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In recent decades, the rapid evolution of high-performance microcontrollers and digital processing

platforms has profoundly transformed the control of power converters, enabling the development of
advanced control strategies that go beyond conventional linear techniques. Among these, Model
Predictive Control (MPC) has emerged as a powerful and versatile framework, with its two main
formulations—Finite Control Set MPC (FCS-MPC) and Continuous Control Set MPC (CCS-MPC)—gaining
significant attention in both academia and industry.

FCS-MPC is particularly attractive due to its intuitive structure, direct control of switching states, and
the elimination of cascaded linear controllers and modulation stages. In contrast, CCS-MPC retains a
modulated control signal, offering advantages in terms of reduced switching ripple and more
predictable steady-state behavior. Both approaches inherently allow the inclusion of system
nonlinearities, constraints, and multivariable dynamics within the control formulation, making MPC
highly suitable for complex applications in power electronics and electrical drives.

Despite these advantages, several challenges still hinder the widespread adoption of MPC-based
strategies. Key limitations include high computational burden—especially in FCS-MPC due to the
evaluation of multiple switching states—the dependence on accurate system models, sensitivity to
delays and measurement noise, scalability across different converter topologies, and the nontrivial
tuning of cost functions and weighting factors. These challenges become even more critical when
converters operate under non-ideal grid conditions, such as voltage distortion caused by harmonic
components, which introduce additional coupling effects, degrade prediction accuracy, and impact
control performance.

In grid-connected applications, the presence of harmonic distortion significantly affects both FCS-MPC
and CCS-MPC performance. For FCS-MPC, distorted voltages propagate through the prediction model
and influence the discrete switching decision process, potentially leading to suboptimal current tracking
and increased harmonic distortion in the injected current. For CCS-MPC, harmonic components affect
the reference generation, modulation stage, and cost function evaluation, requiring enhanced filtering,
synchronization, and compensation strategies. Moreover, synchronization mechanisms such as phase-
locked loops (PLLs) are also impacted by harmonic distortion, introducing angle estimation errors that
further propagate into the control system.

To address these challenges, recent research efforts have focused on improving the robustness,
efficiency, and adaptability of MPC strategies. These advancements include reduced-complexity
formulations, adaptive and data-driven model identification, delay and disturbance compensation
techniques, and advanced cost function design methodologies. In addition, the integration of artificial
intelligence (Al) has opened new possibilities for automatic tuning, model adaptation, and control
generalization. Al-enhanced MPC and digital twin-based approaches are particularly promising, as they
enable real-time adaptability, improved scalability across different systems, and increased resilience to
uncertainties and grid disturbances.

This tutorial presents a comprehensive and unified perspective on MPC for power converters and

electrical drives, covering both FCS-MPC and CCS-MPC approaches, with particular emphasis on
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operation under distorted and non-ideal grid conditions. The content integrates theoretical

foundations, modeling aspects, control design, and practical implementation considerations,
highlighting the interaction between grid conditions, harmonic distortion, synchronization dynamics,
and predictive control performance.

By bridging the gap between theoretical developments and real-world applications, the tutorial
provides participants with a deep understanding of current advancements and emerging trends in
predictive control. It is tailored for researchers, postgraduate students, and industry professionals
interested in advanced control of energy systems. Furthermore, it offers a forward-looking perspective
on the role of MPC in next-generation applications, including electric mobility, renewable energy
integration, smart grids, and energy-aware industrial systems, positioning MPC as a key enabling

technology for the future of resilient and sustainable power systems.

Introduction - Prof. José Rodriguez — Prof. Marco Rivera (20 minutes)
e Introduction to Model Predictive Control

e Principles and operation

Examples of Predictive Control in Power Converters and Drives — Prof. Marco Rivera —Prof. Sergio
Toledo — Prof. Alfeu Sguarezi — Prof. Jefferson S. Costa (60 minutes)

e Example 1, MPC applied to a two-level inverter

e Example 2, MPC applied to a three-level inverter

e Example 3, MPC applied to a matrix converter

e Example 4, MPC applied to an induction machine

e Example 5, MPC applied to a multidrive system

e Example 6, Performance- and Stability-Oriented Weighting Matrix Design for CCS-MPC for

DFIG and grid-connected inverter
e Example 7, CCS-MPC and FCS for DFIG and grid-connected inverter under distorted grid

conditions

CCS-MPC design for DFIG and for grid-connected power inverter operation under distorted grid
conditions - Prof. Marco Rivera — Prof. Alfeu Sguarezi — Prof. Jefferson S. Costa (x?? minutes)

e Performance- and Stability-Oriented Weighting Matrix Design for CCS-MPC

e Effect of errors in model parameters

e CCS—-MPC - operation under distorted grid conditions

e FCS —operation under distorted grid conditions

Technical Issues for the Implementation of Predictive Control — Prof. Marco Rivera — Prof. Emrah Zerdali
(30 minutes)
e Selection of cost functions

e Design of weighting factors

e Delay compensation
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e Effect of errors in model parameters

Trends and Challenges of Predictive Control - Prof. José Rodriguez — Prof. Marco Rivera (70 minutes)
e Industrial applications of MPC
e Challenges of model predictive control implementations

e Trends for the implementation of model predictive control

The tutorial will adopt a traditional lecture, presenting the theoretical concepts, advancements, and
challenges of Model Predictive Control (MPC) through engaging and interactive slides.
This tutorial is tailored for:

- Academics and researchers: interested in advancing their knowledge of MPC and its application
in power electronics and drives.

- Industry professionals: engineers and practitioners seeking insights into cutting-edge control
strategies for power electronics.

- Postgraduate students: with a focus on power electronics, electrical engineering, or control

systems.

The tutorial is designed for participants with:
- Afoundational understanding of power electronics and electrical drives.
- Basic knowledge of control theory, including state-space representations and dynamic system
modelling.
- Familiarity with simulation tools like MATLAB/Simulink is beneficial but not mandatory, as key

concepts will be explained during the session.

This comprehensive approach ensures that participants from diverse backgrounds can engage with the
content effectively while gaining valuable insights into the advancements and implementation of Model
Predictive Control.




