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Abstract

Robustness of stability of linear time-invariant systems using the relationship be-
tween the structured complex stability radius and a parametrized algebraic Riccati
equation is analysed. Our approach is based on the observation that the algebraic
Riccati equation can be viewed as a bifurcation problem. It is proved that the sta-
bility radius is, under certain assumptions, associated with a turning point of the
bifurcation problem given by the parametrized algebraic Riccati equation. As a by-
product, the stability radius can be computed via path following. Some numerical
examples are presented.
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1. Introduction

Consider a linear, finite dimensional, exponentially stable dynamical system of the

form
t(t) = Az(t), teR, o(A)CC- (1.1)
where A € C™*", o(A) denotes the spectrum of A and

C. = {se C|Res <0} (1.2)

We are interested in the robustness of the stability if (1.1) is perturbed by some
PeC™™ to

i(t) = [A+ Pla(). (1:3)
More generally, the question is, to what extend stability is preserved when the en-

tries of the nominal generator A are subjected to additive parameter perturbations
of the form BPC so that the perturbed system has the form

i(t) = [A+BPClz(t), teR (1.4)
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Here B € C**™, C € CP*™ are fixed matrices defining the structure of the

perturbations and P € C™*? is an unknown disturbance matrix.

In recent years, the problem of robustness has regained a prominent position
in systems theory. In particular, robustness measures for perturbations of the
above kind have been introduced and analysed extensively by van Loan [21], Qui
and Davison [18], Martin and Hewer [14], Biernacki, Hwang and Bhattacharyya [1].
Hinrichsen and Pritchard [8], [9] introduced the following concept of the stability

radius:

Find the maximal number r > 0 so that (1.4) is asymptotically stable for
all P € C™*? with ||P|| < r. This number

rc(A; B,C) := inf{||P||; P€ C™*?,0(A+ BPC) ¢ C_} (1.5)

is called the (structured) stability radius of A with respect to the perturbation
structure (B,C). Here ||P|| denotes the operator norm of the linear map P :

C? — C™ with respect to the Euclidian norms on C™, CP?.
It B=C = I,, then
r¢(A) = ro(A; I 1) (1.6)

measures the distance of A from the set of not asymptotically stable matrices in
C™*". If in (1.5) all matrices involved are real matrices, in particular the pertur-
bation P, then we speak of the real stability radius. Real perturbations are for
certain cases of more interest than complex ones. However, the complex stability
radius is a lower bound for the real one and, most of all, yields valuable informa-
tion about the robustness of a system with respect to wider classes of perturbations
(time-varying, nonlinear and/or dynamic), see [9]. In a recent note, Hinrichsen and
Pritchard [11] have shown that for a general class of real nonlinear and dynamic

perturbations the complez stability radius is the relevant number.

This concept has been developed over the last three years to a comprehensive

robustness analysis of linear state space systems and polynomials; see (5, 7, 10, 17],

to name but a few.

In the following, we will only consider real matrices A, B,C. Nevertheless,

the perturbation P is allowed to be complez.

We use the close relationship between the structured stability radius r¢ (A; B, C)

and the existence of certain solutions of the parametrized algebraic Riccati equation










































