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MRI is a melting pot of disciplines

Physics

Mathematics

Computer 
Science

Biology

Medicine

Psychology

…



MRI is a versatile tool

T1weighted

T2weigthed

PDweighted

fMRI

dMRI

qMRI

…



MRI is a versatile tool

dMRI fMRIMRI



How is fMRI data acquired?

64 x 64 x 30 x 105 x 2byte = 25MB

256 x 256 x 30 x 200 x 4byte = 1.5GB



Registration problem I

Y = A * X + b

(Affine registration)

Sequential Scanning = motion problem

Slice timing problem …

=



Registration problem II

“EPI images” of fMRI are significantly distorted

Anatomy Distorted image

Nonlinear transformation (many methods)



Registration problem III

Group studies require common space

Subject space MNI space



The GLM for fMRI data

Y = X * β + ε

 Y … Time series data

 X … Design matrix

 β … Parameters

 ε … Noise



Multiple test problem

Voxelwise test of hypotheses H
0
: β = 0 Adjust threshold for tests!

Bonferroni, Random Field Theory, Family-wise tests, Cluster-wise thresholds…



Smoothing the data

Voxelwise test of hypotheses H
0
: β = 0 Gaussian filtering of all volumes



Adaptive smoothing the data

Voxelwise test of hypotheses H
0
: β = 0 Adaptive smoothing

Adaptive weights

Multiscale



More gain at higher resolution



Clinical application (presurgical planning)

Tabelow et al. (2008) IEEE TMI.



Beyond mass-univariate analysis

www.studyforrest.org

4D volumetric images (160x160x36x450x8)

[bold_raw.tar ~80GB]



Multivariate-pattern analysis (MVPA)

Norman et al. (2008)



What does the brain at rest?

Mantini et al. (2007)

ICA analysis of Y



Functional connectivity

Estimate covariance structure Σ of ε



Human Connectome Project

 > 900 subjects

 Resting state fMRI, task-based fMRI, diffusion MRI, structural MRI

 > 20TB data (ask for shipping the hard drive, or download for days …)


