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Course schedule

• May 31st, 8:30-10:30, alpha: Introduction to python

• June 07th, 8:30-10:30, alpha: How to obtain RM images and python lab (FFT)

• June 10th, 10:30-12:30, H: Bloch Torrey equation and homogenization techniques

• June 11th, 8:30-10:30, gamma: solution of Bloch Torrey equations in simple 2D 
geometry in FreeFem

• June 12th, 14:30-15:30, F: Numerical Convex Optimization applied to diffusion MRI
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What is diffusion MRI (dMRI)?

is a non-invasive imaging technique which gives a measure of 
incoherent spins displacement.
In biological tissues gives a measure of water diffusion characteristics.
• Water displacement can tell us about

tissues microstructure
• Potential medical applications
• Structure change in diseases: e.g. cells swell 

immediately after stroke, multiple sclerosis, ...
• connectivity studies 
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Conventional vs diffusion MRI
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What is diffusion?
random walk of water molecules
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Spin echo for MRI
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Spin Echo for diffusion MRI
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Experimental setting and parameters of dMRI

8 Simona SchiaviScientific Computing in MRI



Experimental setting and parameters of dMRI

9 Simona SchiaviScientific Computing in MRI



Multi-compartment Bloch-Torrey model
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Apparent Diffusion Coefficient (ADC)

11 Simona SchiaviScientific Computing in MRI



ADC approximations
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Homogenization technique
We assume that the volume to be modelled, Ω, can be described as a 
periodic domain. More precisely, we will assume that there exists a 
period ε, which represents the average size of a “representative” volume 
of Ω, and which is small compared to the size of Ω.

Of course, the diffusion coefficient will be assumed to be periodic as well 
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Periodic homogenized model
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!" does not satisfy the Bloch-Torrey 
equation in all Ω$%&" , but separately 
in Ω$" and Ω'", with jump conditions 
on the Γ)" . 



Scaling and Ansatz
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AIM: separate the 
“macroscopic” variations (!) 
from the “microscopic” ones (")
and obtain a new problem
involving only the macroscopic 



Homogenized model
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If !" does not touch 
the boundary of Y, 
then #" = 0

The proof requires periodic 
unfolding method extended 
to the time-dependent cases.
See Coatléven 2015



Finite Pulse Kärger model (FPK)
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Transformed equation
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Multiscale Bloch-Torrey problem
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Equations satisfied by the first orders
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Equations satisfied by the first orders
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Equations satisfied by the first orders
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Equations satisfied by the first orders
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Equations satisfied by the first orders
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Equations satisfied by the first orders
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Homogenized model
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If !" does not touch 
the boundary of Y, 
then #" = 0



Numerical results
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Convergence
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FPK limitations
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Other scalings including time
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Choice of scaling
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Model for ! = # = $
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Numerical Results
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Numerical Results
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Numerical convergence
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