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Abstract

We reconstruct a signal using only the local extrema of its wavelet transform.  The local extrema of the wavelet transform correspond to edges of the input signal. We reconstruct the signal using the method of alternate projections.  
I. Project Background 
The wavelet transform provides a decomposition of signal, albeit redundant. We are interested in what are the most significant values of the transform.   
We assume a significant part of a signal is its edges.   The local maxima of a signal’s wavelet transform correspond to the edges of the input signal.  This leads to two questions:

Given only the local maxima of signal’s wavelet transform, 

1) how do we reconstruct approximation of the signal?

2) how accurate is the approximation? 

II. Approach
The algorithm consists of four phases:

i. Take Wavelet Transform 

ii. Save only local extrema
iii. Alternate projections  to find approximation

iv. Take Inverse Wavelet Transform
Wavelet Transform

Choose a mother wavelet and compute the dyadic wavelet transform of the input signal.    This consists of dilating the wavelet by powers of two and then convolving the original signal with each dilate.

Save only local extrema
We consider local extrema to be points such that

i) Its absolute value is greater than or equal to each of the absolute value of its two neighbors.
ii) Its absolute value is strictly greater than at least one of its neighbor’s absolute value.

Alternate projections to find approximation
We are only given the local extrema of each scale of the wavelet transform.  We examine two spaces

V: The space of all wavelet transforms of L^2 functions

Gamma:  The space of all sequences of functions that interpolate the given values.

We embed the following two spaces in the space of sequences of functions whose Sobolev norm is finite.
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The intersection of the two above spaces is our solution space.  By minimizing the above Sobolev norm, the interpolated points act like local extrema.

Implementation

MATLAB will be used as the programming language. The MATLAB wavelet toolbox will be used for validation and testing. 

Determining appropriate convergence criteria for the method of alternate projections will lead to numerical complexity.
Databases

The database will consist of 

1) Baseline signals : sinusoid, Gaussian, step edge, Diracs 

2) Audio signals

Validation

The algorithm will be a validated by unit testing each component

1) DWT/IDWT

2) Finding local maxima

3) Projection onto Gamma space

Testing

To see how well the algorithm works, we will measure the l^2 error of the approximated signal.  The error should initially decrease exponentially as a function of iterations but then plateau after a given number of iterations. 
Project Schedule

· October/November  – code Alternate Projections (8 weeks)

· Dec ember – write up mid-year report (2 weeks)
· January – code local maxima search (1 week) 
· February/March – test and debug entire system (8 weeks)
· April – run code against database (4 weeks)
· May  – write up final report (2 weeks)
Milestones

· Dec ember 1, 2010 – Alternate Projections code passes unit test

· February 1, 2011 – local maxima search code passes unit test

· April  1, 2011 -  codes passes system test
Deliverables

1) Documented MATLAB code

2) Testing results (reproducible)

3) Mid-year report/Final report
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