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Overview

« Motivation:
 Diffusion Tensor Imaging
* Applications
 Why measures?
« QOur analysis:
e How?
e Some results
« Conclusion
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Diffusion Tensor Imaging (DTI)
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The degrees of freedom

Eigenanalysis
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Applications: fiber tracking

Connectiviy of the brain - ‘in-vivo’
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Applications of DTI

¢ Segmentation
* Registration
 Statistical analysis

Distance/Similarity measures for
: diffusion tensors (DTs) needed
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Distance/Similarity measures for DT

Many different measures exist
« Scalar indices

Angular difference

Linear algebra

Riemannian geometry
Statistics

Composed
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Some measures...

Absolute difference of a scalar index (e.g. FA) of  two DTs

« Example:

Angle between the main eigenvectors of two tensors
[Ziyan et al. 2006]:
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Linear algebra:
« Example: Ln norm [Batchelor et al. 2005]

Riemannian geometry:
« Example: Log-Euclidian distance [Arsigny et al. 2006 ]



Statistical measures:

« Example: Kullback-Leibner distance, applied to DTs
[Wang and Vemuri, 2005]:

Composed:
« Example: [Lotjonen et al. 2006]:



« Large amount of DT similarity/distance measures
« Many are not intuitive
¢ Some are ad-hoc

Difficult to predict the results

Analysis and comparison of
measures needed



4 sets of tensors where different properties are
varied:

« For each degree of freedom, we make a 2D plot with
the listed tensors on the 2 axes and we use colort o
show the similarity/distance.
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» Size comparison plot of ds ,,p with linear shaped DTs



« Comparison plotford .., for linear shaped DTs rotated around
the eigenvectors



« Comparison plot of ds ¢, with shape changing DTs



« Comparison plot of d , with shape changing DTs



* More plots in the book chapter (too be published) in

Visualization and Processing of Tensor Fields: Adva nces and Perspectives;
Editors: David H. Laidlaw and Joachim Weickert, Spr  inger, Book Chapter
ISBN (2008)

* Many more plots on webpage:
http://bmia.bmt.tue.nl/Research/MVIAV/DTI/200801 -
Measures/index.html




« We classified the measures depending on how they
change depending on changes in:

¢ Size
 QOrientation

e Shape

of the input tensors

* We repeated the experiments after adding noise to
the tensors to determine how robust the measures
are and also used the robustness in the
classification.



 All findings are summarized in a table that can be
used for choosing a measure for your application:

 TODO: put table



* We classified existing DT measures and show the
difference and similarities between measures

* We presented a Mathematica framework for
analyzing new measures

* Our table can be used to help in initial selection of
DT measures for your application



« Laura Astola for insights in the Riemannian geometr y
 The DTI possy

* The funding:

« Dutch BSIK, Molecular Imaging of the Ischemic heart disease
(BSIK 03033);

 Fundacao para a Ciéncia e a Tecnologia (FCT, Portugal),
SFRH/BD/24467/2005;

e NWO-VENI grant 639.021.407






