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Minimax Approaches to Robust Model Predictive Control: An

Overview

Minimax approaches to robust model predictive control (MPC) are gaining significant attention in the
field of control systems, particularly when dealing with uncertainties and disturbances in dynamic
environments. These methods offer a systematic way to incorporate robustness into control strategies,
ensuring that systems can perform reliably under a variety of conditions. This article delves into the
principles of minimax approaches in robust MPC, their benefits, challenges, and applications while

highlighting the contributions of Johan Lofberg, a prominent figure in this area.

Understanding Model Predictive Control (MPC)

Model Predictive Control is an advanced control strategy that leverages a dynamic model of the
system to predict future behavior and optimize control inputs over a finite horizon. The key

characteristics of MPC include:
¢ Prediction: The controller uses a model to predict future states of the system based on current
inputs and states.

» Optimization: It solves an optimization problem at each time step to find the control inputs that

minimize a cost function, often subject to constraints.



¢ Receding Horizon: The optimization is performed over a finite time horizon, and only the first
control input is applied. The process repeats at the next time step, incorporating new

measurements.

MPC has found applications in various fields, including aerospace, automotive control, and robotics,

due to its ability to handle multi-variable systems and constraints effectively.

Robustness in Control Systems

In control applications, robustness refers to the ability of a system to maintain performance despite

uncertainties and disturbances. These uncertainties can arise from various sources, including:

e Modeling errors: Inaccuracies in the system model.
o External disturbances: Unexpected changes in the environment affecting system behavior.

e Parameter variations: Changes in system parameters over time.

To address these challenges, robust control strategies have been developed, and robust MPC is an

extension of traditional MPC that aims to ensure performance even under the worst-case scenarios.

Minimax Approaches in Robust MPC

Minimax approaches in robust MPC are designed to handle uncertainties by focusing on minimizing



the maximum possible loss or deviation from desired performance. The fundamental idea is to optimize
the control inputs while taking into account the worst-case scenarios that could occur due to

uncertainties.

Formulation of Minimax Robust MPC

The formulation of a minimax robust MPC problem typically involves the following components:

1. State and Control Variables: Define the state vector \( x \) and control input vector \( u \).

2. Cost Function: Establish a cost function \( J(x, u) \) that quantifies the performance of the control
strategy.

3. Uncertainty Set: Specify a set of possible disturbances or uncertainties \( D \) that the system may
encounter.

4. Minimax Problem Statement: Formulate the optimization problem as:

\[

\min_{u} \max_{d \in D} J(x, u, d)

\]

Here, \( d \) represents the disturbances, and the goal is to minimize the worst-case cost over the

uncertainty set.

Benefits of Minimax Approaches

Minimax approaches have several advantages when applied to robust MPC:

- Guaranteed Performance: By focusing on worst-case scenarios, these techniques ensure that the
control strategy remains effective even in the presence of significant uncertainties.

- Systematic Uncertainty Handling: The approach provides a structured way to incorporate
uncertainties directly into the optimization problem.

- Flexibility: Minimax formulations can be adapted to various systems and types of uncertainties,



making them versatile in real-world applications.

Challenges in Minimax Robust MPC

Despite its benefits, the minimax approach to robust MPC also faces several challenges:

- Computational Complexity: Solving minimax optimization problems can be computationally intensive,

especially in high-dimensional systems.

- Conservatism: Focusing on the worst-case scenario may lead to overly conservative control actions,

potentially sacrificing performance in nominal conditions.

- Model Dependence: The effectiveness of the minimax approach relies heavily on the accuracy of the

uncertainty model. Poorly defined uncertainty sets can lead to suboptimal control strategies.

Johan Lofberg's Contributions

Johan Lofberg has made significant contributions to the field of robust MPC, particularly in the context

of minimax approaches. His work has focused on several key aspects:

1. Development of Algorithms

Lofberg has contributed to the development of efficient algorithms for solving minimax robust MPC
problems. His research emphasizes the need for computationally efficient methods that can handle

large-scale systems while maintaining robustness.



2. Framework for Uncertainty Modeling

Lofberg's research includes frameworks for modeling uncertainties in dynamic systems. By providing a
structured approach to define uncertainty sets, he has enhanced the robustness of control strategies

applied in real-world scenarios.

3. Applications in Engineering

Lofberg has applied minimax robust MPC to various engineering problems, including robotics and
automotive systems. His work demonstrates how these approaches can lead to improved performance

and reliability in practical applications.

Applications of Minimax Robust MIPC

Minimax robust MPC has found applications across diverse fields, thanks to its ability to handle

uncertainties effectively:
» Aerospace Engineering: In aircraft control systems, where external disturbances such as
turbulence can significantly impact performance.

¢ Automotive Control: For adaptive cruise control and autonomous vehicles, where uncertainties in

traffic and environmental conditions are prevalent.

¢ Robotics: In robotic manipulation tasks, where uncertainties in object properties and dynamics

are common.

¢ Process Control: In chemical and manufacturing processes, where variations in raw materials



and operating conditions can affect output quality.

Conclusion

Minimax approaches to robust model predictive control represent a powerful strategy for ensuring
performance in the face of uncertainties and disturbances. By focusing on worst-case scenarios, these
methods provide a systematic framework for robust control design. The contributions of researchers
like Johan Lofberg have paved the way for advancements in this area, making minimax robust MPC a
viable option for various engineering applications. As the field continues to evolve, further research and
development in this domain will likely yield even more innovative solutions for complex control

problems.

Frequently Asked Questions

What is the minimax approach in robust model predictive control?

The minimax approach in robust model predictive control focuses on minimizing the worst-case
scenario by considering the worst possible disturbances and uncertainties in the system, ensuring that

the control strategy remains effective under these conditions.

How does Johan Lofberg contribute to the field of robust model
predictive control?

Johan Léfberg has made significant contributions through his research on optimization algorithms and
robust control methodologies, enhancing the understanding and implementation of minimax

approaches in model predictive control.



What are the key benefits of using minimax approaches in control
systems?

The key benefits include improved robustness against uncertainties, enhanced system stability, and

the ability to handle a wide range of operating conditions without compromising performance.

In what applications can minimax robust model predictive control be
effectively utilized?

Minimax robust model predictive control can be effectively utilized in various applications including
robotics, automotive systems, aerospace, and any system where uncertainty and disturbances are

significant factors.

What are the challenges associated with implementing minimax
approaches in practice?

Challenges include computational complexity, the need for accurate models of disturbances, and the

difficulty in solving non-convex optimization problems that often arise in minimax formulations.

How does the minimax approach compare to traditional model
predictive control?

Unlike traditional model predictive control, which typically focuses on optimizing performance under
nominal conditions, the minimax approach explicitly considers worst-case scenarios, making it more

robust in the presence of uncertainties.

What role does optimization play in minimax robust model predictive
control?

Optimization plays a crucial role as it is used to solve the minimax problem, allowing the controller to

find the best control action that minimizes the maximum possible loss due to uncertainties.



Can minimax robust model predictive control be applied to nonlinear
systems?

Yes, minimax robust model predictive control can be applied to nonlinear systems, although it may

require specific techniques for handling the complexity and ensuring stability.

What advancements have been made recently in the field of minimax
robust control?

Recent advancements include improved algorithms that reduce computational burden, better
formulations for handling constraints, and the integration of machine learning techniques to enhance

adaptability and performance in uncertain environments.
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