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Abstract 

In this paper, a solution for the existence of a fixed 
order stabilizing controller for any SISO plant (continuous 
domain or discrete domain) is proposed. Also the ques- 
tion of the existence of a constant output feedback to sta- 
bilize a SIMO or a MIS0 plant is addressed. These appli- 
cations are based on the algorithm for determining the 
existence of a stable polynomial in a polytope, which has 
recently been proposed by the author. Three numerical 
examples are included to illustrate various applications. 

Introduction 

Among the issues related to the synthesis of control- 
lers, it is always desirable to work with a controller of as 
low order as possible to stabilize a plant. In this paper, 
necessary and sufficient conditions for the existence of a 
fixed order stabilizing controller for any single-input single- 
output plant (both continuous and discrete) are proposed. 
The proposed algorithm yields infinitely many stabilizing 
controllers of a fixed order, if one such controller exists. If 
possible, from this family of stabilizing controllers, the de- 
signer could pick a controller which meets the specifica- 
tions. This aspect, however, is not covered in this paper. 
In the same way, the question of the existence of a con- 
stant output feedback to stabilize a SIMO or MIS0 plant is 
also addressed. 

It turns out that the issue of the existence of a fixed 
order stabilizing controller for SISO plants and the ques- 
tion of the existence of a constant output feedback to sta- 
bilize a SIMO or a MIS0 plant is very closely related to the 
well known Polytope Problem. More precisely, once the 
designer has determined the order of a fixed order con- 
troller, the next important decision is to assign bounds to 
the parameters involved in the controller. These will be 
called the design parameters. Guided by trial and error, 
an insight into pole-zero structure of the plant and any 
implementation issues, the designer fixes the bounds of 
the controller parameters. With these fixed, the closed 
loop characteristic polynomial generates a polytope. From 
here on, it becomes a Polytope Problem. Using the recent 

solution of the Polytope Problem [lo] proposed by the 
author, it is checked whether the resulting polytope con- 
tains a stable polynomial. If it does, then the algorithm 
always yields infinitely many stabilizing controllers of the 
same fixed order. A numerical example to illustrate the 
procedure is given. 

Similar comments apply in the case of the existence 
of a stabilizing constant output feedback for a SIMO or a 
MIS0 plant. An illustrative numerical example is in- 
cluded. 

As regards the discrete version of the fixed order 
controller problem, it is handled by converting a given 
discrete plant into the continuous domain by applying a 
stability preserving bilinear transformation. A controller of 
a fixed order is synthesized in the s-domain. Then, by 
applying the inverse bilinear transformation, a fixed order 
stabilizing controller for the given discrete plant is deter- 
mined. An illustrative numerical example, is given. 

Since these applications very heavily depend on the 
solution of the Polytope Problem proposed by the author 
[lo], for the sake of completeness, some important rele- 
vant results from the Polytope Problem algorithm are 
included [lo]. 

Some Results from the Polvtow Problem IlQJ 

Definition 1. A polynomial of the type 
f(s,g) = a&) s” + al&&“-’ + ... + an.&& + a&$ (1) 

is called an affine coefficient polynomial where pis the 
vector of uncertainties and each ai(g) is an affine function 
of g. Suppose the uncertainty vector g has m-compon- 
ents and lies in an m-dimensional hyperrectangle Q char- 
acterfzed by 

qi’Iqirq+, 1 rilm 
where ql ,..., qm are components of a generic g in Cl, and, 

ai@) = gairqr +Ci * Oliln 
r-1 

where each air and each Q is a real number. Without loss 
of generality, we assume that 

ai@)> c 
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for each i, 0 5 i < n and each g in 0. 

In this paper, the words ‘stable’ and ‘Hurwitz’ will Note 1. 
be interchangeably used. For n = 21 + 1, the family of 
polynomials given by (1) is vvntten as 

““;~(~;“,~y$$y. ~;($yf; !&p ) (2) 

We write 
P(s,g) = a21 +1(g) + a21 -I@)s* +-+ a&t)s*’ 

and 
(3) 

P(q) = a2l (IJ) + a2j -2 (g)s* +-.+ a2@)s2 ‘-* + a&)s* ’ (4) 

Notation 1: The polytope generated by (2) will be denoted 
by PZI +I. The ‘subpolytope’ generated by (3) will be de- 
noted by P? and the one generated by (4) by P?. 

For any positive integer r, define 
Ir= (1,2,..., r) 

I, = {the subset of odd integers in Ir} 
Ire = (the subset of even integers in Ir) 

As usual, if A and B are any two sets, A-0 denotes the 
difference set; i.e., those elements of A which are not in B. 

In order to be able to state and prove the main theo- 
rem, we introduce a very important concept of ‘frequency 
set’. Suppose VI(S) V*(s),...., V,(s) are the vertices of the 
polytope PI0 generated by the polynomial (4). 

Definition 2. A subset W, of the positive real axis de- 
fined as 
W0 = {o: o > 0, Vk(jO) V&II) IO; for some k, r, Ilk, Kp) 

is called a frequency set for PI’. 
The following simple theorem justifies the name ‘fre- 

quency set’. 

Theorem 1 flOl A number ~0 is in W0 if and only if there 
exists a polynomial g”(s) in P? such that 
gO(jo) = 0. 

Suppose, 01, 02,...,C& are distinct points in the frequency 
set WO. We can assume 

0 c 01 e 02 < 03 < . . . c 01 

A set of l-points in W0 satisfying the above condition will be 
called an l-string in WO. 

Theorem 2 flO] Suppose the polytope P? is generated 
by even degree polynomial of degree 21. 
Suppose 01, 02,...,01 form an l-string in 
w,. suppose 

P (S*) = fi (s* t Of) = s*' t i bg*'-*' 
i=l i=l 

(5) 

Then 
If P? is a subpolytope 

B 
enerated by (5) then there 

exists b. > 0 such that b. (s*) is in P? if and only if 

b. = 2 aoiq, t c, , for some ql, Q,...,q, in Q satisfying 
i=l 

bi bo = $qrq +c, , i = 2,4,6 ,..., 21 

For a general uncertainty vector g in Q and the corre- 
sponding even polynomial $(~,a) in Pie, define 

Bi@)=fe(jQ,g), 1 <ill. 
Since the coeffkzients of each polynomial in (3) are affine 
in g, it follows that 

Bi@)=O, 1 sill. 
represents a hyperplane in the parameter space Q. De- 
fine 

S=(ge Q:B&)cO if IE Ilo and b(g)>0 ifie 11~) 

It is clear that each element of S generates a stable poly- 
nomial in the polytope PP I+I such that its even part is 
?(s,g) and the odd part is 

b&s*+ O,*) (s*+ 02*)... (s*+ QI*) 
for some suitable b. > 0. 

It is easy to verify that S is a convex subset of 0. Denote 

by s the topological closure of S in the hyperrectangle Q 

endowed with the Euclidean metric. Since s is convex, 
closed and bounded, it has extreme points. Let gle, 

g~~,...,9p~ be the set of extreme points of s . Write 

E = @~~,~~....sp”) c 0 
In view of the definition of S given above, the following 
theorem provides a computational technique to compute 
the extreme points of ?$ . Since each extreme point in E 
has m-components, m linearly independent equations are 
needed to uniquely determine the m-components. The 
following theorem provides such equations. 

Theorem 3 I1 01 A member g” of Q is an extreme point 

of s ; i.e., is an element of E if and 
only if 

B,(qe) IO, for every r E II,, (6) 

Bk(qe) 2 0, for every k E Ire (7) 

and 

qp =qcorq, pelm’cfm; g’ =(ql,...,q,# (8) 

where I,,,’ is a suitable subset of I,,, such that the number 
of linearly independent equations resulting from (6) (7) 
and (8) is m. (For example, for m = 5, one possible set of 
five linearly independent equations may be 61(g) = 0, 
B*(g) = 0, B&J) = 0, q2 = qP’ and q5 = qr,‘.) 

Theorem 4 1101 A polytope PZI+I generated by an odd 
degree polynomial (2) contains a Hur- 
witz polynomial if and only if there exist 
01, a,..., 01 (in the frequency set W0 of 
P?, 0 e 01 < 02 < . . . e QI) such that 

i) P(s) = b,-,fi( s* + Oi2) belongs to the family (4) for a 
i=l 

suitable bo. 
ii) There exist uncertainty vectors 9,,q2,...,q+ in Q 

such that 
a) For each r E lp there exists 9, , 1 -< r I I such 

that 

Wg,) ~0 

B,,(q+) 5 0, for each p E I, - (r} 

B,(qr ) 2 0, for each v E I, 

and 
1 

b) For each k E I, , there exists qik , 1 5 k I I 

such that 

BkQk) >o 

B,(9, ) L 0, for each p E I, - {k} 

B, (C& ) IO, for each v E I, 1 
Similar to the Bi (g) functions, Di (g) functions for P? are 
defined. Define 



01(g) = f ‘(jei, g) 1 I i 5 I 
where 81 ,....@I is an l-string in the frequency set for P?. 

Theorem 5 [lo] The polytope Pa generated by an even 
degree polynomial contains a stable 
polynomial if and only if there exist 
(ei)i.l, 0 c 81 c ez < . . . ,e~ in the fre- 
quency set We of P? such that 

i) f@(s) = b, fi(s* + ef ) for some suitable b. > 0, is a 
i=l 

member of the even part of the polytope. 
ii) There exist uncertainty vectors q+ ,qi2 ,...,c& in 0 

such that 
a) For each fixed r E II, there exists si , such that 

r 

Wj,bO, 

D,(~,)N VE he 3 

and 
b) For each fixed k E 11~. there exists CJ , such that 

I 

k 

Dkh,)<on 

D,,(qkW, CIE ho-(k) 

D,(c&)aO, VE IIO 

Having proved Theorem 4 and Theorem 5 where the 
existence question of a Hurwitz polynomial is addressed, it 
is now proposed to give a very straightforward algorithm to 
search for a stable polynomial in a polytope. We will dis- 
cuss the algorithm only for an odd degree polynomial fam- 
ily and a similar algorithm for an even degree polynomial 
can be similarly discussed. 

An Alaorithm for the Polvtope Problem 
for an Odd Dewee Polvnomial 

Suppose a polynomial of odd degree with affine coeffi- 
cients in the uncertainty vector g is given by (2). Denote 
this subpolytope by P?. Find the vertices VI(S), V*(s),... of 
the odd part of the polytope generated by the given poly- 
nomial. 
1. 

2. 

3. 

Find the positive roots of each vertex polynomial Vi@). 
suppose 01, 02, m..., u,, are the distinct positive roots 
of all the vertices. We can assume 

0 < 0’ <w;! c . . . op. 
It is easy to see that a subintewal [wk, or] is a part of 
the frequency set W. if and only if there exists vertices 
V,(s) and V,(s) of P? such that 

The union of all such subintervals which satisfy the 
above condition is the frequency set W, of PI”. 
Pick a gndding factor and do a gridding of the fre- 
quency set W. and generate A = {OI, 02,...,Ok) where 
01, a,... are the grid points. Assume 

0 C 01 < 02 < 03 C...< ok 

I different members of A are defined to form a string if 
they are arranged in increasing magnitude. Pick a 
string Oil ,0i2 ,..., Oil from A. 

4. 

5. 

6. 

7. 

Form the polynomial p(S) = fJCp + Oi,*) 

By using Theorem 2, check if the polynomial b. P(s) 
for a suitable b. is a member of the odd part of the 
subpolytope PI” for a suitable bo. If b. P(s) is not a 
member of the odd part of P?, then go to a next string 
of I members of A and repeat step 4. Otherwise go to 
the next step. 
If b. e(s) is a member of the odd part, then by using 
the technique of Theorem 4, find the extreme point 

vectors ye, ,g2 ,..., CJ* which satisfy the conditions (ii) 
I 

of Theorem 4. 

If q;,Al;* ,...I-( q? exist, then a stable polynomial ex- 
I 

ists and can be constructed as explained in Theorem 
4. 
If such I vectors in Q don’t exist, then keep going until 
all strings of l-components of A are exhausted. 

Some ADDllcatlons of the Polvtooe Problem 

With the preliminaries out of the way, we are now 
ready to present some applications of the Polytope 
Problem. 

fi 

The fixed order controller problem for SISO plants 
can be stated as follows, What are the necessary and 
suffiiient conditions for the existence of a fixed order 
controller to stabilize a SISO plant?” 

We will show that the above problem is equivalent to 
a certain Polytope Problem. Consider a SISO feedback 
control system in the standard block diagram given be- 
low. 

Controller 

C(s) 

Plant 

P(s) 

Figure 1. Feedback Control system 

Suppose the plant P(s) is given by 
m 

p@) Psi =-, nlm. 

$ bisi 

(9) 

Suppose it is desired to synthesize a fixed order control- 
ler of order I to stabilize P(s). Suppose 

C(s) = 
$ Vi 

t-l (10) 

s’+~c@’ 

i=O 

Clearly, the characteristic polynomial of the closed loop 
system is given by 

If the parameter bounds are assigned, then (11) gener- 
ates a polytope of real polynomials. Thus, the existence 
of a stabilizing controller C(s) is equivalent to the exis- 
tence of a stable polynomial in the polytope generated by 
(11). 



Following is the proposed algorithm for the synthesis 
of a fixed order controller for the stabilization of a given 
SISO plant. 
a) Check if the transfer function P(s) of the plant satisfies 

the panty interlacing (Pip) property [ll]. If P(s) satis- 
fies Pip, this would imply that a stable stabilizing con- 
troller exists [ll]. This information has significant im- 
plication in terms of implementation of the controller as 
also in the choice of parameter bounds, i.e., no pa- 
rameter in the denominator of the controller need be 
negative. 

b) Now the important question of selecting the bounds of 
the parameters, is addressed. These bounds will be 
classified as design parameters. In this context, sev- 
eral aspects are worth mentioning which should be 
taken into consideration. For example, the bounds 
suggested by the implementation aspects of the con- 
troller, the nature of poles and zeros of P(s) and a lot of 
trial and error are involved in deciding the bounds of 
the controller parameters. 

c) Once the bounds for the controller parameters have 
been fixed, the closed loop characteristic polynomial 
generates a polytope. Thus, there exists a stabilizing 
controller C(s) (of the prescribed order) if and only if 
the resulting polytope contains a stable polynomial. 
Thus, the algorithm for solving the Polytope Problem 
can be directly applied for this situation. 

d) It should be pointed out that the algorithm for the 
Polytope Problem [lo] yields infinitely many stabilizing 
controllers of a fixed order if one such controller exists. 

e) If the polytope generated by (11) does not contain any 
stable polynomial, then this would imply that a stabiliz- 
ing controller of the fixed order under consideration 
does not exist for the selected parameter bounds. In 
this case, the designer has to pick either another set of 
parameter bounds or pick a controller of a higher order 
and start all over again. 
Next, an illustrative numerical example is presented. 

Examole 1. 
Consider a SISO plant whose transfer function is 

given by 

P(s) = 
3s+l 

s4+s3+2s2+5s+3 
(12) 

Note that the plant is unstable with poles at -1, -1 and 
0.5 fl68j. Also it has a zero at -l/3 and three zeros at 
infinity. It is desired to design a stabilizing controller of as 
low order as possible. First, it is noticed that a stable sta- 
bilizing controller exists as the plant P(s) satisfies the Pip 
property. We investigate the existence of a second order 
stabilizing controller. Suppose 

(qs) _ q,s* + q4s + 95 

s* +q,s+q, 

(13) 

Next, one has to pick the bounds for the controller pa- 
rameters, i.e., the design parameters. 
By taking into consideration the pole-zero configuration of 
P(s) and, by trial and error, the following bounds were 
selected: 

lOsql116; 4O<qo<50, 301q3<40, 
301q4140, 4O<qsI50 (14) 

The closed loop characteristic polynomial turns out to be 
s6 + (ql+l)sJ + (q1+q2+2)s4 + (2q1+q2+5)s3 
+ (5q1+q2+3q3+3,s2 + @q1+5q*+q3+3q4)s + (3q2+ q4) (15) 

By using the Polytope Problem algorithm [lo], the fre- 
quency set for the even part of (15) subject to the restric- 
tions (14) was determined to be 

w = I1 u I2 u I3 (16) 
where 

II = tO.7409, 0.9609]; 
I2 = [1.9443, 2.39341, 
I3 = [6.7572,7.9536] (17) 

In order to form strings of three elements from W, the 
frequency interval II was gridded into five equally spaced 
points; in the same way, I2 and 13 were gridded into ten 
points each. The Polytope Problem [lo] program yielded 
the following output: 
For a string of three grid points from W consisting of 

81 = 0.8281, 82 = 2.12398, 83 = 7.3554, 
The following output was obtained. 

ql q2 9 
15.2966 1 42.0019 1 3O.Ii47 1 30 1 41.694 I 
DI I D2 D3 

301.6 1 -24.9 38912.7 

Thus, the corresponding 2”4 
(18) 

order stabilizing controller 
C(s) is given 

C(s) = 
q,s* +q,s+q, or 

s* +q,s+q, 

C(s) = 
30.847~~ +3Os+ 41.694 

s* + 15.2986s + 42.0019 
(19) 

which is stable. 
The corresponding closed loop characteristics poly- 

nomial is given by 
s6 + 16.2986s + 5Q.3s4 + 170.1 4s3 + 284.3438~~ + 

410.9872s + 167.6997 
which is stable. 

Thus, a second order stable stabilizing controller 
exists and is known. 

The OutDut Feedback Problem for 
SIMO or MIS0 Plants 

The Output Feedback Problem for SIMO or MIS0 
Plants can be stated as follows: What are the necessary 
and sufficient conditions for the existence of a constant 
output feedback to stabilize a SIMO or MIS0 plant?” We 
will show that the above problem is equivalent to a certain 
Polytope Problem. We will discuss the case of a SIMO 
plant as the case of a MIS0 plant is similar. Consider a 
SIMO constant output feedback control system in the 
standard block diagram. 

Plant 

YPb) 

Figure 2. SIMO Closed Loop System. 



Suppose the transfer function matrix of the plant is given 
by I 

P(s) = 
( 
n,(s) n,(s) n,(s) 
d(s)’ d(s)‘“” d(s) -1 

(20) 

It can be easily checked that the characteristic polynomial 
of the closed loop system given by Figure 2 is 

d(S) + $KiniW 
t1 

(21) 

It is quite clear that the polynomial represented by (21) is 
an affine coefficient polynomial. Thus, the problem is to 
find Kl, Kz,...& so that (21) yields a stable polynomial. As 
in the case of previous application, by using the pole-zero 
information of the plant and trial and error, a set of bounds 
for the ‘design parameters’ Kl,...Kp are assigned. Once 
this is done, then the characteristic polynomial (21) repre- 
sents a polytope. Thus, the question of the existence of 
KI, &,...,K,, such that (21) is stable is equivalent to the 
question whether the polytope represented by (21) con- 
tains a stable polynomial. Thus, the algorithm for solving 
the Polytope Problem can be used to answer this ques- 

tion. It is worth pointing out if one set of values of (K):, 

exists, then there are infinitely many such solutions. 
Next, an illustrative example is presented. 

Examole 2. 
Consider a SIMO plant whose transfer matrix is 

given by 
/ 15.5s2+17.1s-12.4 

s3+s2 +2s+4 

13.9~~ + 14.2s - 6.5 

s3 +s* +2s+4 

- 7.5~~ + 34.6s + 25 

s3+s2+1 

\ 

20.7~~ + 30.5s + 4.4 

s3+s2+1 

(22) 

It can be checked that, with feedback vector (KI, JG, K3, 
K4) as shown in Figure 2 (for p = 4) the closed loop char- 
acteristics polynomial turns out to be 

se + (15.5k, + 13.9kz - 7.5k3 + k.r + 2)s5 
+ (32.6k, + 28.1 kz + 27.1 k3 + 3.429k.1+ 3)s4 
+ (4.67k, + 7.7k2 + 44.6k3 + 6.5k4 + 7)s3 
+ (3.1 k, + 7.4k2 + 64.2k3 + 9.4k4 + 5)s* 
+ (17.lk, + 14.2k2 + 188.41<3 + 6.6k4 + 2)s 
+ (12.42k, - 6.5h + 1 OOks + 0.85k4 + 4) (23) 

Now the bounds of the ‘design parameters’ kl, kz, k3, k 
are to be selected. By ‘trial and error’, the bounds are 
selected as 

0.1 <K<l, i=1,2,3 
51&120 (24) 

With the bounds (K) fixed, (23) represents a polytope. By 
using the Polytope Problem algorithm [lo], the frequency 
set for the even part of (23) comes out to be 

w = I1 u I2 (25) 
where 

I, = [0.2446, 1.55481; I2 = (5.1693, 12.5573) (26) 
Each of the frequency subintervals II and 12 were gridded 
into ten equally spaced points. With all possible strings of 
three points from the grid points of W, the Polytope Prob- 

lem algorithm was applied. For a string of grid points 
given by 

81 = 0.5067; 82 = 1.4238; 83 = 6.647 (27) 
the algorithm yielded the following information: 

The above data shows that the K-values obtained above 
yield a stable polynomial in the polytope (23). In fact, the 
stable polynomial is given by 

s + 14.2042s’ + 46.4661~~ + 74.4303s3 
+ 101.4327~~ + 92.4652s + 22.9947 (29) 

Thus, we have determined a constant output feedback for 
the given SIMO plant which will stabilize it. 

The Discrete Version of the Fixed Order 
Controller Problem 

Next, we discuss the discrete version of the fixed order 
controller problem. More precisely, What are the neces- 
sary and sufficient conditions for the existence of a fixed 
order controller in the discrete domain which will stabilize 
a given SISO discrete plant?” 

We will show that this is equivalent to the existence 
of a stable polynomial in a certain polytope in the con- 
tinuous domain. This is accomplished by applying a sta- 
bilizing bilinear transformation between the s-domain and 
the z-domain. This simple procedure is illustrated with 
the help of a numerical example. 
ExamDIe 3. 
Consider a typical feedback control system for a SISO 
system given by the following block diagram: 

Controller Plant 

Figure 3. Discrete Control System. 

Suppose 

P(z) = 
4z+l 

z(z-1.5)(z+O.5) 
Note that P(z) is unstable. It is desired to find a first order 
controller C(z) such that the closed loop system is stable. 
We transform this synthesis problem into s-domain by 
applying the stability preserving transformation given by 

z=1+8 
l-s 

(31) 

Under this transformation, P(z) is transformed into P(s) 
and is given by 

P(s) = = (3s t 5)(s - 1)2 
(stl)(5s*tl4&3) 

cw 

Since a first order controller in a z-domain corresponds to 
a first order controller in an s-domain, we find a first order 
controller C(s) of the type 



q2s + q, C(s) = - 
s+q, 

(33) 

which will stabilize P(s) under the standard unity feedback 
configuration. Next, the bounds on the ‘design parame- 
ters’ ql, qp, q3 are to be selected. Once again, by trial and 
error and also guided by he pole-zero configuration of 
P(s), the bounds are selected as follows: 

0.5 I q, IO.8 1 I q2 52.5 0.5 I q3 5 1 WI 

The closed loop characteristic polynomial turns out to be 
(3q2+5)s4 + (5ql-q2+3qa+lQ)s + (lQq,-7q2-q3+1 l)s* 
+( 11 q1+5q2-7q3-3)s + (-3q1+5q3) (35) 

With the bounds of ql, qp, q3 fixed, the characteristic poly- 
nomial (35) represents a polytope and the Polytope Prob- 
lem algorithm [lo] is applied to check if (35) contains a 
stable polynomial. By applying the algorithm, the fre- 
quency set for the even part was found to be 

W = [0.0732, 1.5271) (36) 
The frequency set W was gridded into ten equally spaced 
grid points. For the following string of points from the fre- 
quency set, 

81 = 0.364, e-2 = 0.8002 (37) 
The Polytope algorithm yielded the following data 

0.61392 Q 1 I 2.0&X q 1 I 0.5916 cl3 I 

1 
7.6325 DI I 1 -3.5660 02 

(381 
The above infomation shows that for the above param&; 
values, (27) will contain a stable polynomial given by 
11.2005s4+22.0536s3 + 6.6554s2t10.5545st0.9502 (39) 
Thus, the controller C(s) is 

C(s) = 
2.0666stO.5916 

sto.6692 
(40) 

Then the corresponding controller in the z-domain is given 

",,,,- 2'0666[$t0'5g16 _ 2.6564z-1.4752 (41) 

~to.6692 1.6692z-0.3306 

Thus, the existence of a first-order stabilizing controller in 
the z-domain is established. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

In this paper, the solution to three well-known open 
problems is proposed. These three problems are: (1) the 
question of the existence of a fixed order controller to sta- 
bilize a SISO plant, (2) the question of the existence of a 
constant output feedback to stabilize a SltvlO or a MIS0 
plant and (3) the question of the existence of a fixed order 
controller to stabilize a SISO plant in the discrete domain. 
Three numerical examples are given to illustrate each 
problem. 

11. 

References 

Barmish, B. R., New Tools for Robustness of Linear 
Systems, Macmillan Publishing Company, New 
York, 1994. 

Bhattacharyya, S. P.; H. Chapellatt and L. H. Keel, 
Robust Control, The Parametric Approach, Prentice 
Hall, 1995. 

Chapellatt, H. and S. P. Bhattacharyya, “An Alter- 
nate Proof of the Kharitonov Theorem,” IEEE 
Transactions on Automatic Control, Vol. 34, No. 4, 
pp. 448-450, April 1989. 

Padmanabhan, P. and C. V. Hollot, “Complete In- 
stability of a Box of Polynomials,” IEEE Transac- 
tions on Automatic Control, Vol. 37, pp. 1230-1233, 
1992. 

Pujara, L. R. and Naresh Shanbhag, “Some Stabil- 
ity Theorems for Polygons of Polynomials,” IEEE 
Transactions on Automatic Control, Vol. 37, pp. 
1845-1849, 1992. 

Pujara, L. R., “On the Interval Polytope Problem, 
Proceedings of the 1995 American Control Confer- 
ence, pp. 966-967. 

Pujara, L. R., “On the Pseudoboundary of Unstable 
Polytopes of Polynomials,” IEEE Transactions on 
Automatic Control, Vol. 41, pp. 1188-l 190, 1996. 

Pujara, L. R., “Necessary and Suffiiient Conditions 
for a Semi-Interval Polytope to Contain a Hun&z 
Polynomial”, the Proceedings of the 1997 Allerton 
Conference, University of Illinois, Urbana, IL, pp. 
614-622, October 1997. 

Pujara, L. R., “Some Necessary and Sufficient Con- 
ditions for Low Order Interval polytopes to Contain a 
Hutwitz Polynomial,” Proceedings of the Confer- 
ence on Decision and Control, Phoenix, AZ, pp. 
5024-5029, December 1999. 

Pujara, L. R., “Necessary and Sufficient Conditions 
for a Polytope of Real Polynomials to Contain a 
Hurwitz Polynomial”, accepted for the IEEE Confer- 
ence on Control Applications 2000, Anchorage, 
Alaska. 

Vidyasagar, M., “Control Systems Synthesis”, The 
MIT Press. 1985. 


