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Abstract

digital components such as a battery, a light (including small processors), and electronics.

I | : LECTRONIC textiles, often known as SMART clothing, are fabrics that may be incorporated with

SMART textiles are materials that have been created with innovative technology to offer value to

the wearer. The growth of sensor technologies, nanotechnologies, embedded systems, wireless
communication technologies, and downsizing enable the development of SMART systems to monitor
human activities. Wearable computing envisions future electronic devices as an intrinsic part of our
everyday attire Wearable systems will be distinguished by their capacity to automatically identify their
own user's activity and behavioral status, as well as the circumstances surrounding her or him. and to
utilize this information to alter the system's setup and operation. It is capable of detecting odd and
unexpected events by monitoring bodily measurements as well as other signs. This study examines current

breakthroughs in SMART textiles and their applicability in several industries.

Keywords: Wearable Fabric, Electronic Textiles, Smart Textile.

Introduction

SMART textiles are textile items that can
interact with the environment or user, such as fibres
and filaments, yarns, and woven, knitted, or non-
woven structures. SMART textiles are classified
into two types attractive and performance-enhancing
Textiles that light up and change colour are two
examples of aesthetic fabrics. By infusing the fabric
with electronics that can power it, the colour
shifting and lighting scheme may also
operate. SMART fabrics with enhanced performance
are designed for use in athletic, extreme sports, and
military applications Fabrics intended to regulate
body temperature, minimise wind resistance, and
control muscle vibration are examples of these , and
they may increase sports performance. Other
materials for protective garments have been created
to defend against extreme environmental risks such
as radiation and the impacts of space flight.

The health and beauty industries are also
benefiting from these advancements, which vary
from drug-releasing medical textiles to fabrics
containing moisturiser, perfume, and other additives
as well as anti-aging qualities. E- textiles are used in
many SMART clothing, wearable technology, and
wearable computing applications. SMART textiles
will help to increase social welfare and may result
in significant cost Savings The welfare budget.
They have a high degree of intellect and are
classified into three subgroups based on their
applications (see TABLE 1) [1]:

— Passive SMART Textiles — that senses
environmental conditions

— Active SMART Textiles — that does both sensing
and reacting to the environmental conditions

— Ultra SMART Textiles — that senses, reacts and
adopts the environmental conditions. [2]
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Classification of SMART fabric
Passive Fabrics

The initial generation of SMART textiles that
track environmental conditions are passive SMART
textiles, such UV-protective clothing and
conductive fibres. Passive SMART textiles can only
sense their environment because they are only
sensors. Passive SMART fabrics, sometimes
referred to as "first generation" intelligent textiles,
offer features beyond the norm. It should be
emphasised, nevertheless, that passive materials
seldom ever change in response to information they
perceive. In other words, the cloth remains same
even if the environment does. For instance, a
cooling cloth may help with temperature control but
does not actively produce. Coolness resulting from
the fabric's structure simply promotes fluid
evaporation.[3] Similar rules apply to clothing and
other products. Examples of textile materials that
may detect a stimulus from the user or the
environment and act as sensors include UV-
protective  garments, conductive fibres, and
waterproof fabrics. [4].

TABLE 1. Classification of SMART textiles
based on their applications [5]

Sensing Responding
external | Reacting and
conditions adopting

Passive

SMART v

textiles

Active

SMART N V

textiles

Ultra
SMART N V N
textiles

Active Fabrics

In response to changes in the external environment
or human input, such as movement or weather,
active SMART textiles adapt and change how they
work. These materials can manage and store heat,
change shape, and carry out a variety of other tasks.
In contrast to passive textiles, active fabrics rely on
energy to power actuators and sensors. [6]These
actuators and sensors allow the intelligent material
to analyse and comprehend a wide variety of
environmental data as well as detect touch and
temperature. [4]

Ultra-Fabrics

In a similar fashion to ultra-SMART materials,
active SMART textiles also detect, react to, and

adapt to environmental events. However, they go
one step further. Ultra-SMART textiles are made of
materials that are capable of detecting, reacting to,
monitoring, and adapting to environmental stimuli
such as those brought on by mechanical, chemical,
magnetic, or other sources of heat. [7] With
cognition, reasoning, and activation capabilities, an
ultra-SMART fabric unit performs in a manner
comparable to that of the brain. [4]

Functions of SMART textiles

SMART textiles are intelligent systems that
can sense and transmit environmental elements as
well as detect and process the wearer's condition.
Techniques for detecting them include electrical,
thermal, mechanical, chemical, magnetic, and other
approaches. As opposed to SMART clothing
systems, wearable computing emphasises the
importance of the garment into which it is built.
Traditional systems are integrated in some way with
garments to create wearable computer systems The
tools are not included but are organised in non-
textile ways.Although certain electrical components
have been scaled down for use in clothes, real
SMART clothing should be made entirely of
textiles. The comfort of the garment's core textile
material cannot be hampered by the employment of
electrical materials. Giving this combination as a
consequence In the creation of SMART textiles and
clothing, wearability is crucial. The five aspects of
SMART textiles' core computer systems are clear.

[3]

Applications of SMART textiles
Temperature Control Fabric

The three main types of SMART temperature
control textiles are thermal insulation textiles, cool
textiles, and automatic temperature control textiles.
Solar thermal storage fibres and far-infrared fibres
are the main thermal insulation materials created
domestically and internationally for thermal
insulation textiles. Solar thermal storage insulation
fibres are used to achieve thermal insulation. [8]
According to the hypothesis, sunlight's visible and
infrared rays are captured by the fibres, which
subsequently radiate heat to the body, preserving
body heat. Far infrared fibre performs better in
terms of thermal insulation than sunlight thermal
storage fibre. This is due to the fact that it absorbs
the heat produced by the human body and cools it
down by emitting far infrared light at a particular
wavelength. In order to reduce heat loss by enhancing
blood circulation, it absorbs heat produced by the
human body and sends a certain wavelength of far
infrared radiation to the body. [9-11]
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Fig. 1. Applications of SMART textiles

Shape Memory Textiles

Remembering shapes form memory is a
property of textiles that is absorbed through
weaving or finishing. Corpo Nove, an Italian
company, developed a "lazy shirt" using fabrics
with outstanding qualities including shape memory,
high deformation recovery, strong shock resistance,
and flexibility under external conditions like
temperature, mechanical force, light, pH value, and
so on. The sleeves of the garment will automatically
roll from the wrist to the elbow in a matter of
seconds when the outside temperature is high. In
response to a drop in temperature, sleeves will
automatically The sleeves of the garment will
automatically roll from the wrist to the elbow in a
matter of seconds when the outside temperature is
high. The sleeves will spontaneously recover and
may be ironed when the temperature drops.
demonstrates how shape-memory materials may be
developed into clothing, safety equipment, and
accessories with a variety of functions. The vast
work on shape-memory materials and what came
after it demonstrate how these materials may
develop into fashions, protective equipment, and
accessories with a variety of functions. With the
significant research on materials with shape
memory and the following. [12-14]

Water- Proof & Breathable Fabric

Textiles that are waterproof and moisture-
permeable are also referred to as '"breathable
fabrics," and they are useful materials having these
qualities together with windproofness and warmth
retention. In addition to meeting people's needs for
clothing  during activities in  challenging
environments like bitter cold, rain, snow, and wind,
this type of fabric may also fulfil people's needs for
raincoats and other everyday items, and it has
significant development potential. It essentially

comprises of microporous membranes, non-porous
membranes, intelligent waterproof and moisture-
permeable fabrics, and high-density waterproof and
moisture-permeable textiles. [15]

In waterproof and moisture-permeable high
density textiles, gas molecules diffuse from high
concentrations to low concentrations through the
gaps between the threads. The primary method used
by microporous membrane waterproof and
moisture-permeable textiles to achieve waterproof
and moisture-permeable qualities is the difference
between raindrop diameter and water vapour
molecular diameter. The nonporous membrane and
moisture-permeable fabric use molecular
hydrophilic characteristics to increase the tension of
the waterproof membrane surface in order to
achieve waterproofing. [8, 16]

Color-Changing Fabric

Textiles that change colour in response to
changes in external environmental factors like light,
temperature, pressure, etc. are referred to as color-
changing textiles. Color-changing fabrics are
utilised extensively across several industries due to
their distinctive qualities. Military camouflage may
be utilised in the military; civilian textiles can be
used to create appealing color-changing clothing
and ever-changing decorative textiles; and anti-
counterfeiting materials, which are frequently
employed in banknotes, certifications, and
trademarks, can be used. Three different techniques
may be used to create color-changing textiles:
printing with color-changing fibres, dyeing with
color-changing dyes, and printing with color-
changing paint. The research and development of
color-changing fibre technology is the most recent,
but its advantages are the most clear-cut of the
three. Its fabric provides a pleasant handfeel and is
washing-resistant. [12, 17, 18]

J. Text. Color. Polym. Sci. Vol. 20, No. 1 (2023)



32 AHMED G. HASSABO et al.

Eletronic Information Fabric

A GPS receiver was built into the collar of the
SMART positioning garment created by American
company Sensatex. SMART clothing has been
developed by the FEuropean Hewlett-Packard
Laboratory and includes a personal area network, a
global positioning system, an electronic compass,
and a speed monitor that is controlled centrally by a
remote control device displayed on a small display
on the sleeve. If children or people with Alzheimer's
disease are wearing this kind of clothes, they can be
quickly located in case they go missing. The Finnish
Reima tutta Institute, Lap Land University, and
other organisations worked together to develop a ski
suit with embedded sensors such an accelerometer,
compass, and global positioning system. If the user
experiences an accident while using this ski
equipment, it will send information to the
monitoring station, including coordinates for the
user's current location and  physiological
measurement data for prompt rescue. The SMART
emotion-sensing clothing was developed by two
teams of academics from the Universities of London
and Montreal. The windbreaker features sensors, a
body signal analyser, and a loudspeaker that can
track the user's body signal and detect emotional
changes. The windbreaker will play some soothing
music to lift your spirits if you're feeling down. This
kind of clothing can help elderly people living alone
communicate with their family members and autistic
people escape from prison. Emotion-aware clothing
is still being evaluated, while more useful products
are being developed and manufactured at the
time..[19-21]

SMART Textile Functions

SMART textiles are intelligent systems that
can sense and transmit environmental elements as
well as detect and process the wearer's condition.
Electrical, thermal, mechanical, chemical, magnetic,
and other detecting technologies can be used to find
them. In order to separate themselves from wearable
computing systems, SMART clothing emphasise the
importance of the garment into which they are
integrated. Conventional computer systems are
connected in some fashion to garments to produce
wearable computer systems. The equipment is not
integrated and is placed in non-textile methods.
Although certain electrical components have been
scaled down for use in clothes, real SMART
clothing should be made entirely of textiles. The
comfort of the ordinary textile material must not be
hampered by the electrical materials that will be
employed. Therefore, providing this combination is
essential for wearability in the creation of SMART
textiles and apparel. It is clear that SMART textiles
are straightforward computer systems with five core
functions.[5, 22]

SMART E-Textile Materials

Material-made clothing Therefore, providing
this combination is essential for wearability in the
creation of SMART textiles and apparel. It is clear
that SMART textiles are straightforward computer
systems with five essential features.

Data
Processing

Sensors

Smart
Textiles

' m { :
I .'l
o= Storage \L

Fig. 2. Functions of SMART textiles [5]

Communication Actuator

SENSORS

The parts that change one kind of signal into
another are known as sensors. Currently, systems
that monitor heart rate, respiration rate, temperature,
movement, and moisture rely on conventional
sensors already present in clothing. The
development of intelligent textiles has reached the
stage where heart, breath, and movement-sensitive
sensors are already successfully created from real
textile material. [23]There are more materials and
constructions that can alter signals:

a) Temperature sensors: A thermal sensor,
such a thermistor that adjusts resistance in
accordance with temperature change, keeps
track of thermal change. Another example is
stimuli-responsive hydrogels, which enlarge
in reaction to temperature changes.

b) Light sensors: For instance, sensors that
convert light energy into voltage output are
called photoresistors.

¢) Sound sensors: These are piezoelectric
materials, for instance, that convert sound
into an electrical signal..

d) Sensors for humidity: These sensors
establish the absolute or relative humidity.
An example of a capacitive device that might
be helpful for textile applications is one that
alters its dielectric properties when exposed
to wetness.

e) Sensors of pressure: These sensors translate
pressure into an electrical signal. Powering a
pressure sensor is a straightforward process
that may be done by opening or closing a
circuit. On more complex phenomena, such
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capacitive or piezoelectric phenomena, they
could, nevertheless, be founded.

f) Strain sensors.: These sensors translate the
strain into an electrical signal. Strain sensors
can be powered by piezoelectric phenomena,
semiconductor materials, or strain sensing
devices.

g) Chemical sensors: This is a collection of
sensors that look for chemicals either directly
or indirectly..

h) Biosensor: It is a sensor that relies heavily
on biological elements as its primary sensing
component. This component reacts to a
change in an input analyte's properties, such
as the measurement of blood glucose levels.
[24]

i) Data processing: One of the components,
data processing, is only required when active
processing is necessary. The output must be
produced by processing each piece of data
and information that has been gathered,
according to information theory. Because of
this, SMART textiles need a processor that is
appropriate for the task at hand in order to
process the sensor data and generate the
desired output. The information processing
element is the only one necessary when the
textile is actively processing information.
Textile sensors may provide information to a
large level, but the processing element is
what really matters when it comes to how the
information is evaluated. Data processors
have significant challenges with signal
fluctuation and signal analysis. Another
problem that has lately surfaced is the
processor's energy use. The electrical
components required for energy differ from
the structure of the cloth because they are too
small and flexible. These energy sources and
other electrical apparatus need to be
waterproofed, which is another problem.
However, these problems are more common
in SMART materials used for clothing.
Automobiles are not affected since the
information processing equipment may be
put within the car. [25, 26]

Actuators

Devices called actuators are made to carry out
the necessary action in response to signals from a
sensor or processor. These objects are also referred
to as actuators. Actuators work by receiving an
effect from a sensor and maybe conveying this
effect via an information processor before carrying
out duties including moving objects, releasing
materials, and making noise. The best examples in
this category are materials with form memory.
Lattice-like shapes can be assumed by alloys with

shape memory. Due to their sensitivity to
temperature changes, shape-memory materials may
be used as actuators and effectively meet the
requirements for intelligent textiles. Another form
of actuator consists of substances that may release
particular chemicals under particular circumstances
and can be contained within membranes or
microcapsules for protection. chemically linked to
the fiber's polymer.

There are several economic uses for these
classified substances. odours, skin shields,
antibiotics, and other things A few small projects
have already been finished using active secretion
techniques in  application research.  Other
environmental elements including temperature, pH,
humidity, chemical components, and so on are
anticipated to cause the release. One viewpoint
holds that a system that can actively control drug
secretion would integrate the body with a SMART
suit that can gather essential health information. It is
therefore expected that the actuators will have both
mechanical and technological components, leading
to problems in both fields.

Storage

Storage is another feature of SMART textiles.
Although it is not their primary objective, SMART
suits are anticipated to need storage space in order
to operate autonomously. SMART textiles
frequently store information or energy, but
examples like textiles that inject or emit drugs or
smells suggest that this storage unit will also be
used for other things. Units for sensors, calculation,
actuators, and communication all demand energy,
especially electrical energy. Integrating the energy
source and storage effectively is the key to effective
energy management. Clothes can use a variety of
energy sources, including body heat, radiation (from
the sun), mechanical movement (the energy
produced by movement owing to the elasticity of
materials or kinetic energy from human movement).
so forth. The energy source required for the
operation of the sensors, processors, and movement
systems in SMART textiles should be incorporated
with energy storage capabilities. This method of
satisfying this energy need is the first that comes to
mind today that very small and light batteries are
available. Even if the flexible ones are produced,
they still need improvement in terms of
performance. However, the situation is simpler and
the energy requirement can be satisfied via direct
contact with clothing or wireless transmission.

Communication

One of the components of SMART textiles is
the communication component, which is developed
in accordance with the nature and requirement of
communication. There are several ways that
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SMART textiles may communicate. Some of the
main circumstances in which SMART textiles are
touched are as follows: in one component of the
garment itself; mounted between two distinct
components of the garment; and contact is
established to alert the wearer or his surroundings so
that the user can command the garment. In current
prototypes, communication is accomplished within
the garment via optical fibres or conductive tiny
wires. They may be utilised without the use of
stitches in fabrics since they are spontancously
woven. A unique communication protocol is
employed to communicate with the user. The broad
strokes of this protocol are provided by the
technologies described below. French telecom
company France Telecom has developed a number
of prototypes, including a sweater and a backpack,
that employ optical fibres to build optical displays.
But since a pixel needs more than one fibre, it seems
that the current situation warrants more
investigation.

Another form of communication protocol
utilised in SMART textiles is pressure-transmission
systems. It is possible for information to be
conveyed to the garment when using pressure-
sensitive textile materials, and a data processing unit
is needed to handle these entered orders.

Some applications of intelligent textiles require
communication with wider environmental variables.
There are various circumstances, for instance, where
the suit is required to interact with the automobile
when handling 41 drivers. The seat that the clothing
is in close touch with is the first thing that comes to
mind while speaking with it. A wireless connection
could be possible thanks to an antenna built right
inside the outfit. The outfit has an antenna
embedded right into it. The fact that a significant
area is covered is the fundamental benefit of
incorporating antennas into the garment. without the
person realising it, might be utilised for
communication. In the summer of 2002, a prototype
was made at Philips Research Laboratories.

Intelligent textiles may offer a lot of information
about the driver, including thermal comfort,
concentration, and other factors, enabling better and
safer driving. Heart patients, for instance, may
foresee clothing problems in risky human profiles
and send instructions to stop the automobile or even
call for assistance. The fact that the human body can
only provide a limited amount of information, and
there aren't enough materials or ideas for the
systems to process it, means that despite these
unquestionable advancements, it's thought that these
studies can only be completed in the future with
more sophisticated technology. [5, 27]

Future Trends and Outlook

E-Textiles That Are Flexible And Waterproof
The Benefits Of Laser Printing In a couple of
minutes, the next generation of waterproof SMART
fabrics will be laser-printed and created. That is the
future that the creators of cutting-edge e-textile
technology hope to achieve. An affordable and
expandable method has been developed by
researchers at RMIT University in Melbourne,
Australia, for quickly manufacturing textiles that
incorporate energy storage devices. In less than
three minutes, the method can produce a waterproof,
flexible, and readily integrated 10 x 10 cm SMART
textile patch. Now, textiles may be laser printed
with graphene supercapacitors—powerful and

resilient energy storage systems that are easily
integrated with solar or other power sources. [5]

-

-

Fig.3. Laser-printed waterproof and stretchable
e-fabric

Fig.4. Life belt

A wearable SMART device called a "life belt"
for transabdominal health monitoring makes it
simpler for both the mother and the foetus to
monitor their parents' behaviour. The pregnant life
belt is quite practical. The majority of expectant
mothers in rural regions work during their
pregnancies, which can result in a number of health
concerns across several pregnancies, such as high
blood pressure or kidney or cardiac problems. The
Life Belt support tool is used by obstetricians to
remotely monitor patients and evaluate -early
automated diagnoses of their problems based on
collected and processed vital signs. Additionally, it
can always access the patient's medical information
and keep track of their condition. [2, 28]

A life jacket is a type of medical SMART
gadget that patients wear to monitor their blood
pressure or pulse rate. It may gather data and store it

J. Text. Color. Polym. Sci. Vol. 20, No. 1 (2023)



SMART WEARABLE FABRIC USING ELECTRONIC TEXTILES — A REVIEW 35

on a computer that is only accessible by medical
professionals. For paramedics, a special camera in
the form of headgear has been created. The hospital
staff may get the camera's visual data quickly,
prompt

enabling them to give treatment

recommendations.[2, 29]

Fig.5. A life jacket

Military/defense: Global military fores are
looking at how SMART equipment might be used to
increase safety and effectiveness. To increase
protection and the survival of persons who operate
in those areas, it is utilised for real-time information
in circumstances like those involving dangerous
situations and harsh environmental conditions.
Doctors may do remote triage of patients via
wireless communication to a central unit, enabling
them to act more promptly and safely. Observing
vital signs, treating injuries, keeping an eye on
environmental threats like harmful gases are all
necessary in these situations. Professionals like the
military and emergency response agencies would
greatly benefit from increased performance and new
capabilities. [2, 30]

Fig.6. Military/defense

Sportswear: Sportswear development is a
significant area for SMART clothing. In general,
SMART devices or clothing may be utilised to carry
out a number of essential tasks. One of them is
keeping a close eye on physiological indications like
heart rate, breathing, body temperature, and others.
employing electrical muscular stimulation to
actively engage muscles; counting steps taken or
total distance travelled as measures of activity; In
order to create effective resistance training, work
against activity. Keep track of factors that impact
performance, such as the pressure on your feet and

specific joint actions. Keep oneself safe from
damage. [31, 32]

¥
-
_ri‘

Fig.7. Sportswear

SMART sports shoe: Walking shoes with
GPS (Global Positioning Systems) built in enable
mountain rescue organisations to keep an eye on the
wearer. They may also be used to find out where
young toddlers are. Gloves with built-in LED lights
or warmers can help cyclists be spotted in the dark..
[33, 34]

o T,
Fig.8. Smart sports shoe

The sensory baby vest: The sensory newborn
vest is equipped with sensors that enable continuous
tracking of vital functions such the heart, lungs,
skin, and body temperature. This tracking can help
with the early detection and monitoring of heart and
circulation diseases. This vest is designed to be
worn in order to protect neonates from cot death and
other potentially lethal situations. The sensors are
designed to avoid pinching or disturbing the
sleeping baby. [2, 35]

Fig.9. Smart sensory baby vest

J. Text. Color. Polym. Sci. Vol. 20, No. 1 (2023)



36 AHMED G. HASSABO et al.

Drawback And Solutions

a) The size of Li-Po (lithium polymer) batteries is
one of its main drawbacks when used to supply
electricity. Power harvesting is one of these
options. [36]

b) Washability and non-toxicity are still to be
added to this technology. An Xadow wearable
control board is used to achieve the goal. The
electrical thread is shielded by the TPU
(thermoplastic polyurethane) covering for up
to 50 washes. [2]

¢) Due to the electric field formed, fibres are
extremely brittle and easily break. Their widths
range from 100 to 250 mm, and there is also a
risk to electrical reliability. [37, 38]

d) Developing techniques for component
encapsulation and e-textile lifespan is
important. [39] The fabrics are attached with
electrical and sensor components that are
encased. Along with components like
microcontrollers, integrated circuit chips,
resistors, capacitors, and optical fibres, these
sensors are common miniaturised elements.
[40]

e) Fabric sensor capacitors have a number of
problems, including creep, poor resilience,
signal drift, and hysteresis. [41] Strong
insulating methods and compensation must be
developed to take these challenges into
consideration. The size of capacitive fabric
sensors can vary, from microscopic
components to large sensing surfaces. [42]

SUMMARY

Through sensors that can keep an eye on
the environment, SMART textiles provide a novel
way of perceiving and interacting with the wearer's
body. We can tell that it is now continually focused
on physical sensing depending on the environment.
It is crucial that the wearer's security and comfort
are never compromised. As a result, it offers
enormous potential for advancement in a variety of
industries, including sports, science, fitness, and
many more. Although recent developments in textile
technologies, innovative materials, nanotechnology,
microelectronics, and wearable devices increase the
convenience of systems, comfort is still the most
important factor in determining whether or not
customers would accept wearable technology. This
is regarded as a challenging circumstance for the
human body, the environment, mechanical
resistance, and durability. Additionally, a complete
understanding of textile production is essential for
the circuit design of intelligent textile development
as well as knowledge of intelligent materials,
microelectronics, and chemistry. A
multidisciplinary strategy is necessary.
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