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Preface

The subject matter of this book is the radio-frequency (RF), millimetre-wave,
microwave, and terahertz detection of concealed targets. It is intended for those
interested in the development and application of such techniques and equip-
ment. The application is of significant importance in view of the threat posed by
suicide bombers and criminals in relation to weapons, explosives, and narcotics
as well as human trafficking. In addition, the detection of targets buried in the
ground is relevant, and the applications can range from the detection of buried
land mines and improvised explosive devices to humans buried in avalanches or
earthquakes to hostiles behind walls. The main aim of this book is to bring
together in one volume the core information on a variety of electromagnetic
techniques that are useful in detecting such concealed targets. While much of
the information is available in a range of different publications, it is dispersed
and therefore less accessible by virtue of the disparate nature of many of the
sources. Baum [1] treated the topic with an emphasis on the identification of
targets by means of the analysis of target resonances and scattering behavior
with an emphasis on the lower RF frequencies. The author describes the
detection of buried objects using ground-penetrating techniques in Daniels [2]
and is grateful to the Institute of Engineering and Technology (IET) for
permission to use material from this reference to describe both the physics of
propagation in soils as well as antenna designs in this volume. Astanin and
Kostylev [3] consider the subject from the view of ultra-wideband radar;
however, their treatment is more applicable to operation at frequencies up to
a few tens of gigahertz.

The targets of interest may be targets buried in the ground, concealed in
building structures, hidden under clothing or within luggage, or may be
stowaways in vehicles, as well as victims of avalanches or earthquakes.
A variety of techniques may be used to examine potential targets or target
areas. Well-established techniques such as ionizing radiation (X rays), vapor
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detection, optical techniques, and thermal imaging are readily available and in
day-to-day use in airports and for maintaining security. However, they all have
limitations such as range, penetration, specificity; so there is a role for RF and
microwave/millimeter, and submillimeter-wave electromagnetic techniques for
the detection of concealed targets can offer performance in the areas where
conventional techniques struggle. Conversely, electromagnetic (EM) techniques
have limitations that, for example, preclude their use for detecting objects
concealed in metallic containers, submerged in saltwater, or in highly cluttered
situations. The emphasis of the book is in developing an understanding of
the factors that influence system performance and has been written from the
perspective of the equipment designer to aid in understanding where such
techniques can be applied successfully.

This book covers the following topics; radar systems and, in particular,
ultra-wideband radar, ground-penetrating radar, millimeter, submillimeter,
and terahertz imaging, and nonimaging systems, Doppler radar systems as
well as radiometric systems, and nuclear quadrupole resonance systems. The
key elements of the subject of electromagnetic techniques for the detection of
concealed targets are considered, and in general terms the interrelationship
between those topics in electromagnetism, system design, and signal processing
that define system performance.

A further aim of this book is to provide an introduction for the newcomer to
the field, as well as a useful source of further reading, information, and
references for the current practitioner. By necessity, this book provides a
snapshot of the field, and it is to be expected that further developments in
hardware and signal-processing techniques will incrementally improve the
performance and extent of applications. Note that the symbols i and j
are both used for the complex operator.

The author has been involved with the design and application of
the techniques associated with the detection of concealed targets and has
developed equipment to meet many of the applications. Successful development
and application is achieved from a sound understanding of the basic physics
coupled with a realistic assessment of the technology. Satisfactory performance
of the latter is achieved by close attention to the details of system design and
engineering. The significant advances in device performance at microwave
and millimeter wavelengths that have been achieved in the last decade has
enormously benefited the development of sensors, and the designer has a wealth
of choice in terms of component technology. This can only help to enable the
end user to detect targets that were once invisible.
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