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CBM370 WEARABLE DEVICES
OBJECTIVES:

The student should be made to:
[1 To know the hardware requirement of wearable systems

(1 To understand the communication and security aspects in the wearable devices
[1 To know the applications of wearable devices in the field of medicine

UNIT I INTRODUCTION TO WEARABLE SYSTEMS AND SENSORS

Wearable Systems- Introduction, Need for Wearable Systems, Drawbacks of Conventional
Systems for Wearable Monitoring, Applications of Wearable Systems, Types of Wearable
Systems, Components of wearable Systems. Sensors for wearable systems-Inertia movement
sensors, Respiration activity sensor, Inductive plethysmography, Impedance plethysmography,
pneumography, Wearable ground reaction force sensor.

UNIT Il SIGNAL PROCESSING AND ENERGY HARVESTING FOR WEARABLE
DEVICES

Wearability issues -physical shape and placement of sensor, Technical challenges - sensor design,
signal acquisition, sampling frequency for reduced energy consumption, Rejection of irrelevant
information. Power Requirements- Solar cell, Vibration based, Thermal based, Human body as a
heat source for power generation, Hybrid thermoelectric photovoltaic energy harvests,
Thermopiles.

UNIT 11l WIRELESS HEALTH SYSTEMS

Need for wireless monitoring, Definition of Body area network, BAN and Healthcare, Technical
Challenges- System security and reliability, BAN Architecture — Introduction, Wireless
communication Techniques.

UNIT IV SMART TEXTILE

Introduction to smart textile- Passive smart textile, active smart textile. Fabrication Techniques-
Conductive Fibres, Treated Conductive Fibres, Conductive Fabrics, Conductive Inks.Case study-
smart fabric for monitoring biological parameters - ECG, respiration.

UNIT V APPLICATIONS OF WEARABLE SYSTEM

Medical Diagnostics, Medical Monitoring-Patients with chronic disease, Hospital patients, Elderly
patients, neural recording, Gait analysis, Sports Medicine.



CBM370 WEARABLE DEVICES

UNIT1 INTRODUCTION TO WEARABLE SYSTEMS AND SENSORS

Wearable Systems- Introduction, Need for Wearable Systems, Drawbacks of Conventional Systems for
Wearable Monitoring, Applications of Wearable Systems, Types of Wearable Systems, Components of
wearable Systems. Sensors for wearable systems-Inertia movement sensors, Respiration activity sensor,
Inductive plethysmography, Impedance plethysmography, pneumography, Wearable ground reaction
force sensor.

UNIT II SIGNAL PROCESSING AND ENERGY HARVESTING FOR WEARABLE
DEVICES

Wearability issues -physical shape and placement of sensor, Technical challenges - sensor design, signal
acquisition, sampling frequency for reduced energy consumption, Rejection of irrelevant information.
Power Requirements- Solar cell, Vibration based, Thermal based, Human body as a heat source for
power generation, Hybrid thermoelectric photovoltaic energy harvests, Thermopiles.

UNIT III WIRELESS HEALTH SYSTEMS

Need for wireless monitoring, Definition of Body area network, BAN and Healthcare, Technical
Challenges- System security and reliability, BAN Architecture — Introduction, Wireless communication
Techniques.

UNIT IV SMART TEXTILE

Introduction to smart textile- Passive smart textile, active smart textile. Fabrication Techniques-
Conductive Fibres, Treated Conductive Fibres, Conductive Fabrics, Conductive Inks.Case study- smart
fabric for monitoring biological parameters - ECG, respiration.

UNIT V APPLICATIONS OF WEARABLE SYSTEMS

Medical Diagnostics, Medical Monitoring-Patients with chronic disease, Hospital patients, Elderly
patients, neural recording, Gait analysis, Sports Medicine.

TOTAL PERIODS: 45

TEXT BOOKS

1. Annalisa Bonfiglo and Danilo De Rossi, Wearable Monitoring Systems, Springer, 2011

2. Zhang and Yuan-Ting, Wearable Medical Sensors and Systems,Springer, 2013

3. Edward Sazonov and Micheal R Neuman, Wearable Sensors: Fundamentals, Implementation and
Applications, Elsevier, 2014

4, Mehmet R. Yuce and JamilY.Khan, Wireless Body Area Networks Technology, Implementation
applications,Pan Stanford Publishing Pte.Ltd, Singapore, 2012
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UNIT IV
SMART TEXTILE
Introduction to Smart Textile

Smart textiles are one of the areas that provides added value to textile materials. It is a
sector that has been developed with new technologies, new fibers, and textile materials. The
production of smart or intelligent textiles cooperate with other branches of science like
nanotechnology, materials science, design, electronics, and computer engineering, etc. Smart
textiles are classified into three groups as passive smart textiles, active smart textiles and ultra
smart textiles according to their performance characteristics. Passive smart textiles are the first
generation of smart textiles and sense the external conditions; for instance, UV protecting
clothing, conductive fibers, etc. As active smart textiles respond to external conditions, ultra
smart textiles sense, react, and adopt themselves to conditions. Shape memory materials, chromic
materials, heat storage, and thermo-regulated fabrics are the typical applications of active smart
textiles.

Textiles, with the basic characteristics of clothing, protection, and esthetics, are the
indispensable part of our lives, but in recent years with the development of technology and the
variation of requirements, the demand to smart materials and intelligent textiles grows
increasingly all over the world. In other words, technology has also taken control of textile
industry. Smart textiles have superior performance and functionalities for the applications
ranging from simple to more complicated uses such as military, healthcare, sportswear, etc.

Smart or intelligent textiles can also be called as the next-generation textiles.

PASSIVE SMART TEXTILES:

When you hear the word smart, you probably think of items that are wifi-enabled. This might be
a television or even a lightbulb. But smart technology doesn’t always need an internet
connection.

Passive smart textiles are a good example of this. These fabrics have functions beyond what you
would normally expect clothing to do. However, they do not use electronics or internet
connection at all.

This also means that these fabrics don’t contain sensors or wires. They do not need to change
because of the conditions around them. All you need to do is wear a piece of clothing made with

a passive smart textile and know that it is working.



A passive smart textile’s functions are going to be much simpler than those of an active smart
textile. This is because the state of the fabric will never actually change. There are no electronics
involved in these fabrics whatsoever.

This means that all of its functions will allow it to remain in a static state the entire time it’s
worn.

On the topic of static, preventing static cling is one function that passive smart textiles can have.
There’s nothing more frustrating than pulling laundry out of the dryer to find out it’s all stuck
together by static cling. Anti-static textiles can help reduce this effect.

You might also have anti-microbial textiles. These fabrics aim to reduce how often you get sick

by preventing viruses and bacteria from remaining on your clothes. This helps promote the
health and well-being of the wearer.

Another way to promote health and well-being is by protecting yourself from harmful UV rays.
This can help prevent sunburns and skin cancer. And this is also a function that passive smart

textiles can have.

ACTIVE SMART TEXTILES:

On the other hand, active smart textiles are closer to what you probably think of when you talk
about smart technology. These fabrics will actually change to adjust the conditions of the wearer.
Some can even connect to apps and computer software.

In other words, these fabrics actively do something to make the wearer’s life more comfortable
or convenient, rather than the fabric itself being what makes it smart as a passive smart textile
does.

The applications of active smart textiles can be much more varied. This is because there are

many different ways that these fabrics can be changed and adjusted.

First of all, the healthcare industry may find some of these fabrics useful. Smart textiles can
monitor a patient’s heart rate, for example. This can alert nurses to any potential problems earlier
enough to help.

The military can also use some of these fabrics. They can use wires integrated into the fabric to
transport data from one place to another quickly. This means that military strategies can be
updated in real-time.

They can also be used for disaster relief. Some of these textiles can be used as power sources for
housing during natural disasters. This means that no matter what happens, people will have a

warm place to stay.


https://www.vox.com/the-goods/21514950/antimicrobial-diesel-kill-coronavirus-jeans-fabrics
https://www.delltechnologies.com/en-us/perspectives/how-smart-clothing-can-help-manage-your-health/

Finally, these fabrics can also be connected to the internet. This can help tell you all sorts of
things like heart rate and blood pressure right on your smartphone. But it can also be used for fun

activities, such as gaming.

FABRICATION TECHNIQUES:
DEFINITION
The selection of fabrics for the style or line of garments. The same style is frequently produced

in more than one fabric.

Figure 1 Fabrication process flowchart

Design / Sketch:

In the garment manufacturing the first step is designing the sketch for the dresses that
have to be prepared. For this purpose the designer first draw several rough sketches in the sketch
book. The designer also draws working drawings along with the sketch. Working drawings are
flat drawing of the sketch and it help pattern maker in understanding the patterns involved in the
construction.

Pattern Design:

The pattern maker now develop first pattern for the designing any one standard size. This

is made by pattern drafting method and the purpose of making this pattern is to create the sample

garment for test fit.


https://textechdip.files.wordpress.com/2011/08/untitled12.jpg

Sample Making:
The first patterns are sent to the sewing unit for assembling them into garment. This sample is
constructed to analyze the pattern fit and design too. If any changes have to be made they are
made at this time.

Production Pattern:

The pattern design is now taken for creating the production patterns. The production pattern is
one which will be used for huge production of garments. The pattern maker makes the patterns
on standard pattern making paper. Garment patterns can be constructed by two means: manual
method, CAD/CAM method.

Grading:

The purpose of grading is to create patterns in different standard sizes. Grading a pattern is really
scaling a pattern up or down in order to adjust it for multiple sizes. Pattern sizes can be large,
medium and small or else there are standard patterns of size 10, 12, 14, 16 and so on for different
figure and statures sizes. This is generally how we get S M L XL XXL sizing. Pattern grading by
manual method is a cumbersome task because the grader has to alter the pattern on each and
every point from armhole, to neckline, sleeve cap and wrist by using CAD it is much easier and

faster.

Marker Making:

The measuring department determines the fabric yardage needed for each style and size
of garment. Computer software helps the technicians create the optimum fabric layout to suggest
so fabric can be used efficiently. Markers, made in accordance to the patterns are attached to the
fabric with the help of adhesive stripping or staples. Markers are laid in such a way so that
minimum possible fabric gets wasted during cutting operation. After marking the garment
manufacturer will get the idea of how much fabric he has to order in advance for the construction

of garments. Therefore careful execution is important in this step.

Spreading:

With the help of spreading machines, fabric is stacked on one another in reaches.
Cutting:

The fabric is then cut with the help of cloth cutting machines suitable for the type of the
cloth.


https://textechdip.files.wordpress.com/2011/08/prduction.jpg
https://textechdip.files.wordpress.com/2011/08/garding.jpg

Bundling:

This step requires much precision because making bundles of mismatched patterns can
create severe problems. On each bundle there are specifications of the style size and the marker
too is attached with it.

Sewing:

The sewing process is a sewing different parts of the cut pieces. In this workplace, there
are many operators who perform a single operation. One operator may make only straight seams,
while another may make sleeve insets. Yet another two operators can sew the waist seams, and
make buttonholes. All these factors decide what parts of a garment can be sewn at that station.
Finally, the sewn parts of the garment, such as sleeves or pant legs, are assembled together to

give the final form to the clothing.

Inspection:
During this process of the quality control ,the section needs to check each prepared article
against defects such as open seams, wrong stitching techniques, non- matching threads, and

missing stitches.

Finishing:

The next operations are those of finishing. Molding may be done to change the finished
surface of the garment by applying pressure, heat, moisture, or certain other combination.
Pressing, pleating and creasing are the basic molding processes. Creasing is mostly done before

other finishing processes like that of stitching a cuff.

Final Inspection:

For the textile and apparel industry, product quality is calculated in terms of quality and
standard of fibers, yarns, fabric construction, color fastness, designs and the final finished
garments. Quality control in terms of garment manufacturing, pre-sales and posts sales service,

delivery, pricing, etc are essential for any garment manufacturer, trader or exporter.

Packing:
The finished garments are finally sorted on the basis of design and size and packed to

send for distribution to the retail outlets.


https://textechdip.files.wordpress.com/2011/08/inspectn.jpg

CONCLUSION:

In this fabrication process, there are a lot of software used in order to easier the garment
production. The software mainly use in large manufacture because they produce a mass
production garment. Below is a list of software

CAD System such as Textile Design Systems

= Digitizing System for apparel industry such as Lectra

= Grading System such as Gerber

= Marker making System such as OptiTex

CONDUCTIVE FIBRES:

Electrically conductive fibres can be divided into two main categories. These include
intrinsically conductive fibres made from materials that are naturally conductive, and
extrinsically conductive fibres that obtain electrical properties from the incorporation of
conductive components to the base material. Intrinsically conductive fibres include those made
from materials such as metals or carbon fibres. Intrinsically conductive polymers such as PANI
or PPY are also suitable for fibre production. However, these are only available on the market in
very small quantities and do not yet play a significant role due to their high price and
simultaneously low or rapidly decreasing conductivity. Classical polymer fibres are electrical
insulators. The category of extrinsically conductive fibres includes polymer fibres that are
functionalised with conductive particles or coated with conductive materials. Silver-coated fibres
such as Statex Shieldex have established themselves on the market and offer good electrical
properties. The disadvantage of these coatings, however, is their proneness to abrasion and other
wear phenomena typical for textiles). An alternative is the addition of conductive particles such
as carbon nanotubes (CNTSs), carbon blacks (CB), or graphene to the base polymer before it is
spun into fibres. This approach promises higher resistance to mechanical wear, but yields only
comparatively low conductivity.

Electrically conductive fibres can be integrated into various textile structures. Knitting,
embroidery, and weaving are among the classic integration methods. To ensure a successful
processing, particular design constraints and requirements are placed on the integration methods
as well as on the conductive fibres. Depending on the application, the conductive yarns require
special arrangements to provide sensing capabilities or maintain connectivity. The fibres to be
integrated must meet process-specific requirements for bending radii, tensile strength,
elongation, and surface resistance. In addition to the requirements for mechanical properties, the

surface of the conductive fibres must also be coated with an insulating layer, depending on the



application. The integration of electrically conductive fibres enables a variety of different
applications in the field of smart textiles, whether as sensors for the monitoring of vital
parameters, for the heating of outdoor clothing, or as control elements for external hardware.

a) b)

Conductive
Insulating Fibre
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< ' =

Appled Pressure

Conductive
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A) Conductive biocomponent fibre with an insulating shell
B) Working principle of a sensor based on applied pressure

TREATED CONDUCTIVE FIBRES:

Various textile fibers in yarn forms were treated with aniline at different oxidative
polymerization conditions to improve their electrical conductivities. In addition to the
measurement of the electrical resistance, surface texture and fiber cross-sections were examined
by an optical and a scanning electron microscope. Attenuated total reflection infra-red
spectroscopy was used to detect the formation of polyaniline on the surface of fibers. An attempt
was made to correlate the perceived colour of the treated samples via visible light reflection
spectroscopy with electrical resistance. At proper condition of treatment, polyaniline formed on
the surface of fibers improve the yarns conductivity. The decreases of electrical resistance in
nylon. cotton and acrylics were found to be more than polyester and wool yarns. The changes in
the mechanical properties of yarns after treatment were insignificant. The stability of different

coating processes of polyaniline on the surface of cotton and acrylic yarns were compared.

CONDUCTIVE FABRICS:

Conductive fibres/yarns can be produced in filament or staple lengths and can be spun
with traditional non-conductive fibres to create yarns that possess varying degrees of
conductivity. Also, conductive yarns can be created by wrapping a non-conductive yarn with
metallic copper, silver or gold foil and be used to produce electrically conductive textiles.

Conductive threads are typically finer and stronger than conductive yarns, with controlled
conductivity through the placement of stitches. Conductive threads can be sewn to develop
intelligent electronic textiles. Through processes such as electrodeless plating, evaporative

deposition, sputtering, coating with a conductive polymer, filling or loading fibres and
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https://www.sciencedirect.com/topics/engineering/silver
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carbonising, a conductive coating can be applied to the surface of fibres, yarns or fabrics.
Electrodeless plating produces a uniform conductive coating, but is expensive. Evaporative
deposition can produce a wide range of thicknesses of coating for varying levels of conductivity.
Sputtering can achieve a uniform coating with good adhesion. Textiles coated with a conductive
polymer, such as PAn and PPy, are more conductive than metal and have good adhesion, but are
difficult to process using conventional methods.

Adding metals to traditional printing inks creates conductive inks that can be printed onto
various substrates to create electrically active patterns. The printed circuits on flexible textiles
result in improvements in durability, reliability and circuit speeds and in a reduction in the size
of the circuits. The inks withstand bending and laundering without losing conductivity.

Currently, digital printing technologies promote the application of conductive inks on textiles.

CONDUCTIVE INK:
METALLIC PARTICLE INK:

Conductive ink is the most important component in printing of metallic structures.
Several conductive materials could be considered for this purpose, such as conductive polymers,
carbon, organic/metallic compounds, metal precursors and metal NPs. Most conductive inks are
based on metal NPs. The reason for that is that their resistivity is close to that of bulk material
(x2-3 times higher) as opposed to conductive polymers whose resistivity is higher. On the other
hand, the use of organic/metallic compounds or metal precursors requires an additional heat
treatment (>250°C) to reduce the precursors to metallic species. Fig. 3.5 shows the basic concept
of preparation of metal NP. The particles (Fig. A) are inserted into a solvent at a certain loading
ratio to provide the wanted viscosity. It results in a liquid solution, called the “the metal ink,”
with the nanoparticles in suspension (Fig. B). Fig. C shows an HR-SEM image of silver ink
(from PVnanocell Ltd) after drying of the ink. Typical average size of the particle varies between

10 and 100 nm depending on the synthesis method.
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Figure (A) Basic concept to explain metal ink preparation concept, (B) Silver NP ink in a

small vial, and (C) HR-SEM of particle after evaporation of the solvent.
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SILVER-BASED CONDUCTIVE INKS:

Silver-based conductive inks are mainly classified into two types: granular conductive
inks and conductive inks without particles. For the granular conductive inks, the nozzle is often
clogged when using inkjet printing, since the nanosilver particles are prone to agglomeration. In
order to prevent agglomeration of the silver particles, it is necessary to add a polymer as the
dispersion stabilizer. But it increases the content of the nonconductive substance in the silver
conductive film, which is not advantageous to obtain a silver film with high conductivity. In
addition, the addition of the dispersing agents cannot fundamentally solve nozzle clog. Therefore
conductive inks without particles begin to draw attention. The conductive inks without particles
are prepared through mixing a silver-containing precursor compound and some weak reductants.
Some conditioning agent is then added to adjust the viscosity and surface tension. The aim is to
finally obtain a conductive ink suitable for printing. In order to print on the flexible materials, it
is required that the sintering temperature of the conductive ink should be as low as possible while
having high conductivity. Silver citrate and silver carbonate are selected as the mixed metal
precursor reactant to prepare conductive inks without particles. It allows the material to be
printed and sintered on a flexible substrate which cannot bear high temperature to obtain a silver
film with good conductivity.

CASE STUDY- SMART FABRIC FOR MONITORING BIOLOGICAL PARAMETERS:
ECG:

Smart clothing that can measure electrocardiogram (ECG) signals and monitor the health
status of people meets the needs of our increasingly aging society. However, the conventional
measurement of ECG signals is complicated and its electrodes can cause irritation to the skin,
which makes the conventional measurement method unsuitable for applications in smart
clothing.

As a wearable measurement device, a basic requirement is that the device should be put

on a human body without affecting human activities such as working, exercise, and rest.

Internet

\\'W X\'i}"i

Cellular network

Bluetooth :
L @User

Smartphone —_— -
Smart clothing PCteriifial.  Doctor

Fig 1 Wearable ECG measurement architecture based on smart clothing.
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The system mainly consists of three subsystems: smart clothing, smartphone, and PC
terminal. The three subsystems are connected together by some wireless communication
technologies, such as WiFi, Bluetooth, cellular network, and Internet.

Some electrodes must be integrated with the smart clothing in order to measure ECG
signals on the surface of the human body. These electrodes, made by conductive textile
materials, should be soft and washable and should cause no irritation to the human skin,
otherwise people will feel uncomfortable when wearing this kind of clothing and will not want to
wear it again. Then, because the smart clothing is worn by a user in daily life to record the ECG
signals for a long time, the numbers of the wearable electrodes on the smart clothing should be
decreased in order that the electrodes have no effect on the users' daily life and work. And
finally, the wearable electrodes should measure the ECG signals reliably.

Therefore only three ECG textile electrodes, made by silver-coated nylon yarns, shown as
three circles and marked as numbers 1, 2, and 3 in Figure 1, are knitted into the fabric. The No. 1
and No. 2 electrodes are used to record the ECG signals on the body surface, while the No. 3
electrode fixed in the specific position on the user's body is used to obtain a reference potential
that will help to reduce the common-mode interference between the two ECG signals. There is
also a rectangle on the smart clothing marked as number 4 in Figure 1. It is a signal receiver that
connects to the three ECG electrodes by conductive textile yarns, and it can transmit the ECG
signals acquired to a smartphone. The block diagram of the signal receiver is described in Figure
2.

|
@—L Amplifier — Filter 4 MCU  — Bluetooth

Block diagram of signal receiver.

The signal receiver is designed based on an embedded system technology. Its
components include a differential amplifier, a bandpass filter, a Microcontroller Unit (MCU),
and a Bluetooth module. The differential amplifier can suppress the common-mode noise and
amplify the ECG voltage from the textile electrodes. The bandpass filter has the frequency range

of 0.04 Hz to 150 Hz and is aimed at removing baseline drifts and power line harmonics in the


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7201832/figure/fig1/
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7201832/figure/fig2/
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ECG signals. And the MCU can reconstruct the ECG signals and then transmit the signals to a
smartphone by Bluetooth. The signal receiver is powered by the minibutton battery.

The smartphone based on the 10S or Android operating systems will act as a portable
device. When some special App programs designed for the processing of ECG signals are
installed on the smartphone, the smartphone can display the ECG signals in real time for the user
of the smart clothing, which allows the user to know his/her heart parameters anytime and
anywhere. Moreover, the smartphone can immediately transmit the ECG signals received from
the smart clothing to a remote PC terminal through WiFi or cellular network.

The PC terminal, however, can store large amounts of ECG signals transmitted from the
smartphone for a long time. Some special programs are also designed and installed on the PC
terminal in order for local or remote doctors to accurately diagnose the user's health status.

RESPIRATION:

The smart textile for monitoring several temporal respiratory parameters (ie, breath-by-
breath respiratory period, breathing frequency, duration of inspiratory and expiratory phases),
volume variations of the whole chest wall and of its compartments is performed on 8 healthy
male volunteers. Values gathered by the textile are compared to the data obtained by a motion
analysis system, used as the reference instrument. Good agreement between the 2 systems on
both respiratory period (bias of 0.01 seconds), breathing frequency (bias of -0.02 breaths/min)
and tidal volume (bias of 0.09 L) values is demonstrated. Smart textile shows good performance

in the monitoring of thoraco-abdominal pattern and its variation, as well.



UNIT V
APPLICATIONS OF WEARABLE SYSTEMS

MEDICAL DIAGNOSTICS:

The diagnostic wearable medical devices market is the growing demand for early
diagnosis and preventive medicine. Diagnostic wearable devices enable individuals to obtain
real-time data, thus allowing them to track their health status. These devices include biosensing
clothing, vital signs monitors, neuromonitoring devices, sensor-embedded equipment, wristband
devices for sports and fitness, and sleep rate monitoring devices. Wearable devices help people
monitor and track calorie intake, fitness level, and sleep patterns. Wearable devices also help
individuals in the early diagnosis of any chronic diseases.

However, data privacy issues will be a major challenge for the diagnostic wearable
medical devices market during the forecast period. The implications of giving up one's health
data are huge. These devices share an enormous amount of data associated with personal health
and fitness to an unquantifiable audience. Most of the wearable devices are small but they are
capable of storing a large amount of data. The small size of these devices implies that the chance
of losing or misplacing the data is high. Furthermore, wearable devices use a Global positioning
system (GPS)do to retrieve location-based information. In some instances, people have to share
their location to obtain certain information. This information can be saved and used by
advertisers as well. Besides, the data of a subscriber's location is owned and controlled by the
respective network operators, including mobile carriers and mobile content providers. With
operators having such information, end-users are concerned about their privacy, despite legal
frameworks to safeguard it.

DIAGNOSTIC WEARABLE MEDICAL DEVICES:
e Device
o Vital Signs Monitors
o Sleep And Activity Monitors
o Fetal And Obstetric Monitoring Devices
o Neuromonitoring Devices
o ECG Monitors
e Application
o Home Healthcare

o Sports And Fitness



o Remote Patient Monitoring

MEDICAL MONITORING:

The combination of an ageing population and the increase in chronic disease has greatly
escalated health costs. It has been estimated that up to 75% of healthcare spending is on chronic
disease management (mainly cardiovascular disease, cancer, diabetes and obesity) (World Health
Organization 2010). It is now widely recognized that there is a need to radically change the
present Healthcare systems, historically based on costly hospital-centred acute care, and make
them more appropriate for the continuous home-based management of chronic diseases. The
goals of the new approach are the improved management of the chronic disease through
encouraging lifestyle changes and the effective early detection and treatment of any problem
before it necessitates costly emergency intervention.

The most recent European technology and innovation funding programme initiative using
such an approach is termed Ambient Assisted Living (AAL). AAL aims to prolong the time
people can live in a decent more independent way by increasing their autonomy and self-
confidence by improved monitoring and care of the elderly or ill person while ultimately saving
resources.

The main objective is to develop a wearable light device able to measure specific vital
signs of the elder or ill person, to detect falls and to communicate autonomously in real time with
his/her caregiver in case of an emergency, wherever they are. There is, therefore, an urgent need
of novel monitoring systems, which include new sensor technologies, mobile technologies,
embedded systems, wearable systems, ambient intelligence, etc., which are capable of
conveniently, discreetly and robustly monitoring patients in their homes and while performing

their daily activities without interfering significantly with their comfort or lifestyle

It is often vital to monitor in an ambulatory situation the following parameters: Heart
activity (ECG, heart rate, blood pressure, pulse); Lung activity (respiration rate, respiration
depth, tidal volume, oxygen saturation); Brain activity (EEG, vigilance, relaxation); Digestion
(gastric emptying); Emotions and stress levels; Body characteristics (temperature, posture,
position, activity), etc. Some of these parameters are already catered for to some degree, e.g.
Holter systems for Cardiac activity have been widely used for many years and, as a result, have
greatly increased understanding of heart disease and have led to significant improvements in
patient care. Other important physiological functions have not benefited to the same degree due

to the difficulties in obtaining accurate measurements outside of a laboratory, for example for



assessing breathing or stress. One apparent area for application of this new technology is the
monitoring of breathing patterns over extended periods in the study of respiratory disorders such
as chronic obstructive pulmonary disease, pulmonary emphysema, restrictive lung disease, or
asthma. Hitherto unexplored parameters should therefore not be ignored by scientists; however,
the situation is something of a “catch 22.” If the sensor systems do not as yet exist, there is often
little clinical demand for them until they do and their relevance established by a pioneer. The
design and relevance of wearable sensing systems will depend on, and will determine, the

ambulatory monitoring applications.

“Holter-Type” Monitoring:

In many clinical areas, it is important to record measurements on patients over extended
periods (generally for a maximum of a few days) as the patient goes about their every-day-life to
accurately diagnose their condition. Again, the ECG Holter monitor would be the best known
example. Often symptoms do not present themselves “on cue” in the doctor’s surgery and hence
the need for ambulatory monitoring, for example to detect periodic arrhythmias, to detect the
location of an epileptic focus, or to study breathing difficulties. Such continuous recording
furnishes clinicians with a much clearer picture than the occasional “snapshot™ collected during a
patient visit. Multi-parametric continuous ambulatory monitoring helps quantify the number of
events, differentiate between several possible causes and helps identify any contributing factors
such as stress, sleep, food, medications, activity, etc. For example, emotions and stress can affect
a wide range of conditions and hence the concurrent monitoring of the former helps assess their
contributions much more effectively than the usual patient diaries or retrospective reports. [An
additional advantage of unobtrusive ambulatory monitoring systems is the avoidance of the well
known “white coat” syndrome in which patients exhibit elevated blood pressures in clinical
settings due to their increased anxiety in a clinic environment.] Multi-parametric monitoring
which includes measures of posture and activity also help identify and possibly compensate for
the effects of movement-induced artefacts on the other parametric traces. In “Holter-type”
diagnostic recording applications, it is not always necessary to transmit the monitored data
continuously to a remote monitoring station. Often the recorded data is accessed at the end of the

recording period and/or transmitted periodically.



“Post-Intervention” Monitoring:

In post-intervention monitoring, such as that of a heart attack victim recovering in a
coronary care unit, there is a role for “Holter-type” monitoring systems to progressively “un-
tether” the patient from their bed and to encourage them to take part in some closely monitored
movement and recreation for their physical and mental well-being. In such applications, the
sensors will be accurately applied by clinical staff and the parameters monitored continuously.
Such monitors are vital in assessing the efficacy of on-going treatment and in the planning of
subsequent medication/treatment. As patients heal, there is a continued need for their monitoring
as they gradually re-integrate into normal everyday life. As they do, the design of the monitoring
systems, the sensors and positions used and the handling of the data will alter. As part of their
rehabilitation, cardiac patients, for example, are encouraged to exercise while still in hospital or
later on an out-patient basis. Patients are generally wary of doing so due to the fear of having a
further heart attack. Apart from the use of stationary treadmills and exercise bikes, many exercise
regimes do not lend themselves to the continuous monitoring of patients and there is therefore a
need of ambulatory monitoring systems, if only to reassure the patient. The design of such
systems would more optimally be in the form of a suitable wearable “smart garment” or “smart
patch” (see next section). It would be preferable, given the vulnerability of the patient, that the
measured data be monitored continuously; either remotely by a member of clinical staff or

through onboard data processing coupled with the capability of alerting supervising staff.

“On-Demand” Monitoring:

As patients recover and return home, they may still require medical assessment of their
condition from time to time. The same applies to those diagnosed with chronic diseases or
perhaps to the “worried well” with a significant family history of a serious disease. In some
cases, “continuous” measurement may be required, for example in the continuous measurement
and control of glucose concentrations in diabetics, enabling the provision of better adjustment of
insulin dosage. In this case, however, a clinician does not need to be involved, or at least only on
an intermittent basis. Regular checks can be arranged with a patient’s general practitioner or,
more conveniently, can be carried out remotely using home-based monitoring systems. In the
next section, for example, a cancer detecting bra is presented which incorporates temperature
sensors to detect cancer related changes in breast tissue. The question arises, however, does the
patient really need to have such a system incorporated into an item of clothing or would it not be
more appropriate to simply have some form of monitoring system housed, for example, in the

patient’s bathroom.



There exists a significant need for “on-demand” (rather than continuous) “clinical
support” for patients on the move. For example, a recovering heart attack victim may feel the
occasional chest twinge and desire urgent medical feedback. “Smart garments™ are generally not
appropriate for such applications as the patient cannot be expected to wear such a system
everyday if the need is only very occasional. However, a small, portable monitoring system, a
sort of “professional-in-mypocket” would be more suitable and patient-compliant, especially if it
is integrated into a standard accessory such as a wallet, watch or mobile phone. Depending on
the condition, such an “on-demand” system could give direct feedback to the patient and/or send
the information to a remote monitoring station. Some portable devices already exist, for example
the Personal ECG monitor (PEM) from the European IST EPI-MEDICS project includes a
reduced easy to place lead set that allows reconstruction of the standard 12-lead ECG and
embeds intelligence that decides when and where to send the ECGs, when needed . A further
example is SHL Telemedicine’s CardioSen’C™ personal cellular-digital 12-lead ECG monitor
capable of transmitting to their Telemedicine monitoring centre via any type of phone
connection, including regular fixed lines and cellular phones. The healthcare team at the SHL
monitoring centre evaluates the transmitted data and provides immediate feedback and
reassurance to the patient/subscriber. When necessary, they will instruct the patient on what
action to take and/or contact emergency medical services, providing them with all the available
medical data, thus saving critical time and ensuring rapid diagnosis and treatment. The success of
such an approach obviously depends on the ability of the patient to apply the sensors in the
correct anatomical positions. This will in turn depend on the design of the system and on the
circumstances of the patient. From a design point of view, the accurate location of the sensors for
the recording of many “vital sign” parameters is not trivial and warrants much research as
misplaced sensors can give rise to misdiagnoses. Medical conditions which require the relatively
straightforward application of sensors can enable the direct feedback to patients to reassure them
or to encourage lifestyle changes. Such direct feedback to patients can be used to empower and
motivate them, improve their awareness and potentially allow them to better control their

condition.

MONITORING PATIENTS WITH CHRONIC DISEASE:
Stroke:

The scale of the requirement for patient monitoring in healthcare systems can only be
appreciated once the magnitude of human disease processes requiring early diagnosis and

treatment is considered. Several examples illustrate this need, but none as dramatically as



cardiovascular related illnesses. Abnormalities of heart rhythm (arrhythmias) such as atrial
fibrillation are commonly encountered in clinical practice, occurring in as many as 4% of the
population over the age of 60, increasing with age to almost 9% in octogenarians. Early
symptoms of atrial fibrillation include fatigue and palpitations, and often lead to the patient
seeking medical advice. Electrocardiography (ECG) is eventually performed along with other
investigations, and as soon as the diagnosis is made treatment is begun to try and prevent the
longer-term complications of tachycardia (rapid heart rate), mediated cardiomyopathy (resulting
in heart failure) and stroke. To prevent stroke, the patient is often placed on anticoagulant (blood
thinning) medication placing them at risk of potential bleeding complications from this therapy.
All of this results in a two-fold increase in mortality in this elderly patient group, independently
of other risk factors. Apart from early detection of this condition using ECG so that prompt
treatment can be initiated, regular monitoring is required to ensure control of the heart rate,
which results in prevention of much of the associated morbidity and mortality. BSNs offer the
chance to diagnose cardiac arrhythmias earlier than ever in “at risk” groups such as the elderly,
as well as the ability to monitor disease progression and patient response to any treatment

initiated.

HYPERTENSION:

High blood pressure (hypertension) is another cardiovascular disease thought to affect
approximately 50 million individuals in the United States alone. The diagnosis of this disease is
often made in an otherwise asymptomatic patient who has presented to their doctor for other
reasons. This condition can, if untreated, result in end-organ failure and significant morbidity;
ranging from visual impairment to coronary artery disease, heart failure, and stroke. Heart
failure in turn affects nearly five million people every year in the United States, and is a
contributory factor in approximately 300,000 deaths each year. Early diagnosis of high blood
pressure is important for both controlling risk factors such as smoking and high cholesterol,
but also for early initiation of antihypertensive treatment. The diagnosis is confirmed using serial
blood pressure measurements, and once treatment is commenced this is titrated to the required
effect by monitoring the patient’s blood pressure over a period of weeks or months. Once a
patient has been diagnosed with hypertension, they require regular blood pressure monitoring to
ensure adequacy of therapy. Indeed over a patient’s life, the pharmacotherapy they receive may
be altered many times. One can imagine how labour-intensive blood pressure monitoring in these
patients can be, often requiring several visits to clinics. Although home blood pressure testing

kits have been made available, the limitations of these devices are their dependence on the



operator and patient motivation. Recently, a new category termed “prehypertension” has been
identified and may lead to even earlier initiation of treatment. BSNs would allow doctors to
monitor patients with seemingly high blood pressure during their normal daily lives, correlating
this to their other physiology in order to better understand not only the disease process but also to
decide what therapy to start the patient on, and to monitor their response to this therapy.

Diabetes mellitus:

Diabetes mellitus is a well-known chronic progressive disease resulting in several end-
organ complications. It is a significant independent risk factor for hypertension, peripheral
vascular, coronary artery, and renal disease amongst others. In the United States, the prevalence
of diabetes mellitus has increased dramatically over the past four decades, mainly due to the
increase in prevalence of obesity. It is estimated that annually 24,000 cases of diabetes induced
blindness are diagnosed, and 56,000 limbs are lost from peripheral vascular disease in the United
States alone. The diagnosis is often made from measuring fasting blood glucose (which is
abnormally raised) either during a routine clinical consultation, or as a result of complications of
the condition. Once such acute complication is diabetic keto-acidosis which can be life
threatening, and can occur not only in newly diagnosed diabetics, but also in those with poor
blood sugar control due to reduce compliance with medication. Once diagnosed, these patients
require the regular administration of insulin at several times during the day, with blood glucose
“pinprick” testing used to closely monitor patients’ blood sugar in between these injections. This
need for repeated drawing of blood is invasive and therefore undesirable for many patients, yet
there is at present no clear reliable alternative. As previously mentioned, variable treatment
compliance rates (60-80% at best) in these patients are made worse the fact that they are on
multiple medications. BSN technology used in the monitoring of this group would allow the
networking of wireless implantable and attachable glucose sensors not only to monitor patient
glucose levels but also to be used in “closed feedback loop” systems for drug (insulin) delivery,
as described later on in this chapter. Although the three chronic conditions mentioned above
illustrate the need for continuous physiological and biochemical monitoring, there other

examples of disease processes that would also benefit from such monitoring.

Monitoring Hospital Patients:
In addition to monitoring patients with chronic diseases, there are two other specific areas
where BSN applications offer benefit. The first of these is the hospital setting, where a large

number of patients with various acute conditions are treated every year. At present, patients in



hospital receive monitoring of various levels of intensity ranging from intermittent (four to six
times a day in the case of those suffering with stable conditions), to intensive (every hour), and
finally to continuous invasive and non-invasive monitoring such as that seen in the intensive care
unit. This monitoring is normally in the form of vital signs measurement (blood pressure, heart
rate, ECG, respiratory rate, and temperature), visual appearance (assessing their level of
consciousness) and verbal response (asking them how much pain they are in). Patients
undergoing surgery are a special group whose level of monitoring ranges from very high during
and immediately after operation (under general anaesthesia), to intermittent during the post-
operative recovery period. Aside from being restrictive and “wired”, hospital ward-based patient
vital signs monitoring systems tend to be very labour intensive, requiring manual measurement
and documentation, and are prone to human error. Automation of this process along with the
ability to pervasively monitor patients wherever they are in the hospital (not just at their
bedside), is desirable not only to the healthcare provider, but also to the patient. In the post-
operative setting, the use of implantable micro-machined wireless sensors to monitor the site of
the operation has already begun, with a sensor being used to monitor pressure in the aneurysm
sac following endovascular stenting. The next step for any “hospital of the future” would be to
adopt a ubiquitous and pervasive in-patient monitoring system enabling carers to predict,
diagnose, and react to adverse events earlier than ever before. Furthermore, in order to improve
the efficiency of hospital systems, the movements of patients through its wards, clinics,
emergency departments and operating theatres may be tracked to try and understand where
workflow is being disrupted and may be streamlined. This would help, for example, to maintain
optimal capacity to cater for elective (planned) admissions whilst having the ability to admit

patients with acute illnesses.



Table 1.2 Disease processes and the parameters commonly used to monitor these diseases. Suggested sensor types for measurement of
these parameters are listed in brackets. All of these conditions currently place a heavy administrative and financial burden on healthcare
systems, which may be reduced if they are reliably detected.

Disease Process

Physiological Parameter (BSN Sensor Type)

Biochemical Parameter (BSN Sensor Type)

Hypertension

Blood pressure (implantable/ wearable mechanoreceptor)

Adrenocorticostervids (implantable biosensor)

lschaemic Heart Disease

Electrocardiogram (ECG), cardiac output (implantable/ wear-
able ECG semsor)

Troponin, creatine kinase (implantable biosensor)

Cardiac Arrhythmias." Heart rate, blood pressure, ECG, cardiac output (fmplant- Troiitin, chesiine K fimlekibis Bianiar
Heart Failure ablefwearable mechanoreceptor and ECG sensor) o, bk i gl
Cancer (Breast, Prostate, Weight loss (body faf sensor) Tumour markers, blood detection (urine, faces, sputum), nutritional
Lung, Colan) (implantable/ wearable mechanorecepior) albumin (implantable biosensors)
Respiration, peak expiratory flow, oxygen safuration { fmplam- Oxygen partial pressure
Asthma / COPD y : i ; ) |
able/ wearable mechanoreceplor) fimplantablefvearable optical sensor, implantable biosénsor)
Parkinson's Disease AR e, iRl ity Brain dopaming level (implantable hiosensar)
(wearable EECG, accelerometer, groscope)
Arhainer's Disease Activity, memory, orientation, cognition (wearable accelerome- o Ly deposits (brain) (implantable biosensor/EEG)
fer, gyrascope) -
Gait, muscle tone, activity, impaired speech, memory (wearable
Stroke A it
EEG, avcelerometer, puroscope)
. Visual impairment, sensory disturbance (wearable accelerome- — Blood glucose, glycated haemoglobin (HbATe).
Diabetes ST ’
fier, gyroscope ) (implantable biosensor)
Rheumnatoid Adhritis Joint sti frn(.‘.'iz.:,. reduced l'u.nlcliun. temperature (wearahle accefer- Rheumatoid factor, inflammatory and autoimmune markets
ometer, gyroscope, thermistor) (implantable biosensor)
Renal Failure Unine output {implantable bladder pressure/volume sensor) Urea, creatinme, potassium (implantable biosensor)

Peripheral perfusion, blood pressure, aneurism sac pressure.
{wearable/tmplantable semsor)

Vascular Disease (Peripheral

vasecubir aiid Anirising) Haemoglobin level (implantabie biosensor)

Inflammatory markers, whité cell count, pathogen metabolites

Infectious Diseases
(implantable biosensor)

Body temperature (wearable thermisior)

Heart rate, blood pressure, ECG, oxygen saturation, lemperature Haemoglobin, blood glucose, monitoring the operative sile.

{implantable fwearable and ECG sensor)

Post-Operative Monitoring

(implantable biosensor)

Monitoring Elderly Patients:

The second scenario where BSNs may prove invaluable is for the regular and
nonintrusive monitoring of “at risk” population groups such as the elderly. With people in
industrialised nations living longer than ever before and an increase in average life expectancy of
more than 25 years, the size of this group is set to increase, along with its potential demand upon
healthcare resources. Identifying ways of monitoring this aging population in their home
environment is therefore very important, with one key example of the usefulness of this approach
being the vulnerable periods during months of non-temperate weather. There is evidence to
suggest that at times of the year when weather conditions are at their extremes (either very cold
or very hot), elderly patients are at increased risk of requiring hospital admission. They are at
risk because they are not able to seek medical help early enough for simple and treatable
conditions, which eventually may lead to significant morbidity. An example of this is an elderly

individual who lives alone and acquires a chest infection, which he fails to identify and seek help



for until the infection requires hospital admission, or even ventilatory support. This could all be
potentially avoided if the infection, or change in patient habits as a result of this infection, was
picked up early and antibiotic therapy initiated. Examples illustrating how people behave
differently at the onset of illnesses include a decrease in appetite, a reduction in movement, and
propensity to stay indoors. When correlated with physiological vital signs measurement, this
system has the potential to clearly identify those most at risk. It is also demonstrates an instance
in which a WSN (set up in the patient’s home) and a BSN (on the patient’s body) may overlap in
their applications. It may be, therefore, that monitoring elderly patients in their home
environment during non-temperate weather will allow earlier detection of any deterioration in
their condition, for which prompt treatment may reduce the need for hospital admission,
associated morbidity and even mortality. The concept of an unobtrusive “home sensor network”
to monitor an elderly person’s social health (giving feedback not only to that person’s carers and
family members, but also to the elderly individual themselves) is one that is being developed by
several companies such as Intel. Whilst such a sensor network attempts to monitor well-being by
identifying the individual and the level of activity they are undertaking, it is easy to see how this
network could communicate with a body sensor network relaying physiological data about the
individual. Combining these two networks would allow for a much better appreciation of the
context in which the sensing is taking place.

Neural Recording:
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The neural prosthesis chip for biomedical use includes the neural/muscular stimulators

and neural recording circuits. In these circuits, the stimulator has been widely used in biomedical
applications for decades, such as cardiac pacemaking, cochlear/retinal prosthesis, and cell
activation. The neural recording circuit is also involved in these applications to sense the neural
signal or assess stimulation efficacy and the tissue status to enable closed-loop control in
simultaneous neural recording and stimulation. The circuits for simultaneous neural recording
and stimulation are used in neural prostheses, such as the bionic neural link for limb function
restoration.
The bionic neural link includes neural recording circuits, stimulation circuits, and action
potential (AP) detection circuits . As shown in Figure, once the AP is detected in the circuit, the
bionic neural link bypasses the injury and triggers the stimulator to stimulate the distal
nerve/muscle and restore the limb function. The integrated circuit (IC) modules and the working
theories will be illustrated in detail in the following sections.

SPORTS MEDICINE:

Sports medicine is a branch of medicine that deals with physical fitness and the treatment
and prevention of injuries related to sports and exercise. Sports medicine is not just for
professional athletes.

When you injure yourself during exercise or while playing a sport, you want to return to
your routine and athletic pursuits as soon as possible. Sports medicine doctors have specialized
training to help you do just that. They’re also experienced with preventing illness and injury in
active kids, adults, and people with physically demanding jobs.

A physician often leads a sports medicine team. Most sports medicine doctors are board-
certified in a specialty such as family medicine, orthopedics or pediatrics, and then they pursue
additional training in sports medicine.

There are other non-physician medical professionals who are critical to delivering care in
sports medicine. They include physical therapists, certified athletic trainers and nutritionists.
They each play an essential role in your care:

e Physical therapists help you rehabilitate and recover from injuries.

o Certified athletic trainers offer rehabilitative exercises to help you regain strength and
develop programs to prevent future injury.

o Registered dieticians help you with needed weight loss or weight gain, and they offer

dietary advice to help you improve how well your body is functioning.


https://www.frontiersin.org/articles/10.3389/fnins.2021.663204/full#F1

Sports medicine doctors, physical therapists, certified athletic trainers and dieticians work
together to help you get back to your physical activities as quickly as possible.

Common injuries treated in sports medicine
Being active and playing sports are so good for you physically and mentally. But there is

an inherent risk of injury. Below are some of the common injuries we see in sports medicine:

e Ankle sprains

o Fractures

e Knee and shoulder injuries

e Tendonitis

o Exercise-induced asthma

e Heat illness

« Concussions

« Eating disorders

o Cartilage injuries
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