PEDG226

The 17" IEEE International Symposium on Power Electronics for Distributed Generation Systems
June 21-24, Valparaiso/Vina del Mar, Chile

PEDG 2026 TUTORIAL 3

1. Tutorial Title:

Advanced Control of Power Electronic Converters

2. Corresponding Author Information: name(s), affiliation(s), contact information and short bio

Name: Affiliation: .
. . i Tel: Email:
Freddy Flores- Universidad Andrés
) +56 9 6157 8933 freddy.flores@unab.cl
Bahamonde Bello, Chile

Short Bio (no more than 200 words):

Freddy Flores-Bahamonde (Senior Member, IEEE) was born in Osorno, Chile, in 1983. He received the
M.Sc. and Ph.D. degrees in electronics engineering from Universitat Rovira i Virgili, Tarragona, Spain, in
2009 and 2013, respectively. In 2015, he joined as a Postdoctoral Fellow with the Advanced Center for
Electrical and Electronic Engineering (AC3E), Universidad Tecnica Federico Santa Maria (UTFSM),
Valparaiso, Chile. In 2017, he was in charge of the energy area in the technology transfer unit of the
AC3E, developing and managing industrial projects related to energy and electric power systems. He is
currently an Associated Professor with the Engineering Sciences Department, Universidad Andres Bello,
Santiago, Chile, where he is also the director of the Energy Transformation Center. His main research
interests include the design and control of power converters for renewable energies, automotive power
systems, and dc microgrids.

3. Presenters’ Information: name(s), affiliation(s), contact information and short bio

Affiliation: )
#1 Name: . . Tel: Email:
_ Universidad San . _
Jose Rodriguez . . +56 9 7999 2714 jose.rodriguezp@uss.cl
Sebastian, Chile

Presentation Title:
Model Predictive Control

Short Bio (no more than 200 words):

Jose Rodriguez (Life Fellow, IEEE) received the engineer degree in electrical engineering from the
Universidad Tecnica Federico Santa Maria, Valparaiso, Chile, in 1977, and the Dr.-Ing. degree in
electrical engineering from the University of Erlangen, Erlangen, Germany, in 1985.

Since 1977, he has been with the Department of Electronics Engineering, Universidad Tecnica Federico
Santa Maria, where he was a Full Professor and President. From 2015 to 2019, he was the President of
Universidad Andres Bello, Chile. From 2022 to 2023, he was the President of Universidad San Sebastian,
Chile, where he is currently the Director of the Center for Energy Transition. He has coauthored two
books, several chapters, and more than 1000 journal and conference papers. His research interests
include multilevel inverters, new converter topologies, control of power converters, and adjustable-

speed drives.
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Dr. Rodriguez was the recipient of several best paper awards from IEEE journals, the National Award of
Applied Sciences and Technology from the Government of Chile in 2014, and the Eugene Mittelmann
Award from the Industrial Electronics Society of IEEE in 2015. He is a Member of the Chilean Academy
of Engineering. Since 2014, he has been included in the list of Highly Cited Researchers list from

Clarivate.
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Freddy Flores- Universidad Andrés
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Bahamonde Bello, Chile
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Short Bio (no more than 150 words):

Freddy Flores-Bahamonde (Senior Member, IEEE) was born in Osorno, Chile, in 1983. He received the
M.Sc. and Ph.D. degrees in electronics engineering from Universitat Rovira i Virgili, Tarragona, Spain, in
2009 and 2013, respectively. In 2015, he joined as a Postdoctoral Fellow with the Advanced Center for
Electrical and Electronic Engineering (AC3E), Universidad Tecnica Federico Santa Maria (UTFSM),
Valparaiso, Chile. In 2017, he was in charge of the energy area in the technology transfer unit of the
AC3E, developing and managing industrial projects related to energy and electric power systems. He is
currently an Associated Professor with the Engineering Sciences Department, Universidad Andres Bello,
Santiago, Chile, where he is also the director of the Energy Transformation Center. His main research
interests include the design and control of power converters for renewable energies, automotive power

systems, and dc microgrids.
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Short Bio (no more than 150 words):

Andrii Chub (Senior Member, IEEE) received the B.Sc. and M.Sc. degrees in Electronic Systems from
Chernihiv State Technological University, Chernihiv, Ukraine, in 2008 and 2009, respectively, and the
Ph.D. degree in Electrical Engineering from the Tallinn University of Technology, Tallinn, Estonia, in
2016.

He was a Visiting Research Fellow with Kiel University in 2017 and a Postdoctoral Researcher with
Federico Santa Maria Technical University from 2018 to 2019. He is currently a Senior Researcher with
the Power Electronics Group, Department of Electrical Power Engineering and Mechatronics, Tallinn
University of Technology.

He has co-authored over 200 articles and several book chapters on power electronics and applications
and holds several patents and utility models. His research interests include advanced dc-dc converter
topologies, renewable energy conversion systems, energy-efficient buildings, reliability, and fault-

tolerance of power electronic converters.
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4. Tutorial abstract: (no more than 500 words, accepted abstracts will be published through the

conference website, program, and proceedings.)

Power electronics is increasingly deployed in converter-dominated grids, microgrids, fast EV charging,
data centers, etc. In these applications, classical linear controllers may struggle with hard constraints,
strong nonlinearities, tight transient requirements, and the need for fault-tolerant operation. This
tutorial provides an advanced, practitioner-oriented view of three complementary control paradigms
that are shaping next-generation converter control: model predictive control (MPC) for constraint
handling and multi-objective optimization; sliding-mode control (SMC) for robustness to parameter
uncertainty and disturbances; and topology morphing control (TMC), where control actions include
online reconfiguration of the converter topology to extend operating range and maintain performance
under faults. The tutorial is organized as a coherent progression: MPC establishes optimization-based
decision making on switching states; SMC adds robustness and nonlinear control intuition for power
stages; and TMC generalizes the control space by allowing controlled topology transitions. Attendees
will learn how to select and model converter switching patterns, shape cost functions and sliding
surfaces, mitigate computational and sampling constraints, and design mode transitions logic for safe
TMC transitions. Realistic case studies from AC/DC and DC/DC converters will be used to highlight
trade-offs, implementation and design challenges.

5. Tutorial Description: (including the outline/schedule, no more than 800 words)

Audience and prerequisites

¢ Intended audience: graduate students, researchers, and practicing engineers working with
converter control for distributed generation, microgrids, storage, EV charging, and
high-power-density power supplies.

¢ Prerequisites: basic averaged and switched modeling of power converters, PWM concepts, and
familiarity with state-space representations.

Learning outcomes

After the tutorial, participants should be able to:

1) Formulate finite control set MPC (FCS-MPC) problems for power converters, including
discrete-time modeling, constraint handling, and cost-function design.

2) Design sliding surfaces and reaching laws for common converter control problems and
understand practical SMC issues.

3) Understand the concept of topology morphing control and implement safe supervision logic for
topology transitions that extend operating range and improve fault tolerance.

Outline and schedule (2.5 hours)
0:00-0:10 Motivation and tutorial roadmap (Freddy Flores-Bahamondes)
0:10-1:00 Part | — Model Predictive Control (José Rodriguez)

e Why predictive control in power electronics; FCS-MPC

« Discrete-time converter models and prediction of currents/voltages/flux
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¢ Cost functions: tracking, switching-frequency penalties, balancing terms; weighting-factor
tuning

¢ Implementation issues: computation time, delay compensation, model mismatch

¢ Examples
1:00-1:05 Break
1:05-1:55 Part Il — Sliding-Mode Control (Freddy Flores-Bahamonde)

¢ Sliding-mode fundamentals: invariance, equivalent control, and robustness intuition

» Sliding surfaces for power converters (current, voltage, power); multi-loop structures

¢ Chattering mitigation: boundary layers, higher-order SMC, fixed-frequency implementations

¢ Observer and disturbance estimation ideas aligned with digital SMC

e Case studies: SMC loss-free-resistor control for PFC Vienna rectifier; SMC for DC/DC converters
with constant-power loads
1:55-2:00 Break
2:00-2:50 Part Ill — Topology Morphing Control (Andrii Chub)

¢ Motivation: wide-range operation, efficiency shaping, and fault tolerance via reconfigurable
power stages

e Definition of TMC and relation to multi-mode/hybrid control

* TMC in practice: input/output reconfigurations, series/parallel reconfiguration

¢ Implementations challenges: transition conditions, constraints, stability considerations

e Case studies: galvanically isolated DC/DC converters and hybrid converters with post-fault
operation capability
2:50-3:00 Wrap-up and final Q&A

Coherence across the three parts

The tutorial is intentionally structured as an expanded action space story: MPC optimizes over
switching actions, SMC adds robust nonlinear dynamics shaping, and TMC expands the set of
admissible actions to include topology transitions. Throughout, we emphasize practical design
challenges to help attendees translate the methods to their own converter platforms.




