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White Matter Tractography

Work is progressing on our new framework for white matter tractography using high angular resolution diffusion data.  This framework is based on concepts from Finsler geometry, which defines the direction-dependent local cost based on the diffusion data for every direction on the unit sphere.  Minimum cost curves are determined by solving the Hamilton-Jacobi-Bellman equation using the fast-sweeping algorithm. Classical costs based on the diffusion tensor field can be viewed as a special case. The minimum cost (equivalent to the travel time of a particle moving along the curve) and the anisotropic front propagation frameworks are closely related.  The front speed is related to particle speed through a Legendre transformation which can severely impact anisotropy information for front propagation techniques. Implementation details and results using high angular diffusion data demonstrate that this method successfully takes advantage of the increased angular resolution of high b-value diffusion weighted data, despite the lower signal-to-noise ratio. 

3-Dimensional Multiscale Shape Representation and Prior 
Using conformal mappings and spherical wavelets, we have developed a multiscale representation of three-dimensional (3D) surfaces.  One learns a prior probability distribution over the wavelet coefficients to model shape variations at different scales and spatial locations in a training set.  Our approach is motivated by the observation that shape variation in a population that is localized in space and scale cannot be well described by standard principal component analysis (PCA). In addition, PCA suffers from poor approximation properties when the training set is small. To address these issues, we have developed a novel algorithm that learns the shape variation at multiple scales and locations based on a training set. Our technique relies on spherical wavelets to generate a multiresolution description of surfaces and spectral graph partitioning to adaptively discover independent shape variations at multiple scales. The results demonstrate that our algorithm significantly improves the approximation of shapes in a testing set in comparison with PCA, which tends to oversmooth the data. 

Active Shape Models for Segmentation


Using this 3D-wavelet representation and multiscale prior, we developed a segmentation framework. To the best of our knowledge, this is the first application of spherical wavelets in medical image segmentation. We derived a parametric active surface evolution using the multiscale prior coefficients as parameters for our optimization procedure to naturally include the prior in the segmentation framework.  The parameters of our model are the learned shape parameters based on the spherical wavelet coefficients and pose parameters.  The pose parameters accommodate for shape variability due to similarity transformation (rotation, scale, translation), which is not explicitly modeled with the shape parameters.  Region-based energy is used to drive the evolution of the parametric deformable surface for segmentation. Our segmentation algorithm deforms an initial surface according to the gradient flow that minimizes the energy functional in terms of the pose and shape parameters. 
Snake Models for Medical Imagery Segmentation


We have described and implemented an algorithm for 3D medical image segmentation in ITK that is versatile, fast, relatively simple to implement, and semi-automatic. It is based on minimizing a global energy defined from a learned non-parametric estimation of the statistics of the region to be segmented.  We have also defined a new, unified set of validation metrics. 


In furtherance of this effort, we continue to work on a new snake model that includes both dynamics and the ability to change topology. This model is useful for studying dynamic changes in medical imagery. In contrast to previous approaches, a level set formulation is used that permits propagation of state information (in this instance, a velocity vector) with every pixel. The curve dynamics are modeled in correspondence with Newton's second law, where the force acting upon the system is given by a potential force defined over an individual image or an image sequence. Incorporating velocity information for every pixel lifts the original, two-dimensional problem [(x,y) position of the curve in the plane] to four dimensions, and thus to a problem of codimension 3 [where the position of the curve is a simple projection onto the (x,y) plane]. Basic level set approaches can only deal with codimension 1 problems.  In relation to this work, we have studied the problem of finding simple points in discrete images for which we have developed a method based on cubical homology theory.
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