
 

Frequency response function-based iterative control applied to
a nanopositioner
Citation for published version (APA):
de Rozario, R., Fleming, A. J., & Oomen, T. A. E. (2017). Frequency response function-based iterative control
applied to a nanopositioner. In 36th Benelux Meeting on Systems and Control, 28-30 March 2017, Spa, Belgium
(pp. 41)

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
DOI 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: 24. May. 2023

https://research.tue.nl/en/publications/79529e13-9221-4408-9fba-1168c5673a29


Frequency Response Function-Based Iterative Control
Applied to a Nanopositioner

Robin de Rozario1, Andrew Fleming2, Tom Oomen1

1Eindhoven University of Technology, Department of Mechanical Engineering, Control Systems Technology group

PO Box 513, 5600MB, The Netherlands, e-mail: r.d.rozario@tue.nl
2University of Newcastle, Electrical and Computer Engineering, Australia

Background

Iterative Learning Control (ILC) is an effective approach to
achieve high tracking performance for system that perform
repeating tasks [1]. Frequency Domain ILC offers practical
and intuitive design rules, but requires a parametric model
of the system. In contrast, Time Domain or Lifted ILC uses
non-parametric models and typically results in optimal re-
sults. However, design guidelines are not transparent and
accounting for robustness against plant variation is chal-
lenging. Alternatively, Data-driven methods are completely
model-free, but generally take a large number of iterations to
reach convergence. Although these frameworks have proven
to be successful for a range of applications, it is clear that
each framework has its own disadvantages. Therefore, the
aim of this work is to develop an iterative control method
with clear design guidelines, with fast and reliable conver-
gence and that requires little to no modelling effort.

Approach

This achieved by combining well established results from
ILC with the recent advances in Inversion-based Iterative
Control (IIC) approaches [2]. The latter techniques, exploit
the non-parametric FRF of the system to be controlled in
order to avoid a parametric modelling effort. However, a
formal connection between IIC, ILC and Repetitive Control
(RC) has not yet been established and it can be shown that
current approaches lack robustness and convergence speed
considerations. In this work, this connection to ILC and RC
is made and the insights are used to introduce robustness
into the IIC approach, resulting in the following update-law
regarding the Fourier coefficients of the input u,

Ui+1(ω) = φ(ω)
(
Ui(ω)+ρ(ω)G−1

m (ω)Ei(ω)
)
. (1)

Here, G−1
m (ω) is the inverse FRF of the system and guide-

lines are provided on how to tune φ(ω) to achieve robust-
ness and fast convergence. In addition, the Model-Free IIC
(MFIIC) method is considered [3], in which G−1

m (ω) is esti-
mated during each trial based on u and y, thereby completely
removing the modelling effort. However, a novel conver-
gence analysis shows that excessive learning transients may
be introduced by unmeasured disturbances, which lead to
unpredictable loss of performance from trial-to-trial. To al-
leviate this problem, an adaptive learning gain is introduced

which leads to the Smoothed MFIIC update-law,

Ui+1(ω) =Ui(ω)+ρi(ω)Ui(ω)
Yi(ω) Ei(ω), (2)

where Yi = GUi +D and ρi = tanh
(

β
∣∣∣Yi

R

∣∣∣
)

. The latter leads
to significantly improved convergence behaviour due the ab-
sence of the blow-up behaviour as Yi→ 0.

Results

The proposed approaches (blue) are compared to the tra-
ditional methods (red) by application to an experimental
nanopositioner as shown in Figures 1 and 2, which shows
the achieved improvements.
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Figure 1: Faster and robust convergence is achieved by adding robust-
ness by means of φ(ω) in (1), visualized for the dominant frequency.
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Figure 2: Reliable convergence is achieved by the adaptive learning gain
ρi in (2), which removes the unpredictable performance loss.
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