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To this end a local neighborhood for each pixel is 
defined. Assuming associated local matrix to a 
pixel is a random matrix, our goal is to discover 
how the local eigenvalue density changes from 
original image to the noisy image. This will help us 
to recover the original local eigenvalue density 
from its noisy counterpart by solving the inverse 
problem.   

Results 
We generate a three dimensional local 
eigenvalue density map consising of nxm local 
matrices. Each local eigenvalue matrix is kxk. 
At this stage we are trying to model how the 
eigenvalue densities are related before and 
after adding random noise. Here we 
demonstrates how the preliminary algorithm 
works on an image with additive Gaussian 
random noise. In the following figures, the 
original images are corrupted with low noise 
(Figs. 1, 5, and 7), moderate noise (Fig. 2), high 
noise (Fig. 3), and very high noise (Figs. 4, 6, 
and 8). In these figures, the left panel is the 
original image, the midddle is the image 
corrupted with Gaussia noise, and the right 
panel is the denoised image. The local eigen 
value map was computed and the largest  local 
eigenvalue for each pixel was extracted from 
the map and was used to reconstract the 
denoised image depicted in the right pannel. 
 Future Goals 
While the work that has been completed so far is 
very promising, it is far from completed. The next 
step is to estimate the model parameters relating 
the local eigenvalue densities before and after 
adding noise by solving the inverse problem. This 
approach can be potentially used for other image 
processing applications such as segmentation and 
compression. 

Figure 1: Eigenvalue density of a Random Gaussian Unitary Ensemble 

Inspiration and Motivation 
Random matrices were first introduced in studies 
related to mathematical statistics by Wishart, Hsu. 
Later, Dyson recognized that would be required a 
new type of statistical mechanics to describe the 
nuclear energy levels and Wigner in his seminal 
work modelling the spectra of heavy atoms found 
that random matrices were the answer to this 
problem. Moreover, Wigner stated his famous 
semicircle law, which describes the eigenvalue 
density for a gaussian ensemble of random matrices 
as depicted in Fig. 1.  The goal here is to use random 
matrix theory for applications to image processing. 
 

Methods 
Often one is interested in the largest eigenvalue, in this 
context we look for a connection of random matrix theory 
with image denoising filters using the largest eigenvalue 
of some pixel neighborhood. Since the eigenvalue 
density of a random matrix is analytically known, this 
may provides us an ideal threshold for removing the 
additive Gaussian random noise while preserving the 
important features of the image. 
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