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What is Predictive Control?

● Optimization-based controller

● Includes system/operational constraints in the controller formulation

● Being applied to many different systems in many industries



Teaching Predictive Control

● Recent survey shows industry prefers a first control course that contains
– Optimal control
– Optimal state feedback
– Authentic simulation/implementation scenarios

● Very large set of possible topics to cover
– Linear/Nonlinear MPC
– Economic MPC
– Stochastic MPC
– Robust MPC



Course Overview

● Offered to MSc and final-year MEng students

● Students usually have one prior control course and no optimization 
experience

● 10-week course including
– A 2-hour lecture each week
– 2 laboratory activities
– MATLAB Grader checkpointing assessments
– Specification-based control design assessments

● Conducted fully remotely in 2021



Lectures

● Initially taught linear MPC, transitioned to nonlinear MPC in 2021

● Topics taught:
Background (2021 only) Linear Nonlinear

State-space modelling Soft constraints Soft constraints

Discretization Disturbance rejection Constraint tightening

ODE Solvers Move blocking Real-time iteration

Numerical/automatic 
Differentiation

Stability & robustness External constraint 
handling



Laboratory Activity – In-person

● Uses a laboratory scale gantry 
crane with MATLAB/Simulink

● Focuses on the real-world 
effects of controller tuning



Laboratory Activity – Remote

● MATLAB Live Script with 
simulation model of gantry 
crane

● Same activities as in-person 
labs

● Usable in MATLAB Online



Course Assessments

MATLAB Grader Courseworks:
MPC/Background Concepts

Final Coursework:
Design Project

Coursework 1:
Derive Physics Model



First Coursework

● Derive state-space model for an 
overhead gantry crane

● Complete a partially filled-in 
MATLAB Live Script

● Use the symbolic toolbox to 
derive and linearize the model



MATLAB Grader Courseworks

● Focus on how to implement MPC-
related topics in code

– Forming MPC matrices
– ODE solvers
– Quadrature methods
– Using fmincon and automatic differentiation

● Self-paced during the course



Specification-based Summative Assessment

● Give students high-level controller specification
– Move crane from start to target
– Remain inside an area
– Avoid obstacles

● Students design & submit controllers

● Test submitted controllers against many possible 
area/obstacle combinations



Assessment Flow

3. Test Controller

2. Upload to MATLAB Grader

5. Calculate 
Marks

1. Create Controller

4. Analyze Performance
In Simulation On Hardware

3. Syntax Checking



Diversity in Student Solutions



Student Reaction

● Engaged with and enjoyed the in-person laboratory activities

● Seemed to spend too much time working on final coursework



Lessons Learned

● Properly defining specification is difficult and can only be done once per year

● Student code can produce unexpected outputs/results that crash 
simulators/MATLAB
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