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Master thesis proposal

Discovering new eco-materials for batteries using Bayesian optimization

Keywords : Surrogate modeling/Bayesian optimization, material database, environnemental impacts, battery

SCIENTIFIC DESCRIPTION :

Including sustainability in a design optimization process is not an easy task as the environnemental
choices most often relie on database of discrete properties (Ansys Granta, Ecoinvent etc...). we use
Variational AutoEncoders (VAEs) to represent discrete material properties in a continuous latent
space, enabling gradient-based multi-objective optimization for material selection that balances
mechanical performance with eco-efficiency, such as minimizing CO2 footprint, energy consumption,
and waste at fixed topology [1]. It uses a promising differentiable material representation of existing
database [2].
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Figure 1: Differentiable material representation using VAE [2]

Recently we use our SMT2.0 framework [3] for predicting crystal structure using Kaggle database [4]
as a first experience in material science application (SMT has been applied mainly to Aircraft
Fluid/solid mechanics simulation tool). This field offered large database of materials with often
different kind of variables. It seems SMT is really suited for this kind of application as it naturally treats
mixed type variables (continuous, discrete, categorical, hierarchical) in the BO process.
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Figure 2: Classical prediction of crystal structure [3] versus mixed variables prediction using SMT 2.0 [3]. This result has
been presented at GDR I-GAIA 2024.
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We target a new application in the field of Discovering new eco-materials for batteries using Bayesian
optimization with our in-house python code SEGOMOE [5] based on SMT [3] or a new opensource
toolbox [6] also based on SMT.

The final goal will be to develop a prediction tool for new battery material taking into account physical
parameters (Young’s modulus, density etc..) and environnemental impacts (GWP, CO,, water
consumption etc...) and data coming from the literature [7,8] or database such as ecoinvent.

Techniques/methods in use : Al method so called VAE for Variational Autoencoders, Bayesian
optimization with mixed type variables (continuous, discrete, categorical, hierarchical).
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Budget description and use : Internship salary for 5 months
Applicant skills : Python Programing, material sciences and strength of materials.
Industrial partnership : AIRBUS in the framework of the PhD CIFRE thesis of Shantanu SAPRE

Internship supervisor(s) : Morlier Joseph, joseph.morlier@isae-supaero.fr

Saves Paul, paul.saves@ut-capitole.fr

Internship location : ISAE-SUPAERO, 10 avenue Marc Pellegrin, 31400 Toulouse

Possibility for a Doctoral thesis : Yes
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