Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



Microwave Signal Processing for Foreign

Object Identification

A thesis presented in partial fulfilment of the

requirements for the degree of

Doctor of Philosophy

in Technology

at Massey University,
Institute of Information and Mathematical Sciences

Albany Campus, New Zealand

G. G. Senaratne

August 2008



Acknowledgements

This thesis builds upon the well-known solutions of the wave equation in different
coordinate systems, in particular those of Helmholtz’s equation. The original work
presented in this thesis is the use of an inverse method of determining unknown
properties (size, position and dielectric properties) of an embedded object in a host
medium using the scattering of microwave signals. Using well-established solutions
for the forward and backward electromagnetic fields and matching these with ex-
perimentally determined values of the reflection coefficients we verified the method
worked for simple pre-determined shapes. Chapters 2, 3 and 4 use some of these so-
lutions with appropriate references in order to proceed for developing the microwave
application system. Chapters 6 and 7 are related to experimental work which was
carried out at the premises of Keam Holdem Associates in Auckland, New Zealand.

I am very pleased to write this short note of appreciation with thanks to my
supervisors Professor Graeme C. Wake, Dr. Winston L. Sweatman, Dr. Richard
B. Keam and Dr. Ray Simpkin. I thoroughly appreciate your support and kind
assistance given to me during this study. I am grateful to the staff in the Institute
of Information and Mathematical Sciences including the IT support group who
provided me an excellent service and support throughout this study. My special
thank goes to Professor Robert McKibbin and my former fellow staff in Information
Sciences and Computer Engineering groups in Massey University.

Next, my thanks go to Technology New Zealand and Keam Holdem Associates
for providing a TIF fellowship for my studies.

I offer my sincere gratefulness with respect to my loving mother for her support
and blessings. I thank my sons Keshawa and Thiwanka for supporting me to achieve
this goal.

Finally, I offer my thanks to Peter Jaques, Ronald Begg and Amanda Elvin who
supported me by proof reading the thesis. I am grateful to Freda Mickisch for her
support given to me during this study. My fellow students including Qing Zhang,
Dion O’Neale, Gang (John) Xie, Joanne Mann, Ratneesh Suri and Sharleen Harper



i

have always provided a very peaceful and supportive environment to achieve the

expected goals in this project. I thank you all.



Abstract

This thesis presents a novel approach for detecting an internal object using non-
invasive surface measurements of the reflection coefficients. The low cost and safety
of the low power microwave detection system may be practically suited to first level
breast cancer screening with further development. The significant difference in the
dielectric properties of a malignant tumour compared to healthy breast tissue makes
it possible to estimate the size and position of a tumour using microwave frequen-
cies.

Incident and backscattered electromagnetic waves are analysed using three coordi-
nate systems. Starting from a plane wave reflection model, this approach advances to
obtain mathematical solutions to the nonlinear scattering problems of cylindrically
and spherically-shaped objects. The solution to the inverse problem for finding the
position, size and electrical properties of the unknown microwave scatterer is deter-
mined using Newton’s iterative method. Both of the forward and inverse algorithms

are tested using simulations before proceedings to an experimental application.
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