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Preface

Wireless body area network (WBAN) technology is providing attractive new
possibilities in wearable communication considering increase in demand of con-
nectivity, information-centric users and the ever-evolving wireless world. From
applications in day-to-day activities and general well-being to specific domains
such as healthcare, telemedicine, defence, sports, entertainment, search, and rescue
emergency operations, WBANs form an integral part in enhancing quality of life.
The rising popularity of commercial wearable gadgets, such as fitness trackers and
smart watches which provide real-time information regarding various health stats,
enhanced detection, and sensing capabilities, has paved way for several research
advancements in the domain of wearable sensing technologies. The upcoming era
of Internet of Things (IoT) is revolutionizing the way gadgets connect with wear-
able devices being the key focus, operating in variable and dynamic environments
over short and long range. The future generation of wearable devices will be
compact, low cost, lightweight, efficient, low power, portable, and accessible,
provide flexibility of integration, and work with high data rates and high-quality
wireless connectivity.

Antenna is one of the key components of the WBAN which is integrated with
wearable gadgets and clothing to provide robust wireless connectivity between the
wearable devices suitable for a wide range of applications. Research and devel-
opment in the field of antennas and propagation for body-centric communication is
an upcoming area due to the miniaturization of devices, new fabrication tech-
nologies, advancement in material science, and availability of wide range of the
electromagnetic spectrum for operation of the wearable devices. They must effi-
ciently support various channels ranging from on-body communications to
off-body/body-to-body and even in-body implantable communications.

Antennas and radio wave propagation constitute the basic elements of the
wireless channel which determine the quality and the reliability of the wireless link
and hence have a great impact on the quality of service offered by a whole
system. Ultra-wideband (UWB) (3.6–10 GHz) and 60 GHz millimeter-wave
(mmWave) (57–64) GHz frequency bands are considered as attractive solutions
for future WBANs due to the high data rates, compact devices, and availability of
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wide bandwidth. Many research activities have been focused on the design and
development of wearable antennas and characterization of the body-centric prop-
agation channel which need to consider various challenges of working in proximity
with the human body, dynamic scenarios, and variable environments.

This book highlights the recent progress and state-of-the-art techniques in the
field of antennas for body-centric communication at UWB and 60 GHz mmWaves
frequencies. Work related to current trends, research aspects in wearable antenna
design, optimization of antenna parameters, and characterization and modelling
of the channel are reported for various types of body-centric links. Various appli-
cations have also been discussed such as localization and tracking of the human
subject, monitoring of physical activities using wearable technology. Radar-based
applications such as monitoring of vital sign parameters, tracking of human subject,
and medical imaging have also been reported. Finally, IoT applications and
machine learning approach have been described which aim to enhance the overall
performance in various domains such as healthcare systems, smart home, and smart
cities. This book will serve as a comprehensive resource for graduate students,
researchers, and professionals in academia as well as industry in the field of
antennas and propagation, microwave engineering, and wireless communication.

Chapter 1 introduces the wireless body area networks and gives an overview
of the applications, current and future technologies, and an outline of the antenna
and propagation aspects for wireless body-centric communication. The scope of the
book is also provided with a summary of the content of the chapters.

Chapter 2 describes various aspects of the on-body propagation from antenna
design to channel modelling in the UWB and mmWave frequency range. Key
features related to on-body antenna design and requirements, simulation and
phantom-based study, and body-centric channel characterization for static and
dynamic scenarios are reported.

Chapter 3 focuses on modelling and characterization of the off-body and
body-to-body propagation channels for UWB and mmWave frequency range.
Theoretical, numerical, simulation-based, and experimental investigations are
reported to understand the channel behaviour in the presence of the human subject.

Chapter 4 presents latest trends in wearable flexible antenna design covering
aspects such as fabrication techniques, substrate material selection, and novel
designs suitable for UWB and mmWave communication. Electromagnetic and
mechanical properties of such antennas are discussed for free space and on-body
scenarios.

Chapter 5 gives an overview of in-body and on-body antenna design and channel
characteristics of implantable UWB communication systems suitable for several
medical applications such as capsule endoscopy and vital body parameter
monitoring.

Chapter 6 gives an insight on the factors affecting the localization accuracy while
tracking a human subject in an indoor environment using simple and effective
techniques based on channel information and time of arrival localization
techniques.
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Chapter 7 presents work related to monitoring and assessment of physical
activities using channel information, gait movement, and joint angle estimation
during flexion/extension of limbs using wearable UWB technology.

Chapter 8 presents recent advances and state-of-the-art techniques related to
IR-UWB and mmWave radar system design, vital sign monitoring, detection, daily
activity monitoring, fall detection, sleep monitoring, gait analysis, and gesture
recognition.

Chapter 9 discusses various research studies based on UWB radar imaging for
medical and through-wall detection applications. Several antenna designs, devel-
opment of image reconstruction algorithms, and providing set-up details of the
complete microwave imaging systems are reported.

Chapter 10 presents an overview of the Internet of Things (IoT) and explores the
role of machine learning in enhancing overall performance with the focus on
healthcare applications. Various technologies and state-of-the-art techniques related
to compact antenna design for body-centric communication for IoT applications are
discussed in this chapter.

New Delhi, India Shiban Kishen Koul
Richa Bharadwaj
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