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like ordinary clothing, providing help 
in various situations according to the 
designed application. 

Steps towards  
smart clothing 
With miniaturisation, consumer elec-
tronics manufacturers and chipmakers 
are managing to squeeze digital music 

Advances in textile technology, 
computer engineering and 
materials science are promot-

ing a new breed of functional fabrics 
resulting in some truly smart and 
clever clothing. Clothing is being de-
veloped for protection from chemical, 
biological and nuclear threats. Besides, 
with the development of polymers 
having exotic qualities in terms of their 
mechanical, electrical and magnetic 
properties, scientists are ready to de-
sign electronic clothing that is capable 
of heating, cooling and illuminating 
the body. 

Fashion designers are adding wires, 
circuits and optical fibres to traditional 
textiles, creating garments that glow 
in the dark or keep the wearer warm. 
Meanwhile, electronics engineers are 
sewing conductive threads and sen-
sors into body suits that can map users’ 
whereabouts and respond to environ-
mental stimuli.

Researchers agree that the develop-
ment of genuinely interactive electronic 
textiles is technically possible, and that 
challenges in scaling up the handmade 
garments will eventually be overcome. 
Ideas include the development of 
jacket-sleeve keypads for controlling 
cellphones, pagers or MP3 players, and 
sportswear with integral fabric sensors 
and display panels to monitor heart 
rate and blood pressure during a gym 
workout or morning run. Clothing 
fitted with textile global positioning 
system technology could be suitable 
for locating skiers or mountaineers 
in bad weather or even for keeping a 
watch on children. 

These smart clothes will be worn 
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players, Internet-surfing devices, mo-
bile phones and related devices into 
smaller and smaller packages.

Some of the wearable designs re-
main concept prototypes on display 
only at cyber-fashion shows; others are 
already, or will soon be, on sale. There 
is a jacket available that can be plugged 
into an iPod and used to navigate song 

Smart Electronic Clothing
Clothing will no longer be just a fashion statement. By integrating multiple 
electronic devices, it will make lives of the wearers much more comfortable

GPS KnowWhereJacket
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lists. Clothing embedded with RFID 
tags has been used to operate doors that 
detect the tag and open in response to it. 
Space suits used by astronauts are dense 
with miniaturised electronics used for a 
variety of purposes. 

Therefore clothing integrated with 
electronics exists today, but it can-
not really be called ‘smart.’ Users, in 
general, seek smart clothing that pos-
sesses many of the useful properties 
of computers—the ability to store and 
manipulate data, display images, text 
and video, connect to the Internet, offer 
input devices and so on. Other possi-
ble features of smart clothing include 
the ability to detect chemicals in the 
air, quickly harden on contact with a 
speeding bullet, change colour or opac-
ity, generate power from the wearer’s 
movement, record the wearer’s speech 
and activity, and even project an image 
of the scene behind the wearer, creat-
ing a crude form of camouflage-based 
invisibility and releasing chilled water 
vapour when it senses that the wearer 
is hot.

Trials of shirts made with smart 
fabrics are already on their way in Eu-
rope. These studies will help scientists 
understand what needs to be improved 
and what works. These smart fabrics, 
often called first-generation fabrics, can 
monitor vital signs like heart rate and 
temperature.

However, scientists think that these 
achievements are modest. Much more 
can be done with smart clothing. Re-
searchers in Europe have successfully 
developed techniques that make the 
sensors almost invisible and reliable. 
This new development is exciting for 
many reasons. Clothes are usually 
meant to be soft, light, thin and flexible, 
whereas most electronic components 
are hard, heavy, thick and rigid, which 
makes it difficult to integrate electron-
ics into clothing. There is a need for ad-
vanced, custom-made electronics hav-
ing properties desirable for integration 
into clothing and continuous efforts are 
being made towards developing such 
advanced electronics. It is commonly 
thought that flexible displays will be 

one of the first big steps toward smart 
clothing.

Making of  
electronic textiles
The idea of electronic yarns and tex-
tiles has appeared for quite some time, 
but their properties often do not meet 
practical expectations. In addition to 
chemical/mechanical durability and 
high electrical conductivity, important 
material qualifications include weav-
ablity, wearability, light weight and 
‘smart’ functionalities. 

The textile industry can today pro-
duce threads that are highly conduc-
tive and as flexible as regular fabric so 
that sensors in garments can measure 
biometric characteristics like the wear-
er’s temperature or heart rate. Such 
garments could have important appli-
cations in medicine and sports. 

However, weaving sensors into 
these textiles is tricky. Threads not 
only need to be highly durable to 
survive the weaving process but, 
because fabrics are woven on a large 
scale and then cut to size, it is hard to 
ensure they will end up where they are 
needed in the garment. 

A team of researchers at the Uni-
versity of Michigan (USA) has come 
up with a way in which smart clothing 
can be a reality: Cotton threads can be 

transformed into intelligent e-textiles 
by coating them with carbon nanotubes 
(CNTs). Efficient charge transport 
through the network of nanotubes (20 
ohms/cm) and the possibility to engi-
neer tunneling junctions make them 
promising materials for many high-
knowledge-content garments. Along 
with integrated humidity sensing, it is 
demonstrated that CNT-based cotton 
threads can be used to detect albu-
min—the key protein of blood—with 
high sensitivity and selectivity.

Carbon nanotubes are cylindrical 

carbon molecules with a unique hon-
eycomb-like arrangement of atoms. 
These are regarded as one of the most 
versatile nanomaterials available be-
cause of their mechanical strength and 
electrical properties.

Nanotube composites are often 
made into solid structures or sheets, 
although flexible versions, such as elec-
trically conductive films and electronic 
inks, can be prepared from dilute nano-
tube solutions. Some electronic devices, 
such as field-emission displays in some 
flat panels, are made from nanotube 
yarns. But the weaving of these yarns, 
which may be only one-thousandth of 
a millimetre thick, is complicated and 
expensive. Creating garments with 
electrical properties is supposed to be 
the other approach. 

Carbon-nanotube coated smart yarn can conduct enough electricity from a battery to power a light-
emitting diode device. Researchers can use its conductivity to design garments that detect blood. 
(Photo courtesy: University of Michigan)
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However, some researchers have 
shown a simple process for coating 
standard cotton threads with carbon 
nanotubes. Being much thicker than 
nanotube yarns, such threads can be 
woven more easily. The researchers 
dispersed carbon nanotubes in a dilute 
solution of a mixture of Nafion—a 
commercial synthetic polymer—and 
ethanol. They then repeatedly dipped 
cotton threads, 1.5mm in diameter, into 
the solution, letting them dry between 
each dip. This allowed the nanotubes 
to cover individual cotton strands and 
to adhere strongly to the surface of 
the cellulose fibres in the strands. The 

process also encouraged nanotubes 
to arrange themselves along the axis 
of cotton fibres, which increased the 
electrical connectivity. After several 
dips, it was found that cotton threads 
were conductive enough to wire up a 
light-emitting diode.

In a further test, the researchers 
added molecules of a material that 
reacts with human serum albumin 
to the dipping solution. Then they 
immersed more cotton threads. This 
time they ran an electrical current 
through the thread while exposing it 
to different concentrations of albumin. 
They found that the threads’ electrical 
conductivity varied according to the 
level of albumin. The researchers pro-
pose that such material could be used 
to detect bleeding if suitably woven 
into clothing.

Expanding applications
Intelligent clothing that adapts to 
changing conditions could provide 
adjustable levels of protection from 
microbes, chemicals, radiation, etc. 
Commercial manufacturers see huge 
potential in clothes that glow, do not 
wrinkle or overcome body odour. 

Materials can already be made to 
do some of these things, but they are 
too bulky, rigid or complicated for 
practical use. So the aim is to manufac-
ture a light material that can be easily 
woven, is highly durable and, in order 
to transmit information, can conduct 
electricity. 

Described below are a few proof-
of-concept demonstrations that pro-
vide a direct pathway for application 
of these materials as wearable bio-
monitoring and telemedicine sensors 
that are simple, sensitive, selective 
and versatile. 

Body temperature control. Smart 
clothing that adapts to changing tem-
peratures in order to keep the wearer 
comfortable is being developed using 
nature as a guide. The latest in micro 
technology will be used to produce 
material that will let air in to cool the 
wearer when it is hot and shut air out 
when it is cold. This is similar to a 
system used by pine cones to open up 
and emit seeds. 

These smart garments will have 
a top layer of tiny spikes of water-
absorbent material, possibly wool, 
each only 1/200th of a millimetre 
wide. When the wearer of the clothing 
sweats, the tiny spikes in the material 
react to the moisture and automatically 
open up so that air from the outside 
can get through the material to cool 
the wearer. When the wearer stops 
sweating, the spikes close down again 
to stop air from getting in. The lower 
layer will be made of a non-porous 
material so that rain can never get 
through from the outside, whether the 
spikes are open or closed. 

Fabrics to monitor health. Re-
searchers are working on an under-
wear, bed clothes and a T-shirt that 
can gather information on the health 
condition of the wearer.

The underwear will have four sen-
sors placed around the waist that will 
collect information to calculate the 
speed of blood flow in arteries. Healthy 
blood vessels have elastic properties 
and the blood runs relatively slow 
while it presses the arterial walls. 

The bed clothes include sheets, 
quilts and pillows. These will record 
the levels of blood chemistry, heart 
rhythm and perspiration while the user 
is sleeping. The pillow and the sheet 
will measure his heart frequency (neck, 
ears and feet). Also, there is a device 
that will measure the breathing rate in 
the middle of the bed.

As mentioned earlier, research-
ers have been able to produce carbon 
nanotube-coated cotton fibres capable 
of detecting blood and signaling its 
presence electrically. Clothing made of 
these fibres could be useful in high-risk 
professions to detect bleeding. 

Researchers are also investigating 
use of the same principle to create 
a belt that monitors a baby’s heart 
rate. They are investigating the abil-
ity of optical fibres to act as a sensor. 
If optical fibres were incorporated 
into clothes, they could measure the 
oxygen content of blood and monitor 
patients in MRI chambers. The project 
involves a series of sensors designed 
to analyse body sweat. Ionic biosen-
sors measure the sodium, potassium 
and chloride levels; pH sensors meas-
ure the acidity; circuits measure the 
conductivity; and an immunosensor 
measures the proteins. Together, 
these sensors can perform diagnostics 
on the wearer, as well as collect data 
about the energy that the user exerts 
throughout the day. 

Firefighter safety clothing with 
thermal sensor. Intelligent clothing 
has added value in professional cloth-
ing as well. The most innovative use 
of smart textiles is a firefighter jacket 
with thermal sensor technology in-
tegrated directly into the fabric. This 
innovative Turnout Gear is used by 
professional fire-fighters across the 
globe. 

The difference between pain and 
second-degree burn is a mere 12ºC 
(54ºF) increase in skin temperature. 
Integrating thermal sensor technology 
directly into the fabric layers enables 
visual indication of critical heat lev-
els to the firefighter in action and his  
colleagues before it’s too late. 

Cotton threads can 
be transformed into 
intelligent e-textiles 
by coating them with 

carbon nanotubes
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Thermal sensors integrated into 
the inner and outer layers of the coat  
monitor the outer temperature near the 
fire-fighter and on the inside of the coat 
close to the body. These are attached to 
two LED displays, one on the sleeve 
and the other on the back. The LED 
display on the upper left shoulder is 
visible to other fire-fighters of the team 
and indicates potentially critical situ-
ations. The LED display on the lower 
sleeve indicates dangerous heat levels 
both inside and outside the turnout 
gear. A small box in the inner liner of 
the coat contains a battery and a con-
trol chip that calculates the tempera-
ture and activates the LED displays. 
The sensors are covered in flexible 
waterproof plastic to protect against 
fluids. The microelectronics is durable 
and can withstand at least 25 wash 
cycles. The only thing needed before 
cleaning is to remove the battery from 
a pocket in the liner. No maintenance 
is required—only the battery needs to 
be changed.

Power generating clothing. The 
smart clothing can harvest the body 
power of its wearer by harnessing 
the static electricity generated from 
regular body movement. Currently, 
this electrical energy is wasted. The 
vision is to collect this waste energy by 
weaving conductive filaments into the 
fabric. Everyday clothing can thus be 
transformed into a power-generating 
source.

GPS jacket that knows where it 
is. Wearable jackets integrated with a 
hands-free/Bluetooth telephone and 
iPod are making their way into retail 
stores. Interactive Wear’s expertise lies 
in determining how to best split up the 
individual electronic components used 
in jackets, vests or backpacks that offer 
such capabilities, miniaturising these 
components as necessary, optimising 
power input, and interlinking all these 
elements using a network of signaling 
and power-supply lines that are inte-
grated into the fabric. 

The advantages of this type of 
integration for numerous application 
scenarios are obvious. The overall 

system integrated into the garment 
is miniaturised and up to 30 per cent 
lighter than standalone solutions. 
It can be worn comfortably and un-
pretentiously, and is easy to operate, 
protected and practically ‘impossible 
to lose.’

Besides a cellular phone, an MP3 
player, headphones, a microphone 
and a water-tight and impact-re-
sistant sleeve keypad as well as an 
emergency call button have all been 
integrated into a terminal that is re-
ferred to as a ‘GPS eye.’ This terminal 
is used for determining and transmit-
ting positional data in order to locate 
the people. In this way, it is not only 
possible to determine the location of 

the jacket’s wearer with GPS accuracy 
but it is also possible for GPSoverIP 
to even enable real-time determina-
tion of the person’s location within a 
building. Compared to conventional 
solutions that are not integrated into 
garments, integration of the active 
GPS antenna into the epaulette on 
the jacket’s shoulder ensures optimal 
reception of GPS signals. 

Areas of application for the Know 
Where solution are many, ranging 
from luxury, entertainment and leisure 
(mountaineering, sailing, etc) to safety,  
traffic and logistics.

Augmented reality. Augmented 
reality (AR) is not new, particularly in 
the automotive industry, where this 
technology is used to link the virtual 
world with the real one. It can be used, 
for example, to guide a mechanic 
through a repair procedure. When 
wearing a pair of head-mounted dis-
play (HMD) glasses, mechanics can be 
provided with additional three-dimen-
sional information, which enables them 
to see beyond the real environment to 
view virtually animated components, 
tools or instructions. 

The new technology here is inte-

gration of all the individual electronic 
components and systems for augment-
ed reality into a vest. This wearable 
computing integration provides new 
degrees of freedom. 

Other conceivable areas of appli-
cation include industrial production, 
medical device technology (augmented 
reality operations) and nearly all areas 
of research and development.

Challenges to overcome
Efforts are aimed at staying close to 
conventional large-scale cutting and 
sewing techniques for making elec-
tronic textile clothing. 

But, cutting an electronic cloth 
would make it more difficult to make 

good connections between different 
parts of the garment. One solution to 
this problem could be the manufactur-
ing of seamless clothing, which would 
avoid the need for cutting and stitch-
ing altogether. The cost of developing 
and manufacturing such sophisticated 
fabrics is likely to put them beyond 
the reach of the fashion industry for 
the time being. So connections will be 
the main point of weakness in elec-
tronic clothing.

Moreover, researchers are yet to 
answer the million-dollar question—
perhaps critical to consumer accept-
ance—about the washing of electronic 
fabrics.

Another challenge is to ensure 
users’ security and privacy from hack-
ers. 

However, despite the technical 
obstacles, researchers involved in the 
development of interactive electronic 
clothing appear universally confident 
that smart electronic clothing envis-
aged for different applications to the 
wearer is only a matter of time! 

The author is from Department of Physics, 
S.L.I.E.T., Longowal, district Sangrur, Punjab 

Carbon nanotubes are regarded as one of the most 
versatile nanomaterials available because of their 
mechanical strength and electrical properties 


