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Model predictive control (MPC) is a powerful control technique that has
gained significant popularity in various industries due to its ability to handle
complex systems and constraints. The quadratic constraint approach to
MPC, in particular, offers a systematic and efficient way to design
controllers for interconnected systems, where individual subsystems
interact and influence each other. This guide delves into the fundamental
principles, applications, and benefits of this advanced control technique,
providing engineers with a comprehensive understanding of its capabilities
and implementation.
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The quadratic constraint approach to MPC formulates the control problem
as a quadratic optimization problem with linear constraints, subject to
specific performance objectives. The objective function typically minimizes
a weighted sum of tracking errors and control effort, while the constraints
ensure that system states remain within desired bounds and satisfy
physical limitations. By solving this optimization problem at each control
step, the controller determines the optimal control actions that drive the
system towards the desired reference trajectory while ensuring stability and
constraint satisfaction.

Advantages of Quadratic Constraint MPC

The quadratic constraint approach to MPC offers several advantages for
controlling interconnected systems:

Systematic Design: The quadratic constraint formulation provides a
structured and systematic approach to designing controllers for
complex systems, allowing engineers to incorporate performance
objectives and constraints explicitly.

Constraint Handling: The quadratic constraints effectively handle
system constraints, ensuring that state variables and control inputs
remain within predefined limits, enhancing system safety and
performance.

Stability Guarantee: The formulation incorporates stability
constraints, ensuring that the controlled system remains stable under
various operating conditions and disturbances, providing robust
performance.

Optimized Performance: The cost function optimization minimizes
tracking errors and control effort, resulting in optimized system



performance and reduced energy consumption.

Modular Design: The quadratic constraint approach is modular,
allowing for easy integration of new subsystems or modifications to
existing ones, facilitating system scalability and adaptability.

Applications of Quadratic Constraint MPC

The quadratic constraint approach to MPC has found widespread
applications in various industries, including:

Power Systems: Controlling distributed energy resources, stabilizing
power grids, and optimizing power flow.

Process Control: Optimizing chemical processes, regulating
temperature and pressure in industrial plants, and enhancing product
quality.

Robotics: Controlling complex robots with multiple degrees of
freedom, ensuring stability and precise motion.

Autonomous Vehicles: Path planning, obstacle avoidance, and
speed control for self-driving vehicles.

Networked Control Systems: Coordinating interconnected systems
over communication networks, ensuring stability and performance in
distributed environments.

Implementation Considerations

Implementing a quadratic constraint MPC controller involves several key
steps:



1. System Modeling: Developing an accurate mathematical model of the
interconnected system, including state equations, input-output
relationships, and constraints.

2. Controller Design: Formulating the MPC problem as a quadratic
optimization problem, specifying the objective function, constraints,
and sampling time.

3. Optimization Solver: Selecting an appropriate optimization solver to
solve the quadratic programming problem efficiently, considering
speed, accuracy, and computational resources.

4. Real-Time Implementation: Deploying the MPC controller on a real-
time platform, ensuring timely execution and handling of sensor data
and control signals.

5. Performance Evaluation: Monitoring and evaluating the controller's
performance, adjusting parameters and fine-tuning the model if
necessary to achieve optimal results.

The quadratic constraint approach to model predictive control provides a
powerful and flexible framework for controlling interconnected systems,
offering advantages in constraint handling, stability guarantee, and
optimized performance. By understanding the principles, applications, and
implementation considerations discussed in this guide, engineers can
effectively design and deploy MPC controllers for complex systems,
unlocking their full potential and delivering innovative solutions across
various industries.
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