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DIFFUSION MRI: how ?

Brownian motion

a:Brownian motion of water molecule
b:Internal structures constraints
c:Signal = local macroscopic diffusion

[LeBihan86]

Nerve fibers

[LeBihan95, Beaulieu98, Biton06]

http://www.technion.ac.il/
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DIFFUSION MRI: in practice

Figure: Acquisition in q-space on a sphere of radius ||q||: a baseline image S0

and several other gradients images S(q).

Estimate the ADC: D(q) = − 1
b ln

(
S(q)
S0

)
[Stejskal-Tanner65]

3D Representation of the Gaussian diffusion model (DTI) [Basser94]
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DTI: example

[Basser97, Poupon00, Wedeen01, Westin02, etc.]

DTI on corpus callosum, diffusion representated by a volume of ellipsoids.
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Diffusion MRI: fiber-tracking

[Basser98, Contouro99, Mori99, Coulon01, Vemuri01, Hagmann03,
Ramirez03, Tschumperlé03, Lenglet04, etc.]

Fiber-tracking across human tissues (brain white matter) is done by
following the principal eigen vector of tensors.
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DTI: 2nd-order model limits

DTI are correct when dealing with
single direction of fibers

Problem when having crossing
fibers: Gaussian function can’t
catch multiple maxima
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DTI versus higher order models

Fibers
Raw data

DTI
2nd-order tensor

[Basser94]
higher orders
approaches

Numerous approaches exist: GDTI [Liu03], PASMRI [Jansons03], HODT /
DOT [Özarslan03,06], Spherical Deconvolution [Tournier04], ODF
[Tuch04], etc.
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Orientation Density Function (ODF)

The ODF Ψ at direction u is defined as the radial projection of the
diffusion PDF

Ψ(u) =
∫∞
o P(αu)dα

=
∫

P(r , θ, z)δ(θ, z)rdrdθdz
(1)

ODF

Problem: How to get the PDF ?

(GREYC IMAGE) diffusion mri September 18, 2007 9 / 26



Funk-Radon Transform (FRT)

The FRT (2) is a smoothed version of the true ODF (1) [Tuch04]

Gq′(u) = 2πq′
∫

P(r , θ, z)J0(2πq′r)rdrdθdz (2)

FRT

Besides, the ODF can be directly expressed from diffusion signal in
spherical harmonics by a Least Square minimization [Descoteaux06]

ODF ≈ Gq′ = P̃B̃C =
∑

j

2πPlj (0)cjYj (3)
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Least Square ODF estimation

Least Square ODF estimation :

Enables resolution of any specific local structure
(crossing fibers)

Model-free method: no assumption on
macroscopic diffusion

Light matrix computations

But...

Least Square method not adapted to Rice noise
model [Sijbers98]

No guaranty on spatial coherence of the ODF field
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Our contribution

minC∈ΩC

{
E (C) =

∫
p∈ΩS

[
∑ns

k ψ(Srk )] + αϕ(||∇C(p)||)dp
}
,

with Sr(p)
= B̃P̃−1C(p)

(4)

The best fitting coefficients are computed with a gradient descent coming
from the Euler-Lagrange derivation of the energy E . This leads to a set of
multi-valued partial derivate equation.

Ct=0 = U0

∂Cj

∂t = P−1
j

∑ns
k B̃k,jψ

′(Srk ) + α div(ϕ(||∇C||))
(5)

iteration 0 iteration 1 ... iteration n
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Advantages: regularity

Ensure a global regularity of the ODF field: ϕ(||∇C(p)||)
Spherical harmonics coefficients characterize anistropy [Frank02]

l = 0
Isotropic diffusion

l = 2
Single fibers
orientation

l = 4
Several fibers
orientation

Example of possible
regularization function ϕ
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Advantages: adaptive to noise distribution

ψ-likelihood function adapted to MRI noise law:

The best ψ function is the one specific to MR scanners, ie. Rice distribution
We seek Sr which maximizes a posteriori (MAP) the log-posterior probability

log p(Sr |S) = log p(S|Sr ) + log p(Sr )− log p(S) (6)

Consequently the pointwise likelihood is

ψ(Sr ) = log p(S|Sr , σ) = log
S

σ2
− (S2 + S2

r )

2σ2
+ log I0

(
S · Sr

σ2

)
(7)
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Simulation: influence of Rice model
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Simulation: energy minimization
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Simulation: regularization

without with

GFA

zoom
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GFA

DTI
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Consequences on fiber-tracking

GFA

LS
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Consequences on fiber-tracking

GFA

LS
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Consequences on fiber-tracking

GFA

PDE
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Results on human brain hardi data

GFA

DTI field
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Results on human brain hardi data

GFA

ODF field
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Conclusion

Framework to estimate ODF

Respect of regularity and robustness to noise constraints

More details on the technical report A Variational Framework for the
Robust Estimation of ODFs From High Angular Resolution Diffusion
Images on http://www.greyc.ensicaen.fr/˜assemlal

Thanks to CHU of Caen and GIN Cyceron for their data and their fruitful

discussions
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