
SAMPLING DESIGNS 

FOR 
SIGNAL DETECTION AND ESTIMATION 

By 

MIRZA. M. WAHAJ 

A thesis submitted to 

Indian Institute of Technology, Delhi 

for the award of the degree of 

DOCTOR OF PHILOSOPHY 

in 

Electrical Engineering 

Department of Electrical Engineering 
INDIAN INSTITUTE OF TECHNOLOGY, DELHI 

June 1989 



DEDICATED 

TO 

MY PARENTS 



CERTIFICATE 

This is to certify that the thesis, entitled "SAMPLING DESIGNS FOR SIGNAL 

DETECTION AND ESTIMATION", submitted by MIRZA.M.WAHAJ for the award of the 

degree of Doctor of Philosophy to the Indian Institute of Technology is a record of the 

bonafide research work carried out by him under our joint supervision form July 1984 to 

April 1989. The results contained in this thesis have not, been submitted to any other 

University or Institute for the award of any degree or diploma. 

Dr. Rajan Srinivasan Professor Surendra Prasad 

Department Of Electrical Engineering 

Indian Institute Of Technology, Delhi 

New Delhi-110016 

India 



Acknowledgements 

It gives me immense pleasure to express my heartfelt gratitude to my supervisors, 

Prof. Rajan Srinivasan and Prof. Surendra Prasad, for their able guidance and 

encouragement throughout this work. 

I am fortunate to have been associated with Prof. Rajan Srinivasan. He has been the 

principal motive force behind the present work. A large note of thanks to him for an 

extremely careful and thorough review of the entire thesis. Prof. Surendra Prasad has always 

inspired me in meeting the work target and it is a rare privilege for me to be associated 

with him. 

I also wish to express my sincere appreciation to Dr. Samar Singh, from computer 

science department, for his guidance and suggestions during the course of this work. I would 

like to place on record my sincere thanks to the authorities of AP—Division, Ministry of 

External Affairs, Govt. of India, for granting me a scholarship throughout my doctoral 

programme. 

I am highly indebted to my wife Masuda for her patience and understanding and my 

daughter Helay for her affectionate rapport. 

My deep gratitude is also due to colleagues and friends who have helped me in this 

thesis in one way or the other. 

VIA 

Mirza Mohd. Wahaj 

i 



Abstract 

This dissertation deals with specific signal detection and estimation problems in the 

context of random and deterministic sampling designs in one and two dimensions. 

The problem of detecting known binary signals in the presence of additive gaussian 

noise is investigated in the context of simple random sampling first. Using simple detector 

coefficients, the simple random sampling design leading to maximum signal to noise ratio 

has been determined. Further, in this context, the optimum signal set as well as the least 

favorable signal and the corresponding sampling design have been found for the general 

binary detection. The performance of the random sampling scheme has been compared to 

those of the optimal continuous time detection and discrete time detection based on 

uniform sampling. 

The problem of detecting signals with random phase is next formulated in a general 

set up and the sampling design yielding maximum probability of detection at a given false 

alarm rate is then determined using an approximation procedure. The performance of this 

sampling design is compared to that of the corresponding optimal continuous time detector 

and the finite sample detector based on uniform sampling in a stationary Gauss—Markov 

noise environment. 

The linear minimum mean square signal estimation problem is investigated in the 

context of random and deterministic sampling designs next. Using simple estimator 

coefficients, a simple random sampling design which results in minimum mean square 

estimation error between the signal and its estimate is determined. In the context of 

deterministic sampling designs, using simple and optimal estimator coefficients, midpoint 

sampling designs which yield minimum mean square error between the signal and its 

estimate, have been determined and their performances have been compared to those of 



the random sampling design, the optimal continuous time estimators and the ones based 

on uniform sampling. 

Finally, the problem of image restoration by two—dimensional Wiener filtering has 

been investigated in the context of a spatial simple random sampling design. The spatial 

sampling design yielding minimum mean square restoration error between an ideal image 

and its restored replica at the output of the two—dimensional Wiener filter has been 

determined and its performance has been compared to that of the corresponding optimal 

continuous data estimator. An iterative solution for the two—dimensional integral equation 

characterizing the image restoration problem by two—dimensional Wiener filtering has also 

been discussed. 
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