
Gaussian Processes, Neural Networks and Lookup Tables 
for Approximate MPC: Complexity and Performance

Model Predictive Control (MPC) is a powerful control strategy capable of handling nonlinear

systems with constraints, backed by strong theoretical guarantees on stability and constraint

satisfaction. However, MPC requires solving an optimal control problem at every control

step, which often makes real-time application computationally infeasible. To address this

issue, different approaches to approximate MPC using explicit functions have been

proposed. For example, function approximators such as neural networks or Gaussian

processes can be designed to learn the mapping from initial conditions to optimal control

input. More classical explicit approaches split the state space into multiple regions and find

a fast to evaluate approximation within that region and/or store precomputed solutions in a

lookup table.

The goal of this project is to implement several of these methods and compare how memory

demand and computational complexity influences the performance of the approximate

controller. The final report must be written in English. Meetings during the project can be in

English or German.

Requirements:

▪ Programming with Python and Matlab

▪ Model Predictive Control

▪ Interest in machine learning

Tasks:

▪ Implement different approximate MPC approaches

▪ Compare their performance and complexity

Projectseminar (3-4 students)

M. Sc. Alexander Rose
E-Mail: alexander.rose@iat.tu-darmstadt.de

Resources:
[1] Rose. Learning a Gaussian Process Approximation of a 
Model Predictive Controller with Guarantees.
[2] Alsmeier. Imitation Learning of MPC with Neural 
Networks: Error Guarantees and Sparsification
[3] 
https://de.mathworks.com/help/mpc/ref/multipleexplicitmpcco
ntrollers.html
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