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Abstract— In this paper we study the robust stability of uncer-
tain quasipolynomials, whose coeffcients may vary in a certain
prescribed range. We consider specifcally the co-called interval
and diamond quasipolynomials, and our goal is to develop vertex-
and edge type-conditions for these quasipolynomial families to be
robustly stable independent of delay. Moreover, we also present
a number of extensions to more general uncertain quasipolyno-
mials, including both frequency-sweeping and vertex/edge type
results.
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I. INTRODUCTION

The effect of time delay on stability is a subject of recurring in-
terest in the study of dynamical systems. This subject received
considerable research attention in the last decade or so, and
has undergone a notable development both conceptually and
computationally; much of the progress during this period is
documented in the recent monographs [15], [17], [18], [10].
Two particular stability notions, delay-dependent and delay-
independent stability, respectively, have been the focus of these
studies, and both time and frequency domain stability tests
have been developed. Here by delay-independent stability of
a system we mean that the system is stable for all nonnegative
values of delay, and otherwise the system’s stability is delay-
dependent.

The aim of this paper is to study the delay-independent
stability of time-delay systems when certain system parameters
are only known to be within a prescribed range. Robust
stability problems of this kind, as expected, are far more
diffcult. Indeed, while for a system with £xed parameters
the problem has received a defnitive answer, few results are
available when the system is uncertain. In fact, based on the
known facts in robust stability analysis [8] and the results
for systems with incommensurate delays, it is not difEcult
to conclude that this problem will be equivalent to one of
computing structured singular values [4] and can be shown to
be NP-hard in general.
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In this paper we shall focus on polytopic uncertain
quasipolynomials, and especially on its sub-families of interval
and diamond quasipolynomials. It is worth noting that the
robust stability of quasipolynomials has been a well-studied
topic (see, e.g., [9], [14], [12], [10] and the references therein),
though the results seem less well-developed. In particular, the
stability of interval quasipolynomials has been under inves-
tigation for some time [2], [19]. In the earlier work [7], the
authors showed that for uncertain quasipolynomials in these
classes, readily computable stability conditions are available in
the form of frequency-sweeping tests. In the present paper, we
derive “vertex type” stability tests which seek to ascertain the
stability of an entire family of quasipolynomials by checking
certain special members in that family. Our results continue
the spirit of the well-known Kharitonov approach [1], [3] and
are of conceptual interest. We show that as in robust stability
analysis for interval and diamond polynomials, the stability
of the interval and diamond quasipolynomial families can
be identifed with the stability of certain special vertex and
edge members in the quasipolynomial families, where such
vertex and edge quasipolynomials correspond to the vertex
and edge polynomials of interval and diamond polynomials,
respectively. The results thus complement in a natural manner
the frequency-sweeping conditions obtained in [7].

Il. PRELIMINARIES

We consider the class of quasipolynomials given by
e =ag(s) + > ar(s)e ™, (1)
k=1

where 7, > 0, and

n—1
ap(s) = s"+ Z ap;s',
i=0
n—1
ag(s) = Zakisi, k=1, -, m.
i=0

This quasipolynomial corresponds to the characteristic func-
tion of delay systems described by

n—1 m

y ™ (t) + Z Z ary'™ (t — ) =0,

=0 k=0

Tk Z 0) (2)
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or more generally, those given in the state-space description

B(t) = Ao z(t) + > Ag a(t — Tx), T, >0. (3)
k=1

We study the stability properties of the quasipolynomial (1),

and accordingly, the stability of the time-delay systems (2)

and (3). The stability notion is stated formally as follows.
DeEnition 2.1 The quasipolynomial (1) is said to be stable if

P (s; e T . 77’”5) # 0, Vs e C,. 4

Here €, := {s: R(s) >0} denotes the closed right half
plane. It is said to be stable independent of delay if the
condition (4) holds for all 7 > 0.

We shall consider quasipolynomials with incommensurate,
independent delays, by which we mean that in (1) the delay
parameters 7, k = 1,--- ,m are independent of each other.
In this case, a necessary and suffcient stability condition is
available from, e.g., [11], [4], [10].

Lemma 2.1 Let 7.,k = 1,---,m be independent delays.
Then quasipolynomial (1) is stable independent of delay iff
(i) ap(s) is stable;

(ll) Zako 7& 0; and
iy’

m

> lak(jw)

k=1

— <1,
lao(jw)]

Yw > 0. (5)

Assume now that the coefEcients of the quasipolynomial
(1) vary in a prescribed set. More specifcally, consider the
uncertain quasipolynomial

m
P (s; e T L. T T a) = ao(s, o) + Z ak(s, ar)e” ™

k=1 6
where ap € Qr C R", kK =0, ---, m represent t%@

uncertain parameters. This uncertain quasipolynomial is said
to be robustly stable independent of delay in the following
sense.

De£nition 2.2 The quasipolynomial family (6) is said to be
robustly stable if for all ay, € Qr, k=0,---,m

p(s; e ™, o, e ™% a)#£0,  VseCi. ©)
It is robustly stable independent of delay if (7) holds V7, > 0.

We shall assume that each uncertain vector «ay varies
independently. Furthermore, we assume that each uncertain
polynomial ax(s, ay) can be written as

n—1
aop(s, ag) = Sn‘i‘ZOéOj,Sl,
=0
n—1
ak(s7 Oék) = Zakis 3 k= 17 , M (8)
=0

where each ay;, £k = 0, 1, -, m is assumed to lie in
a given interval [oy,;, 04;“], and the vector ay, belongs to a
weighted ¢, deEned in the following manner. Defne

. ari + oy, Oki — Q; i
Qi +— % %,Fk = d|ag ('Ykh"'

Then for any p € [1, oo], the coeffcient vector «y is
characterized by the set

Qgcp) = {a :

where || - ||, denotes the ¢,-Holder norm, that is,

Vi 1= s Vi) -

ar = ap + ok, ||0cllp, <1},

n 1/p
(z |5M|P) S 1<p<

max |0k,
1<i<n

10k lp ==
p = o0.

As such, for p = oo, 1, the uncertain polynomial ay (s, ax)
defnes the families of interval and diamond polynomials,
respectively. We shall call the uncertain quasipolynomial (6)
the interval and diamond quasipolynomials correspondingly.

An important observation is that for the uncertain quasipoly-
nomial (6) to be robustly stable, it is both necessary and
sufEcient that (i) the polynomial ao(s, ag) is robustly stable,

(i) > aye > 0, and (ii)
k=0

L max, oo |ak(jw, ax)l

min, o |ao(jw)l

<1, VYw>0. ©9)

This is clear from Lemma 2.1. These conditions form the
basis for the frequency-sweeping conditions in [7], and will
likewise play an important role in our present development.

Assume, without loss of generality, that » is an even integer;
an analogous analysis applies when n is odd. Let ¢ € [1, o0]
satisfy the relation (1/p) + (1/¢) = 1. For each w € [0, 00),

defne
1
Xi,q(w) : (7o + (rr20®)? + () 4 )7,
1
Yiq(w) : (71 + (yesw?)? + (™) + )7,
Rir(w): = afg— ajaw’ —afgw* + -+,
I(w): = aj1— ojaw’ +ogsw’ + -
Note that for ¢ = oo
Xi,oolw) = max {vko, Yrow?, Yraw®, - } )
Yi,oo(w) = max {’ym, ’Yk3°-’27 'Yk5w4, s } .

It also follows that ax(jw, o) = Ri(w) + jwli(w).

I1l. VERTEX AND EDGE RESULTS

In this section we derive vertex- and edge-type conditions
which seek to test the robust stability of a quasipolynomial
family in terms of its vertex and edge quasipolynomials.
While compared to the frequency-sweeping conditions ob-
tained in [7], these results may not be favorable computation-
ally, they remain to be of interest and constitute generalizations
to the well-known Kharitonov type robust stability conditions.
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A. Interval Quasipolynomials

We consider £rst the interval quasipolynomials. This class
corresponds to the case that all the polynomials ay(s, )
are each interval polynomials, that is, ax € [ay;, @ki], OF
alternatively,

Q](:o) = {Ozk Do = Oé;; ‘l‘Fkak, ||5kHoo < 1}. (10)

Foreachk =0, 1, ---, m, deEne the four Kharitonov vertex
polynomials
Kra(s): Qo+ Q8+ Aas” + Apas” + -+
Kra2(s): = Qko+ars+ Qk252 + ngsg + .-
Kis(s): = Qo+ Qs+ Qpos’ + arss” + -
Kra(s): = Quo+aris+akes  +aggs’ + -

and four edge polynomials

Kipi(s,\): = AKp1(s)+ (1= XN)Kk2(s)
Kk,z(s, )\) = )\Kk,Q(S) + (1 — )\)th(s)
Kk,g(s, )\) = )\Kk,:;(s) + (1 — )\)KkA(S)
Kk,4(8, )\) o= )\KkA(S) + (1 — )\)Khl(s)

It is well-known that the interval polynomial ax (s, ay) will
be stable whenever ay,, # 0 and the four vertex polynomials
are stable. In the present setting, of relevance is the stability
of the interval polynomial ao(s, ag).

We shall £rst state a suffcient stability condition in terms
of the vertex polynomials.

Theorem 31 Let 7, > 0, k =1, ---, m be independent
delays. Then the interval quasipolynomial (6), with aj €

Q(”) E=0,1, ---, m, is robustly stable independent
of delay if
(i) The polynomials K ;,(s) are stable;

(i) agy > Y max{|ayl, [@kol};
k=1
(iii) The 4™*! quasipolynomials

m

Ko,ig(s) + Y Kpip (s)e” ™

are stable independent of delay, where i, € {1, 2, 3, 4},
k=0,1, ---, m.

It is worth noting that vertex-type conditions similar to
Theorem 3.1 have been previously stated in [2] and [19],
though each appears to contain some saws. We remark that
the key restriction in Theorem 3.1 is imposed by the condition
(if), which rendered the theorem a sufEcient but not necessary
condition. For interval quasipolynomials that do satisfy the
condition (ii), however, the result becomes both necessary and
sufEcient for robust stability. More generally, if the condition
is not satisEed, we have the following necessary and suffcient
condition which requires checking also edge quasipolynomi-
als.

Theorem 32 Let 7, > 0, k = 1, ---, m be independent
delays. Then the interval quasipolynomial (6), with aj €

Q) k=0, 1, ---, m, is robustly stable independent

of delay if
(i) The polynomials Ky ;,(s) are stable;

(i)) Y ago > 0;

k=0
(iii) The 4™*! one-parameter quasipolynomials

Kojig(s,\) + Y Kijiy (s)e”™°

k=1
are stable independent of delay, where A € [0, 1], and i €
{1, 2,3, 4, k=0,1, ---, m.
Note that whenever the condition ngo > 0 coincides
k=0
with m
Qoo > Zmax{lgk0|, [@kol }
k=1
for example, when ayg < 0fork =1, ---, m, then Theorem

3.2 can be strengthened to Theorem 3.1, that is, to a necessary
and suffcient vertex test. Note also that in view of Lemma 2.1,
the theorem can also be stated as follows.

Corollary 3.1 Let 7, > 0, Kk = 1, ---, m be independent
delays Then the interval quasipolynomial (6), with «j €

Q("O 0, 1, ---, m, is robustly stable independent
of delay |ff
(i) The polynomials Ky ;,(s), ip € {1, 2, 3, 4}, are stable;

(i) > ayo > 0; and

k=0
(iii) For A € [0, 1] and for all i, € {1, 2, 3, 4}, k =
Oa 17 e, My

2 [ Kiy, (70
k=1

_—— <1, Yw > 0. 11
[ Ko, (Fw, V)] b

B. Diamond Quasipolynomials
For the diamond quasipolynomial family, each polynomial

ax(s, ar) defnes a diamond polynomial, whose coefcients
vary in the parameter set

Q](Cl) = {ak Do = Oéz +Fk5k7 ||(5]€H1 < ].} (12)
For simplicity, we shall consider only uniformly weighted
diamond polynomials. This means that for each k£ =

0, 1, «--, m Y1 = -~ = Yen = Yk At each w > 0,
denote the value set of ay(jw, ay) by V;P(w), i.e.,

VP (w) = {ak(jwl ag): o € Q(l)}.

It is known that V,” (w) forms a frequency-dependent diamond
with its center at ax (jw, of). For w € (0, 1], the four vertices
of the diamond are the polynomials ey 1 (s), er2(s), ex,3(s),
and ej 4(s), while for w € (1, oo), the vertices are e 5(s),
er6(s), er7(s), and ey s(s), where

er1(s) = ar(s, ak) — Tk, ex2(s) = ar(s, ar) + &

er3(s) = ar(s, o) — S, €k a(s) = ak(s, ap) + s,
ens(s) = an(s,arn) — ws" %, ere(s) = ar(s, k) +ms" "7,
(s) = )

er,7(s) = ax(s,ap) — s~ ,ekg s) = ak(s, ag) + Yrs n—1
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These are the extremes of the eight edge polynomials

er1(s,A) = aw(s, ag) — Ay — (1 — XN)yks
er2(s,\) = ar(s,ar) + Ay — (1 — N)ys
ers(s,A) = ar(s,ai) + My + (L= X)yes
era(s,\) = ar(s,ag) — Ay + (1 A)VES,
ens(s,\) = ar(s,ar) — Aws" — (1 — N)ys
ene(s,\) = ar(s,ar)+Aws"" — (1 —N)ws
er,7(8,A) = ar(s,ar) + Mys" T+ (1 — AN)ys
ers(s,A) = ar(s,arp) — Mrs" "+ (1 — XN)ys

It is well-known that the diamond polynomial ao(s, ag) is
robustly stable if and only if its eight vertex polynomials are
stable. We have the following result.

Theorem 33 Let 7, > 0, k = 1, -, m be independent
delays Assume that for each k — 0, 1, --

= Ygn = Yk Then the diamond quaspolynomlal (6) W|th
g € Q,(c ), =0, 1, ---, m, isrobustly stable independent
of delay iff
(i) The polynomials eq ;,(s), io € {1,

(i) > age > 0;

k=0
(iii) For A € [0, 1] and for all i, € {1,
1 m,

, 8}, are stable;

.’8}113:

s , oty

D e,y (G0
k=1

_— Yw > 0.
€0, io (jw, M)

<1, (13)

In view of Lemma 2.1, we may also state Theorem 3.3
alternatively as follows.

Corollary 32 Let 7, > 0, k=1, ---, m be independent
delays Assume that for each k — 0, 1, -- =

= ’y;m 'yk Then the diamond quasi polynomlal (6) Wlth
i € Qk ,k=0,1, ---, m,isrobustly stable independent
of delay |ff

(i) The polynomials eq ;, (s), io € {1, , 8}, are stable;

(ii) ZQkO > 0;
k=0
(iii) The 8™+ one-parameter quasipolynomials

m

€00 (5, A) + Y enin(s)e

k=1

—TES

are stable independent of delay for A € [0, 1], where iy, €
{17 78}'k:05 17 e, M.

As in the case of interval diamond polynomials, Theorem
3.3 and Corollary 3.2 follow from the recognition that the
maximum of |aj(jw, ay) is achieved on one of the vertices
€k.i, (Jw), while the minimum of |ao(jw, ag) occurs on one
of the edges eg;,(jw, A). These results can be extended to
more general cases where the diamond polynomials need
not be uniformly weighted. Indeed, they can be extended
to quasipolynomials with a polytopic uncertainty description.
This is pursued in the next section.

IV. EXTENSIONS

Our purpose in this section is to provide a number of
extensions to more general uncertain quasipolynomials than
those in the interval and diamond families. We consider more
general uncertainty descriptions and seek both frequency-
sweeping and vertex type results. A generalization is also made
to a special class of multivariate polynomials.

A. Uncertain CoefEcients in ¢, Balls

Our £rst generalization is sought after for a case where
uncertain coeffcients are characterized by general £, norms.
Consider the uncertain quasipolynomial (6) with the coef£-
cients described by

Qr :={ar: ar = aj + Tk, [|0k]| <1}, (14)

where

[0kl := max {[|6 I, [10%]lp, } - (15)

In other words, we assume that the real and imaginary parts of
the coefEcient polynomials vary independently of each other.
Note that uncertain polynomials with independent real and
imaginary parts are studied in [20]. Note also that in this case
a similar frequency-sweeping condition for the robust stability
of ag(s, ap) can be obtained in much the same spirit as in

[6].

Lemma 4.1 Suppose that ag(s, «f) is stable. Then, the
uncertain polynomial ag(s, «g) with Qq given by (14-15) is
robustly stable if and only if o, > 0 and

. {X
min

0,91 (LU)

Y07Q2 (UJ)

[Ro(w)]

o (w)]

The following result gives a f

} <1, Yw > 0. (16)

requency-sweeping condition

similar to those developed in [7].

Theorem 4.1 Let 7, k =1,
Defne

-, m be independent delays.

Then the uncertain quasipolynomial (6), with a(s,

ﬁk<>~::N/URk<>|+uth(w»2-%w2<Uk«uﬂ-+1%ﬂ2@»>?
\/M2 ) +wME(w) ,
where
Ro(w)| — Xo,q; (W) if [Ro(w Xo,q; (w
Mg (w) { l) o)l ) :f IRZEw%szg,qlgwg
Io(w)| — Yo,q0 (w if [Io(w ¥0,q (w
Miw): = { eI Yoml) 2 S ()

Ozk)

given by (8) and (14-15), is robustly stable independent of

delay iff

(i) The uncertain polynomial ag(s, «p) is stable;

(i) Yo > 0;
Gii)* "

(17
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B. Polytopic Uncertainty

Extensions may also be found to quasipolynomials with
polytopic uncertainties. For this purpose, let the family of
polynomials a (s, ay) be the convex hull

Y P (S)} - (18)

In other words, a(s, «y) can be expressed as the convex
combination of the generating polynomials py;(s):

Py, = conv {pg1(s),

3 ak Z)\ka] (19)
where
Ui
Ap=1, X\ =20, j=1, s s
j=1
and
n—1 ) )
poj(s) = s"+ Y pi)s, (20)
=0
n—1 o
pkj(s) = Zpgg]i)slv k= 1a 27 cer, M. (21)
i=0

We note that both the interval and diamond polynomials
fall as special cases of this polytopic class. Note also that
the stability of ao(s, «g) can be checked using the so-called
edge theorem and other tools (see, e.g., [1], [3]). We provide
below both frequency-sweeping and edge type results for the
corresponding quasipolynomials.

Theorem 42 Let 7, > 0, k = 1, ---, m be independent

delays. Defne
|S{poi (—jw)po; (Jw)}
[Poi(jw)=poj (Gw)l ] )
pij(w) == if R{poi(—jw)po; (jw)} <

min{|po: (jw)|?, |poj(jw)|*},
min{|po;(jw)l, |po;(jw)|} otherwise.

Then the uncertain quasipolynomial (6), with ax(s, i)
given by (19-21), is robustly stable independent of delay iff
0) The polytopic polynomial ag(s, «ag) Is robustly stable;

(i) Z mln p(])
(|||) -

Z 0 [P ()]

Yw > 0.

<1, (22)

) g?ébng o pij(w)

Note that the numerator in (22) can be easily computed.
The computation of the denominator can be more demanding,
which requires lo(lo — 1)/2 computations of p;;(w).

We may also state this result alternatively in terms of the
vertices of ay(jw, i) and the edges of ap(jw, ap).

Corollary 41 Let 7, >0, k=1, ---, m beindependent de-
lays. Then the uncertain quasipolynomial (6), with ax(s, ax)
given by (19-21), is robustly stable independent of delay iff
(i) The edge polynomials Apo;(s) + (1 — A)po;(s) are stable
foral1<i<j<ly;

(i) Z mm p(])
(iii) The quaSI polynom|als

e kS

Apoi(s) + (1 — A)poj; (s

Jrzpkjk

arestableforall A € [0, 1], 1 <i < j <lp,and 1 < ji < li.

C. Multivariate Polynomials

It is straightforward to extend the preceding results to a
special class of multivariate polynomials which are also known
as disc polynomials [3]. This class of multivariate polynomials
are described as

m
p(57 1, ", & 5)+Zak(5)2k. (23)
k=1
The multivariate polynomial p (s; z1, -+, zy) is said to be
stable if
p(s; 21, -, 2m) #0,Vs€Cy, 2, €D, k=1, ---, m.

A necessary and suffcient condition for the stability of
p(s; z1, -+, zm) IS available from, e.g., [3], [16], which
can also be seen rather trivially from [4].

Lemma 4.2 The multivariate polynomial (23) is stable if and
only if

(i) ao(s) is stable;,
(in) ];1 la (jw)]

—— <1,
lao(jw)]

Yw > 0. (24)

Clearly, the sole difference between Lemma 4.2 and Lemma
2.1 lies at the frequency w = 0. It is thus unsurprising that
the preceding results can all be extended readily to this class
of multivariate polynomials with uncertain coefEcients.

V. CONCLUDING REMARKS

In this paper we have studied the robust stability of uncertain
quasipolynomials, specifcally those in the families of interval
and diamond quasipolynomials. We addressed specifcally the
notion of robust stability independent of delay. For each
of these quasipolynomial families, we showed that simple
edge-type test can be used to checked the robust stability,
which is both necessary and suffcient. We also provided a
vertex-type stability condition for interval quasipolynomials.
This condition, while only a suffcient condition in general,
will become necessary and suffcient under some rather mild
restriction. Our results extend the well-known Kharitonov-type
analysis to quasipolynomials, and complement the frequency-
sweeping conditions developed elsewhere.

REFERENCES

[1] B.R. Barmish, New Tools for Robustness of Linear Systems, New York,
NY: Macmillan, 1994.

[2] K.D. Kim and N.K. Bose, “Vertex implications of stability for a class
of delay-differential interval systems,” |EEE Trans. Circ. Syst., vol. 37,
no. 7, pp. 969-972, July 1990.

[3] S. P. Bhattacharyya, H. Chapellat, and L. H. Keel, Robust control. The
parametric approach, Upper Saddle River, NJ: Prentice Hall, 1995.

4163



[4]

[5]

[6]

[71

(8]

[9]

[10]
[11]

[12]

[13]

[14]
[15]

[16]

[17]
[18]

[19]

[20]

J. Chen, and H. A. Latchman, “Frequency sweeping tests for stability
independent of delay,” IEEE Trans. Automat. Contr., vol. 40, pp. 1640-
1645, 1995.

J. Chen, M. K. H. Fan, and C. N. Nett, “Structured singular values and
stability analysis of uncertain polynomials, part 1: the generalized p,”
Syst. & Contr. Lett., vol. 23, pp. 53-65, 1994.

J. Chen, M. K. H. Fan, and C. N. Nett, “Structured singular values and
stability analysis of uncertain polynomials, part 2: a missing link,” Syst
& Contr. Lett., vol. 23, pp. 97-109, 1994.

J. Chen and S.-l. Niculescu, “Robust stability of quasipolynomials:
Frequency-sweeping conditions,” Proc. 42nd IEEE Conf. Decision
Contr., Maui, HI, Dec. 2003, pp. 5048-5053.

J. Chen and A.L. Tits, “Robust control analysis,” in Encyclopedia
of Electrical and Electronics Engineering, vol. 18, pp. 602-616, J.G.
Webster, Ed., Wiley, 1998.

M. Fu, A. W. Olbrot, and M. P. Polis, “Robust stability for time-delay
systems: The edge theorem and graphical tests,” |IEEE Trans. Automat.
Contr., vol. 34, pp. 813-820, 1989.

K. Gu, V.L. Kharitonov, and J. Chen, Sability and robust stability of
time-delay systems, Boston, MA: Birkhauser, 2003.

J.K. Hale, E.F. Infante, and F.S.P. Tsen, “Stability in linear delay
equations,” J. Math. Anal. Appl., vol. 105, pp. 533-555, 1985.

V.L. Kharitonov and L. Atanassova, “On stability of wheighted diamond
of real quasi-polynomials,” IEEE Trans. Automat. Contr., vol. 42, pp.
831-835, 1997.

V.L. Kharitonov and R. Tempo, “On the stability of a weighted diamond
of real polynomials,” Syst. & Contr. Lett., vol. 22, no. 1, pp. 5-7, Jan.
1994.

V. L. Kharitonov, and A. Zhabko, “Robust stability of time delay
systems,” in |EEE Trans. Automat. Contr., vol. 39, pp. 2388-2397, 1994.
J. Kogan, Robust Stability and Convexity, Lecture Notes in Contr. Info.
Sci., vol. 201, New York, NY: Springer-Verlag, 1995.

Y. Li, K. M. Nagpal, and E. Bruce Lee, “Stability analysis of polyno-
mials with coefEcients in disks,” IEEE Trans. Automat. Contr., vol. 37,
pp. 509-513, 1992

M.S. Mahmoud, Robust Control and Filtering for Time-Delay Systems,
Mercel Dekker, 2000.

S. -1. Niculescu, Delay effects on stability. A robust control approach,
Heidelberg, Germany: Springer-Verlag, LNCIS, vol. 269, 2001.

A.W. Olbrot and C.U.T. Igwe, “Necessary and suffcient conditions for
rubust stability independent of delay and coef£cient perturbations,” Proc.
34th |EEE Conf. Decision Contr., New Orleans, LA, Dec. 1995, pp. 392-
394.

E.R. Panier, M.K.H. Fan, and A.L. Tits, “On the robust stability of
polynomials with no cross-coupling between the perturbations in the
coefEcients of even and odd parts,” Syst. & Contr. Lett., vol. 12, pp.
291-299, 1989.

4164



	MAIN MENU
	Front Matter
	Technical Program
	Author Index

	Search CD-ROM
	Search Results
	Print
	View Full Page
	Zoom In
	Zoom Out
	Go To Previous Document
	CD-ROM Help

	Header: Proceeding of the 2004 American Control Conference
Boston, Massachusetts June 30 - July 2, 2004
	Footer: 0-7803-8335-4/04/$17.00 ©2004 AACC
	Session: FrA08.2
	Page0: 4159
	Page1: 4160
	Page2: 4161
	Page3: 4162
	Page4: 4163
	Page5: 4164


