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        Overall Objectives

        REO is a joint project of the Inria Research Center of Paris-Rocquencourt and the Jacques-Louis Lions Laboratory (LJLL) of the Pierre and Marie Curie University (Paris 6) and CNRS (UMR7598). Its research activities are aimed at

        
          	
             modeling some aspects of the cardiovascular and respiratory systems, both in normal and pathological states;

          

          	
             developing and analyzing efficient, robust and reliable numerical methods for the simulation of those models;

          

          	
             developing simulation software to guide medical decision and to design more efficient medical devices.
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        Multiphysics modeling

        In large vessels and in large bronchi, blood and air flows are generally supposed to be governed by the incompressible Navier-Stokes equations. Indeed in large arteries, blood can be supposed to be Newtonian, and at rest air can be modeled as an incompressible fluid. The cornerstone of the simulations is therefore a Navier-Stokes solver. But other physical features have also to be taken into account in simulations of biological flows, in particular fluid-structure interaction in large vessels and transport of sprays, particles or chemical species.

        
        Fluid-structure interaction

        Fluid-structure coupling occurs both in the respiratory and in the
circulatory systems. We focus mainly on blood flows since our work is
more advanced in this field. But the methods developed for blood
flows could be also applied to the respiratory system.

        Here “fluid-structure interaction” means a coupling
between the 3D Navier-Stokes equations and a 3D (possibly thin)
structure in large displacements.

        The numerical simulations of the interaction between the artery
wall and the blood flows raise many issues: (1) the displacement of
the wall cannot be supposed to be infinitesimal, geometrical
nonlinearities are therefore present in the structure and the fluid
problem have to be solved on a moving domain (2) the densities of the
artery walls and the blood being close, the coupling is strong and has
to be tackled very carefully to avoid numerical instabilities, (3)
“naive” boundary conditions on the artificial boundaries induce
spurious reflection phenomena.

        Simulation of valves, either at the outflow of the cardiac chambers or in veins, is another example of difficult fluid-structure problems arising in blood flows. In addition, very large displacements and changes of topology (contact problems) have to be handled in those cases.

        Due to stability reasons, it seems impossible to successfully apply in hemodynamics the
explicit coupling schemes used in other fluid-structure problems, like aeroelasticity. As a result, fluid-structure interaction in biological flows raise new challenging issues in scientific computing and numerical analysis : new schemes have to be developed and analyzed.

        We have proposed and analyzed over the last few years several efficient fluid-structure interaction algorithms. This topic remains very active. We are now using these algorithms to address inverse problems in blood flows to make patient specific simulations (for example, estimation of artery wall stiffness from medical imaging).

        
        Aerosol

        Complex two-phase fluids can be modeled in many different ways.
Eulerian models describe both phases by physical quantities such as the
density, velocity or energy of each phase. In the mixed fluid-kinetic
models, the biphasic fluid has one dispersed phase, which is constituted
by a spray of droplets, with a possibly variable size, and a continuous
classical fluid.

        This type of model was first introduced by Williams [68] 
in the frame of combustion. It was later used to develop the Kiva
code [58]  at the Los Alamos National Laboratory, or the
Hesione code [63] , for example. It has a wide range of
applications, besides the nuclear setting: diesel engines, rocket
engines [61] , therapeutic sprays, etc. One of the
interests of such a model is that various phenomena on the
droplets can be taken into account with an accurate precision:
collision, breakups, coagulation, vaporization, chemical reactions,
etc., at the level of the droplets.

        The model usually consists in coupling a kinetic
equation, that describes the spray through a probability density
function, and classical fluid equations (typically Navier-Stokes). The
numerical solution of this system relies on the coupling of a method for
the fluid equations (for instance, a finite volume method) with a method
fitted to the spray (particle method, Monte Carlo).

        We are mainly interested in modeling therapeutic
sprays either for local or general treatments. The study of the
underlying kinetic equations should lead us to a global model of the
ambient fluid and the droplets, with some mathematical significance.
Well-chosen numerical methods can give some tracks on the solutions
behavior and help to fit the physical parameters which appear in the
models.
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        Multiscale modeling

        Multiscale modeling is a necessary step for blood and respiratory
flows. In this section, we focus on blood flows. Nevertheless,
similar investigations are currently carried out on
respiratory flows.

        
        Arterial tree modeling

        Problems arising in the numerical modeling of the human cardiovascular
system often require an accurate description of the flow in a specific
sensible subregion (carotid bifurcation, stented artery, etc.).
The description of such local phenomena is better addressed by means
of three-dimensional (3D) simulations, based on the numerical
approximation of the incompressible Navier-Stokes equations, possibly
accounting for compliant (moving) boundaries. These simulations
require the specification of boundary data on artificial boundaries
that have to be introduced to delimit the vascular district under
study. The definition of such boundary conditions is critical and, in
fact, influenced by the global systemic dynamics. Whenever the
boundary data is not available from accurate measurements, a proper
boundary condition requires a mathematical description of the action
of the reminder of the circulatory system on the local district. From
the computational point of view, it is not affordable to describe the
whole circulatory system keeping the same level of detail. Therefore,
this mathematical description relies on simpler models, leading to the
concept of geometrical multiscale modeling of the circulation
[64] . The underlying idea consists in coupling
different models (3D, 1D or 0D) with a decreasing level of accuracy,
which is compensated by their decreasing level of computational
complexity.

        The research on this topic aims at providing a correct
methodology and a mathematical and numerical framework for the
simulation of blood flow in the whole cardiovascular system by means
of a geometric multiscale approach. In particular, one of the main
issues will be the definition of stable coupling strategies between 3D
and reduced order models.

        To model the arterial tree, a standard way consists of imposing a
pressure or a flow rate at the inlet of the aorta, i.e. at the
network entry. This strategy does not allow to describe important
features as the overload in the heart caused by backward traveling
waves. Indeed imposing a boundary condition at the beginning of the
aorta artificially disturbs physiological pressure waves going from
the arterial tree to the heart. The only way to catch this
physiological behavior is to couple the arteries with a model of
heart, or at least a model of left ventricle.

        A constitutive law for the myocardium, controlled by an electrical
command, has been developed in the CardioSense3D project
(http://www-sop.inria.fr/CardioSense3D/ ). One of our objectives is to couple artery models with this heart model.

        A long term goal is to achieve 3D simulations of a system including
heart and arteries. One of the difficulties of this very challenging
task is to model the cardiac valves. To this purpose, we investigate a mix of
arbitrary Lagrangian Eulerian and fictitious domain approaches or x-fem strategies, or simplified valve models based on an immersed surface strategy.

        
        Heart perfusion modeling

        The heart is the organ that regulates, through its periodical
contraction, the distribution of oxygenated blood in human vessels in
order to nourish the different parts of the body. The heart needs its
own supply of blood to work. The coronary arteries are the vessels that
accomplish this task. The phenomenon by which blood reaches myocardial
heart tissue starting from the blood vessels is called in medicine
perfusion. The analysis of heart perfusion is an interesting and
challenging problem. Our aim is to perform a
three-dimensional dynamical numerical simulation of perfusion in the
beating heart, in order to better understand the phenomena linked to
perfusion. In particular the role of the ventricle contraction on the
perfusion of the heart is investigated as well as the influence of blood
on the solid mechanics of the ventricle. Heart perfusion in fact implies
the interaction between heart muscle and blood vessels, in a sponge-like
material that contracts at every heartbeat via the myocardium fibers.

        Despite recent advances on the anatomical description and measurements of the coronary tree and on the corresponding physiological, physical and numerical modeling aspects, the complete modeling and simulation of blood flows inside the large and the many small vessels feeding the heart is still out of reach. Therefore, in order to model blood perfusion in the cardiac tissue, we must limit the description of the detailed flows at a given space scale, and simplify the modeling of the smaller scale flows by aggregating these phenomena into macroscopic quantities, by some kind of “homogenization” procedure. To that purpose, the modeling of the fluid-solid coupling within the framework of porous media appears appropriate.

        Poromechanics is a simplified mixture theory where a complex
fluid-structure interaction problem is replaced by a superposition of
both components, each of them representing a fraction of the complete
material at every point. It originally emerged in soils mechanics with
the work of Terzaghi [67] , and Biot [59]  later
gave a description of the mechanical behavior of a porous medium using
an elastic formulation for the solid matrix, and Darcy's law for the
fluid flow through the matrix. Finite strain poroelastic models have
been proposed (see references in [60] ), albeit with ad hoc formulations for which compatibility with thermodynamics laws and incompressibility conditions is not established.

        
        Tumor and vascularization

        The same way the myocardium needs to be perfused for the heart to beat, when it has reached a certain size, tumor tissue needs to be perfused by enough blood to grow. It thus triggers the creation of new blood vessels (angiogenesis) to continue to grow. The interaction of tumor and its micro-environment is an active field of research. One of the challenges is that phenomena (tumor cell proliferation and death, blood vessel adaptation, nutrient transport and diffusion, etc) occur at different scales. A multi-scale approach is thus being developed to tackle this issue. The long term objective is to predict the efficiency of drugs and optimize therapy of cancer.

        
        Respiratory tract modeling

        We aim at developing a multiscale model of the respiratory tract.
Intraprenchymal airways distal from generation 7 of the tracheabronchial
tree (TBT), which cannot be visualized by common medical imaging
techniques, are modeled either by a single simple model or by a model
set according to their order in TBT. The single model is based on
straight pipe fully developed flow (Poiseuille flow in steady regimes)
with given alveolar pressure at the end of each compartment. It will
provide boundary conditions at the bronchial ends of 3D TBT
reconstructed from imaging data. The model set includes three serial
models. The generation down to the pulmonary lobule will be modeled by
reduced basis elements. The lobular airways will be represented by a
fractal homogenization approach. The alveoli, which are the gas
exchange loci between blood and inhaled air, inflating during
inspiration and deflating during expiration, will be described by
multiphysics homogenization.
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        Blood flows

        Cardiovascular diseases like atherosclerosis or aneurysms are
a major cause of mortality. It is generally admitted that a better
knowledge of local flow patterns could improve the treatment of these
pathologies (although many other biophysical phenomena obviously take
place in the development of such diseases). In particular, it has
been known for years that the association of low wall shear stress and
high oscillatory shear index give relevant indications to localize
possible zones of atherosclerosis. It is also known that medical
devices (graft or stent) perturb blood flows and may create local
stresses favorable with atherogenesis. Numerical simulations of blood
flows can give access to this local quantities and may therefore help to
design new medical devices with less negative impacts. In the case of
aneurysms, numerical simulations may help to predict possible zones of
rupture and could therefore give a guide for treatment planning.

        In clinical routine, many indices are used for diagnosis.
For example, the size of a stenosis is estimated by a few measures of
flow rate around the stenosis and by application of simple fluid
mechanics rules. In some situations, for example in the case a
sub-valvular stenosis, it is known that such indices often give false
estimations. Numerical simulations may give indications to define new
indices, simple enough to be used in clinical exams, but more precise
than those currently used.

        It is well-known that the arterial circulation and the heart
(or more specifically the left ventricle) are strongly coupled.
Modifications of arterial walls or blood flows may indeed affect the
mechanical properties of the left ventricle. Numerical simulations of
the arterial tree coupled to the heart model could shed light on this
complex relationship.

        One of the goals of the REO team is to provide various models and
simulation tools of the cardiovascular system. The scaling of these
models will be adapted to the application in mind: low resolution for
modeling the global circulation, high resolution for modeling a small
portion of vessel.
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        Respiratory tracts

        Breathing, or “external” respiration (“internal” respiration
corresponds to cellular respiration) involves gas transport though the
respiratory tract with its visible ends, nose and mouth. Air streams
then from the pharynx down to the trachea. Food and drink entry into
the trachea is usually prevented by the larynx structure (epiglottis).
The trachea extends from the neck into the thorax, where it divides
into right and left main bronchi, which enter the corresponding lungs
(the left being smaller to accommodate the heart). Inhaled air is
then convected in the bronchus tree which ends in alveoli, where
gaseous exchange occurs. Surfactant reduces the surface tension on
the alveolus wall, allowing them to expand. Gaseous exchange relies
on simple diffusion on a large surface area over a short path between
the alveolus and the blood capillary under concentration gradients
between alveolar air and blood. The lungs are divided into lobes
(three on the right, two on the left) supplied by lobar bronchi. Each
lobe of the lung is further divided into segments (ten segments of the
right lung and eight of the left). Inhaled air contains dust and
debris, which must be filtered, if possible, before they reach the
alveoli. The tracheobronchial tree is lined by a layer of sticky
mucus, secreted by the epithelium. Particles which hit the side wall
of the tract are trapped in this mucus. Cilia on the epithelial cells
move the mucous continually towards the nose and mouth.

        Each lung is enclosed in a space bounded below by the diaphragm and
laterally by the chest wall and the mediastinum. The air movement is
achieved by alternately increasing and decreasing the chest pressure
(and volume). When the airspace transmural pressure rises, air is
sucked in. When it decreases, airspaces collapse and air is expelled.
Each lung is surrounded by a pleural cavity, except at its hilum where
the inner pleura give birth to the outer pleura. The pleural layers
slide over each other. The tidal volume is nearly equal to 500 ml.

        The lungs may fail to maintain an adequate supply of air. In
premature infants surfactant is not yet active. Accidental inhalation
of liquid or solid and airway infection may occur. Chronic
obstructive lung diseases and lung cancers are frequent pathologies
and among the three first death causes in France.

        One of the goals of REO team in the ventilation field is to visualize the airways (virtual endoscopy) and simulate flow in image-based 3D models of the upper airways (nose, pharynx, larynx) and the first generations of the tracheobronchial tree (trachea is generation 0), whereas simple models of the small bronchi and alveoli are used (reduced-basis element method, fractal homogenization, multiphysics homogenization, lumped parameter models), in order to provide the flow distribution within the lung segments.
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        Cardiac electrophysiology

        The purpose is to simulate the propagation of the action potential in the heart. A lot of works has already been devoted to this topic in the literature (see e.g. [62] , [66] , [65]  and the references therein), nevertheless there are only very few studies showing realistic electrocardiograms obtained from partial differential equations models. Our goal is to find a compromise between two opposite requirements: on the one hand, we want to use predictive models, and therefore models based on physiology, on the other hand, we want to use models simple enough to be parametrized (in view of patient-specific simulations). One of the goal is to use our ECG simulator to address the inverse problem of electrocardiology. In collaboration with the Macs/M3disym project-team, we are interested in the electromechanical coupling in the myocardium. We are also interested in various clinical and industrial issues related to cardiac electrophysiology, in particular the simulation of experimental measurement of the field potential of cardiac stem cells in multi-electrode arrays.
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        FELiScE

        Participants :
	Grégory Arbia, Cédric Doucet, Miguel Ángel Fernández Varela, Justine Fouchet-Incaux, Benoit Fabrèges, Axel Fourmont, Jean-Frédéric Gerbeau [correspondant] , Mikel Landajuela Larma, Damiano Lombardi, Elisa Schenone, Saverio Smaldone, Marina Vidrascu, Irène Vignon-Clementel, Vincent Martin.

        FELiScE – standing for “Finite Elements for Life Sciences and Engineering” – is a finite element code which the M3DISYM and REO project-teams have decided to jointly develop in order to build up on their respective experiences concerning finite element simulations. One specific objective of this code is to provide in a unified software environment all the state-of-the-art tools needed to perform simulations of the complex respiratory and cardiovascular models considered in the two teams – namely involving fluid and solid mechanics, electrophysiology, and the various associated coupling phenomena. FELISCE is written in C++, and may be later released as an opensource library.

        It was registered in July 2014 at the Agence pour la Protection des Programmes under the Inter Deposit Digital Number IDDN.FR.001.350015.000.S.P.2014.000.10000.

        Gforge web site: https://gforge.inria.fr/projects/felisce/ 
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        LiFE-V library

        Participants :
	Miguel Ángel Fernández Varela [correspondant] , Jean-Frédéric Gerbeau.

        LiFE-V (http://www.lifev.org/ ) is a finite element library providing implementations of state of the art mathematical and numerical methods. It serves both as a research and production library. LiFE-V is the joint collaboration between three institutions: Ecole Polytechnique Fédérale de Lausanne (CMCS) in Switzerland, Politecnico di Milano (MOX) in Italy and Inria (REO) in France. It is a free software under LGPL license.
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        SHELDDON

        Participant :
	Marina Vidrascu [correspondant] .

        SHELDDON (SHELls and structural Dynamics with DOmain decomposition in
Nonlinear analysis) is a finite element library based on the Modulef
package which contains shell elements, nonlinear procedures and PVM
subroutines used in domain decomposition or coupling methods, in
particular fluid-structure interaction.

        Gforge web site: https://gforge.inria.fr/projects/shelddon 
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        Highlights of the Year

        
          	
             Jimmy Mullaert was awarded the best poster prize at the conference Canum 2014.

          

          	
             Jessica Oakes was awarded a University of California Presidential Postdoctoral Fellowship.

          

          	
             Jessica Oakes won a young investigator award at the “4th International Conference on Engineering Frontiers in Pediatric and Congenital Heart Disease”.
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        Mathematical and numerical analysis of fluid-structure interaction problems

        Participants :
	Benoit Fabrèges, Miguel Ángel Fernández Varela, Mikel Landajuela Larma, Jimmy Mullaert, Marina Vidrascu.

        
          	
             In [54]  we introduce two new classes of numerical methods for the solution of incompressible fluid/thin-walled structure interaction problems with unfitted meshes. The semi-implicit or explicit nature of the splitting in time is dictated by the order in which the spatial and time discretizations are performed.
Stability and optimal accuracy are achieved without restrictive CFL conditions or correction iterations. Results
presented by M. Landajuela at the 11th World Congress on Computational Mechanics (WCCM XI), July 20-25, 2014, Barcelona (Spain).

          

          	
             In [47]  we introduce a class of fully decoupled time-marching schemes (velocity-pressure-displacement splitting) for the coupling of
an incompressible fluid with a thin-walled viscoelastic structure. The time splitting combines a projection method in the
fluid with a specific Robin-Neumann treatment of the interface coupling. A priori energy estimates guaranteeing unconditional stability are established for some of the schemes.
The accuracy and performance of the methods proposed is illustrated by a thorough numerical study.

          

          	
             We have performed an a priori error analysis for the generalized Robin-Neumann explicit
coupling schemes introduced in [30] . The analysis confirms the 𝒪(τ2r-1/h12) error perturbation
anticipated by the numerical evidence of [30] . Another fundamental result of this
work is that the h-non-uniformity of the splitting error is not a consequence of the
mass-lumping approximation (which simply dictates the explicit or semi-implicit nature of the coupling scheme).
The analysis indicates that the genesis of the 𝒪(h-12) is the non-uniformity of
discrete viscoelastic operator, which is a consequence of thick-walled character of the solid. These results have been reported in [48]  and presented by M.A. Fernández at the 11th World Congress on Computational Mechanics (WCCM XI), July 20-25, 2014, Barcelona (Spain).

          

          	
             We consider the extension of the Nitsche-XFEM method to fluid-structure interaction problems involving a thin-walled elastic structure (Lagrangian formalism) immersed in an incompressible fluid (Eulerian formalism). The fluid domain is discretized with an unstructured mesh not fitted to the solid mid- surface mesh. Weak and strong discontinuities across the interface are allowed for the velocity and pressure, respectively. The kinematic/kinetic fluid-solid coupling is enforced consistently using a variant of Nitsche’s method involving cut elements. Robustness with respect to arbitrary interface/element intersections is guaranteed through a ghost penalty stabilization. Different coupling schemes, either fully implicit or loosely coupled, are proposed. Several numerical examples, involving static and moving interfaces, illustrate the performance of the methods. A paper in collaboration with F. Alauzet (project-team Gamma3) is under preparation. Results presented by B. Fabrèges at the 11th World Congress on Computational Mechanics (WCCM XI), July 20-25, 2014, Barcelona (Spain).
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        Numerical methods for biological flows

        Participants :
	Grégory Arbia, Benoit Fabrèges, Miguel Ángel Fernández Varela, Justine Fouchet-Incaux, Jean-Frédéric Gerbeau, Céline Grandmont, Sanjay Pant, Saverio Smaldone, Marc Thiriet, Irène Vignon-Clementel.

        
          	
             In [19]  We consider the problem of estimating the stiffness of an artery wall using a data assimilation method applied to a 3D fluid-structure interaction (FSI) model. We briefly present the FSI model, the data assimilation procedure based on a reduced order Unscented Kalman filter, and the segmentation algorithm. We then present two examples of the procedure using real data. First, we estimate the stiffness distribution of a silicon rubber tube from image data. Second, we present the estimation of aortic wall stiffness from real clinical data.

          

          	
             In [29] , we propose a new approach to the loosely coupled time-marching of a fluid-fluid interaction problems involving the incompressible Navier-Stokes equations. The methods combine a specific explicit Robin-Robin treatment of the interface coupling with a weakly consistent interface pressure stabilization in time. A priori energy estimates guaranteeing stability of the splitting are obtained for a total pressure formulation of the coupled problem. The performance of the proposed schemes is illustrated on several numerical experiments related to simulation of aortic blood flow.

          

          	
             In [55]  we investigate the
stability of numerical schemes that are classically used in the
simulation of airflows and blood flows. The geometrical complexity
of the networks in which air/blood flows leads to a classical
decomposition of two areas: a truncated 3D geometry corresponding to
the largest contribution of the domain, and a 0D part connected to
the 3D part, modelling air/blood flows in smaller
airways/vessels. The resulting Navier-Stokes system in the 3D
truncated part may involve non-local boundary conditions, deriving
from a mechanical model. For various 3D/0D coupled models, different
discretization processes are presented and analyzed in terms of
numerical stability, highlighting strong differences according to
the regimes that are considered. In particular, two main stability
issues are investigated: first the coupling between the 3D and the
0D part for which implicit or explicit strategies are studied and,
second, the question of estimating the amount of kinetic energy
entering the 3D domain because of the artificial boundaries. The
second issue has been also the subject of a
review [31] .

          

          	
             In [31]  we deal with numerical simulations of incompressible Navier-Stokes equations in truncated domain. In this context, the formulation of these equations has to be selected carefully in order to guarantee that their associated artificial boundary conditions are relevant for the considered problem. In this paper, we review some of the formulations proposed in the literature, and their associated boundary conditions. Some numerical results linked to each formulation are also presented. We compare different schemes, giving successful computations as well as problematic ones, in order to better understand the difference between these schemes and their behaviours dealing with systems involving Neumann boundary conditions. We also review two stabilization methods which aim at suppressing the instabilities linked to these natural boundary conditions.

          

          	
             In [40] , we propose a framework for Windkessel parameter estimation in a 0D representation of the 3D fluid-flow domain. Parameters are estimated from uncertain measurements through a sequential approach, and the 0D representation is iteratively improved through 3D-CFD simulations. The application of generalized sensitivity functions to assess parameter correlation and to ascertain the measurement set needed to avoid identifiability problems is also presented through representative test cases. This method, which is capable of handling non-simultaneous measurements, is demonstrated and validated for a patient-specific case of aortic coarctation.

          

          	
             In [17]  we perform the first patient-specific pulmonary hemodynamics 3D-0D modeling before single ventricle stage 2 surgery. 0D parameters are automatically tuned to match flow and pressure clinical measurements that are not taken where 3D boundary conditions need to be specified. This work on six patients demonstrates how simulations can help to check the coherence of clinical data or provide insights to clinicians that are otherwise difficult to measure, such as in the presence of kinks.

          

          	
             In [25]  we study a case of post single ventricle stage 2 surgery with the three following aims: (i) to show how to build a patient-specific model describing the hemodynamics in the presence of collaterals, using patient-specific clinical data collected at different times; (ii) to use this model to perform virtual collateral occlusion for quantitative hemodynamics prediction; and (iii) to compare predicted hemodynamics with post-operative measurements.

          

        

      

      
      

      
    

  
    
    
      
      
      

      
      
        
        Section: 
      New Results

        Numerical methods for cardiac electrophysiology

        Participants :
	Muriel Boulakia, Jean-Frédéric Gerbeau, Damiano Lombardi, Elisa Schenone.

        
          	
             In [33] , a reduced-order method based on Approximated Lax Pairs (ALP) is applied to the integration of electrophysiology models. These are often high- dimensional parametric equation systems, challenging from a model reduction stand- point. The method is tested on two and three dimensional test-cases, of increasing complexity. The solutions are compared to the ones obtained by a finite element. The reduced-order simulation of pseudo-electrocardiograms based on ALP is proposed in the last part.

          

          	
             In [21] , we address the question of the discretization of Stochastic Partial Differential Equations (SPDE) for excitable media. Working with SPDE driven by colored noise, we consider a numerical scheme based on finite differences in time (Euler-Maruyama) and finite elements in space. Motivated by biological considerations, we study numerically the emergence of reentrant patterns in excitable systems such as the Barkley or Mitchell-Schaeffer models.
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	Laurent Boudin, Muriel Boulakia, Céline Grandmont, Jessica Oakes, Ayman Moussa, Irène Vignon-Clementel.

        
          	
             In [20] , we consider the non-reactive fully elastic Boltzmann equation for mixtures. We deduce that, under the standard diffusive scaling, its limit for vanishing Mach and Knudsen numbers is the Maxwell-Stefan model for a multicomponent gaseous mixture.

          

          	
             In [49] , we first deal with the modelling and the discretization of an aerosol evolving in the air, in the respiration framework, within a domain which can be fixed or moving. We also investigate basic numerical properties of the numerical code which was developped, and also focus on the influence of the aerosol on the airflow.

          

          	
             In [38] , the aim of the study was to determine susceptibility differences between healthy and emphysematous rats exposed to airborne particles. To do this, we performed animal exposure experimenters and measured particle deposition concentrations with Magnetic Resonance Imaging. We showed that overall deposition was significantly higher in the elastase-treated rats compared to the healthy ones, suggesting enhanced susceptibility to airborne particles in diseased lungs. Current work aims at integrating such experimental data into modeling [39]  and compare numerical simulations with experiments. To extend particle modeling to expiration, a 1D particle transport model is under development [44] .

             While it is known that the retention of fine particles is less in microgravity (uG) compared to normal gravity (1G) levels, it was unknown the spatial relationship of deposited particles. In [26] , rats were exposed to 1 micron diameter particles on the NASA uG airplane and compared to rats exposed in 1G. We found that the ratio of deposited particles in the central airways compared to the peripheral ones, was significantly less in the uG than in 1G, indicating enhanced deposition in the periphery. This data suggests that toxicology effects of exposure to Moon dust may not be insignificant.

          

          	
             In [51] , we establish stability estimates for the unique continuation property of the nonstationary Stokes problem. These estimates hold without prescribing boundary conditions and are of logarithmic type. They are obtained thanks to Carleman estimates for parabolic and elliptic equations. Then, these estimates are applied to an inverse problem where we want to identify a Robin coefficient defined on some part of the boundary from measurements available on another part of the boundary.
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	Jean-Frédéric Gerbeau, Damiano Lombardi, Marina Vidrascu.

        
          	
             in [32]  a reduced-order model algorithm, called ALP, is proposed to solve nonlinear evolution partial differential equations. It is based on approximations of generalized Lax pairs. Contrary to other reduced-order methods, like Proper Orthogonal Decomposition, the basis on which the solution is searched for evolves in time according to a dynamics specific to the problem. It is therefore well-suited to solving problems with progressive front or wave propagation. Another difference with other reduced-order methods is that it is not based on an off-line / on-line strategy. Numerical examples are shown for the linear advection, KdV and FKPP equations, in one and two dimensions.

          

          	
             in [41]  we propose a direct method for
computing modal coupling coefficients - due to geometrically
nonlinear effects - for thin shells vibrating at large amplitude and
discretized by a finite element (FE) procedure. These coupling
coefficients arise when considering a discrete expansion of the
unknown displacement onto the eigenmodes of the linear operator. The
evolution problem is thus projected onto the eigenmodes basis and
expressed as an assembly of oscillators with quadratic and cubic
nonlinearities. The nonlinear coupling coefficients are directly
derived from the finite element formulation, with specificities
pertaining to the shell elements considered, namely, here elements
of the ”Mixed Interpolation of Tensorial Components” family
(MITC). Therefore, the computation of coupling coefficients,
combined with an adequate selection of the significant eigenmodes,
allows the derivation of effective reduced-order models for
computing - with a continuation procedure - the stable and unstable
vibratory states of any vibrating shell, up to large amplitudes. The
procedure is illustrated on a hyperbolic paraboloid
panel. Bifurcation diagrams in free and forced vibrations are
obtained. Comparisons with direct time simulations of the full FE
model are given. Finally, the computed coefficients are used for a
maximal reduction based on asymptotic nonlinear normal modes (NNMs),
and we find that the most important part of the dynamics can be
predicted with a single oscillator equation.

          

          	
             in [53]  we deal with the following data
assimilation problem: construct an analytical approximation of a
numerical constitutive law in three-dimensional nonlinear
elasticity. More precisely we are concerned with a micro-macro model
for rubber as the one proposed in [36] . Macroscopic quantities of interest such as the Piola-Kirchhoff stress tensor can be approximated for any value of the strain gradient by numerically solving a nonlinear PDE. This procedure is however computationally demanding. Hence, although conceptually satisfactory, this physically-based model is of no direct practical use. We aim to circumvent this difficulty by proposing a numerical strategy to reconstruct from in silico experiments an accurate analytical proxy for the micro-macro constitutive law.
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             Weiguang Yang, Engineering research associate, Departments of Pediatrics and Cardiology, Stanford University (USA), May 20th-June 18th 2014


          


          		
             Andrew Blaber, Carole Leguy, Joke Keijsers, Kouhyar Tavakolian, Simon Fraser University (Vancouver, Canada), May 26 - May 30, 2014
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