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Abstract 

This thesis is an attempt to solve the problem of signal-matched wavelets for best signal 

representation for both 1-D and 2-D signals. The thesis addresses the issues of estimating 

both, wavelet matched to a deterministic signal and wavelet matched to a signal in 

statistical sense. 

For the deterministic signal case, a new approach based on maximizing projection of the 

given signal onto successive scaling subspace is proposed for the estimation of wavelet 

matched to the given signal. Based on this approach, new methods are presented that 

estimate bi-orthogonal, compactly supported as well as semi-orthogonal, 

compactly/infinitely supported signal-matched wavelets from the given signal. From 

signal processing perspective, it is important to design a perfect reconstruction filter bank. 

Therefore, methods are proposed that help in the design of corresponding analysis and 

synthesis filters such that the resulting 2-band structure is a perfect reconstruction FIR/IIR 

filter bank. This leads to the estimation of bi-orthogonal as well as semi-orthogonal 

compactly supported/Infinitely supported wavelet. The proposed method has the flexibility 

to design wavelet with desired support as well as desired number of vanishing moments. 

Further, in all applications, it may not be desirable to estimate wavelet matched to a given 

signal. Rather, it may be more appropriate to design a wavelet matched to a class of 

signals. Therefore, it is natural to seek statistically matched wavelet. The thesis proposes a 

new approach for the estimation of wavelet that is matched to a given stochastic signal in 

the statistical sense. Since 1/f13  processes simultaneously exhibit statistical scale invariance 

and a particular notion of time invariance, wavelet like bases having both scaling and 

shifting are naturally the best candidate for wavelet based representation. Therefore, 

assuming the signal to belong to the class of 1/P3  processes, analysis wavelet filter is 
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estimated from a given signal using input signal statistics. Next, same methods as 

proposed above are used to design perfect reconstruction FIR/IIR filter bank such that 

resulting statistically matched wavelet is both bi-orthogonal as well as semi-orthogonal 

compactly supported/infinitely supported. While working on this problem, an interesting 

observation is made on the auto-correlation matrix of discrete-time 1/03  possesses. Since, 

these processes are in general non-stationary; the autocorrelation matrix is a function of 

time. Here, it is observed that all but one eigenvalues of this autocorrelation matrix are 

constant with time for sufficiently large value of time index n. The value of only one 

eigenvalue depends on the time index and it increases as the time index of the 

autocorrelation matrix increases. 

Next, the thesis proposes a new approach to estimate statistically matched uniform M-

band wavelet system. The resulting M-band structure is a perfect reconstruction filter bank 

wherein all the analysis filters are estimated from the given signal using its statistical 

properties. The corresponding synthesis filter bank is designed using polyphase 

decomposition matrices of analysis filter bank and consists of IIR filters that are 

implemented as anti-causal, stable filters. The wavelets associated with this structure are 

infinitely supported and are statistically matched to the signal. 

For 2-D signals, several techniques proposed so far in literature design wavelets 

independent of the signal under consideration. Therefore, this thesis addresses the issue of 

estimating matched wavelet for 2-D signals. New methods are proposed for estimation of 

compactly supported wavelet for the case of separable kernel as well as non-separable 

kernel from a given image. For the case of non-separable wavelets, the design method is 

proposed for different sampling lattices. Since the wavelets are estimated from a given 

image, they are called 2-dimensional matched wavelets. It is further shown that non-

separable matched wavelets estimated with the decimation matrix chosen using the 
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principal axes of the image give much better results as compared to other sampling lattices 

in the application of compression. 

During the course of this work, we arrived at a theorem that proposes a relationship 

between scaling filter and wavelet filter for 2-channel non-separable orthogonal wavelet 

system in 912  for any decimation matrix. An explicit relation between these filters can be 

derived in time domain using the proposed relation in frequency domain. 
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