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General context:  
Model predictive control (MPC) is an advanced control technique in full expansion, both in theory and 

its application on industrial systems [1,2]. In a few words, this technique exploits a model of the 

considered process and propagates it to define a prediction model. The control objectives and the 

process constraints are then translated into a constrained optimization problem that we try to solve. 

It has been successfully implemented in various domains: autonomous vehicle control [3], road traffic 

management [4], energy management in buildings or districts [5], ... 

The success of this control relies on different elements, the ability to define the optimization problem 

and solve it on the one hand and the quality of the process model on the other hand. Traditionally, the 

model is determined by modeling and system identification techniques carried out offline by 

measurement campaigns. More recently, thanks to online identification procedures, new work has 

emerged in what is called: learning-based model predictive control [6]. The idea is to exploit in real-

time the measurements to improve the quality of the system model. It is well known that during the 

learning phases, the generated commands can be erroneous, and the reliability, safety, and stability 

properties can no longer be guaranteed.  

To overcome this problem, there are methods (safety-filters) that verify that the control is safe and 

switch to another action if the safety constraints are not respected [7,8]. These switches induce a 

certain sub-optimality that degrades the expected performances. A natural question arises: can we 

empower the performance without compromising the safety guarantees? In other words, can we 

improve our sub-optimality thanks to the use of mode advanced learning tools? 

Therefore, the objective of this master thesis is to propose new techniques to increase the 

performance of the MPC controller in the learning phases.  

 

Description of the work: 
The research will be conducted at CentraleSupélec, in the campus of Rennes, under the supervision of 

Prof. Romain Bourdais and Prof. Stanislav Aranovskiy. It will feed into the work of the Automatic 

Control team on Model Predictive Control. 

In the IETR's Automatic Control team, a new method has emerged: DREM (Dynamic Regressor 

Extension and Mixing), which offers solid theoretical results regarding performance guarantee and 

whose field of application is promising [9,10]. Its efficiency has been illustrated in the context of 

adaptive control for different classes of systems, and its use for predictive control seems to be a 

promising direction that poses both theoretical and practical challenges.  
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After a solid bibliography on learning-based MPC, particularly on the DREM technique, the main 

objective is implementing the DREM method in an existing MPC controller for energy management in 

buildings. The study case will focus on the thermal regulation of a room in which the window can be 

closed or open, which changes the room's physical properties. 
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Profile and skills 
The profile sought for this work is that of a student with a strong background in automatic control 

and/or energy control and/or applied mathematics (numerical methods and optimization). The 

mastery of Matlab/Simulink is also desired. Good English level is also expected.  

To apply 
Send an email to Romain Bourdais (romain.bourdais@centralesupelec.fr) and Stanislav Aranovskiy 

(stanislav.aranovskiy@centralesupelec.fr) with a motivation letter, a short CV, and a transcript of 

academic records. Only appropriate and complete applications will be considered. 
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