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= The Blue Brain project:

— create a biologically accurate,
functional model of the brain
using IBM's Blue Gene
supercomputer

— 8192 processors

= Several other projects i

= Including MR image
anaylsis
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e MR imaging is now established
as the most important modality
in neuro-imaging

Recent advances allow to
obtain in vivo information on
the architecture of the (brain)
tissues

This opens new perspectives in
fundamental neurosciences as
well as in clinical practice
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e Basics of diffusion

¢ Imaging the diffusion by MRI
e From Diffusion MRI to Fiber Tracking

e Applications to Brain Connectivity
Analysis
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e Basics of diffusion
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e Molecular diffusion —
Brownian motion

water

molecule
» Example: in a glass of water,
molecules diffuse randomly
and freely, only constrained
by the boundaries of the
container
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e For a 3D volume,

e For homogeneous media,
this diffusion is an isotropic
Gaussian

D
* Function of medium viscosity,
t°, ...
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e Neuronal tissues: fibrillar

structure

Diffusion more restricted in
direction perpendicular to the
axonal orientation than along its
parallel direction

e fiber crossings:
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[
¢ Imaging the diffusion by MRI
[
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¢ Imaging the diffusion of the 3D volume
would ideally give a 6D data set
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e But this information is too complex to be
analyzed and visualized

e Simplified s
representations

lsosurface

+ color code for the
orientation
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Color-coding
of the directions

TIIL"

ALY LT P RSN SY Y AN R

Signal Processing Laboratory (LTS5)
Swiss Federal Institute of Technology (EPFL), Lausanne, Switzerland

Workshop 2 - HPC and life science Ter@tec'09 Forum - www.teratec.eu

July 1st, 2009 - Paris, France

6



Atelier 2 : Calcul Haute Performance et Sciences du Vivant Forum Ter@tec 2009 - www.teratec.eu 1er juillet, 2009 - Paris, France

BDSIYWWA\Nh iMoo anap
AR R R YT LI YEESE S NN
BT EE Lo s " TN

I @A ar A Ardpmmrmmnh R 4R

s b b d g

Signal Processing Laboratory (LTS5)
Swiss Federal Institute of Technology (EPFL), Lausanne, Switzerland

e From Diffusion MRI to Fiber Tracking
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e Fibre tracking

e \Whole brain simulation

e Tract selection, virtual dissection
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e Thalamic projections

e Cortico-spinal and cortico-
bulbar tracts
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Hagmann et al. 2003
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e Applications to Brain Connectivity
Analysis
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Right Hander  Left Hander
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e Language networks in right and left handers
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Orientation Distribution Function map (coronal section)
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e Motivation
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e Front propagation
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e Back propagation of the fibers

]
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e Results: cortico-spinal tract
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Local maxima Classical streamline Fast-TraC
of the ODF map tractography (posterior view) (posterior view)
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e Front propagation

e Back propagation
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e Computation time

e What would we gain with HPC ?

one front propagation for
every voxel
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e Discussion
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e Diffusion MRI & adapted tractography are
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useful tools to study brain connectivity analysis

in vivo
e The connectome gives both a visual and
guantitative representation of the brain
connectivity
Normal subjects

Pathologies
= Schizophrenia
= Epilepsy

Brain development
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e Atthe EPFL e And also

= Gilles Puy

e At the CHUV

e Supports:
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