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GOAL
Creation of a precise 3D model of the heart.

APPLICATIONS

Numerical calculations:
1. Dynamic of the blood flow

2. Electrophysiology
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SEGMENTATION PROBL!
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Identify significant regions and boundaries.




FINE ANATOMIC DETAILS

We are concerned with finding very fine anatomic

details such as
1. Orientations of the fibers

2. Geometry of the valves



Fibers of canine and porcine heart.

(Hunter & al., Multiscale computational modeling of the heart, Acta

Numerica (2004))



DATA

V. THE VISIBLE }
) HUMAN
S\ PROJECT® i

Visible Human Project

http://www.nlm.nih.gov/research/visible/visible_human.html

They created complete and anatomically detailed,
representations of the normal male and female

human bodies.






MUMFORD-SHAH FUNCTIONAL

Image: g : Q C RY—]0,1].

Mumford-Shah functional:
= [, IVul* + [,(u—g)* + H"(S,)

u e SBV(Q)
S, : set of discontinuities of u
HYL (N — 1)-Hausdorff measure.



FUNCTIONS OF BOUND:
VARIATION
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A function v € L'(Q) is in BV (Q) iff

sup / udiveg < oo.
peC* () JQ

Du = Vul" + (um —u) v, HY 1 + Du




LEVEL SET METHOD

(-

Let a curve evolve until it stops on the boundaries.

The curve is described by

Cy={x : ¢(x,t) =0}

L =V(z, o)
é(2,0) = ¢o(z)
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MUMFORD-SHAH

Minimize over binary functions, with image in
{c1,c0}. H: heavy side function.

F(u,cq,co) /H (g—c1) /1H (g—c2) /H'

o= [ (1= H@)




Let n curves evolve to separate the domain in 2" regions.

»1 >0
P2 >0

¢1>0
Pz < 0




ALGORITHM

At each time step:

1. Compute ¢; and ¢

2. Compute ¢" from ¢" !, ¢; and ¢
3. Possibly reinitialize ¢.

4. Stop it Error < e.



SOFTWARE

® .
NLM Insight . .
it [ N1S1 g ht Toolkit (www.itk. org)

Zg ParaView :
Parailel Visualization Application P ar aVI eW ( WWW. p arav ]_ ew.or g )

Both are developped by Kitware (www.kitware.com)

«4 Kitware



SPEED BASE ALGORITHMS
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V(z,¢) = u(|Vg(z)])

W(V(2)) 1, Vg(z)| small
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MUMFORD-SHAH (TWO COLOURS)
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MUMFORD-SHAH (FOUR
COLOURS)







