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Introduction

1.1 History of Wearable Technology

Earlier in history, it would take hundreds of years between breakthroughs such as eyeglasses
being developed in 1286 and the abacus ring being manufactured in 1600. Today, new wear-
able tech innovations happen on a monthly basis, if not weekly. In the last 10 years, we have
had the Google Glass, Fitbit, Oculus Rift, and countless others.

The Nuremberg egg manufactured in 1510 by Peter Henlein was one of the early portable
mechanical timekeeping devices (like a watch) which had a chain to hang over the neck.
An air-conditioned top hat was a wearable designed by a Victorian in the nineteenth cen-
tury. In 1890, a lighting company in New York used to send girls with wearable lights onto
the performance stage and to light up houses during ceremonies. In the1960s, the wear-
ers of roulette shoes, created by Edward Thorp and Claude Shannon, used to observe the
rotations of the roulette ball, tap the shoe accordingly, and then receive a vibration telling
them which number to bet on. In 1963, a small portable TV screen was worn as a glass. The
aviator Alberto Santos-Dumont pioneered the use of the wristwatch in 1904 as it allowed
him to have his hands free while flying. This also led people to start using wristwatches.
Calculator watches came onto market in 1975 and the first low-cost Walkman stereo was
offered by Sony in 1979. In the 1990s, interest in the Internet of Things (IoT) started to
rise. In December 1994, Steve Mann, a Canadian researcher, developed the wearable wire-
less Webcam. Despite its bulk, it paved the way for future IoT technologies. This required
advances in artificial intelligence, which started to flourish in the 2000s.

The Sony Walkman was a clear commercial success. The Walkman and subsequent Sony
Discman helped the company become an entertainment powerhouse. Over 400 million
Walkman portable music players have been sold with about 200 million of those being
cassette players.

However, not all products launched with a fanfare are destined for success. The com-
mercial potential of many wearable technologies introduced in recent years are not always
predictable or even achieved.

Fitbit filed for a $100 million initial public offering, but it now has to compete against
a plethora of other fitness trackers on the market. The Apple Watch was been launched
amidst a great deal of publicity, but it comes with no guarantees for Apple – a company that
needs a lot of new revenues on a product to move the needle. Finally, the creation of the
Oculus Rift virtual reality (VR) headsets could finally bring VR to the masses. The company
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2 1 Introduction

has already been bought by Facebook for over $2 billion. Garmin, as a global positioning
system (GPS), and Samsung Galaxy Gear, as a smart watch, are other popular wearables.

What is clear is that, based on the history of wearable technology, devices that move
the masses are far and between. The successes that do make it, however, can change the
world and generate chart-topping returns. Meanwhile, people’s needs change over time,
and include entertainment, activity, sport, and now most importantly health. This brings
wearables such as Quell to the market. When strapped on the body Quell predicts and
detects the onset of chronic pain and stimulates nerves to block pain signals to the brain.
Other wearables to measure blood alcohol content, athletic performance, blood sugar, heart
rate, and many other bioindicators rapidly came to the market as the desire for health mon-
itoring grew. This may become more demanding as the interest in personal medicine grows.

1.2 Introduction to BSN Technology

Wearable technology including sensors, sensor networks, and the associated devices has
opened its space in a variety of applications. Long-term, noninvasive, and nonintrusive
monitoring of the human body through collecting as much biometric data and state indi-
cators as possible is the major goal of healthcare wearable technology developers. Patients
suffering from diabetes need a simple noninvasive tool to monitor their blood sugar on an
hourly basis. Those suffering from seizure require the necessary instrumentation to alarm
them before any seizure onset to prevent them from fall injury. The stroke patients need
their heart rate recorded constantly. These are only a small number of examples which
show how crucial and necessary wearable healthcare systems can be.

At the Wearable Technology Conference in 2018, the winners of seven wearable device
producers were introduced. These winners include the best ones in Lifestyle with the objec-
tive of ‘play stress away’; Sports and Fitness for making a football performance device,
healthcare for developing a smart eyewear with assistive artificial intelligence capabilities
for the blind and visually impaired; Industrial for designing a unique smart and connected
industry 4.0 safety shoe; Smart Clothing Challenge for the nonintrusive acquisition of heart
signals that will enable pervasive health monitoring, emotional state assessment, drowsi-
ness detection, and identity recognition; Smart Lamp, which allows you to move the light
in any direction without moving the lamp; and Connected Living Challenge, for creating
accessories linking braintech with fashion design. Headpieces and earrings use electroen-
cephalography (EEG) technology, capturing and providing users with brain data, allowing
them to be conscious of their mental state in real time, for example for reducing anxiety and
depression or increasing focus or relaxation of the user [1]. This simple example together
with the above examples clearly show the diversity in applications of wearable technol-
ogy. The aim of this book is therefore to familiarise readers with sensors, connections,
signal processing tools and algorithms, electronics, communication systems, and network-
ing protocols as well as many applications of wearable devices for the monitoring of mental,
metabolic, physical, and physiological states of the human body.

Disease prevention, patient monitoring, and disable and elderly homecare have become
the major objectives for investment in social health and public wellbeing. According to the
World Health Organization (WHO), an ageing population is becoming a significant problem
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and degenerative brain diseases, such as dementia and depression, are increasingly seen in
people while a bad lifestyle is causing millions of people to suffer from obesity or chronic dis-
eases. It is thus reasonable to expect that this circumstance will only contribute to an ongo-
ing decline in the quality of services (QoSs) provided by an already overloaded healthcare
system [2]. A remote low-cost monitoring strategy, therefore, would significantly promote
social and clinical wellbeing. This can only be achieved if sufficient reliably recorded infor-
mation from the human body is available. Such information may be metabolic, biological,
physiological, behavioural, psychological, functional, or motion-related.

On the other hand, the development of mobile telephone systems since the early 1990s
and its improvement till now together with the availability of large size archiving and wide-
band communication channels significantly increase the chance of achieving the above
objectives without hospitalising the caretakers in hospitals and care units for a long time.
This may be considered a revolution in human welfare. More effective and efficient data col-
lection from the human body has therefore a tremendous impact and influence on health-
care and the technology involved. The state of a patient during rest, walking, working, and
sleeping can be well recognised if all the biomarkers of the physiological, biological, and
behavioural changes of human body can be measured and processed. This requirement
sparks the need for deployment of a multisensor and multimodal data collection system on
the body. A body sensor network (BSN) therefore is central to a complete solution for patient
monitoring and healthcare. Several key applications benefit from the advanced integration
of BSNs, often called body area networks (BANs), with the new mobile communication
technology [3, 4].

The main applications of BSNs are expected to appear in the healthcare domain, espe-
cially for the continuous monitoring and logging of vital parameters of elderly people or
patients suffering from degenerative diseases such as dementia or chronic diseases such as
diabetes, asthma, and heart attacks. As an example, a BAN network on a patient can alert
the hospital, even before they have a heart attack, through measuring changes in their vital
signs, or placing it on a diabetic patient could auto-inject insulin through a pump as soon
as their insulin level declines.

The IEEE 802.15 Task Group 6 (BAN) is developing a communication standard optimised
for reliable low-power devices and operation on, in, or around the human body (but not
limited to humans) to serve a variety of applications including medical, consumer electron-
ics/personal entertainment, and security [5]. This was approved on 22 July 2011 and the first
meeting of IEEE 802.15 wireless personal area network (WPAN) was held on 3 March 2017.

The BSN technology benefits from developments in various areas of sensors, automation,
communications, and more closely the vast advances in wired and wireless sensor networks
(WSNs) for short- and long-range communications and industrial control. For intercon-
necting multiple appliances, for example, some developed their own personal area network
(PAN). One was by Massachusetts Institute of Technology (MIT) which was later expanded
by Thomas G. Zimmerman to interconnect different body sensors and actuators to locate the
human through the measures performed by electric field sensors. He introduced the PAN
technology by exploiting the body as a conductor. Neil Gershenfeld, a physician at MIT, did
the major work on near-field coupling of the field and human body tissue for localisation
[6]. By fixing pairs of antennas on the body, for example around the elbow and hand, and
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applying an electric current through them, they showed that the system is capable of track-
ing the person. They learnt that as one moves a capacitance in their circuit is charged. So,
they can locate the antennas in places where there is maximum change in the movement
between them.

BSNs have their root within WSNs. Like many advanced technologies, the origin of WSNs
can be seen in military and heavy industrial applications. The first wireless network which
had some similarity with a modern WSN is the sound surveillance system (SOSUS), devel-
oped by the United States military in the 1950s to detect and track Soviet submarines.
This network used submerged acoustic sensors – hydrophones – distributed in the Atlantic
and Pacific oceans. This sensing technology is still in service, though for many different
objectives, from monitoring undersea wildlife to volcanic activity [7]. Echoing the invest-
ments made in the 1960s and 1970s to develop the hardware for today’s Internet, the United
States Defense Advanced Research Projects Agency (DARPA) started the Distributed Sen-
sor Network (DSN) programme in 1980 to formally explore the challenges in implementing
distributed WSNs. With the birth of DSN and its progression into academia through part-
nering universities such as Carnegie Mellon University and the MIT Lincoln Laboratory,
WSN technology soon found its place in academia and civilian scientific research.

Governments and universities eventually began using WSNs in applications such as air
quality monitoring, forest fire detection, natural disaster prevention, weather stations, and
structural monitoring. Then as engineering students made their way into the corporate
world of the technology giants of the day, such as IBM and Bell Labs, they began promoting
the use of WSNs in heavy industrial applications such as power distribution, wastewater
treatment, and specialised factory automation.

Although BSNs’ objective and technology have their own requirements, they owe their
birth and early development, particularly with regards to data communication, to the WSN
technologies, which enable fruitful use of permitted wireless communication features and
frequency range.

BSNs are also called wireless body area networks (WBANs) as often the transmission is
through wireless systems. In their current form, BSNs are wireless networks of wearable
devices with recording and some processing capabilities [4, 7–9]. Such devices may be
embedded inside the body, implants, surface-mounted on the body in fixed positions,
or carried in one way or another [10]. From its start of development, there have been
tremendous attempts in reducing the size and cost, and increasing the flexibility, of such
devices–particularly those with direct contact with the human body [11, 12]. The devel-
opment of BSN technology started in 1995 around the idea of using WPAN technologies to
implement communications on, near, and around the human body. Later in early 2000, the
term ‘BAN’ came to refer to the systems where communication is entirely within, on, and in
the immediate proximity of a human body [13, 14]. A WBAN further expands WPAN wire-
less technologies as gateways to reach longer ranges. Through gateway devices, it is possible
to connect wearable devices on the human body to the Internet. This allows medical profes-
sionals to access patient data online using the Internet independent of patient location [15].

BSNs have opened two important fronts in research and technology: one as a measuring
tool in health and the other as an integral part of the public network. Such networks have
tremendous applications in healthcare [16–18], sports, entertainment [19–21], industry, the
military, and surveillance [22], assistive technology [23], and interactive and collaborative
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computer games [24] and other social public fields [25–27]. In parallel with introducing and
supplying new sensors, embedding electronic circuits as well as mobile applications and
gadgets (Google glass, wristband, armband, headband, watch, and mobile with more biolog-
ical data recording capabilities), which can be conveniently mounted on human body, the
research and development in BSN technology continue apace. The key BSN applications,
stated above, benefit from the advanced integration of BANs and emerging wireless tech-
nologies. For example, in remote health/fitness monitoring, health and motion information
are monitored in real-time and delivered to nearby diagnostic or storage devices, through
which the data can be forwarded to off-site clinical unites for further inspection. In military
and sports training the motion sensors can be worn on both hands and elbows for tracking
the movement and accurate feature extraction of sports players’ movements. In interac-
tive gaming, body sensors enable players to simulate and perform actual body movements,
such as boxing and shooting, that can be fed back to the gaming console, thereby enhanc-
ing their entertainment experiences. Or for personal information sharing any private or
business information can be stored in body sensors for many daily life applications such as
shopping, activity monitoring, and information exchange. Finally, in secure authentication
both physiological and behavioural biometrics – such as facial patterns, fingerprints, and
iris recognition – can be restored and shared with authorities all over the world. In such
cases, potential problems, such as forgery and duplicability, have motivated investigations
into more and new physical/behavioural characteristics of the human body, by means of
other measurements, such as EEG, gait information, and multimodal biometric systems.

BSNs may also be considered a subset of WSN often used in various industrial applications
to monitor a large connected system. In many cases, however, each group of sensors, such as
those for an EEG, can be wired up to a central recording system, such as the EEG machine,
which can then be processed together. For BSNs the sensors often sample the physiological
and metabolic variables from human body. Using BSNs for health monitoring, the necessary
warning or alarming states for risk prevention can be generated and the diagnostic data for
long-term inspection by clinicians can be recorded and archived.

The main components of the BSN technology are sensors, data processing, data fusion,
machine learning, and low- and long-rage communication systems. Groups of researchers
in sensor design, microelectronics, integrated circuit fabrication, data processing, machine
learning, short- and long- range communications, security, data science, and computer net-
working, as well as clinicians, have to work together to design an efficient and usable BSN.

The advances in sensor technology, data analytics for large datasets, distributed systems,
new generation of communication systems, mobile technology, and cooperative networks
have opened a vast research platform in BSN as an emerging technology and an essen-
tial tool for the future development of ubiquitous healthcare monitoring systems [28].
Researchers should (i) enable seamless data transfer through standards such as Bluetooth,
ZigBee, or ultrawideband (UWB) Wi-Fi to promote information exchange and the effi-
ciency of migration across networks and uninterrupted connectivity, (ii) the sensors used
in an BSN should be of low complexity, small size lightweight, easy to use, reconfigurable,
and compatible with the existing tools and software, (iii) the transmission should be secure
and reliable, and (iv) the sensors should be convenient to use and ethically approved.

On the other hand, agile solutions for clinical problems require access to multimodal
physiological, biological, and metabolic data as well as those related to body motion,
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behaviour, mode, etc., which may be captured by cameras. The fusion of multimodal
information is itself a fascinating area of research within both computer science and
engineering communities.

Looking at the BSN with respect to WSN, WSNs have more general applications. For
example, they can be deployed to inaccessible environments, such as forests, sea vessels,
swamps, or mountains. In such cases, many redundant or spare nodes may be placed in the
environment, making more dense distribution of the sensors to avoid any negative impact
of node failures. In BSNs, however, the nodes are located in clinically more informative
zones around or even inside the human body. This makes the total number of nodes
limited, and generally rarely more than a few dozen. Each node is mounted properly to
ensure more robust and accurate results [29]. However, there are cases where the sensors
are movable and deployed for short duration recordings. An example of such sensors is
endoscopic capsules, also called esophagogastroduodenoscopy (EGD), for monitoring
human intestine and internal abdomen tissues.

Also, in terms of functionality attributes, the nodes in WSNs often record data of the same
modality (although, in recent applications, different modalities such as sound and video
have been taken into account by WSNs), whereas, in BSNs, various sensors collect different
physiological and biological data.

Some limitations in sensor design – such as their geometrical dimensions, weight, shape,
appearance, and size – may be less important for the WSN nodes than those of BSNs. Dif-
ferent sensor types are used in a BSN for recording various data types from the human body
[8]. For a WSN there may be large-size sensors which are very resistive to a rough and hos-
tile environment. In BSNs the nodes are supported by more robust electronic circuits which
are less sensitive to noise, such as well-tuned differential amplifiers, to enable the recording
of very low amplitude signals such as scalp EEG or surface electromyography (EMG). The
sensors are often small and delicate enough to be wearable, less intrusive, easily deployable
within the human body, and in many cases biocompatible [30].

There are other considerations and limitations for BSNs, for example in many applica-
tions the human body is in motion and the BSN nodes move accordingly. Also, unlike for
WSNs, where the nodes are powered by many sources such as the national grid, wind tur-
bine, and solar cells, for conventional BSNs, the consumable energy should be optimised
and batteries with limited power (though rechargeable) used [31, 32]. On the other hand,
with regards to data transmission, the nodes in a WSN often transfer the data with similar
rates as long as the data modality is the same. This is, however, not the case for a BSN, as
various sensors sample and transfer the data at rates appropriate to the underlying physio-
logical variables under examination.

Another concern about the data type in BSNs is that the human body is nonhomogeneous
and each part is modelled as an entirely nonlinear system. Also, the physiological signals
are inherently highly nonstationary, i.e. their statistical properties vary over time. There-
fore, accurate analysis of such data is significantly more challenging than for other types of
data, and many linear signal processing methods, therefore, are likely to fail to capture and
analyse the true features of the data.

Additionally, BSNs are generally meant for monitoring human physiological, biological,
and motion data, which are related to user’s personal safety and privacy as well as other
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ethical issues. Therefore, some means of QoS, privacy protection, integrity, prosperity, and
security in archiving and real-time data transmission must be considered [33, 34].

In terms of data communication through conventional wireless systems, WBANs sup-
port a variety of real-time health monitoring and consumer electronics applications. The
latest standardization of WBANs is the IEEE 802.15.6 standard [35] which aims to provide
an international standard for low-power, short-range, and extremely reliable wireless com-
munication within the surrounding area of the human body, supporting a vast range of
data rates for different applications. The security association in this standard includes four
elliptic curve-based key agreement protocols that are used for generating a master key.

The Federal Communications Commission (FCC) has approved the allocation of
40 MHz of spectrum bandwidth for medical BAN low-power, wide-area radio links at the
2360–2400 MHz band. This allows off-loading WBAN communication from the already
saturated standard Wi-Fi spectrum to a standard band [36].

Apart from 2390–2400 MHz band which is not subject to registration or coordination
and may be used in all areas including residential, the 2360–2390 MHz frequency range
is available on a secondary basis. The FCC will expand the existing Medical Device Radio-
communication (MedRadio) Service in Part 95 of its rules. WBAN devices using this band
can operate on a ‘licence-by-rule’ basis, which eliminates the need to apply for individual
transmitter licences. Usage of the 2360–2390 MHz frequencies is restricted to indoor oper-
ation at healthcare facilities and subject to registration and site approval by coordinators to
protect aeronautical telemetry primary usage [37].

1.3 BSN Architecture

The general architecture of a BSN is shown in Figure 1.1. Sensor nodes which are placed
around and possibly inside the body collect physiological data and perform preliminary
processing. The data are then gathered by a sink node and transmitted to a local PC or

EEG sensor

Blood pressure sensor
Temperature sensor

Sink node

EMG sensor

Pressure sensor

Sensors Base station

Accelerator,

gyroscope

ECG sensor

Respiration sensor

Visual sensor

Internet

Figure 1.1 Overall architecture of a BSN.
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mobile system for personal or local use (such as alarming) or the base station of a public
network to share with relevant bodies over the Internet. The recipient of the BSN data can
be healthcare units, social welfare, emergency units within hospitals, or other experts in
clinical, experimental, and sport departments. For any one of the above cases there are many
design and technical challenges to tackle.

A more detail architecture, which are discussed in the corresponding chapter of this book,
involves various levels and modes of communications between the body-mounted sensors
and the corresponding clinical or social agencies. Such data transfer systems inherently
include in-house or short-range media (approximately 2–3 m), often called intra-BAN com-
munication, between personal and public network (inter-BAN communication), and those
entirely within public wireless communication system (beyond-BAN communication).

Figure 1.2 summarises the main research areas of BSNs. Some research has been in
progress on how to design wearable sensors [38], fault diagnosis of the BSN and how
to mitigate the faults and avoid their impacts [39], energy consumption and energy
harvesting [40], and sensor deployment [41]. Without doubt, tremendous research in
signal processing – particularly on denoising [42], artefact removal, feature detection, data
decomposition, estimation, feature extraction [43], and data compression [44] – has been
carried out intensively for various applications. Such valuable experiences can be directly
exploited and integrated within the design of BSNs.

Data fusion, as another BSN direction of research, has been under vast development as
new techniques in multimodal data recording, analysis, and multiagent distributed systems
and networks have been introduced.

Moreover, machine learning techniques have powered up BSN research by developing
new techniques in clustering, classification [45], anomaly detection, and decision making
as well as many other approaches in big data analytics, to suit the corresponding data.
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Low-power design Sensor deployment
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Figure 1.2 Main research areas in a BSN.
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BSNs have been looked at through different angles by a growing number of scholars in
sensor technology, data processing, and communications. Some researchers have combined
situational awareness and data fusion technologies to enable human activity recognition
[46, 47]. Others have tried to understand the data by developing sophisticated signal pro-
cessing algorithms to deal with multichannel biomedical data [48, 49]. Indeed, the design
and provision of supercomputers, availability of large memory clusters, and accessibility of
the cloud have been crucial to the expansion of sensor networks. Moreover, new data pro-
cessing and machine learning methods based on tensor factorisation, cooperative learning,
graph theory, kernel-based classification, deep learning neural networks, and distributed
systems together with pervasive computing have revolutionised the assessment of the infor-
mation collected from multisensor networks, particularly when the dataset is large. Net-
work communication, on the other hand, involves network topology design [50], chan-
nel characterization [51], channel access control [52, 53], routing algorithm design [54],
lightweight communication protocols design, energy harvesting in a network, and many
other issues related to short- and long-range communications. These key technologies must
be considered and further developed for building a complete BSN system.

To enable long-term data collection from the human body, biocompatible sensors
and devices need to be designed. This field of research brings new areas of engineering
researchers in biotechnology, biomaterials, bioelectronics, and biomechanics together to
develop practical sensors.

The demand for a green environment pushes for the optimization of energy harvesting
and an effective solution to energy consumption together with enhancing the QoS. For
WSNs the plethora of battery technologies available today enables system designers to tai-
lor their energy storage devices to the needs of their applications. The latest lithium battery
technologies allow optimization for any operating lifetime or environment. For applications
with small temperature variation and short lifetime, lithium manganese dioxide (LiMnO2)
batteries provide solid performance at cost-effective prices, while applications demanding
large temperature ranges and multidecade lifetimes are satisfied with batteries based on
lithium thionyl chloride (LiSOCL2) chemistry [7].

While batteries represent the preferred low-cost energy storage technology, energy
harvesting/scavenging devices are beginning to emerge as viable battery replacements in
some applications. For example, power can be generated from temperature differences
through thermoelectric and pyroelectric effects, kinetic motion of piezoelectric materi-
als, photovoltaic cells that capture sunlight, or even the direct conversion of RF (radio
frequency) energy through specialised antennas and rectification. Examples of energy
scavenging/harvesting devices coming to market today include piezoelectric light, solar
batteries, and doorbell switches. Although the above technology can solve BSN problems,
further research is needed for designing biologically powered systems and biocompatible
batteries which can last longer while being attached to body internal tissues.

Finally, secure connections and data security are vital, particularly when personal infor-
mation is analysed or communicated. In parallel with increasing complexity in data hacking
algorithms, there is great demand for producing more sophisticated data encryption and
network security.

In dealing with BSNs, machine-centric and human-centric challenges confront
researchers. The machine-centric problems, as mentioned before, include security [55],
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compatibility or interoperability; sensor design and sensor validity; data consistency, as the
data residing on multiple mobile devices and wireless patient notes need to be collected
and analysed in a seamless fashion; interference; and data management [56, 57].

Besides hardware-centric challenges, human-centric challenges include cost, constant
monitoring, deployment constraints, and performance limitations [13, 58–61], which need
to be taken care of in any BSN design. After all, the wearable system should be acceptable,
convenient, and user friendly.

1.4 Layout of the Book

This monograph consists of 15 chapters and has been designed to cover all aspects of BSNs,
starting with human body measurable or recordable biomarkers. Chapter 2 is dedicated to
understanding these biomarkers, including physical, physiological, and biological measur-
able quantities. In Chapter 3, sensors, sensor classification, and the quantities measured
by different sensors are described. In this chapter, the structures of the sensors for the
applications listed in Chapter 2 are detailed. In Chapter 4, more popular and ambulatory
sensor systems used in clinical departments and intensive care units are discussed and some
examples of their recordings and analysis explained. This discussion continues in Chapter 5,
where sleep, as a specific state of human body, is analysed. This chapter includes discussion
of various sleep measurement modalities which are more popular and of interest today to
researchers. Chapter 6 covers the area of noninvasive, intrusive, and nonintrusive measure-
ment approaches. The objective of this chapter is to introduce the techniques and sensors
for nonintrusive or contactless monitoring of major human vital signs, such as breathing,
heart rate, and blood oxygen saturation level.

Next, Chapter 7, covers the important concept of gait analysis, recognition, and moni-
toring. The outcome of this study has a major application in assistive technology, rehabil-
itation, and assistive robotics. Chapter 8 brings together a wide range of techniques and
research approaches in health monitoring. These address the important daily assisted liv-
ing problems of disabled and older people, and patients with degenerative diseases, and the
solutions being currently researched. In Chapter 9 numerous machine learning techniques
used for both sensor networks and bioinformatics are explained. This chapter includes most
popular, advanced, and very recent machine learning methods for clustering, classification,
and feature learning. Support vector machines, reinforcement learning, and different deep
neural networks are also included in this chapter. Some examples of machine learning for
sensor networks conclude this chapter.

Signal processing techniques and their wide range of applications are covered in
Chapter 10. This long chapter explains useful approaches in time, frequency, and mul-
tidimensional spaces. Multiresolution analysis, synchro-squeezing wavelet transform,
and adaptive cooperative filtering are addressed. At the end of this chapter various
signal processing platforms established recently are reviewed. Chapter 11 is devoted to
communication systems for BSNs. Short-range communication methods, limitations, and
barriers; problems with communication channels and their modelling; linking between
body and public networks; and routing methods for BSNs are extensively explained in
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this chapter. The important topic of energy harvesting for sensor networks is covered in
Chapter 12. Advanced techniques in harvesting kinetic, radiant, thermal, chemical, and
biochemical energy are explored. At the end of this chapter, topology control and energy
prediction, two hot research topics, are introduced.

Chapter 13 covers a wide range of studies of and practical approaches to solving infor-
mation and network security problems. In addition to general security and privacy preserv-
ing techniques, some problems related to patient and clinical data and their importance
are discussed in this chapter. QoS, as the major requirement for BSNs are emphasised in
this chapter. In Chapter 14 various hardware and software platforms for developing sensor
networks currently employed for BSN design are discussed and some practical examples
reviewed. Finally, in Chapter 15, the book is summarised, the main topics highlighted, and
some suggestions for future research in BSN proposed.
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