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Reinforcement Learning-based 
Adaptive Model Predictive Control

Model Predictive Control (MPC) and Reinforcement Learning (RL) offer
complementary strengths: MPC provides prediction capabilities and a systematic
way to handle constraints but tends to be conservative and requires careful tuning.
In contrast, RL can adapt policies directly from data but typically offers weaker
safety guarantees. Part of the MPC’s conservatism stems from the controller relying
on fixed weights that are tuned offline and remain constant during operation,
which can lead to suboptimal controller performance in practice. In this thesis
project, we aim to investigate how RL can be used to realize an adaptive MPC
scheme that adjusts its weights online based on the current state of the system,
with the goal of improving controller performance.

Over the course of this thesis, the following tasks should be accomplished:

• Literature review on MPC and RL approaches for continuous action spaces

• Develop an example system with sufficiently nonlinear and complex dynamics

• Design and implement a stabilizing MPC controller for this example system

• Define which MPC parameters (e.g., state and input weights, horizon-related 
parameters, …) are to be adapted online by the RL-based agent

• Design and train an RL-based agent (e.g., Actor-Critic, …) that, given the current 
state, selects the MPC parameters at every sampling step

• Compare the resulting RL-based adaptive MPC (or several for different RL 
algorithms) to conventional fixed-weight MPC in terms of performance, 
computational complexity, and amount/frequency of weight adaptation
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