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Preface

Variable-structure systems (VSS) and sliding-mode control (SMC) and observation
are known to be one of the most efficient robust control and observer design
techniques. Especially the ability to completely reject matched perturbations, i.e.,
perturbations that act in the input channels, is a stand-alone feature of these
approaches compared to other robust methods.

In the last years, research was pushed further leading to new algorithms and
important extensions of existing methods and more and more applications exploit
the nice properties of sliding-mode techniques. This was also evident at the 15th
International Workshop on Variable Structure Systems and Sliding Mode Control
(VSS 2018) which was held at Graz University of Technology, Austria. The con-
ference featured five sessions focusing on sliding-mode theory and four sessions on
applications based on submissions from 30 countries.

The present book covers theoretical and practical aspects related to VSS and
SMC. It is divided into four parts comprising 14 self-contained chapters that allow
separate reading in any preferred order.

The first part introduces New HOSM Algorithms. New homogeneous controllers
obtained by means of a recursive procedure for any relative degree of the system are
proposed. The controllers are accompanied by new filtering sliding-mode-based
differentiators. In addition, discontinuous integral control for systems with arbitrary
relative degree capable of tracking smooth but unknown reference signals under the
presence of Lipschitz continuous perturbations is presented.

Part II addresses Properties of Continuous Sliding-Mode Algorithms such as the
computation and estimation of the reaching time of the super-twisting algorithm and
two chapters dealing with the issue of constrained sliding-mode control, which is
inevitable for real-world implementations. Also, an analysis of the orbital stability of
self-excited periodic motions in a Lure system as well as a comparison of the
chattering using continuous and discontinuous sliding-mode controllers is treated.

Part III covers the Usage of VSS Controllers for Solving Other Control
Problems. Sliding-mode stabilization of SISO bilinear systems with delays is
considered where Volterra operator theory is exploited to perform stability and
robustness analysis. After that, a comparison of classical results and recent methods
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using integral and HOSM is carried out in the next chapter in order to investigate
their ability to compensate for unmatched disturbances.

The last part of the book is dedicated to Applications of VSS. Three chapters
related to power electronics show the capability of sliding-mode techniques in this
field. First, a grid-connected shunt active LCL control via continuous SMC and
HOSM control techniques is presented. After that, the robust distributed secondary
control of islanded inverter-based microgrids as well as local and wide-area
sliding-mode observers in power systems is investigated.

The last two chapters deal with the application of sliding-mode-based methods
for vehicle platooning, i.e., the task to form tight vehicle formations on one lane on
a highway, and an application to a single-loop integrated guidance and control
intercept strategy that makes use of HOSM control.

Enjoy reading!

Graz, Austria Martin Steinberger
Graz, Austria Martin Horn
Mexico City, Mexico
July 2019

Leonid Fridman
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