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Abstract

A new paradigm is presented for assessing the stability posture of a general class of linear time invariant-neutral time delayed systems
(LTI-NTDS). The ensuing method, which we name the direct method (DM), offers several unique features: It returns the number of
unstable characteristic roots of the system in an explicit and non-sequentially evaluated function of time delay, . Consequently, the direct
method creates exclusively all possible stability intervals of 7. Furthermore, it is shown that this method inherently verifies a widely
accepted necessary condition for the t-stabilizability of a LTI-NTDS. In the core of the DM lie a root clustering paradigm and the strength
of Rekasius transformation in mapping a transcendental characteristic equation into an equivalent rational polynomial. In addition, we
also demonstrate by an example that DM can tackle systems with unstable starting posture for t = 0, only to stabilize for higher values

of delay, which is rather unique in the literature.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction and problem statement

Neutral time delayed systems (NTDS) have been exten-
sively studied for over four decades (Barnett, 1983; Bellman
& Cooke, 1963; Chen, 1995; Cooke & van den Driessche,
1986; Halanay, 1966; Hale, 1977; Hale, 2001, Hale &
Verduyn Lunel, 1993, 2001a, b; Hale, Infante, & Tsen,
1985; Hu & Hu, 1996; Niculescu, 2001 ). The most common
problem in these investigations is the stability assessment
of such dynamics along the delay axis. The present work
offers a novel paradigm and a general methodology to ad-
dress this issue for a broad class of systems: Linear time in-
variant (LTI)-NTDS. A widely accepted form of LTI-NTDS
(Bellman & Cooke, 1963; Hale & Verduyn Lunel, 1993;
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Niculescu, 2001) is considered here:
x = Ax + Bx(¢ — 1) + Cx(¢ — 1), (D)

where x(n x 1), A, B, CeR (n x n), t€R". Taking A,
B and C as constant matrices, the only remaining factor
that influences the stability in Eq. (1) is the time delay, 7.
In all the earlier investigations the LTI-NTDS starts with a
stable posture for t = 0. The objective, then, is to identify
the stability margin in 7 domain (Chen, 1995; Niculescu,
2001), i.e., Tmax that can still assure the stability. In this work,
however, we do not require the stability for non-delayed
system, nor do we aim the evaluation of 7,,,x. The objective
here is to determine all possible intervals (we call them
“pockets”) of stability in T domain exclusively, regardless
the initial posture of the dynamics.

The delay in Eq. (1) introduces exponential transcenden-
tality in the characteristic equation of the system. This fea-
ture invites infinitely many (but not dense) characteristic
roots all of which have to be studied to determine the stabil-
ity. This is an impossible task, unless a practical procedure
is developed. The core concept of such a procedure is pre-
sented in Olgac and Sipahi (2002) for retarded LTI-TDS.
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