
Internship: Numerical methods and high
performance simulation for 3D imaging

in complex media

Funded internship for 3 to 6 months.
Possible PhD afterwards, with secured funding.

Context This internship is part of the OptiGPR3D exploratory action led by IDEFIX and
POEMS teams at Inria Saclay, whose objective is to introduce versatile and robust simulation
tools that can adapt to complex materials while remaining efficient, in the perspective of making
3D electromagnetic imaging feasible and certifiable through interpretable and optimized inversion
methods. With an a priori provided by a classical imaging method, could we design a network
of emitters that can provide an optimal illumination of a target structure and a network of
receivers that makes it possible to obtain an optimal 3D image? This question is motivated by
the need to go beyond the current capabilities of non-destructive testing for buried infrastructures
maintained by EDF.

Description Two classes of methods are generally used for the numerical simulation of the
physical model: the Finite Element Method (FEM) [3], which is versatile and adapted to hetero-
geneous materials, and the Boundary Element Method (BEM) [5], which is the most efficient for
piecewise homogeneous materials and unbounded domains. In order to optimize the treatment
of different types of materials, we propose to couple these two methods systematically. To do so,
we wish to explore how to combine FEM and BEM methods in complex multidomain configu-
rations with a domain decomposition approach, while allowing both a theoretical analysis and a
numerical implementation adapted to parallel computers.

The first goal will be to become familiar at the theoretical level with the boundary element
method, and the classical coupling techniques with the finite element method [2]. A next step will
be to learn to use FreeFEM and its interface with the libraries HPDDM for domain decomposition
methods, HTool for fast linear algebra, and BemTool for boundary integral operators. With this
software ecosystem, it will be possible to test the different coupling techniques for a simple
configuration where the computational domain is partitioned into two.

Then, the internship will focus on the most recent developments on Multi-Trace formalism
in the context of domain decomposition methods [1], which should make it possible to design
new FEM-BEM coupling strategies. These will be tested numerically with FreeFEM and will be
analysed theoretically, in particular to quantify the convergence speed of iterative linear solvers.

Requirements 2nd year Master student or 3rd year Engineering School student, with skills
in numerical analysis (PDE, finite element method, linear algebra . . . ) and programming (e.g.
C/C++, Python, . . . ).

Location Unité de Mathématiques Appliquées (UMA), ENSTA Paris, 828, Boulevard des
Maréchaux, 91762 Palaiseau, France.

Duration 3 to 6 months, starting after January 2023.

Remuneration Paid according to Inria scale for interns.

https://www.inria.fr/en/optigpr3d
https://uma.ensta-paris.fr/idefix/
https://uma.ensta-paris.fr/poems/
https://freefem.org
https://github.com/hpddm/hpddm
https://github.com/htool-ddm/htool
https://github.com/xclaeys/bemtool


Supervisors

• Marcella Bonazzoli (IDEFIX Inria team, UMA, ENSTA Paris, marcella.bonazzoli@inria.fr)

• Xavier Claeys (LJLL, Sorbonne Université, xavier.claeys@sorbonne-universite.fr)

• Pierre Marchand (POEMS Inria team, UMA, ENSTA Paris, pierre.marchand@inria.fr)

To apply Email the three supervisors with

• curriculum vitae,

• transcripts of Bachelor and Master (or equivalent) grades,

• recommendation letters (optional),

• reports on any projects/internships carried out during Bachelor or Master.
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