and
sufficient condition for robust stability of interval
polynomial is proposed using the algebraic stability
criterion for fixed polynomial due to Nie which is
stated in the following Lemmas

Lemmal:The interval polynomial A(s) defined in (1)
is Hurwitz for all a; € [xi, il

where i=0,1,2,......... n. If the following necessary
conditions are satisfied

inXi>O,i=O,1,2 """ n

XiXizg > YiaYisg, 1=012,----- n-2 -(3)

Lemma2: the interval polynomial A(s) defined in (1)
is Hurwitz for all a; € [X;, yi] where i=0,1,2,......... n.
If the following sufficient conditions are satisfied
y;i2%x;>0,i=012------ n

0.4655XiXi+1 >yi—lyi+2’ | :0,1,2, “““ I’l—2 (4)
Consider a system whose transfer function with
parametric uncertainty is given by

G(s,b,2) =D -
D(s,a)

Where the numerator and denominator polynomials

are of the form

N(s,b)=b, +b,s+----- b,,s"
D(s,a)=a,+a,S+:-- a,s

Where vectors b and a lie in given rectangles B and
A respectively.

aeA:{a:a; <a;<a;} fri=01---- n
beB:{b:bj <b;<b/} fori=021-- m

Where a; € [1,1] and the bound on a;’,&",b;,b;" are

specified a priori

Let Pl controller transfer function in parametric
uncertainty form is given by

C(s)z—ECS:K“% --(6)

Wher(Eer[KpmianpmaX]
K| e[Klmin ) Klmax]

The characteristic equation of closed loop system of
reduced model with PI controller is given as

NN (5)+D,(s)D (5)=0 (7)

The values of Ky and K; in parametric uncertain form
are obtained by solving the characteristic equation
with Routh’s criterion. Closed loop control of the
system with P1 controller is shown in Fig.1.

Fig 1: Closed loop system of higher order model with P1 controller

IH1.NUMERICAL EXAMPLE

Consider a higher order system whose transfer
function with uncertainty is given by[24].

[28.5,30.5]s2 +[6.935,8.935]s
B +[18.2,20.2]
[L1]s® +[17.47,19.47]s® +[46.78,48.78]s*
+[67.52,69.52]s° +[64.86,66.86]s >
+[43.3,45.3]s +[14.16,16.16]

G(s)

Let the PI Controller transfer function in parametric

is given by

+[k

k

Imin? Imax]

S

C(s) =Lk

pmin ? kpmax]

By applying necessary and sufficient conditions the
values of Kp and K, in parametric uncertainty are
obtained by using the equations (3), (4) and (7)
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Ky = 0.28384
Kymax = 04070
K,y = 0.00164
K, =0.07969

The PI controller transfer function in parametric
uncertainty is given by

C(s) = [0.28384,0.4070] + L2:00164,0.07969]

The closed loop step response of the system with Pl
controller is shown in Fig2 and Fig 3

It is observed from the Fig 2 and Fig 3 that the
designed PI controller obtained from the proposed
method stabilizes the higher order uncertain system.

IV.SIMULATIONRESULTS
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Fig 2: Closed loop step response with PI controller
(lower bound)
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Fig 3: Closed loop step response with PI controller
(higher bound)

V.CONCLUSION

A Pl controller is designed for higher order
uncertain systems from robust Hurwitz polynomial.
The proposed Pl controller procedure is illustrated
through a typical numerical example available in the
literature.

It is observed from the simulation results of Fig 2
and Fig 3, that the designed Pl controller obtained
from the proposed method stabilizes the higher order
uncertain system.
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