
Postdoctoral Position available at LMJL (Nantes, France).

Models based on integral equations for Fast Computations of ECGs.

Duration : 12 months, starting september to november 2010.

Location : Laboratoire de Mathématiques Jean Leray (LMJL), UMR 6629 UN - CNRS - ÉCN.

Contact : Yves Coudière,
Laboratoire de Mathématiques Jean Leray, Université de Nantes
2 rue de la Houssinière, BP 92208
44322 Nantes Cedex, France.
http://www.math.sciences.univ-nantes.fr/~coudiere
email : Yves.Coudiere@univ-nantes.fr

Financial Support : the position is supported by the ANR grant number JCJC07-0141, Modèles et Méthodes
Mathématiques en Électrocardiologie.

Salary : around 2000 e/ month.

Context

The team of the ANR project MOMME works on several mathematical problems concerning modeling, analyzing,
approximating and computing in electrocardiology, oriented towards biological and clinical applications. It is es-
sentially based in Nantes, Laboratoire de Mathématiques Jean Leray, with Y. Coudière and R. Turpault (applied
math team), N. Depauw (analysis team), and has active collaborations with M. Sermesant in Sophia-Antipolis
(Asclepios, Inria) and with G. Loussouarn in Nantes (Institut du Thorax, Inserm-U915). This postdoctoral re-
search will take place in the LMJL, within the applied math team. It will be carried on with the active collaboration
of E. Darrigrand (Irmar, Rennes).

The computing resources of the LMJL include a small parallel computer for development and access to the
larger cluster of the Région Pays de la Loire (CCIPL). Additionally, a research engineer, G. Moebs, will help on
all computing aspects. The participants of the project develop a computational code in Fortran 90, using the
SVN repository managed by the CNRS (https://svn.math.cnrs.fr/MOMME).

Mission

The bidomain equations, a set of degenerate parabolic PDEs, is the most comprehensive model to represent
the electrical activity of the heart. It describes the evolution in time of some intra and extracellular potentials in
the heart (namely φi and φe) coupled to the extracardiac potential (namely φ0). The electrocardiogram (ECG)
is based on the values of the field φ0 far from the heart, for instance on the torso. The extracardiac potential is
also of great importance to understand the effect of defibrillators on the heart. It is an objective of the project to
compute ECGs out of realistic representations of the heart and the torso.

The computation of the three potential fields φi,φe and φ0 necessitates to solve an elliptic PDE for each
time t and the potential φi and φe must be known everywhere, which requires large computational ressources.
On the other hand, the monodomain equations, a simplification of the bidomain ones under some modeling
assumptions, is much simpler to solve but does not include any description of the extracardiac potential field.

Anyway, it is possible to derive several intermediate models, that include the extracardiac potential and its
coupling with the intra and extracellular ones. These models include elliptic equations with constant or discon-
tinuous coefficients whose solutions are needed only on the boundary of the computational domain.

The scientific goal is to build a simplified bidomain model with ECG computations that would require as less
computational ressources as the monodomain one. The candidate will have to

• understand the underlying models and their integral expressions;

• compute their approximation in some simpler standard cases (constant coefficients);

• compute their approximation in complex cases (discontinuous coefficients or defibrillation) using some
fast multipole techniques.

The candidate is required to have a background in scientific computing and numerical analysis. Some
knowledge of integral equations would be appreciated.
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