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Abstract— New sufficient conditions for the
Hurwitz stability of a complex matrix are es-
tablished based on the concept of α-diagonally
dominance. These criteria depend only on the
entries of a given matrix. Numerical examples
are given to illustrate the applications of these
criteria.
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I. INTRODUCTION

Hurwitz stability plays a fundamental role in control
theory since a time-invariant linear system is stable
if and only if its system matrix is a Hurwitz matrix
(Chen, 1998). Thus, checking the Hurwitz stability is
important for control systems. Many researchers have
considered the problem and lots of useful criteria for
the Hurwitz stability have been established in the last
two decades (see, e.g., Wang et al., 1994; Naimark and
Zeheb, 1997; Huang, 1998; Duan and Patton, 1998;
Franze et al., 2006).

Being similar to the Lyapunov methods for the sta-
bility of differential equations, there are two kinds of
criteria for the Hurwitz stability of matrices. One is
indirect method, i.e., the stability is checked by the
eigenvalues. The indirect methods include computing
Jordan canonical form, calculating the invariant fac-
tors, etc. Generally, it is not easy to complete these
computations due to the computational complexity.
Another is the so-called direct method which deals
with the stability based on the entries of a given ma-
trix directly (see, e.g., Wang et al., 1994; Naimark and
Zeheb, 1997; Huang, 1998; Carotenuto et al., 2004;
Franze et al., 2006). For example, Routh array (Chen,
1998), Hurwitz criterion (Duan and Patton, 1998) and
Lyapunov functions method (Cai and Han, 2006) are
well-known direct methods.

One of the important direct methods is based on
Geršgorin Theorem (see, e.g., Chap. 6 of Horn and
Johnson, 1985a; Varga, 2004). The advantage is that
the method can directly point out the location of eigen-
values of a square matrix on the complex plane (see,

e.g., Wang et al., 1994; Naimark and Zeheb, 1997;
Huang, 1998). In the last fifty years, Geršgorin-like
criteria made many contributions in linear systems
theory. A lot of designing techniques have been de-
veloped by using Geršgorin theorem (see, e.g., Wang
et al., 1994; Naimark and Zeheb, 1997; Carotenuto et
al., 2004; Franze et al., 2006). Recently, Huang (1998)
presented several Geršgorin-like criteria for Hurwitz
matrices. In this paper we will follow Huang’s work to
investigate the Geršgorin-like criterion. Several new
sufficient conditions for Hurwitz stability will be de-
veloped. We would like to emphasize that we directly
deal with complex matrices while most of the existing
literature are focused on real matrices.

The paper is organized as follows. The preliminaries
including notations, concepts and some lemmas are
presented in Section II. The main results are given in
Section III. In Section IV, several numerical examples
are given to illustrate the applications of the results.
The conclusions are drawn in Section V.

II. PRELIMINARIES

This section presents preliminaries of the paper that
include notations, concepts and lemmas.

Let C
n×n denote the set of n×n complex matrices.

N := {1, 2, . . . , n}. Let I denote the identity matrix
with appropriate dimensions. Let A = [aij ] ∈ Cn×n.
Then A is said to be Hurwitz stable if its eigenvalues
are all in the left-half side of the complex plane. A
matrix is called Hurwitz matrix if it is Hurwitz stable
(see, for example, Chen, 1998). For i ∈ N , we define

Ri(A) :=
n∑

j=1,j �=i

|aij |, Ci(A) :=
n∑

j=1,j �=i

|aji|,

which denote the deleted absolute row and column
sums of A, respectively (see, p. 344 of Horn and John-
son, 1985a). Without loss of generality, throughout
this paper we assume that Ri(A) > 0 and Ci(A) > 0
for all i ∈ N . In fact, if Ri(A) = 0 or Ci(A) = 0 for
some i ∈ N , then the investigation of Hurwitz stability
of A reduces to that of an (n − 1) × (n − 1) matrix,
i.e.,  


