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Abstract 
 

Civilization has brought tremendous changes in the life of human beings. All things are changing day by day 

through the efforts of scientific researches. Among these textiles are good examples. During the industrial 

revolution they showed up one step in their evolution. The changes would not stop on the manufacturing of 

textiles on machineries; however the advancements continued on the developments of synthetic and 

regenerated fibers, invention of synthetic dye stuffs and new finishing process like plasma and sol gel 

treatments. Since the last 20 years, the developments of new kinds of textiles called smart and inter reactive 

textiles emerged to the globe. Recently published Literatures, books and journals on the fields of textiles, 

electronics, information technology, advanced materials and polymers indicate that Smart textile materials and 

their application will boom in the near future. They are not dreams any longer. Two decades have elapsed 

since they become one part of the modern technology of clothing, being on the shelves of the apparel and 

fashion markets. They are everywhere; from  geo textiles  in the soil to the outer space in the expedition of the 

universe; from the hospitals beddings and clothing‘s to the entertainments; and from the personal healthcare to 

sportswear applications. This thesis work aims to make a look on the literature overview of these incredible, 

dynamic and very important objects. 
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CHAPTER ONE 

Introduction 

After the industrial revolution changes have been stirring at an extraordinary rate in many fields of science 

and technology. Starting from the steam engine to Inventions of communication electronic machines, 

computers, the Internet, development of advanced engineering materials, creation of modern machineries in 

the industrial sector ,the mobile phone communication………  

In the last few years the marvelous advancement of smart materials and electronics brought intrinsic 

potentiality in the field of textile technology for innovative high-tech applications, covering market segments 

that are far away from conventional textile world. One of the best examples is the recent development of new 

sensing and intelligent cloths.  

Smart and interactive textiles are a budding interdisciplinary field that brings together specialists in 

information technology, micro systems, materials, and textiles. The focus of this new area is on developing 

the enabling technologies and fabrication techniques for the economical production of flexible, conformable 

and, optionally, large-area textile- based information systems that are expected to have unique applications for 

different end uses.  The smart and interactive textiles will be highly applied in the next generation of fibers, 

fabrics and articles produced from them. 
[1]

  

Many intelligent textiles are already in the global market in all kinds of available opportunities and 

applications including casual clothing, medical textiles, in the military, in protective and safety garments, as 

well as in the expedition of the space. The exiting integration and combination of advanced tools with 

advanced smart materials create a bright tomorrow for dynamic textile market on the entire world.  

Purpose 

The 1
st
 part of the paper describes definitions of necessary parts of the smart and interactive textiles.  

The 2
nd

 part discuses difference between smart and technical textiles, how they work and treatments for higher 

performance are all touched.   

 

The 3
rd

 part explains the different kinds of advanced materials, which are the building blocks of smart textiles. 

 

The 4
th

 part illustrates all the potential application areas of the smart textiles as well as the academic examples 

smart textiles in the present world market.  

 

The 5
th   

part aims to
 
show the activities of smart textile development ten years ago, what efforts done by 

people in the present day and future about smart textiles. Graphs of the number of articles,  journals and books 

in each year for the last 30 years.  

1.1 Definition 

Smart textiles are materials and structures [3]
 of textiles which can sense and react via an active control 

mechanism for the environmental conditions called stimuli. They are capable of showing significant change in 
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their mechanical properties (such as shape, color and stiffness), or their thermal, optical, or electromagnetic 

properties, in a handy manner in response to the stimuli. They are systems composed different apparatuses and 

materials such as sensors, actuators, electronic devices together
 [2]

.  

 

Good examples are fabric and dyes that will change their color with changes in PH
[3]

, Clothes made of 

conductive polymers which give light when they get electromagnetic signals, fabrics which regulate the 

surface temperature of garments in order to achieve physiological comfort. 

Smart textiles can be divided in to [3] four types based on their functions.  

1. Passive smart materials are materials or systems which only sense the environmental conditions or stimuli. 

They are just sensors. They show up what happened on them, Such as changing color, shape, thermal and 

electrical resistivity. These kinds of textile materials are more or less comparable with high functional and 

performance textiles. Micro fibers are Very passive, waterproof; but at the same time permeable to water 

vapor.  

2. Active smart materials are materials and system that can both sense and respond to the external conditions 

or stimuli. [4] Their prior functions are sensing and giving reaction to the stimuli. This shows they are both 

sensors as well as actuators to the environmental conditions.  

3. Very smart materials are materials and systems which can execute triple functions; First, they are sensors 

which can receive stimuli from the environment; Secondly they are able to give reaction based on the stimuli; 

Thirdly they can adapt and reshape themselves accordingly to the environmental condition. We can compare 

this system with the animal chameleon; Chameleon has a nature of taking the color of the surrounding then 

react by changing the skin color of itself to the color of the surrounding and adapts to protect itself from the 

predators.  

4. Materials with even higher level of intelligence develop artificial intelligence to the computers. These kinds 

of materials and systems are not fully achieved in the current investigation of human beings. This may be 

achieved from the coordination of those Very smart (intelligent) materials and structures with advanced 

computer interface. 

1.2 Smart textiles 

 

Smart textiles are materials and structures [3]
 of textiles which can sense and react via an active control 

mechanism for the environmental conditions called stimuli. They are capable of showing significant change in 

their mechanical properties (such as shape, color and stiffness), or their thermal, optical, or electromagnetic 

properties, in a handy manner in response to the stimuli. They are systems composed different apparatuses and 

materials such as sensors, actuators, electronic devices together
 [2]

.  

 

Good examples are fabric and dyes that will change their color with changes in PH
[3]

, Clothes made of 

conductive polymers which give light when they get electromagnetic signals, fabrics which regulate the 

surface temperature of garments in order to achieve physiological comfort. 

 

According plastic electronics journal, Current smart textiles can be roughly divided into 3 categories: 
[26]
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 1. Plane Structures in which are made of electronic devices laminated to textiles substrates, such as in the 

STELLA project; [26]. 

 

The STELLA project is a smart textile developing project funded by EU [26]. The project is developing a 

bend able and stretchable material, which consists of electronic circuit parts. It is a technology of that can be 

integrated in stretchable applications. New range of materials to be used in electronics like in bandages, floor 

carpets and rubber band parts in mechatronics[27]. 

 

             
 
                          Fig. 1 Stretchable thermometer demonstrator (IMEC) [27] 

 

.  

                         Fig.2 Stretchable substrate with LEDs, (TU Berlin) [www. STELLA project.com] 

 

2.Textiles in which functionalized fibers - for instance conductive or optical fibers - are integrated with 

standard textile fibers during textile fabrication (e.g. by weaving or knitting); and for this the following is 

good example.  

British inventors, Chris Chapman and David Sandbach have developed an electricity-conducting fabric that 

could lead to like traditional fabric washable, washed and ironed, wearable phones, keyboards and other 

devices. It‘s made of conductive fibres by fabric construction of knitting, weaving or non woven into ordinary 

cloth [www.ElekTex]. 

ElekTex Is one of the first companies that entered the Wearable Electronic market. It is newly developed with 

a commercial product is a textile based sensor. The product has structure of a conventional fabric. It is a soft, 

http://www.stella-project.de/
http://www.wearable.ethz.ch/research/groups/textiles/ConductiveTextiles
http://www.elektex/
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flexible, and lightweight as well as electronic device. Its technology provides a fabric structure that sense 

location on three dimensions in a thin material less than 1mm thickness. 

The working principle of Elek Tex is, it has two conductive outer layers separated by a semi conductive 

central layer. The outer most layers have conductive-fabric electrodes. The lower conductive layer has 

conductive tracks in the vertical position of the surface. Tracking takes place in its left and right sides. The 

semi conductive central layer acts as an insulator in the resting condition. During pressing, electrical current to 

flow between the top and bottom layer. 

During mechanical pressing on the surface of the ElekTex fabric, either the semi conductive central layer 

allows contact between neighbouring conducting fibres to form a conductive channel through the central 

layer; or the applied pressure brings the two outer most conductive layers into contact. Then the conductive 

channel running through the central layer creates a local circuit between the upper and lower layers.  

 

 
                                 Fig.3   The illustration of the ElekTex fabric [www.ElekTex] 

 

Because of its conductivity, the ElekTex fabric has different applications such as a remote control, mobile 

phone[29] or a keyboard for a computer; can be a sleeve for a jacket for listening music; used for a smart 

blanket for a hospital that prevents bed sores in immobile patients[29].  

 

 

Fig.4   Elek Tex Smart Fabric keyboard goes wireless[http://www.gizmag.com, December 15, 2005] 

 

 

http://www.elektex/
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3. A wearable material made of combination of smart materials like phase change material, shape memory 

materials, carbon Nano fillers for conductive yarn, conductive polymers, optical sensing fibers and hybrid 

structures, in which the textile itself is part of the sensing device, or is integral to its functionality.  

Among the three categories, the first does not result in a 'true' smart textile. As it lacks the textile comfort and 

breathe ability. Smart textiles made in the fashion of the second and third are true smart textiles. For the 

reasons that they involve the basic textile processes; comfortable as if they are conventional textiles and are 

wash able [26]. 

1.3 Intelligent textiles   
   

Intelligent textiles are textile structures those produced in the process of textile processing machineries. They 

are performing functions of sensing, responding to the conditions and adapt to them. Authors describe them as 

'textile materials that sense, analyse and giving response to the best function of them'[14].  

Textiles consist of drape able structures that can be processed on textile machinery. Usually textiles are made 

of fine, flexible fibres and threads that have a high length to diameter ratio [18].  

1.4 Wearable and electronics textiles 
Electronic textiles are textile materials, fabrics, yarns and threads that incorporate with conductive fibres. 

Literatures call them smart fabrics, which are not only ―wearable‖ but also have local monitoring, 

computation as well as wireless communication capabilities [32].  

   

Electronic textiles are an emerging interdisciplinary field of research that brings together specialists in 

information technology, micro systems, materials, and textiles. They use kinds of conductive textiles, Sensors, 

computational elements, data and power distribution (www.media.mit.edu, 2010). 

 

Sensing circuitry can be incorporated directly to washable and wearable clothing‘s as well as built as yarns to 

collect information, monitor vital statistics and report them over a wireless channel for further processing.  

Every electronic-textile needs a power supply, electronic components and connection method to the textiles 

[32]. Products such as the Nu Metrex Athletic garments that monitor heart rate, fabric keypads for controlling 

I Pod, and textile heating products are examples. They can be used to create sensors, thermo - chromic 

displays, data transfer systems, antenna and heating elements. 

 

 

                            

 
Fig.5 The rechargeable sweater with textile keyboard [ www.Smarttech.com] 

http://www.media.mit.edu/
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CHAPTER TWO 

2.1 How does a smart textile work? 

Smart textiles can be made by incorporating smart materials, conductive polymers, encapsulated phase change 

materials, shape memory polymers and materials and other electronic sensors and communication equipments.  

These materials interact – according to their designed feature with the stimuli in their environment 
[17].

 

2.2 The Skin and great attention of clothing towards smartness  

 

But skin is ever-present. Skin is a flexible multilayered, multipurpose organ.  

                 

            
                   

 
 
              Fig.6 Anatomy of human skin  

 

It is  

 Senses and responds to heat and cold, pleasure and pain.  

  Full of nerves and capillaries, self-repairing and  self-replacing 

  Important as a barrier, a container and biochemical manufacturer.  

 Guards the body from infection, harmful radiation and mechanical and electrical forces.  

 Controls body temperature and fluid balance, absorbing vitamins and cleaning cells. 
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It is largest organ in the human body. It contains nerve endings, which provides the sense of touch. It 

Communicates emotional, physical states (changes its colour, goose pimples, sweat, blue with cold, red 

With anger) and communicates through hormonal signals. Water-repellent and inflammatory response, 

Are other intelligent qualities. Yes, skin is definitely intelligent.  

 

Clothes are called second skin of human beings. They are worn almost all the time, by all ages of people, by 

all races of human. Clothing is personal, comfortable, close to the body, especially to the skin and used almost 

anywhere and anytime. We surround ourselves with textiles. Next to the skin So much of our environment is 

already made of textiles; we have a natural relationship with it. 
[18]

  

 

Many clothing manufacturers claim that their product breathes, sense and lives, like it is ―your second skin‖. 

Or like Eleksen, producer of a sensatory fabric 
[19]

 says it in their product catalogue: ―Elektex is like skin; the 

fabric can sense the location as well as pressure from human touch. The skin is soft and also flexible. The skin 

is itself intelligent.‖ In a fashion technology school, a whole course is even named ―The Epidermis as 

Metaphor‖ 
[20].

 Epidermis is the layer of skin which we see and touch. They Continue saying that ―textile 

technologies enrich the cognitive characteristics of our epidermis‖.  
 

2.3 Relation and difference with technical textiles 

Textile is a material very close to the human being and considered as the second skin of humans.  which 

almost everyone from young to old, male to female, in the very cold to in the hottest area, a close relation has 

a relationship. In the current and also in the past 200 years it has shown dynamic changes. It is a natural mover 

of technology and electronics and with this concept, there is a huge need to continue developing the textiles.
 

[13]
From the way we can see the research and innovation on the sector will continue in the coming years. The 

latest approach is amazingly fueling the development of new to integrate textiles with other electronic and 

advanced tools. 

Before the existence of smart and interactive textiles, technical and functional textiles served the human race 

in all aspects of application areas. Tents, ropes, ship guiding fabrics, military garments, curtains, bandages and 

others were used in the past many centuries. Still these and other technical and casual clothing‘s are on use 

many folds times. 

It is undeniable before the development of smart textile; the functional textiles were the advanced textiles. 

However whatever they perform they are not active. They are passive. They are not designed to regulate 

themselves. No smart material is applied to them. They can be protective cloth but cannot be as the smart 

protective clothing. They can be water proof; however they are not vapor proof.  

All smart materials involve an energy transfer from the stimuli to response given out by the material. They are 

integrated and complex materials. They have the ability do some sort of processing, analyzing and responding. 

Even they can adapt to the environment. They can be described as textile materials that think for themselves.
 

[14]
They got full ability to change themselves depending on — temperature, pressure, density, or internal 

energy—will change. The amount of energy transferred to make this change is determined by the properties of 

the material. This relationship between the amount of energy required and the degree of the specific change 

governs the behavior of all materials, including smart ones
 [15].  

 

In technical, high performance and conventional textiles materials, the properties scale the relationship 

between state change and energy transfer is not a complicated. It is straight forward. If they get energy or any 
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stimuli from the outer environment they do not do any change on it .They just resist it. Or absorb it. For 

example, a material‘s specific heat (property) will determine how much heat (energy) is needed in order to 

change its temperature by a specified amount
. [16]

 

This emerging area of smart promises a new genre of clothing and environments that fulfill a range of needs, 

from health monitoring and personal security to new methods of accessing entertainment, culture, 

communication and expression, which seek to satisfy a future of mass-customized products that fulfill 

emotional, sensory and experiential needs. 

Application wise smart textiles can be found everywhere. These days they are replacing the conventional and 

the functional ones. To name a few: Clothes that monitor heart, temperature sensing jackets, color changing 

fabrics, drug releasing medical textiles, smart fabrics which able to measure the chemical composition of the 

body fluids, textiles that measure pulse and immune systems, gloves with microphones, sensors in mattresses, 

cooling clothes, and others. 
[13].

 

Smart Textiles business idea is doing a lot to initiate and maintain a successful method in the development of 

new R&D projects that are carried out and where collaborations among companies, end-user, researchers and 

research work to commercialize ideas and help companies grow. A lot of companies and Universities are 

spreading knowledge about development in smart and interactive textile material and textile processes. So that 

new products and services within future textiles boom in the market
 [3] 

 

2.4 Some processes for high performance technical textiles 
 

2.4.1. Plasma treatment  

 

Plasma treatment is a textile surface modifying treatment which offers an improved performance textile 

surface without altering the properties of tear resistance, flexibility, density of the textile material.[36] The 

figure below shows the working principle of plasma treatment                                                                                             

 

 

 

 

 

Fig.7 Illustration of plasma treatment on textile surface[36] 

By varying the parameters of the plasma treatments process, the surface properties change to:  

 Improve the dyeing and printing affinity  
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 Sterilizing from micro organisms  

 Increasing adhesion property for the textile - Apply a fire retardant finish  

 Apply antibacterial finishes for medical appliances and safety  

 Influence the electrical conductivity of the surface  

  Confer anti-crimp properties to wool  

  De sizing cotton surface after weaving  

By the technology of Plasma treatment, the following applications are possible [36]  

a. Anti-bacterial effects  

b. Fire retardant finishes for fire protective clothing‘s.  

C. perfume realizing fabrics applications  

d. Creating ultra hydrophobic surfaces and the ―lotus-effect‖ for textile surfaces  

e. Creating ultra-hydrophilic (water-loving) fabrics for ―fog harvesting‖ textiles 

2.4.2. Sol gel technology for textile treatment  

The sol gel is defined as  

Sol is a colloidal suspension of small solid particles (10-9–10-6m) in a liquid. Gel is a molecule of 

macroscopic dimensions which extends throughout the solution (polymeric network).  

Experiments on sol-gel were done in the mid of 20th century. Inorganic sol-gel layers applied for surfaces 

of textile were highly strong and wear resistant. Since then, there is an increasing interest in the application 

of the sol-gel technology for functional textile treatments [36].  

Important advantages the sol gel treatment for the functional and technical textile are  

 Water, oil and soil repellence  

 Improved abrasion resistance  

  Antimicrobial activity  

 UV protection  

 Easy care properties  

 Immobilization of bioactive agents and dyes,  

 Flames retardency  
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 Electrical conductivity 

2.4.3. UV treatments  

Ultraviolet radiation is an electromagnetic radiation with wavelengths from 1 to 400 nm.     UV- treatment 

technology is a photochemical process to dry or "cure" inks, pigments, dyes, coating layers, glues, and 

other materials by using ultraviolet light.  

Since the 1960's the technology of UV-treatment has been effectively applied in graphics, wood, 

automotive and Tele communications. This surface treatment technology is an interesting alternative to 

traditional water and solvent based processes [36].  

Important advantages to the functional and technical textile sector Important advantages to the functional 

and technical textile sector 

 Energy efficiency  

 Production efficiency  

 Low emission of VOC  

 Application on temperature sensible materials  

 Compact appliance  

Textiles treated with this method have good acceptance for medical and hygienic applications. 

2.4.4. Nanotechnology applications for functional textiles 

Nanotechnology is a structure with a Nano size for the construction of material with improved properties 

[33]. The application of Nano technology in the field of functional textiles increasing for their good 

outcomes. Some of the finishes based on Nano particles brought the highest strength, the breathability and 

soft hand. 

The Nano materials can be applied to textile by coating using various other components and by different 

technology of coating [28]. 

Out of the many possible applications in textile, 

 Wrinkle and soil resistance 

 water repellence 

 Anti Bacterial property 

 Antistatic Properties 

 UV Protection  
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CHAPTER THREE  

3.1 Introduction  

 
 In these days the growth of materials and textiles globally are continuing in the advancement of Knowledge. 

In the near future objects and material technology going to be replaced by active and intelligent materials.  

 

The emergence of advanced materials, Nano technology, and smart materials, such as phase change materials, 

shape memory materials, conductive polymers for textiles, and other newly developed information technology 

chips had been fuelling the new area of interactive and smart textiles.  

Some good examples of these materials are e - nose by NASA which is designed for the control of leakage of 

solvents in the space shuttle, efficient sensors made from optical fibres (for chemicals, electromagnetic waves, 

biological fluids), health monitoring conductive polymers, temperature regulating phase change materials for 

clothing‘s. 

 

3.2 Advanced fibres 

 

Advanced textile fibers are fibers materials with considerably higher performance compared to standard 

textile fibers, such as cotton, polyester, polyamide etc. Their properties may include high-temperature 

strength, high stiffness, low moisture absorption, no creep, Conductivity, Chemical and Flame resistant and 

light weight. 

 

Some good examples of these materials are highly applicable in the fire fighting, bullet proof, chemical and 

harmful rays‘ protection. These materials include Aramids, Technora, glass fiber, pre-oxidised acrylic, and 

the brands of Kevlar. These fibers are just a small selection of the fibers and materials. 

 

3.3 Nano fibres  
 
Nano fibres are fiber materials with a dimension of 50nm to 1micro. Because of their size they have greater 

surface area per unit mass (diam. of 100nm ~ 1000 m2/g). The electro spinning is highly used to spin the nano 

fibres out of polymeric solutions. The following are some features of nano fibers. 

 

 • very Small and specific pore size 

• Extremely long length  

• High axial strength combined with extreme flexibility 

• Nano particles can be encapsulated, 

• They can have different cross-sectional shapes and sizes. 

 

They are playing a role in the Biomedical applications in Wound healing, Artificial skin and scaffolding. In 

the nano finish of surfaces especially in the textiles are also common these days as Coating for  Protective 

clothing and in the recording studio as Sound absorbent. The other industrial application includes Nano Filter 

Media, Membranes, composites, ceramics and Nano Catalysis. 
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These days the nano fibre s are used in the following application areas such as Nano electronics, Optical 

devices, Nano wires, Interconnects which have a vast potential for the application of  interactive and smart 

textiles. 

 

3.3 Chromic materials   

 
―Chromic" is a suffix that means color Chromic Materials are types of smart materials are those which change 

their color according to the outside environmental conditions. Commonly, they referred with the name 

chameleon materials. Chromic materials are the materials which radiate, erase the color of them because they 

induct color caused by the external stimuli.  

 

According to the stimuli type, chromic  materials can be  categorized as  

3.3.1 Photo Chromic 

The external stimuli energy is light. They emit reversible color change when activated by ultraviolet radiation. 

Photo chromic materials are color less in a dark environment, however ultraviolet radiation changes the 

molecular structure of the material and it exhibits color. When the light source is taken away the color 

disappears. 

Photo chromic dyes are dispersing dyes. Applying this functional dye to a textile will provide the textile with 

both a color changing effect and a UV protective function. Such a textile may find applications in areas such 

as fancy clothes and camouflage fabrics. Applying these dyes to natural fibers, such as wool, cotton, and silk, 

usually results in poor washing fastness.[64]  

     Application Photo chromic dyes to textiles [64] 

1. Photo chromic dye can be inserted into the fiber matrix using a traditional dyeing technique[64]  

2. Photo chromic dye can be first blended with a polymer and then extruded or wet spun into photo chromic 

fibers.[64] 

3. Photo chromic dye can be mixed with a resin and surface coated onto fabric surface.[64] 

Photo chromic colors belong to either of the following organic chemical groups: triarylmethanes, stilbenes, 

azastilbenes, nitrones, fulgides, spiropyrans, naphthopyrans, spiro-oxazines and quinones.  

Photo chromic dyes are commonly used for construction novelty items such as intelligent textiles, toys, 

cosmetics, clothing and other industrial applications. Besides these they are applied for working clothes in the 

dark, Ultra-thin polymers are layered smart textiles, soft products between the laminations. The film conducts 

electricity, information and electroluminescent light. 

http://www.loop.ph/bin/view/Openloop/PhotoChromic
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                                       Fig. 8 Photo Chromic t- shirts 

 

3.3.2 Thermo Chromic 

Thermo chromic Materials such as smart color pigments change color at specific temperatures .They 

materials are materials with special property with changing color whenever they are exposed to heat. 

Two types of thermo chromic systems that have been used successfully in textiles
[16]

 are 

             A. The liquid crystal type  

They are based on liquid crystal technology (at certain temps the liquid crystals re-orientate which 

results in an apparent change of color). The liquid crystal itself is micro-encapsulated (the tiny particles 

are surrounded by a coating) and billions of these capsules (10microns in diameter) can be mixed with 

a suitable carrier (most acrylic media) to create printing inks for fabrics. 

              

          B. The molecular rearrangement type.  

The rearrangement of the molecular structure of a dye induces color change of the thermo chrom 

material. When the temperature increases the molecules of the system change their arrangement 

according to the level of the change in temperature. Upon cooling, the system returns back to the first 

color due to molecular arrangement [65]. 

 

http://www.loop.ph/bin/view/Openloop/PhotoChromic
http://www.loop.ph/bin/view/Openloop/ThermoChromic
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3.4 Pie zo electricity 

 
The capacity of materials, solid crystals and quartz to develop voltage when there is an application of 

mechanical pressure on them across opposite faces.  

 

Polyvinylidene fluoride (PVDF) films exhibiting piezo investigated by many researchers. The intended areas 

of application were in sensors, transducers, and others [39]. However, due to the many disadvantages such as 

non-breathability, stretching, requirement of additional processes like poling, etc In recent years, many 

researchers have intensely studied the PVDF fibers for touch-sensor applications, and the new results are 

expected to open up exciting opportunities in the design and use of smart textiles.[20] 

 

 

3.5 Conductive polymers and fabrics 

During the last few years researchers have focused their attention on electrical functions of textiles. The 

reason for the interest is due to the potential to develop textiles that could sense, react and adjust in a 

controllable way to environmental conditions or stimuli. Nowadays, these functions are being realized 

through microelectronic devices and electrical wiring integration or embedded in textile structures. This 

induces separate processing conditions and requirements for the textile and the electrical device/wiring. 

Alternative routes are needed to make truly wearable electronic textiles. One of them concerns the 

development of conductive yarns in order to electrically interconnect devices[37]  

 
Conductive Polymers were first developed in 1977 from ‗iodine-doped Polyacetylene‘ in 1977, In the year 

2000 Nobel prize awarded for it in chemistry.  

 

The number of end-use applications has risen sharply in recent years due to the trend of miniaturisation and 

increased uses in the smart textile, automotive industry through electrostatic paint application. Recently, the 

heating of fabric using conductive yarns and threads woven into the textile has been demonstrated for the 

purpose of keeping people warm. [14] 

5.5.1 How Conductive fabrics can be prepared  

1. By Spinning and twisting to incorporate some amount of conductive material such as silver, stainless 

steel With the addition of nickel and copper. Conductive fabrics combine the latest high wicking 

finishes with high metallic content in textiles [14]. They can be woven, knitted, or felted together with 

non-conductive yarns to create the substrate for an electronic textile.[40] 

2. Development of electrically conductive polymer by means of mixing polymers composite with new 

conductive materials such as carbon blacks, synthetic graphite, and specially carbon nano tubes.This 

technique makes the composite both electrically and thermally conductive [21]. The electrical 

properties of these composites can vary depending on the properties and dispersion of the conductive 

particles in the polymeric matrix.[37]These were chosen for their coatings of varying thickness, 

electrical properties, molding characteristics, resin compatibility, and availability
.[41] 

3. By making polymers conductive 
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Polymeric materials have many attractive properties to achieve this purpose. They have the advantages of 

low cost, low weight, easy and economical manufacture, being widely used in the textile industry. 

          

3.5.2  How can polymers become conductive? 

 Polymers are long chains molecules that form pearls repeating like in a necklace. The first condition to 

make polymers conductive is the conjugation double bonds that the polymer possesses single and 

double bonds.  

 

In addition of conjugated double bonds. The polymers must be exited to become electrically 

conductive, 1. By oxidation reaction(removing electrons from the material), or  

2. By reduction reaction (inserting electrons into the material).  

The process is known as doping. 

What Heeger, MacDiarmid and Shirakawa discovered was that a thin film of polyacetylene would be 

commit oxidation reaction with iodine gas, raising its electrical conductivity many thousand folds.  

       Doping  improving  conductivity 

When the conductivity of Doped polyacetylene is considered it is comparable to good conductors such 

as copper and silver, whereas in its original form it is a semiconductor. 

 

Fig. 9  Comparisons of materials based on their conductivity[40] 

A metal wire conducts electric current because of free moving electrons in the metal. Before a polymer 

could be conductive it has to be oxidized or reduced. So the free electrons can jump along the 

molecular chain, from one molecule to the other. As mentioned earlier, there are two types of doping, 
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oxidation or reduction. 

 

   

Fig.10 High resolution (JPEG 174 kb)[40] 

 

 

Fig.11  Knitted fabric made of conductive material  

 
Electro textiles will allow wearers a variety of function including listening cell phones, MP3 players, 

PDAs, gaming devices, and music players, to controlling temperature. Like other electronic 

entertainment trends, when this happens to the market, it has the prospective to change the electronics 

industry and make electro textiles and electronically conductive fibers common [65].  

These electronic devices which can be applied to medical purposes in controlling patient‘s condition by 

weaving transmitters with their garments, For military forces related to their duty, location, equipped 

with built-in sensors and computing devices [65]. There are other applications for conductive materials 

such as auto mobile seat heating, heating clothes for quite cold winter conditions or heated diving suits 

to resist very cold water. Besides the above applications these materials have opened opportunities for 

designers to develop new contoured and moveable products for both today‘s and coming product 

markets. 

http://nobelprize.org/nobel_prizes/chemistry/laureates/2000/chem13bhigh.sv_v.jpg
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One thing to remember is these materials are conductive to electric and heat. However they are not 

sources of both heat and electric energy. So it is necessary to use energy source material for the 

required purpose. The creation of the newly technology, exploration of human to machine interaction 

and interface sensor technology has resulted in the development of sensory fabric
 [14]

. 
    

 

 

3.6 Phase change materials 

Now days, phase change materials are highly applied in the field of textiles for different kinds of products 

such as apparel, underwear, socks, shoes, bedding accessories and sleeping bags. For multi- functional 

products also are applicable in the specialty items like anti - ballistic vests, automotive, medical or for other 

industrial applications. 

 

3.61 How PCMs works in textiles  
 

In the application of phase change materials, encapsulation of small spheres comes first while the material is 

in liquid state. The microcapsules have an average diameter of 15 μm[14]. The microcapsules are resistant to 

mechanical rubbing, heat and most types of chemicals. They perform reaction with temperature fluctuations 

as follows When temperature increases due to a higher environmental temperature, the microcapsules react by 

absorbing heat. The PCMs in the microcapsules melt. They absorb the heat from their environment and store 

the excess energy [43].  

 

Temperature sensitive and reactive textile structures with PCM microcapsules have applications for garments,  

The thermal benefits are as follows 

  

 Cooling effect by excess heat absorption of the PCM during melting  

 Heating effect by heat emission of the PCM during solidification.  

 Thermo-regulating effect both by heat absorption or emission of the PCM which is used to keep the 

temperature of a surrounding substrate nearly constant.  

 An active thermal barrier effect by heat absorption or emission of the PCM which regulates for 

instance, in a garment system the heat flux from the human body into the environment and adopts it to 

the thermal needs (i.e. activity level, ambient temperature).  

 

When the material heat content is increasing, complete melting process without change in ambient 

temperature of the PCM follows. The undesired temperature increment compensates with the normal heating 

process. The same is true for the crystallization process. In the solidification process the temperature of the 

PCM does not change.  

 

The behavior of PCM without temperature change controlling the heat flow in and out with the mechanism of 

crystallization and melting makes them interesting as a source of heat storage in the application of smart 

garments [67]. 

 

Latent heat of adsorption and emission materials which are important in the encapsulation process 
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Hydrocarbons 
No of C 

atoms  

Latent heat of 

adsorption (ΔH) 

in J/g 

Latent heat of 

emission (−ΔH) 

in J/g 

Crystallization 

temperature (Tc, 

°C) 

n-Hexadecane 16 235.2 236.6 12.2 

n-Heptadecane 17 176.4 182.6 16.5 

n-Octadecane 18 244.8 246.4 22.0 

n-Nonadecane 19 177.6 182.6 26.4 

n-Eiscosane 20 242 230 30.4 

Table .1 Latent heat of adsorption, emission and crystallization temperature  of selected waxes  (L. Zuckerman, 2003)  

Among the above waxes and oils Paraffin is highly applicable in smart and intelligent textiles due to its high 

heat capacity, minimal percent of toxicity and lower degree of corrosiveness. Besides, it has good 

hygroscopic nature and low cost compared to the others [17].  

3.72 How PCMs are applied in textiles  

For a Suitable application of PCMs in textiles the temperature must be within a temperature range of human 

skin. This exciting property of PCMs would be useful for the application of producing protective garments in 

all- kinds of weathers from the strongest winter to the hottest summer.  

Textile materials treated with PCMs can store the heat if it is excess and release it back.When the heat is 

needed. As the phase changing process (changing the state from one another) is happening in all temperature 

changes because of the degree of physical activities and the ambient temperature. 

 

 Fig. 12 PU1 containing n-hexadecane: (a) magnification 1000×; 10.0 kV and (b) magnification 10,000×; 10.0 kV.[ 
Science direct 2008] 

The PCMs can be applied either in the fiber spinning or during chemical finishing processes like Coating, 

lamination and others [43].  

 

3.7.2.1. Fiber technology  
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The application of the PCM for the purpose thermo-regulating can be done by adding the microcapsules of the 

PCM during the extrusion of the fiber in to liquid polymer or polymer solution in wet or melt spinning. Then 

the PCM microcapsules integrate as part of the regenerated or manmade fiber.  

3.7.2.2. Coatings  

The microencapsulated PCMs have to be wet and make dispersion media with water and a surfactant.The 

dispersion mixed with an antifoam agent and a polymer mixture then would be applied to the required surface 

material as coating.  

3.7.2.3. Lamination  

The PCMs are firstly made in to thin film of polymer. Then this mixture film would be applied to the inner 

part of fabric by the method of lamination. The porous structure of the fabric obtained during foaming makes 

excellent trapping possibility for both still air and PCMs, thus, leading to an increased passive insulation.  

Application of PCMs by lamination makes the fabric chemical protective and thermo-physiologicaly 

comfortable to wear. Nonwovens fabrics for medical clothes like surgical gowns, uniforms, or garments worn 

in clean rooms examples.  

3.73 Applications of PCMs incorporated textiles 

Textiles incorporation with phase change materials (PCMs) are used in various products and applications, 

where heat exchange plays a role [17].  

The following are some applications of PCM in smart textiles[17][68],  

3.7.3.1. Space  

The technology of applying phase change materials to textiles was first developed for use in astronaut‘s suits 

and gloves to protect astronauts from the unusual cold while working in space [43]. Phase-change materials 

give thermo – physiological comfort to astronauts at space.  

 

Fig. 13 Neil Armstrong, astronauts’ clothing with phase change materials [Wikipedia, the free encyclopedia] 

http://en.wikipedia.org/wiki/Neil_Armstrong
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3.7.3.2. Sports wear  

In the application of phase change materials for sportswear, during high rate of physical activity, the wearer‘s 

extreme body heat increases and goes to the encapsulated phase change materials keeping the ambient and 

body temperature constant and released when the body needs the heat [68].Snow Sports like ice climbing, 

skiing gloves, underwear and ice climbing garments and underwear for cycling and others.  

 

Fig. 14 PCM for mountain climbing clothing  

3.7.3.3. Bedding and accessories  

Micro capsulated PCMs into blankets, bed covers, pillows and mattress covers guarantee active temperature 

regulating function in the bed. When the body temperature rises, the additional heat energy is going away and 

the body temperature comes to comfortable. When the bed surrounding temperature drops, the stored heat in 

the bedding accessories release and the body gets warmer.  

3.7.3.4. Medical applications  

The textiles treated with PCM microcapsules have vast applications in medical and hospital garments like 

surgical theatre apparels[17], bedding materials for the patient like pillows, mattresses, bed covers, bandages 

for the wound care, for burn and bone fracture and products to regulate patient temperatures in special 

treatment rooms like intensive care units.  

These smart textiles have the potential to store heat and regulate temperature within the comfort range, so 

they can be used as heat and cold therapy.  

3.7.3.5. Shoes and accessories  

These days, PCMs are also used in smart footwear for skiing, mountaineering, racing car drivers‘ etc. The 

foot wears react directly to change the temperature of both the out and in side of the garment as well as the 

body. They have the properties of Heat-storing and thermo-regulating which means absorbing and releasing 

the heat to prevent drastic changes in the wearer‘s body extremities like head, fingers and toes  

The smart foot wears for ski boots, for instance the PCM absorbs the heat when the feet make over heat, and 

redistribute the stored to the cold spots when feet get chilly. This keeps the feet thermally comfortable.  
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Fig. 15 Skiing shoes made of PCM  

3.7.3.6. Others applications 

PCMs are also are in use in the advanced Automobile interior applications. For these purpose the paraffin 

alcohol is used for its low cost and other environmental and easy handling properties. Generally they are 

applied in seat cover, headliners and seats in order to get superior thermal control.  

Other applications includes for protective clothes for fire fighters suits, military uniforms, helmets, fishing 

waders, 

 

3.8 Shape memory materials 

Shape-memory materials are material sense a change in temperature by making a change of crystal structure 

at a certain transformation temperature. Shape memory materials (SMM) are able to react by changing into a 

prescribed crystal structure shape [66]. The crystal structure of the materials at lower temperatures brings 

easier and permanent deformation. However on heating the material again returns to its initial high 

temperature structure. Thus the materials have "remembered" their shape [2].  

Along with temperature the SMM can sense physical changes such as thermal, mechanical, magnetic or 

electric. These physical changes stimulate SMM by transforming the crystal structure. As an adaptive material 

they used to change heat energy into mechanical work [66]. 

 

3.8.1.Application of shape memory materials  
 

Until recently, SMM has been predominantly developed for applications for the biomedical and engineering 

industry [5].alloy  

 

1. SMA for a shirt which does not need ironing. It shortens its sleeves when the temperature rises. It was 

designed by an Italian apparel company Corpo Nov[66]. 

  

2. SMM for an intelligent insulation for a winter jacket NiTi shape memory alloy used to senses and reacts to 

environmental conditions [69].  

 

3. Shape memory fabric for bio medical application such as artificial (tendon, cornea and bone joints), 

orthodontics, scaffold material and wound dressing [70]. 
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4. SMM which is activated by humidity for disposable hygiene products such as diapers and feminine care 

products [71]. 
 

5. SMP laminates for waterproof, windproof and breathable fabric [66].  

 

Shape memory polymers (SMPs) are smart polymer materials that change their shape as a result of an external 

temperature, from a temporary deformed shape back to an original [44].  

 

Some advantages of using shape memory polymers in the smart textile[44],  

 

1.Large recover ability  

2.Lighter weight  

3.Superior moulding property  

4.Lower cost 
 

 3.9 Lesson from nature - Bio-mimics  

Some good examples of lessons for the development of intelligent and smart textiles are;  

3.9.1. Super hydro phobicity and self cleaning 

2000 years have elapsed since super hydrophobicity and self cleaning properties observed on plant leaves. 

Why some plants have almost always clean leaves despite their ‗dirty‘ habitat? However, this phenomenon 

could not be explained with scientific evidence. The mechanism behind remained a secret until the 

development of the high resolution scanning electron microscope (SEM), introduced in the mid- 1960s [34].  

 

At the end of the 1980s the technological relevance of the self-cleaning phenomenon came into focus.  

The micro- and nanostructures of the leaves, the higher contact angle of water droplets (about 140°) and 

together with a hydrophobic wax have caused the phenomenon of super-hydrophobicity. Because of these 

reasons, dirt‘s from the surrounding cannot stay and adhere on the leaves. They easily removed from super 

hydrophobic surface by water [44].  

The lesson from nature has taught human to apply it in technical and smart textiles, tents or other outdoor 

purposes textiles, waterproofed using plasma treatment, self cleaning and super hydrophobic textiles, various 

coatings with Nano structured particles. 

3.9.2. Feathers 

Numerous birds and butterflies create brilliant colors without using pigments. Their feathers show these much 

colors by refracting the light through millions of repeating [46] structures that bend light to make certain 

colors. For instance, the only pigment in peacock feathers is brown. 

3.9.3. Fur and skin of polar bear 

In arctic zone the temperature reaches up to −50°C. In this very cold area, the huge animals called the polar 

bear have survived for the last   many thousand years. Naturally the polar bear is one of the biggest predators 

on the globe. What secrets are behind for its survival?  
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The subcutaneous fat with a thickness of 100mm, its black skin and white fur are the secrets behind its 

survival in the polar zone. The fur of the polar bear can capture incident sunlight. The yellowish white hollow 

hairs then reflect the sunlight along their length till it is converted to heat in the black skin.  

Hollow hairs structure and the fat skin, give good lesson to develop thermal insulation artificial furs and 

textiles
.[7] 

  

Fig. 16  Polar bear fur [7] 
 

3.9.4 Self healing of biological systems- biological system 

Polar bear survived for the last many thousand years in the polar zone. The temperature reaches up to −50°C 

in this area. Naturally the polar bear is one of the biggest predators on the globe. What secrets are behind for 

its survival?  

The subcutaneous fat with a thickness of 100mm, its black skin and white fur are the secrets behind its 

survival in the polar zone. The fur of the polar bear can capture incident sunlight. The yellowish white hollow 

hairs then reflect the sunlight along their length till it converted to heat in the black skin [72].  

Hollow hairs structure and the fat skin, give good lesson to develop thermal insulation artificial furs and 

textiles.[7] 

 

3.10 Tissue engineering 

  

Tissue engineering is a biomedical technology which creates suitable environment for the division of cells, 

tissues cultures, proliferation and differentiation of cells to induce tissue regeneration [47]. It is a 

multidisciplinary field which contains the principles of engineering, biology and materials science to the study 

and manipulation of living cells.  

 

Textiles and textile materials play roles in the application of tissue engineering. Some of them are Scaffolds‘ 

and implants, and many others are derivatives of textile technology. In the drug delivery system also they are 

the one option in the field. They perform health monitoring, protection, safety and healthy lifestyle, gained 

strong interest during the last decades [44].  
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CHAPTER FOUR 

4.1 Introduction 

 

After the conventional, technical and functional textiles, these days the smart textiles came into existence in 

the market and research areas. The term ‗smart textiles‘ covers a wider range. The application possibilities 

are also quite broad. They are booming in the apparel industry, in protective clothing‘s, police and rescue 

services, military suits, in sports, in the bio medical sectors, automobiles, carpets, furnishings etc.  

 

―Smart textiles‘‘ are the integration of advanced smart materials, micro-electronic, Nano technology, sensors 

and IT technologies. Such clothes are for the benefit of the wearer with increased personal security. In 

healthcare applications small wireless units are integrated into clothing to replace bulky wires and electrodes. 

The smart technology is rewarding materials with new properties and abilities which have never been 

experienced before [48].  

 

Research trials on textiles are undergoing in different sectors. In the fashion sectors, designers are creating 

fashion by coordinating wires, circuits, and optical fibers with traditional textiles. They are successful to 

create glowing and warming garment. while electronics engineers are using electronic conductive polymer 

threads and sensors in suits that map wearers' location and communicate to the surrounding 

stimuli[21].Researchers came to an agreement that the development of interactive electronic textiles is 

technically possible And in the near future the challenges going to be solved. 

 

 

4.2 They are coming to the Textile Industries  

 

 

Smart Textiles is acting as a baby, a newly born but mature before its age. The market and the business of 

wearable, interactive and smart textiles are presently changing the foundation of the textile industry [13].The 

changes are dynamic knowledge transfer; innovative systems; new employment Opportunities‘ in the smart 

industries and others. With this, textiles becoming a ―smart multiple functions‖ and can replace technical 

apparatus if the rate continues in coming couple years.  

 

Business possibilities are not limited to the textile industry, but can be found in almost any line of business. 

The innovation system of Smart Textiles created an internationally acknowledged centre for advancing, 

designing and production of the next generation‘s textile products. Companies stimulate interdisciplinary 

research and development projects in cooperation with the business community. 

4.3 Applications 

Smart textiles are on the world market since the late 80's.Their application is getting wider and wider since 

then. These days, it is not hard to get self-cleaning carpets, shape memory and environment-responsive 

textiles [3], temperature regulating suit and shoes [48].They are on applications in geo textiles, bio medical 
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textiles, sports, protective clothing‘s, casual clothing‘s especially for winter wears. 

 

      

                 

 
Fig.17 Smart textiles application in Sport wears  

4.4 Academic Examples smart and inter reactive textile products 

 
On the current market of smart textile the following examples are taken. Actually, the number of smart 

garments is not few as in the example. Every time their number and quality is going up. In last few years a 

number of products emerged to the market. 

 

4.4.1. Gore - Tex smart fabric, Jacket  

The Gore-tex is the first truly smart fabric designed by Gore company in the year 1978. It has the capability 

of letting water and moisture flow in one direction and not in the other; This property makes it waterproof, 

windproof and breathable [49]. 

      

Fig.18 Gore-tex Smart jacket [www.Gore-tex]  

The fabric membrane has pore density of 10 billion pores per square inch. Since the diameter of the pores is 



33 

 

on the microscopic level, they are 20000 thousand times smaller than a water droplet [49].Because of this 

GORE-TEX fabric membrane is waterproof from the outside. The pore diameters are about 700 times larger 

than a water vapor molecule; they allow perspiration and water vapor to escape from the inside.  

On the fabric surface, an oil-hating substance uses in preventing the penetration of body oils. It also repels 

insects that can affect the membrane. There is lamination between high-performance fabrics that are 

extremely breathable. All GORE-TEX fabrics because of the membrane and the lamination are waterproof, 

windproof, and breathable. 

4.4.2. The Bio Harness  

Zephyr Technology's Bio Harness is a smart fabric a combination of electronics and conductive fabrics. The 

Bio Harness is a bio monitoring; wireless and portable system. The main use of this material is for sensing a 

person‘s vital signs. It measures physiological Conditions such as heart beat, breathing rate, degree of chest 

expansion and contraction during breathing and physical activity. It is a shirt or bra strap.  

The system Comprises an electronics module and a patented Smart Fabric garment that wear on the torso 

like a standard heart rate monitor. The measured data may be transmitted to a PC and viewed for analysis in 

real-time or logged [50]. 

 

Fig.19 The bio monitoring , Bio Harness  [Www. Bio Harness/Zephyr-Bio harness 2010] 

 

This new and smart technology has replaced usual rubber band by a conductive textile ribbon[44]. Designed 

to work with a Polar Wear link Transmitter, Polar precision computers, as well as heart rate concordant 

equipment. The use of conductive yarn knitted with the sensors in to them makes it highest wearing comfort. 

The integration of the Smart Fabric sensor technology into a chest strap is comfortable. It records complete 

physiological data on the wearer, eliminating the need for multiple devices. It enables real and genuine 

monitoring for performance and condition of human health [51]. 

4.4.3.  MET5  jackets by The North Face  

 

MET5 jackets created by The North Face company few years ago. The electrical heating and insulation 

system uses the Polartec Heat and Power Shield fabric technology. It uses 3 adjustable lithium ion batteries 

for the required heating and music playing. The Polartec technology gives heat on demand through the 

batteries. This jacket grows hotter or cooler according to the wearer needs, eliminating the extra weight on 

chilly days [52]. The jacket is also music playing Interactive Wear. 
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Fig.20. Polartec Power Shield fabric[www.North face.com] 

 

The system gives heat only on needs. So there is no need to add or take out layers during stop and go 

activities. The heating technology of MET5 has a solution to the cold-weather and to intermittent activities. 

Very thin conductive filaments stitched inside the core. Then heat panels produce an amount of heat to reach 

a temperature of 114° F at the high setting and 105° F of continuous heat at the medium settin[53].  

 

The jacket uses two 7.5 lithium rechargeable ion batteries. The batteries can heat up the source for 5 

continuous hours. The 2.5 they give the high setting and the half they give medium setting.  

 

Generally the jacket has the following features  

 

- Excellent wind- proof and breathability due to its laminated material  

- Has great durability and weather- protection.  

- Support moisture evaporation and allow complete freedom of movement for high, upward reaches.  

- Machine washable with by removing the detachable unit battery  

- Battery Weight: 4.37 oz each  

- Jacket Weight: 20 oz (based on medium-size jacket)  

- Battery Output: Average 114° high1- 2.5 continuous hours, Average 105° medium-15 continuous hours  

- Control Unit Weight: 2.3 oz 

4.4.4. The sensory perception technology for smart healing clothes  

A) ALOE VERA: naturally obtained moisturizers plant known by a name ‗Lily of the desert‘. The history of 

the plant shows it uses as a skin care product for the last 2000 years. Recently analytical chemistry research 

shows that the Aloe leaf has over 75 nutrients and 200 active compounds, including 20 minerals, 18 amino 

acids and 12 vitamins.  
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The latest technology of sensory perception has used finest Aloe Vera gels for the purpose of personal 

hygiene apparels such as underwear, hosiery, maternity wear and for bedding accessories. The treatment 

helps the wearer by odor eating, providing vitamins and repelling insects [54]. 

B) The smart technology of sensory perception helps to fight of the disease Cellulite. Cellulite is an illness 

due to poor micro-circulation of blood. It is a result of blood-lymphatic vessel walls becoming more 

permeable and trapping toxins and deposition of fat lumpier. It is common in women‘s.  

The KELP plant is an anti-cellulite plant discovered in 1812.Iodine and volatile oils are obtained from the 

plant KELP The iodine from the Kelp oil absorbs the epidermis and facilitates the micro-circulation 

stimulating glands and the connective tissue. 

The Kelp plant has long been used in creams and jellies to ease swelling and pains of joints, bruises and 

glands [54]. The smart textile technology uses micro capsulated kelp plant oils to fight the root causes of the 

disease cellulite effectively; The plant oil release directly or conjunction with moisturizers. The combination 

of the smart textile technology with the plants Aloe Vera and Kelp SPT micro-capsule create an equivalent 

of a mini-body wrap [54]. 

4.4.5. Networked Jacket 

 Lunar Design used organic fabrics made of semiconductors in the BLU Jacket, in order to  

 Displays the wears‘ moods through signs and colors changes.  

 Locate the direction of the wearer using a GPS.  

 Help to project a map theoretically onto the jacket‘s sleeve through its flexible display. 

 

 

 

 

 

 

 

 

Fig.21 The Networked Jacket [read and write web  April 14, 2010] 
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4.4.6. Smart running shoes from Nike 

The latest smart Nike brand running shoes come to the customer‘s recently. It uses a special sensor that 

tracks the wears‘ running by doing a lot of interactive activities. It communicates with information 

technology tools. It sends the running condition, speed, total distance run and other data to personal iPod. 

The transmitted data can automatically upload and post a status report on Face book [55].  

The Adidas mi Coach PACER is a running pacer device which Includes prominent medical tools such as a 

heart rate monitor and a "Stride Sensor". The design feature of the battery operates sensor that fits into the 

shoe. 

 

Fig.22 Nike smart running shoes[ Read Write Web's review]  

4.4.7. Biosensor Underwear 

 

 

 

 

 

 

Fig.23 The Biosensor Under wear [ Read and write, 25 March 2010] 
 

US scientists Joseph Wang and colleagues at the University of California San Dieg developed a method for 

printing durable bio sensors directly onto clothing [56].The bio sensors use conductive and Nano tubes for 

the desired tasks.  

 

The sensors perform Continuous and Constant monitoring of blood pressure. They control and measure heart 

rate and biomedical monitoring outside hospitals for patients. They offer close physiological watch for 

patients at home. That certainly reduces the load on the hospitals. They help to reduce mental Stress, health 

and drug monitoring in sport and the military during the duty work.  

http://www.readwriteweb.com/archives/sensors_to_help_you_get_fit.php
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The principle of electrochemical sensors is on use for the sensors. According to the scientists the application 

of electrochemical sensors for smart textiles has the advantages of high sensitivity and minimal cost. Further 

application will emerge in the coming year [56]. 

4.4.8. Motion Detecting Pants 

 

 

 

 

 

Fig.24 Motion detecting pants [ read and write web, April 14, 2010] 

Recently the research teams in Virginia Polytechnic Institute and State University in Blacksburg 

coordinately have developed a pair of pants. The special feature of the developed smart fabric is to sense the 

movement, the speed, the rotation and location of the wearer. It reports to the stored data about the detail of 

the movement to the computer by the wireless signal. These smart and interactive pants work through a loom 

that helps sew the wires and fabric together [57]. 

 4.4.9. NASA Aero gel jacket 

 

Fig. 25 Aero gel jacket [ NASA  Spinoff for , 2001] 
 

Aero gel materials are the best insulation material for smart clothes. Due to their very low density, weight 

and often translucent appearance, aero gels are often called solid smoke[58].  

 - It has low weight and density, flexible and translucent nature.  

- It can resist up to a temperature of 3,000 Fahrenheit.  

- Color wise, It can be transparent, translucent, or opaque.  

Aero gel materials use to manufacture smart clothing‘s in uses. Their flexible nature allows making blankets, 

thin sheets, beads, and molded parts. Their products are not bulky and heavy. When thermal insulation 

needed like in the design of 2001 NASA, jacket they are highly preferred. 
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Johnson Space Center used the 

material in the precursor to 

development of gloves projected for 

use on a future mission to Mars. 

  

The "frozen smoke.‖The transparent 

Aero gel. 

Fig.26  NASA  Spinoff for  

4.4.10. Smart Clothes that track human health 

 A new generation of smart textile was prepared by the BIOTEX technology. The team could weave a 

combination of hydrophilic and hydrophobic yarns. The woven fabric directs the sweat through its channels 

to the sensor array. The new design of fabric uses a reduced power[57]. 

The BIOTEX team has partners from universities and small enterprises. The collaborated Universities are 

from Italy, France and Ireland. The CSEM assisted the team to overcome some of the technical barriers to 

bio sensing textiles. 

                                                                          

 

Fig.27 The BIOTEX  [Science Daily (Mar. 31, 2008)] 
 

BIOTEX developed for biochemical sensing techniques that can take measurements from fluids like sweat 

and blood. The bio sensors in a textile patch can analyze body fluids, even a tiny drop of sweat. They 

perform physiological measurements such as heart rate, breathing rate and physical activities.  

 

During the analysis of the body fluid, the Ionic bio sensors measure the concentration of sodium, potassium 
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and chloride and conductivity of the sweat samples. The PH sensor uses color changes to indicate the pH of 

the sweat [57]. 

Measuring the immunity of a person by the smart textiles is one of the greatest achievements of the BIOTEX 

project. The immune sensor technology uses woven optical fibres that direct supplied light in to the optical 

sensors in the spectrometer [57].It integrates with wound dressings or bandages to sense the presence of 

specific proteins in fluid samples. The glucose and mannose concentration in diabetics determined. Affinity 

sensors can monitor glucose for long-term implantation of BIOTEX sensors in humans [73]. 

 

The oxygen sensing probe measures levels of oxygen concentration in the blood around the thorax using a 

technique called reflective oximetry[57]. The bio sensors of the smart fabric do the measurement of the body 

and electro-cardiograms readings are also available from the smart patch.  

 

The BIOTEX smart patches used in the clothes of people with obesity and diabetes. Athletic clothes are also 

posses this smart fabric for biological and physiological measurements. 

4.4.11. Intelligent garment for fire fighters 

The new brand fire fighters jacket made in the year 2009.The Denmark originated company called VIKING 

designed it. This innovative Smart Textiles is an example of the application in the fire fighting protective 

professional clothing.  

The thermal sensors integrate with the interior and exterior layers of the coat so as to control the temperature 

near the fire-fighter and inside of the coat close to the body. The sensors connected to two LED displays, on 

the sleeve and one on the back. 

1. The LED display on the upper left shoulder indicates critical situations.                                                   2. 

The LED display on the lower sleeve indicates hazardous heat levels in and outside the turnout gear.    

 

 

 

 

 

 

 

 

Fig.28 Viking Smart fire fighting gear [www.talk2myshirt.com] 

 

Along with the sensors the turnover has a control chip that calculates the temperature and activates the LED 

displays. The power supply batteries are rechargeable and remove able. The microelectronics chips are 



40 

 

washable. They can with stand up to 25 cycles.  

The display gives flash of light slowly at critical and hazardous outside temperature of 250ºC. It becomes 

rapid at 350ºC, and slow flashing at 50ºC and at 67ºC the display light flashes rapidly because the inside of 

the coat near the skin reaches 79ºC is the critical situation( www.talk2myshirt.com January 18, 2008). 

4.4. 12. The Helicopter suit  

The new helicopter suit made of a smart fabric with encapsulated PCMs. It adjusts the temperature of itself 

for the comfort of the wearer. An intelligent molecule inside the layers of the fabric is able to absorb the 

shocks when crash happens.  

SINTEF and the Norwegian clothing manufacturer Helly Hansen jointly developed this life saving suit to 

help people and helicopter pilots during crush happens, Passengers may fall into the churning waves. The 

design made to meet the requirements of offshore platform personnel. The survival suit offers protection 

against ice - cold waters. The suit customizes to be comfortable during the helicopter flights to and from the 

platform (Science Daily Oct. 22, 2008). 

 

 

 

Fig. 29 The newly developed life saving Norwegian helicopter suit (Science Daily Oct. 22, 2008 Photo by Helly Hansen) 
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CHAPTER 5 

5.1 Summary of literatures on smart textiles 

 This paper tries to show the thirty years history of smart textiles in the literature world. Different articles 

started to be written since the mid 70's of the last century. These days a lot of articles, journals and books are 

available. Every month there are issues on the development and application of smart and interactive textiles. 

Table2. No of articles on smart textiles versus years 
 

Years 80 - 81    85 - 86  90 - 91 95 - 96 2000 - 01 2005 - 06 2009 - 10 

No. of Articles 

written on smart 

textiles 

         8           14        26        56            87        186        247 

            

        

Graph1. No of articles written on smart textiles versus years [Source science direct data base] 
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Years 80 - 81    85 - 86  90 - 91 95 - 96 2000 - 

01 

2005 - 06 2009 - 10 

No. of journals and 

books written on 

smart textiles 

     8 & 1   14 & 1       26 & 2 52 & 6  64 & 27  150 & 38 225 & 23 

Table 3. No. of journals and books written about smart textiles versus years [Source science direct data base]. 

 
 

Graph 2. No. of journals and books written about smart textiles versus years [Source science direct data base] 

5.2. What people were doing 

  
In the history of smart and wearable technology , authors dived the history  in to four major parts,  

5.2.1. Before the year 2000 

In the first period, before 2000, the approach was in the development of Wearable sensors and computing 

and on their application. It was more of technology motivated. The researchers focused on the applications of 

advanced electronic technologies on wearing. The products were more ‗portable‘ rather than 

‗Wearable‘ [60] (The future design direction of Smart clothing development, Brunel University).                    

 

Good examples for this period are;  

Georgia Tech Wearable Motherboard (GTWM) 
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Fig.30 The Georgia Tech Wearable Motherboard (GTWM) 1998 

 

 It used optical fibres, special sensors and interconnects to monitor to detect bullet injuries.  

 Sensors "plugged" into this motherboard using the developed Interconnection Technology. 

 Data bus integrated with monitoring devices such as an EKG and also serves to transmit information 

to the sensors. 

 It has a temperature recorder, a voice recorder, etc. 
[31]

 

Cyber jacket 

 At the University of Bristol, Scientists at the Department of Computer Science developed the "Cyber 

jacket".  

 It has a wearable mobile computer system.  

 The first prototype was made during the summer of 1997.  

 Has software architecture for mobile computing having a natural model for interaction.  

 Develop applications of wearable computing.  

 Cyber jacket consists of C programs interacting by means of sockets, running on a Linux kernel. 

 Integrated with location sensors (GPS) [61]. 

 

 

        
 
 
 
 
 
 
 
Fig. 31 Cyber jacket  [BBC home page Thursday 18th January 2001] 

 5.2.2. During   2000 
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The consciousness and participation of fashion and textile sector considerably increased. Fashion and textile 

professionals started to create their own research and development on smart and wearable electronics. 

Consequently, different joint projects between electronics and fashion fields came to existence. Among the 

joint projects, the Cyberia project is one example. (Rantanen, et al, 2000).  

 

During this period, Prototype research on new materials for active functions of smart and interactive textiles 

executed rather than their business orientation. 
 

Good examples this period are; 

Reima and Soft switch 

Both companies Reima and Soft switch entered the market of wearable electronics in the first half of 

2000[59]. Reima brought the equipment to the market with a ‗Smart Shout‗. It was an apparatus for fast and 

easy group communication. It integrated into a body belt. It was on show on June 2000 at the World Expo in 

Hannover, Germany. The ‗Smart Shout‘ developed in Kankaanpää, Finland. Very giant companies involved 

in its development. Among them University of Tampere and Nokia were the mains [59].  

Levi’s ICD+ jacket 

The collaboration of Levis fashion and Philips Electronics started ICD+ jacket project. Levi Strauss and the 

designer Massimo Osti in 1999 started to work together. It might be the most known outcome of their 

research work. Levis in cooperation with Philips Electronics marketed the brand ICD+ jacket in 2000 after 

the research [62]. It is to be the first wearable electronics garment in the market. At this period, Interactive 

clothing and fashion accessories came together. 

 

Fig.32 Philips and Levi’s ICD+ Jacket with device pockets for MP3 & Mobile Phone[www.Fibretronic.com 2010] 

 5.2.3. Between 2000 and 2005 

 

In this period the number of Smart Clothes available in the market increased significantly. The advancement 

of material science and development of new materials, electronic components and others geared the race.  

 

The developments;  

 

 Development of conductive textile yarns as sensors and electrodes.  

 Knitting of integrated connections to measure resistance values on fabric.  

http://www.reima.fi/
http://www.softswitch.co.uk/
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 Started to apply conductive polymers for testing bio physical and mechanical parameters.  

 Integration of Pie zero sensitive fabrics with new materials for active functions and integration with 

patches and textiles. 

 

All the above brought tremendous changes in the overall field of the smart and interactive textiles. 

 

The examples are  

Adidas’s smart shoes, 2004  

 

Adidas‘s smart shoes commenced to the market in the year 2004. It was the first smart shoe to the market. It 

is a pair of sneakers called ―1‖; It consists of a microprocessor, electric motor, and sensor into the actual 

material. The shoe allows the wearer in the running methodology. It adjusts its cushioning dependent on 

what surface the wearers are travelling over and how they run or walk [63].  

 The sensor reads 20,000 readings in a second, with the aid of a 20MHz processor.  

 It able to do 10,000 calculations in a second.  

 The small motor in the heel changes the tension of a metal cord to assist the wearer.  

 It has shock absorption mechanism for an appropriate style of the runner's, etc. 

     

 5.3 What people are doing  

Smart and interactive textiles perform broader tasks than conventional textiles. Their adapting property towards 

the environment helps them to 'think' about the wearer' comfort. According to writers, they are becoming the next 

generation of textiles. Researchers and scientists are striving to develop new smart fabrics. Those include bio 

medicals, protective, bio sensing and others.  

These days‘ intensive researches conducted to achieve the ultimate goal of smart and interactive textiles. 

Different projects by different organizations, firms, are supporting to facilitate the functionality and the 

development of the technology of smart and interactive clothing‘s. Day by day the new results are exciting. 

 

5.3.1 Projects on Smart textiles 
 
Since the mid of the 1980‘s, there were much effort and researches on smart textiles. Different groups such as 

EU, European space agency, NASA, giant companies and industries like Adidas and industry members put funds 

to R and D for different end uses. Such researches carried out by EU, European Space Agency, government 

agencies, NASA, giant companies and industries like Adidas. For instance The EU has put funding project to 

facilitate developments new smart and interactive textiles through FP 6 program. The 7th framework will 

continue in the program. The aim is to initiate restructuring, strengthening and commercial developments of 
products of smart textiles [48].  
 
  
 

Project name Period            Objectives and applications 
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1. STELLA (Stretchable 

Electronics for Large Area 

Applications) funded  by EU 

http://www.stella-project.eu/ 

1/1/06–

31/1/ 10 

• ―Electronic skin‖ 

• In healthcare                                                                           

• Wellness and functional clothes                                         

• Integrated electronic in stretchable parts and products 

2.BIOTEX ( Bio-Sensing Textiles 

to Support Health Management) 

funded  by EU 
http://www.biotex-eu.com/ 

1/7/06-

29/05/08 

• Monitor body fluids and perform biochemical 

measurements on textile substrate 

• Development of sensing patches for    sweat and blood,  

• Electrical and optical connection to a signal processor 

3.CONTEXT (Contact less 

sensors for body monitoring in 

corporate in textiles) funded  by 

EU                  

http://www.context-project.org/ 

1/01/06-

30/6/08 

• Incorporate contactless sensors into textiles , continuous 

monitoring  and used by untrained individuals 

• To measure muscle and heart electrical signals. 

• Giving information on muscle activity and stress state. 

 

4.OFSETH (Optical Fibre 

Sensors Embedded into technical 

Textile for Healthcare) funded  

by EU   

http://www.ofseth.org/ 

1/3/06-

30/9/09 

• Integration of optical fibres based sensors  for 

capabilities of wearable solutions for health monitoring 

• Wearable static sensors for cardiac and respiratory 

activity and oximetry by means of FBGs sensors and 

NIRS (Near Infra Red Spectrometry)  

• Wearable mobile sensors for ambulatory healthcare 

monitoring and application for Sudden Infant Death 

Syndrome (SIDS). 

 

5.MERMOTH: Medical Remote 

Monitoring of Clothes) by EU 

funded  by EU 
http://www.mermoth.org/ 

2003-

2006 

• develop a generic medical monitoring system based on a 

wearable 

Comfortable garment,  

• integrating smart biosensors for clinical drug trials and 

medical academic research 

 

8.MyHeart: Fighting 

Cardiovascular Disease by 

preventive Lifestyle & early 

Diagnosis) funded  by EU 
http://www.hitech-

projects.com/euprojects/myheart/ 

2007 • Wireless communication and Textile sensor interface 

• Simple user interface and Interconnection with textile  

• On-body generic processing 

6. Smart drug releasing plaster  

by A Spanish company called 

Cetemmsa 

2009-

2010 

• Electronic system for release of the peptide capsule                 

•  soft ware for heating of the plaster patch                           

• Wireless technology for reporting to healthcare 

professionals  

7. Project integrating antennas 

into parachutes by  the European 

Space Agency 

2008 • Transmit communication during the critical descent and 

landing phase of space probes and radar detectors   

• High speed data communication 

• Pick up very weak signals from a space probe even 

http://www.cetemmsa.com/index.php
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small distortions 

Table 4 some research projects on smart textiles 

 
5.2.2 Markets  
 
A new market place for smart and interactive textiles is available. In which they provide new functions and 

features that can enhance performance and convenience. The Integration of the three giants; textiles, 

electronics and advanced smart materials, is a result of size diminish and price fall of components such as 

diodes, transistors and resisters.  

  
The Market growth for smart textiles in U.S. [74].  

 

Products include photo chromic t shirts and swimsuits (in bulk), Phase change and conductive textiles cover for 

the rest of the market. Safety and comfort applications are projected to grow rapidly.  

 

 

 

 

 

 
 

Graph 3. Smart textiles market growth in America  
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Conclusion  

A number of researches and developments conducted in areas such as advanced materials, polymers, micro-

electronics, computers and information technology. These are all done for the development and advancement 

of new materials and better communication. Textiles are also changing day by day. The hybridization of 

textiles and electronics brought changes in the interactive textiles. The developing field of smart textiles could 

show a lot of new things in all its applications. It has importance for medicine and healthcare, protective 

clothing‘s, in the casual clothing‘s and life saving products.  

 

All these things have attracted the attention of many. Many companies started to invest on them. Researchers 

are conducting experiments. Scientific journal write a lot of articles on them. Amalgamation of the knowledge 

from new technology with existing textile leads to highly functionalize and application oriented textiles. 
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