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Motivation for spatially adaptive
anisotropic smoothing

Need for smoothing data while
preserving boundary information



Wealth concentration
in Montreal area



West Montreal
Anglophone sector



Source: 
Hastie



Smoothing while preserving edge



Arrows = Principal eigenvectors
Colors = Principal eigenvalues of diffusion coefficient matrix.

Diffusion tensor imaging (DTI): Smoothing along vector or tensor fields



Principal curvature direction
                          Meyer et al.

Smoothing along
tensor fields



Two main approaches

•Anisotropic kernel smoothing

•Anisotropic diffusion equation



Kernel smoothing
•Isotropic kernel smoothing: weighted
averaging where weights are isotropic

•Anisotropic kernel smoothing: weights
are not isotropic. It contains directional
information



Anisotropic kernel



Isotropic kernel                     Anisotropic kernel

Kernel weights



Application to DTI data
6 diffusion coefficient matrix D_xx, D_xy, D_xz, D_yy, D_yz, D_zz

•Diffusion coefficient measures the diffusion of water molecules.
•The principal eigenvector = direction of water molecules.
•This gives indirect information about white matter fibers.



Diffusion tensor images

Diffusion tensors measure the diffusion of water molecules
along the white fiber tracks.
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White matter fibers

Source: www.vh.org 



For given vector fields there exists a family of curves 
whose tangent is given by the vector fields.  

Stream lines generated
by built in MATLAB function



Principal eigenvalues



Principal eigenvectors



Smooth along principal eigenvectors



Riemannian metric tensor









Application to DTI connectivity probability



Estimated anisotropic weights

•Due to image noise, images are not smooth enough.
•Isotropic smoothing on the Cholesky factors of DTI is needed to
improve the performance.



Smooth Cholesky Factors
and reconstruct diffusion coefficients

D_xx                      d_yy                           d_xy



Transition probability from a point in the corpus callosum

Top: in scale of 0.001. Bottom: log transitional probability with
t=0.1 with k=40,80,120 and 160 iterations.



Estimated transition probability

Isotropic kernel smoothing on Cholesky factors with
very small bandwidth improves performance.

After smoothing cholesky factorsBefore



Better approach: transition probability recomputed 
                            within FA > 0.6



Transition probability from a seed point in the corpus callosum. 



Smoothing vector fields: spline approach



Thin-plate spline smoothing of vector fields.
This is a special case of div-curl spline.

Before After



Div-curl spline smoothing

Vector fields are decomposed into rotational (curl) and 
irrotational components (div).



Helmholtz theorem



Div-curl spline is not efficient computationally.



Streamlines after thin-plate spline smoothing



The concentration of water molecules follows 
the following anisotropic diffusion equation:

Concentration  Transition probability density 

We will introduce a new more efficient approach



Smoothing functional data



Weights for smoothing is determined by the
geodesic distance between two neighboring
sample points. Metric tensor approach.

Smoothing data manifold



Lecture 12 Topics

Guest Lecture by Prof. Li Shen

SPHARM representation
and

Support Vector Machine


