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Abstract: 
Laplacian eigenfunctions, as a generalization of the Fourier basis over a 
rectangular domain, allow us to perform spectral analysis of data recorded 
on a domain of general shape.  Examples include dendrite patterns of 
neurons in neuroscientific images and human face images.  I will present a 
method to analyze such images by expanding them in terms of the Laplacian 
eigenfunctions defined over such general shape domains.  Directly solving 
the associated Helmholtz equations on such domains or computing the 
Green's functions satisfying specific boundary conditions imposed on such 
domains are in general difficult.  Instead, we find an integral operator 
commuting with the Laplacian without imposing strict boundary conditions a 
priori, and compute the eigenfunctions of this integral operator, which 
are in fact the Laplacian eigenfunctions.  This approach is amenable to 
modern fast numerical algorithms such as the celebrated Fast Multipole 
Method (FMM). 
I will also present applications to statistical image analysis and 
contrast our method with the popular Principal Component Analysis using 
real images. 
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