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Thema 1. With this theme you have to give an accurate presentation of the
Whittacker-Shannon Sampling Theorem and of its real-life applications. As a reference, you may consider [1], Chapter 8 of [2] and [3]. You will have to
1. explain in detail the steps of the proof of the Whittacker-Shannon Sampling
Theorem;
2. comment the meaning of this theorem and its limitations in relationship with
the Heisenberg Uncertainty Principle;
3. present the problems that may occur in case one tries to reconstruct a signal
by using this result without meeting its hypothesis.
Thema 2. This theme is concerned with the issue of using frames in signal reconstruction. As material for this theme see [1], [4], [5] and [6]. You shall
1. present the theory of frames in Hilbert spaces, highlighting the most important
results, in particular the importance of the redundancy with respect to the
recovery from noisy coefficients of elements of the Hilbert space;
2. introduce the concept of Gabor frames in Hilbert spaces (extensively covered in [5]), and focus on Gabor frames in finite dimensions, introducing the
heuristic idea behind them;
3. list their potential applications (e.g., in music analysis) with the aid of MatLab
simulations.
Thema 3. This theme focuses on the Fast Fourier Transform on two-dimensional
data. Suggested references for this theme are [1], [7], [8] and [9].
1. generalize the Fast Fourier Transform and Discrete Fourier Transform algorithms for 1D-vectors in `2 (ZN ) (where N = 2n ) to 2D-matrices in `2 (ZN ×
ZM ) (where N = 2n and M = 2m );
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2. calculate and compare the complexity of the above algorithms;
3. test the implemented algorithms, by providing convincing reconstruction results.
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