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Guest Editorial
Focused Section on Hysteresis in Smart
Mechatronic Systems: Modeling,
Identification, and Control
I. INTRODUCTION
YSTERESIS nonlinearity invariably appears in various
smart mechatronic systems, such as smart material-based
actuators, smart material-based sensors, mechatronic systems
with friction, and electromagnetic systems [1]–[5]. This nonlinearity yields undesirable responses, which limit the tracking
performance or introduce oscillations that may compromise the
stability of the closed-loop systems [6], [7]. For example, the
presence of hysteresis in smart material-based actuators, which
are used widely in micro/nanopositioning applications, results in
a considerable tracking error and compromises the positioning
precision [8], [9]. Significant continuing efforts are thus being
made to seek effective compensation of hysteresis nonlinearity in different smart mechatronic systems [10]–[12]. Recently,
advances have been made in various aspects of mechatronic systems with hysteresis: modeling, inverse compensation or feedforward control, feedback control, and stability and performance
analysis. In the meantime, this subject continues to pose research
challenges that invite innovative solutions in modeling, control,
and analysis.
The primary objective of this Focused Section on Hysteresis
in Smart Mechatronic Systems: Modeling, Identification, and
Control is to highlight some recent accomplishments in the modeling and control of smart mechatronic systems with pronounced
hysteresis, and to motivate new ideas from the community to
address outstanding challenges. There were a total of 24 papers
submitted to this Focused Section. After a rigorous peer-review
process, six papers were accepted. The contributions of these
accepted papers are highlighted below.

H

II. CONTRIBUTIONS OF THE FOCUSED SECTION
The six papers included in this Focused Section comprise
both theoretical and experimental contributions detailing new
advances in modeling, identification, and control of hysteresis
in mechatronics. The variety of mechatronic systems addressed
spans piezoactuated systems, magnetorheological dampers, and
electromagnetic actuators. These papers can be roughly classified into two groups. The first group focuses on the modeling
and model identification for systems with hysteresis, while the
second group deals with hardware and algorithmic solutions to
the control of hysteretic mechatronic systems.
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A. Modeling and Identification
In this Focused Section, three papers deal with the hysteresis modeling and identification. These approaches include
an observer for ferromagnetic hysteresis modeling, describing
function-based investigation of hysteresis in magnetorheological dampers, and a modified Maxwell-slip model for characterizing asymmetric hysteresis loops in piezoceramic actuators.
MacKenzie and Trumper present a method for real-time estimation of the hysteresis in an electromagnetic actuator in the
presence of a changing air gap. The actuator is modeled with
a lumped parameter model. This enables to model the ferromagnetic hysteresis with the Preisach model separately from
the air gap reluctance. Experiments performed to illustrate the
proposed approach in a real-time system.
Ha et al. consider modeling of the hysteresis of nonlinearities in the magnetorheological (MR) dampers using describing
functions. Such nonlinearities limit the performance of the MR
dampers when used in smart structures. In this study, describing functions obtained from the experimental measurements of
an MR damper were identified to model the hysteresis nonlinearities. Experiments were conducted to illustrate the proposed
approach.
Liu et al. propose a modified Maxwell-slip model to characterize the asymmetric hysteresis loops in piezoceramic actuators. A generalized elastoslide operator (ESO) is constructed
to replace Maxwell-slip elements. Each ESO is characterized
with the spring extension stiffness constant, maximum extension, compression stiffness constant, and maximum compression. Simulation and experimental results show that the proposed model is capable of reproducing convex and/or concave
asymmetric hysteresis loops.

B. Control of Systems With Hysteresis
The next three papers contribute to the control of systems
with hysteresis. These studies range from the design of new
charge drives for hysteresis mitigation to the development of an
efficient inverse scheme for hysteresis compensation in piezoactuated mirrors, to nonsmooth model predictive control of Wiener
systems with backlash-like hysteresis.
Rios and Fleming present the design of a charge drive for
reducing the hysteresis exhibited by a piezoelectric bimorph
bender. A new charge drive circuit is implemented to linearize
the input–output relationship of the bender. This circuit consists
of four major components, including a high-voltage amplifier,
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a differential amplifier, a piezoelectric load, and a proportional
integral feedback controller. An isolation amplifier is used to
achieve differential amplification with a high common-mode
rejection ratio. The effectiveness of the proposed charge drive
in hysteresis mitigation is demonstrated experimentally.
Mynderse and Chiu report the development of an efficient
hysteresis control scheme for a piezo-based dynamic mirror
system. The proposed two-degree-of-freedom control strategy
consists of a low-computation inverse model for hysteresis compensation and an LQR feedback controller for mitigating the impact of the inversion error. Experimental results are presented
to support the proposed control approach.
Dong et al. propose a nonsmooth predictive control method
for Wiener systems with backlash-like hysteresis, where the
hysteresis is connected in series with a preceding linear system. The proposed control scheme incorporates a nonsmooth
receding horizon strategy that addresses the challenge of gradient evaluation at nonsmooth points of the objective function. A
simulation study on a mechanical transmission system characterized with a nonsmooth Wiener system is presented to validate
the proposed control approach.
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Besançon 25030, France
mrakoton@femto-st.fr
XIAOBO TAN
Department of Electrical and Computer Engineering
Michigan State University
East Lansing, MI 48824 USA
xbtan@egr.msu.edu
REFERENCES
[1] C. Visone, “Hysteresis modelling and compensation for smart sensors and
actuators,” J. Phys.: Conf. Ser., vol. 138, no. 1, pp. 1–24, 2008.
[2] R. C. Smith, Smart Material System: Model Development. Philadelphia,
PA, USA: SIAM, 2005.
[3] X. Tan and J. Baras, “Modeling and control of hysteresis in magnetostrictive actuators,” Automatica, vol. 40, no. 9, pp. 1469–1480, Sep. 2004.
[4] I. D. Mayergoyz, Mathematical Models of Hysteresis. NewYork, NY,
USA: Elsevier, 2003.
[5] M. Brokate and J. Sprekels, Hysteresis and Phase Transitions. New York,
NY, USA: Springer-Verlag, 1996.
[6] A. Cavallo, C. Natale, S. Pirozzi, and C. Visone, “Effects of hysteresis
compensation in feedback control systems,” IEEE Trans. Magn., vol. 39,
no. 3, pp. 1389–1392, May 2003.
[7] G. Tao and P. Kokotovic, “Adaptive control of plants with unknown
hysteresis,” IEEE Trans. Autom. Control, vol. 40, no. 2, pp. 200–212,
Feb. 1995.
[8] M. Rakotondrabe, “Bouc–Wen modeling and inverse multiplicative structure to compensate hysteresis nonlinearity in piezoelectric actuators,”
IEEE Trans. Autom. Sci. Eng., vol. 8, no. 2, pp. 428–431, Apr. 2011.
[9] K. Leang, Q. Zou, and S. Devasia, “Feedforward control of piezoactuators
in atomic force microscope systems,” IEEE Trans. Control Syst. Technol.,
vol. 29, no. 1, pp. 70–82, Feb. 2009.
[10] M. Al Janaideh, S. Rakheja, and C-Y. Su, “An analytical generalized
Prandtl–Ishlinskii model inversion for hysteresis compensation in micropositioning control,” IEEE/ASME Trans. Mechatronics, vol. 16, no. 4,
pp. 734–744, Aug. 2011.
[11] M. Edardar, X. Tan, and H. K. Khalil, “Design and analysis of sliding mode controller under approximate hysteresis compensation,” IEEE
Trans. Control Syst. Technol., vol. 23, no. 2, pp. 598–608, Mar. 2015.
[12] M. Al Janaideh, M. Rakotondrabe, and O. Aljanaideh, “Further results
on hysteresis compensation of smart micro-positioning systems with the
inverse Prandtl–Ishlinskii compensator,” IEEE Trans. Control Syst. Technol., to be published.

Mohammad Al Janaideh (S’07–M’09) received the MASc. and Ph.D. degrees in mechanical
engineering and mechatronics from Concordia University, Montreal, QC, Canada, in 2005 and
2009, respectively.
He held research and teaching positions in various countries, including Canada, Jordan, Italy,
the USA, and Czech Republic. He was with the Department of Aerospace Engineering, University
of Michigan, Ann Arbor, MI, USA, as a Visiting Scholar, from 2013 to 2014. He is currently
an Associate Professor and the Chair of the Department of Mechatronics Engineering at the
University of Jordan, Amman, Jordan, and a Visiting Professor in the Department of Mechanical
Engineering at the University of Toronto, Toronto, ON, Canada. His research interests include
modeling and control of systems with hysteresis, adaptive control for nonlinear systems, modeling
and control of pneumatic artificial muscles, and design of MEMS sensors.

IEEE/ASME TRANSACTIONS ON MECHATRONICS, VOL. 21, NO. 1, FEBRUARY 2016

3

Micky Rakotondrabe (S’06–M’07) received the Diplôme D’ingénieur from the Institut
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