EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Simplifying the uncertainty of linear models in terms of h2
performance using LMIls

Citation for published version (APA):

Mazzoccante, G. S., & Oliveira, R. C. L. F. (2017). Simplifying the uncertainty of linear models in terms of h2
performance using LMIs. 125. Abstract from 36th Benelux Meeting on Systems and Control, 28-30 March 2017,
Spa, Belgium, Spa, Belgium.

Document status and date:
Published: 01/01/2017

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 16. Nov. 2023


https://research.tue.nl/en/publications/ee7954bc-1715-4d9a-8c8c-5915af9fc993

36" Benelux Meeting on Systems and Control

Book of Abstracts

Simplifying the uncertainty of linear models in terms of 775
performance using LMIs

Gustavo S. Mazzoccante and Ricardo C. L. F. Oliveira
School of Electrical and Computer Engineering — University of Campinas — UNICAMP
13083-852, Campinas, SP — Brazil — Email: {gsmazzo, ricfow}@dt.fee.unicamp.br

1 Introduction

For at least four decades the model order reduction (MOR)
problem has received great attention. This fact is not sur-
prising since, in general, a simplified model is required to
design controllers for systems with many states, such as
power systems. Basically, the problem consists of determin-
ing a reduced-order model that appropriately approximates
the original system. Compared to a high-order model, the
benefit of a low-order model is that it is easier to analyze,
simulate and implement. Moreover, there is a continuous de-
mand from industry to improve performance while reducing
costs. To achieve this, various applications require precise
mathematical models, that consider, for instance, parametric
uncertainties and structural constraints.

2 Problem formulation

Consider the uncertain robustly stable discrete-time linear
system of order n described by

x(k+1) = (A(@) +AA(c))x(8) + (B(@) + AB(@))u(k)
y(k) = C(o)x(t) + D(c)u(k) M

where x(k) € R", u(k) € R™ and y(k) € R? respectively
denote the state, input and output vectors. The matrices
A(o), B(ex), C(a) and D(er) have a polynomial depen-
dency of fixed degree on the bounded time-invariant param-
eter o € RY. The terms AA(«) and AB(¢t) represent un-
structured uncertainties that are limited as || AA() [2< 64
and || AB(¢t) ||2< op, where 64 and G are given values.
This particular structure of the matrices of the system is ob-
tained, for instance, when discretizing an uncertain poly-
topic continuous-time system using a Taylor series expan-
sion [2].

The classical MOR problem is to design a reduced model for

system (1), of order » < n, with state-space representation
given by

xr(k+1) = A (&)x (k) + B (o) u(k)
yr(k) = Cr(a)x, (k) + Dr()u(k)

where x,(k) € R, u(k) € R™ and y,(k) € RP are the state,
input and output vectors, respectively, and A,(a), B,(ct),
C/(¢e) and D,() are the uncertain matrices of the reduced
system to be determined. Although the classical MOR prob-
lem only considers a reduction of the number of states, this
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work provides the following generalizations: e the norm-
bounded terms are removed by incorporating their effect in
the parametric uncertainty o; o the degree of the reduced
system matrices can be chosen arbitrarily (e.g., constant,
affine or polynomial); e each parameter ¢; can be indepen-
dently removed, resulting in a reduced system depending on
less parameters. All these capabilities are particularly use-
ful when dealing with robust control of discretized uncertain
systems. Namely, the resulting model can be synthesized
according to the constraints or limitations imposed by the
existing robust control design conditions.

3 7% Model order reduction approach

Using the % norm as performance criterion, the MOR
problem naturally cast in terms of parameter-dependent bi-
linear matrix inequalities, which are hard to solve numer-
ically. To relieve the latter issue, sufficient parameter-
dependent LMIs are derived by, amongst others, application
of the projection lemma to introduce additional variables,
and by imposing structure on these variables. Subsequently,
a numerically tractable (i.e., finite) set of LMIs that guaran-
tees feasibility of the parameter-dependent LMIs is derived
by imposing a polynomial parameterization and employing
positive basis functions. Such manipulations are obtained
with the aid of a robust LMI parser [1]. Numerical exam-
ples illustrate the viability of the proposed approach when
obtaining a discretized model from an uncertain continuous-
time model. Additionally, in the particular case of affine
parameter-dependent uncertain discrete-time systems free of
norm-bounded uncertainty, where other conditions from the
literature can be used, it is shown that the proposed condi-
tions can be more effective.
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