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4. CONCLUSION AND DISCUSSION

In this work, we have presented a new formulation for computing the Fréchet mean on a shape manifold. In
this formulation, the distance metric is defined on the constant velocity fields of the coordinate transformations.
The transformations define the shapes of images and their corresponding velocity fields lie on a Euclidean
vector space. Therefore, the Fréchet mean and Nadaraya-Watson kernel regression model of shapes can be
directly and fast computed using vectorial operations on the velocity vectors. We further proposed a method to
estimate the shape of an unseen image using the Nadaray-Watson regression function, where the kernel function
was defined in relation to the similarity metric between images. We employed this shape estimation for atlas
generation and applied to the atlas propagation based whole heart segmentation of cardiac MRI, where the
generated atlases had more similar shapes to the unseen images. We compared the segmentation performance
from both single and multiple propagations with existing segmentation schemes which employed atlases directly
from a training dataset. The experimental results on cardiac MRI showed that even using single one atlas,
the proposed segmentation method still achieved better accuracy and robustness than the multiple propagation
method in,10 in particular for the challenging cases where the shapes could differ significantly from any available
atlas. Furthermore, the segmentation performance was further improved by combining the atlas generation
technique with the multiple propagation strategy.
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