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1 Introduction

The classical paradigm of model reduction deals with the
question of decreasing the complexity of mathematical mod-
els while keeping sufficient levels of predictive power in the
model and while retaining the essential features of the sys-
tem. Generally, uncertain systems are discarded in model
reduction questions. One of the very crucial properties of an
uncertain system is its robust stability, which is defined as
the ability of a closed loop stable system to remain stable in
the presence of uncertainty. In this work, an LMI projection
approach is introduced to keep this important property in-
variant under model reduction. In addition to it, using simi-
lar approach an algorithm for H∞ optimal model reduction is
also presented. Both problems are formulated for Descriptor
systems.

2 H∞ optimal model reduction

The H∞ optimal model reduction problem is that of given a
complex transfer function Gdes of order n and finding a sta-
ble reduced order transfer function Gr of order r with r < n
such that the approximation error ‖Gdes−Gr‖H∞ is as small
as possible, where ‖·‖H∞ is H∞ norm. As a result of model
order reduction, Gdes can be represented as a series connec-
tion of a lower order ’nominal plant’ Gr and a bounded un-
certainty Δ as shown in Figure 1.

Figure 1: Model order reduction and uncertain models.

In this work, for a given nth order system Σ in descriptor
state-space form i.e., Eẋ(t) = Ax(t)+Bu(t),y(t) = Cx(t)+
Du(t) where u(t) ∈ R

m,y(t) ∈ R
p and x(t) ∈ R

n are the in-
put, output and state signals of given system respectively.
The system matrix pair (A,E) has dimension n×n. B,C and
D are input, output and direct feed through matrices with
dimensions n×m, p× n and p×m respectively. The prob-

lem to find optimal projection matrices U and V of rank r
is considered such that the rth order descriptor system Σr :
U�EV ż(t) = U�AVz(t) +U�Bu(t),y(t) = CVz(t) +Du(t)
provides an accurate approximation of Σ and minimizes the
bound of the H∞ norm of the model reduction error i.e.,
‖Gdes −Gr‖H∞ . V ∈ R

n×r and U ∈ R
n×r are signal and

residual projection matrices respectively and z(t)∈R
r is the

state signal of reduced order system. A new approach for
computing projection matrices is presented. The projection
matrices are typically chosen such that given one projection
matrix i.e., residual projection matrix U , the other projec-
tion matrix i.e., signal projection matrix V is optimized [2]
and vice versa. This is achieved by deriving a set of lin-
ear constraints based on the framework of dissipativity of
dynamical systems, resulting in a linear matrix inequality
(LMI). An iterative algorithm is proposed which, given one
projection matrix, optimizes the other projection matrix and
then the latter projection matrix to optimize the first, and so
on.

3 Invariance of robust stability margin

The small gain theorem [1] provides necessary and suffi-
cient conditions for robust stability in the sense that for a
stable transfer function Gdes, the interconnected perturbed
system is internally stable for all stable perturbation Δ and
with ‖Δ‖H∞ ≤ γ−1, if and only if ‖Gdes‖H∞ < γ . The ro-
bust stability margin, R of Gdes is the largest R such that the
uncertain system is stable for all stable Δ with ‖Δ‖H∞ ≤ R.
Robust stability margin can be made invariant or maximized
by minimizing the H∞ norm of reduced order model. Us-
ing the similar approach of fixing one projection matrix and
optimizing for the other projection matrix with an iterative
scheme, an algorithm for invariance of robust stability mar-
gin is introduced.
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