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ABSTRACT 

Fractional Fourier transform (FRFT) and linear canonical transform (LCT) are 

generalizations of the conventional Fourier transform (CFT) and have received 

much attention in recent years. A number of useful properties of the FRFT/LCT 

have been derived which are generalizations of the corresponding properties of the 

CFT. The present thesis focuses on the investigation of two main issues related with 

the FRFT/LCT: (i) The sampling relations in the FRFT/LCT domains for different 

classes of signals, and (ii) The problem of time-delay estimation (TDE) using the 

FRFT. 

Chapter 1 provides the motivation for the present work and gives an overview of the 

issues addressed in the Thesis. A brief review of the FRFT/LCT is also given here. 

Chapter 2 presents the new sampling relations for bandlimited and bandpass signals 

in the FRFT/LCT domains. It is shown that for some specific classes of signals, 

perfect signal reconstruction from the signal samples is possible even if the sampling 

rate is less than the Nyquist rate. The idea of signal reconstruction from the signal 

samples in the FRFT/LCT domains using time-variant interpolating functions is 

introduced. A novel sampling scheme, which allows reduction in sampling rate for 

perfect signal reconstruction using linear time-variant (LTV) systems, is also 

presented. A generalized convolution theorem in the FRFT domains is introduced 

and generalized sampling expansions in the FRFT domains using the generalized 

convolution are derived. Sampling relations for the periodic and random signals in 

the FRFT/LCT domains are also presented. 

Chapter 3 introduces several time-delay estimation (TDE) schemes using the FRFT 

in the stationary as well as nonstationary noise environments. Use of the FRFT in 

the statistical framework of TDE problem is discussed. The maximum-likelihood 

(ML) estimator for TDE using the fractional Fourier series (FRFS) is obtained, 

which generalizes the ML estimator based on the CFT. Lastly, the Cramer-Rao 
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lower bound (CRLB) in the FRFT domains as a generalization of the existing CRLB 

in the frequency domain is derived. 

Chapter 4 discusses the extension of the TDE problem to 2-D cases. The image 

registration problems 4nvolving either linear shifts or pure rotations in he given 

images to be registered) using the FRFT are investigated. An application of the TDE 

in a specific signal separation problem using the FRFT is also discussed and an 

iterative algorithm for signal separation is developed. 

Chapter 5 investigates the issue of bandlimitedness of the signals in the LCT 

domains. The uncertainty relation in the LCT domains is also derived. The signal 

extrapolation by the method of alternating projections/POCS in the FRFT domains 

is presented. Some generalizations of the scaling property of the FRFT are also 

presented. The relationship amongst the FRFT and the chirp z-transform is studied 

and a new interpretation of the discrete approximation of the FRFT in terms of the 

samples of chirp z-transform on the unit circle is given. 

Chapter 6 presents the conclusions of the present work and future scope of it. 
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