EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Local Rational Method with prior system knowledge: with
application to mechanical and thermal systems

Citation for published version (APA):

Evers, E., Oomen, T. A. E., & de Jager, A. G. (2018). Local Rational Method with prior system knowledge: with
application to mechanical and thermal systems. 21. Abstract from 37th Benelux Meeting on Systems and Control
2018, Soesterberg, Netherlands.

Document status and date:
Published: 01/01/2018

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/cfec5f6c-c74a-477f-aed6-65b6acced3eb

37th Benelux Meeting on Systems and Control

Book of Abstracts

Local Rational Method with prior system knowledge: with
application to mechanical and thermal systems

Enzo Evers !, Bram de J ager 1 Tom Oomen

1

! Eindhoven University of Technology, Department of Mechanical Engineering, Control Systems Technology group
PO Box 513, 5600MB Eindhoven, The Netherlands, e-mail: e.evers@tue.nl

1 Background

Frequency Response Function (FRF) identification is fast,
inexpensive and accurate, and often used in applications.
These FRFs are used either directly, e.g., for controller tun-
ing or stability analysis, or as a basis for parametric iden-
tification. Identification of FRFs has been substantially ad-
vanced over recent years, particularly by explicitly address-
ing transients errors. The Local Polynomial Method (LPM)
[1] exploits the assumed smoothness of the transient re-
sponse and approximates locally the transfer function by a
polynomial such that the transient can be removed.

2 Problem

Consider the output of a LTI system in the frequency domain
e))

where G(e/®) is the frequency response function of the dy-
namic system, Y (k),U(k),V (k) are the output, input and
noise terms and k denotes the k-th frequency bin. Where
T (¢!®) accounts for the transients of both the system re-
sponse and the noise. An extension of the LPM, the Lo-
cal Rational Method (LRM) [2, 3] approximates the terms
G(e'®) and T (/) in (1) such that in the local window

Y (k) = G(e')U (k) + T (e'®) +V (k)

Nitr M.,
Y(k+7r) = iU(k—f—r)—f—ﬁ—i—V(k—i—r)
r r
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As a consequence of the rational parameterization, the lo-
cal estimation problem is no longer linear in the parameters
which poses additional challenges. The aim of the present
paper is to investigate alternative parametrizations, which
are also recovered as a special case of the LRM, yet are lin-
ear in the parameters while exploiting the advantages of ra-
tionally parametrized model structures.

3 Approach

Enabling a convex optimization while maintaining the ratio-
nal parameterization is done by pre-specifying the system
poles based on prior knowledge. Consider again a local win-
dow around a DFT bin £ such that locally

Nb Nb

G ™7) = Y 06, By(e), T(e%) = Y. 07,By (/)
b=1 b=1

(3)
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Figure 1: Estimation error of the Local Rational Method with
Prior knowledge (LRMP) versus the LPM and classical
method (ETFE). Gq denotes the true system.

with basis functions Bj(e'®+r) and parameters 0G,,0r,. If
the basis functions B;, contain the true system dynamics of
G(wy,) and T (e/®+r), then the basis in (3) can approximate
the system in the local window arbitrarily well.

4 Result

A resonant system with two resonance modes is used for
simulation. The discrete system has two sets of complex
conjugated poles at z; = 0.8359 £ 0.4540i,z, = 0.0673 +
+0.8581i. An orthonormal basis is composed of single com-
plex poles, e.g., { = [0.8359 4+ 0.4540i,0.0673 + 0.8581i]
where { are a subset of the poles of the true system. The
result in Fig. 1 shows an improved estimation accuracy for
both resonance modes. Extensive simulations reveal that the
method is robust for inaccurate  and for real poles occur-
ring in thermal systems.
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