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ABSTRACT 

Two-dimensional (2-D) digital filters are widely used 

in processing of images and geophysical data, and in nume-

rous other applications. One of the techniques for design-

ing 2-D filters with piecewise constant frequency response 

is to transform a prototype one-dimensional (1-D) filter 

using a suitable transformation function. The technique 

is simple because design of the filter with specified 

frequency response is carried out in one-dimension where 

a variety of well established and optimal design techniques 

are available for both FIR and IIR filters. The transfor-

mation technique has been established as a powerful method, 

particularly for the design of 2-D FIR filters because of 

several advantages. The transformation for obtaining a 2-D 

FIR filter from a 1-D filter was first proposed by McClellan, 

and later generalized by Mersereau et al. Various tech-

niques exist in the literature for choosing the coefficients 

of the first-order McClellan transformation so as to appro 

ximate a specified passband boundary. However, some of 

these techniques are rather involved while the others have 

either limitations or drawbacks. Therefore, a simple 

technique for choosing the coefficients which can appro-

ximate the desired passband boundaries of a large class of 

2-D filters with a high degree of accuracy will be very 

welcome. 
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The major part of the research work presented in this 

thesis concerns the determination of the coefficients of 

the first-order McClellan transformation so that the cut-

off frequency of the 1-D filter maps onto a contour in the 

two-dimensional frequency plane which approximates the 

desired passband boundary of the 2-D filter. 	Firstly, 

an analytic technique has been proposed for choosing the 

coefficients of the transformation so as to approximate 

a circular or an elliptic contour. The technique is 

simple and the accuracy of approximation is as good as 

that obtained by an optimization procedure reported earlier 

in the literature. 	However, the technique, in general, 

does not approximate the contour in equiripple sense. 

Therefore, the Remez algorithm has been used to obtain 

equiripple approximation. The types of contours conside-

red are the passband boundaries of the circularly symme-

tric, elliptically symmetric and a°-fan filters. It has 

been shown that, for these filters, the Remez algorithm 

converges rapidly and that the procedure is efficient. 

The equiripple approximation is also extended to a number 

of passband boundaries for the design of circularly and 

elliptically symmetric multiband filters. Finally, the 

analytic technique is extended to the design of 2-D 

filters whose cutoff boundary is an ellipse of arbitrary 

orientation. 
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The thesis also includes a brief investigation of the 

design of 2-D IIR filters by transformation, and implementation 

of a first-order 2-D all-pass function. A method for the 

design of 2-D IIR filters using first-order all-pass separable 

transformation function is presented. The method is an improvement 

over a recently reported technique. All-pass filters are used 

in cascade with IIR filters to improve the overall phase response 

of the system. A new structure has been proposed for the 

realization of a 2-D first-order all-pass filter with five multi-

pliers and two delays. This is an improvement over an existing 

implementation using six multipliers and two delays. 
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