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Underlying Biology[1]



  

Diffusion Tensor Imaging

Diffusion tensor imaging(DTI) is a medical 
imaging modality that can reveal directional 
information in vivo in fibrous structures such as 
white matter or muscles.

Each point of a DTI is a diffusion tensor, which 
measures a 3D diffusion process and has six 
interrelated tensor components.



  

3D Diffusion Tensor

A 3D diffusion tensor is a 3x3 positive symmetric 
matrix



  

EigenDecomposition[1]



  

A Slice of DTI



  

Detail



  

Brain Connectivity

DTI can provide information about connections 
among brain regions.

Methods:
●Principal Diffusion Direction Fiber Tracking
●Geodesic Approaches



  

Fiber Tracking[1]

Path integration along principal eigenvector



  

Riemannian Manifold

Definition from Wikipedia: 
Riemannian manifold (M,g) is
● Differentiable manifold M 
● Each tangent space of M is equipped with an inner product g, a 
Riemannian metric, 
●The metric g is a positive definite symmetric tensor: a metric 
tensor. 

In other words, a Riemannian manifold is a differentiable manifold 
in which the tangent space at each point is a Euclidean space.



  

Geodesic
The geodesic between two points is computed by minimizing the 
Energy

where T is the tangent vector



  

Geodesic Connectivity[1]



  

Riemannian Distance Map[1]



  

Geodesic Connectivity[2]



  

Synthetic DTI



  

What's the problem?



  

The geodesic takes a shortcut



  



  

We want the geodesic to follow the 
principal eigenvectors



  

Math



  

Math Cont.



  

Math Cont.



  

Boundary Condition



  

Solve the PDE Numerically



  

The Finite Difference Method for 
Laplace Euqation[3]



  

Step 1



  

Step 2



  

Step 3



  

Step 4



  

Results: Alpha field



  

Results: Segmentation
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