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Topic 

Electrochemical batteries are ubiquitous in our everyday life, in our computers or mobile 

phones for example. Of the various technologies available, lithium batteries offer many 

advantages in terms of volume capacity and weight. They also prevent the famous memory 

effect dear to our first mobile phones. In return, this type of battery requires a management 

system for safety reasons, but also to prevent premature aging. These management systems 

rely on little data, mainly the demand current (the input) and the voltage (the output), and 

possibly the temperature. Better management of lithium batteries will necessarily require a 

better knowledge of their internal state in real time. In this context, a promising approach 

consists of estimating these (internal) variables using an observer, which uses a mathematical 

model of the dynamics involved. In this context, an approach consists in estimating these 

internal variables by exploiting a mathematical model of the dynamics involved, a classic 

problem of automatic control (we talk of state estimation), but non-trivial because the models 

in question are often non-linear. 

During this internship, we will study the so-called electrochemical models that offer a good 

compromise in terms of simplicity and fidelity compared to models based on partial differential 

equations (accurate, but often difficult to implement) and those called electrical equivalents 

(which may be too simplistic). The main originality of the work will be to study the case of so-

called multi-material batteries [Camacho-Solorio et al., 2016], which are more and more used 

in industry and which raise various challenges in terms of modeling and design. The goal is to 

propose an efficient estimation method for such battery models and to validate it on an 

experimental dataset. Possible estimation methods including Kalman (extended) filters, 

observers based on linear matrix inequality (LMI) conditions, whose stability evidence is based 

on Lyapunov analysis [Blondel et al., 2019], will be considered. 

This work will be carried out in the Center of Research in Automatic Control of Nancy (CRAN, 

Université de Lorraine) in close collaboration with the group "Battery management and 

modeling" of the Research department of the company SAFT in Bordeaux and Stéphane Raël of 

the Research Group in Electric Energy of Nancy (GREEN). 

The project will follow the next steps. 

• Bibliographic review of estimation techniques for multi-material models 

• Choice or construction of a multi-material model of finite dimension 

• State-observer design 

• Validation with Matlab-Simulink 

• Validation in SAFT electrical laboratory on dSpace rapid prototyping bench on Saft 

elements. This step will be carried out in Bordeaux during one week; all the student’s 

expenses will be covered. 
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