Chapter 1
Introduction

Johan Jacob Mohr, Martin O’Halloran, and Raquel Cruz Conceicao

Over the last two decades, microwave imaging (MWI) has been investigated as a
novel imaging and diagnostics technique for detection of breast cancer. A number
of early small-scale clinical experiments have clearly illustrated the potential of
the technology, while also revealing some significant remaining challenges. These
technical challenges must be addressed before MWI is accepted as a viable
alternative (or complement) to other medical imaging techniques such as X-ray,
ultra-sound, and magnetic resonance imaging.

The purpose of this book is two-fold: firstly, we wish to present the background
and theory of the most basic MWI and diagnostic techniques at a level which is
accessible to graduate-level newcomers to the field; secondly, we wish to give an
overview of the most recent and relevant developments in the field of MWI. In
this way, we hope to bridge the gap between more easily accessible overviews of
MWI, e.g. [2-5, 7], which presents broad overview of results and techniques, but

J.J. Mohr (P<)
formerly at the Department of Electrical Engineering, Technical University
of Denmark, Kongens Lyngby, Denmark

Mellanox Technologies, Roskilde, Denmark
e-mail: johan_jacob_mohr@yahoo.dk

M. O’Halloran
Electrical and Electronic Engineering, National University of Ireland, Galway, Ireland
e-mail: martin.ohalloran @nuigalway.ie

R.C. Conceig¢do

Faculdade de Ciéncias, Instituto de Biofisica e Engenharia Biomédica, Universidade
de Lisboa, Lisbon, Portugal

e-mail: raquelcruzconceicao @ gmail.com

© Springer International Publishing Switzerland 2016 1
R.C. Conceigdo et al. (eds.), An Introduction to Microwave Imaging for Breast

Cancer Detection, Biological and Medical Physics, Biomedical Engineering,

DOI 10.1007/978-3-319-27866-7_1


mailto:johan_jacob_mohr@yahoo.dk
mailto:martin.ohalloran@nuigalway.ie
mailto:raquelcruzconceicao@gmail.com

2 J.J. Mohr et al.

lacks the detail required to gain a complete understanding of the systems, and the
very detailed texts such as [1, 6] which attempt to include a complete treatise of
the theory, but can appear technically daunting to novices in the field. It should be
noted that MWI for breast cancer detection is a growing field of research, and as
such many new and promising research groups are continually emerging. As such,
this book can only present work from the established leading research groups at the
time of publishing.

The book begins by describing breast anatomy and cancer development. Both
of these topics are addressed from the perspective of MWI. Next, a summary of
both historical and more recent studies of the dielectric properties of breast tissue
is presented, and how these studies contribute to the current understanding of the
microwave breast imaging problem is discussed.

Chapter 3 examines the underlying principles of Microwave Tomography, an
imaging technique where the coarse dielectric profile of the breast is reconstructed.
In this chapter, the scattering problem is presented, in the form of integral equations,
and methods for solving the non-linear imaging problem are described.

Chapter 4 is focused on Confocal Microwave Imaging or radar-based imaging.
Rather than seeking to reconstruct the dielectric profile of the breast, radar-based
methods aim to identify the presence and location of significant dielectric scatterers
within the breast. In this chapter, a representative range of algorithms are described
and evaluated on simulated data-sets, and general trends are drawn in the context of
different levels of dielectric heterogeneity. The emerging idea of contrast enhanced
imaging is also considered.

Apart from using reflected microwave energy to reconstruct images of the
breast, the tumour reflections (or radar target signatures) may contain additional
information on the shape and size of the tumour. This information could potentially
be used for tumour classification. In Chap.5, Tumour Classification, different
numerical models are first presented, which can be used to realistically mimic the
size, shape, and growth patterns of breast tumours in electromagnetic numerical
models. Next, a range of tumour classification algorithms based on the radar target
signatures of tumours is presented.

Finally, the book concludes with a snap-shot of current Experimental Systems.
For clarity, these systems have been categorised into three groups: operational,
tomographic, and radar-based. The main characteristics of each system are pre-
sented and how they have been evaluated is discussed. Importantly, references to
the most recent studies are included, rather than the earliest, which are often found
to be obsolete.

Overall, this book provides a comprehensive but accessible map of the
microwave imaging and diagnostic research, and will act as a useful introductory
guide for novice researchers in this promising field of medical imaging.
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