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Abstract 

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

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

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

the wearer. The growth of sensor technologies, nanotechnologies, embedded systems, wireless 

communication technologies, and downsizing enable the development of SMART systems to monitor 

human activities. Wearable computing envisions future electronic devices as an intrinsic part of our 

everyday attire Wearable systems will be distinguished by their capacity to automatically identify their 

own user's activity and behavioral status, as well as the circumstances surrounding her or him. and to 

utilize this information to alter the system's setup and operation. It is capable of detecting odd and 

unexpected events by monitoring bodily measurements as well as other signs. This study examines current 

breakthroughs in SMART textiles and their applicability in several industries. 
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Introduction 

SMART textiles are textile items that can 

interact with the environment or user, such as fibres 

and filaments, yarns, and woven, knitted, or non-

woven structures. SMART textiles are classified 

into two types attractive and performance-enhancing 

Textiles that light up and change colour are two 

examples of aesthetic fabrics. By infusing the fabric 

with electronics that can power it, the colour 

shifting and lighting scheme may also 

operate.SMART fabrics with enhanced performance 

are designed for use in athletic, extreme sports, and 

military applications Fabrics intended to regulate 

body temperature, minimise wind resistance, and 

control muscle vibration are examples of these , and 

they may increase sports performance. Other 

materials for protective garments have been created 

to defend against extreme environmental risks such 

as radiation and the impacts of space flight.  

The health and beauty industries are also 

benefiting from these advancements, which vary 

from drug-releasing medical textiles to fabrics 

containing moisturiser, perfume, and other additives 

as well as anti-aging qualities. E- textiles are used in 

many SMART clothing, wearable technology, and 

wearable computing applications. SMART textiles 

will help to increase social welfare and may result 

in significant cost Savings The welfare budget. 

They have a high degree of intellect and are 

classified into three subgroups based on their 

applications (see TABLE 1) [1]: 

 Passive SMART Textiles – that senses 

environmental conditions 

 Active SMART Textiles – that does both sensing 

and reacting to the environmental conditions 

 Ultra SMART Textiles – that senses, reacts and 

adopts the environmental conditions. [2] 
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Classification of SMART fabric 

Passive Fabrics 

The initial generation of SMART textiles that 

track environmental conditions are passive SMART 

textiles, such UV-protective clothing and 

conductive fibres. Passive SMART textiles can only 

sense their environment because they are only 

sensors. Passive SMART fabrics, sometimes 

referred to as "first generation" intelligent textiles, 

offer features beyond the norm. It should be 

emphasised, nevertheless, that passive materials 

seldom ever change in response to information they 

perceive. In other words, the cloth remains same 

even if the environment does. For instance, a 

cooling cloth may help with temperature control but 

does not actively produce. Coolness resulting from 

the fabric's structure simply promotes fluid 

evaporation.[3] Similar rules apply to clothing and 

other products. Examples of textile materials that 

may detect a stimulus from the user or the 

environment and act as sensors include UV-

protective garments, conductive fibres, and 

waterproof fabrics. [4]. 

 

TABLE 1. Classification of SMART textiles 

based on their applications [5] 

Responding 

and 

adopting 

Reacting 
Sensing 

external 

conditions 

 

  √ 

Passive 

SMART 

textiles 

 √ √ 

Active 

SMART 

textiles 

√ √ √ 

Ultra 

SMART 

textiles 

 

Active Fabrics 

In response to changes in the external environment 

or human input, such as movement or weather, 

active SMART textiles adapt and change how they 

work. These materials can manage and store heat, 

change shape, and carry out a variety of other tasks. 

In contrast to passive textiles, active fabrics rely on 

energy to power actuators and sensors. [6]These 

actuators and sensors allow the intelligent material 

to analyse and comprehend a wide variety of 

environmental data as well as detect touch and 

temperature. [4] 

 

Ultra-Fabrics 

In a similar fashion to ultra-SMART materials, 

active SMART textiles also detect, react to, and 

adapt to environmental events. However, they go 

one step further. Ultra-SMART textiles are made of 

materials that are capable of detecting, reacting to, 

monitoring, and adapting to environmental stimuli 

such as those brought on by mechanical, chemical, 

magnetic, or other sources of heat. [7] With 

cognition, reasoning, and activation capabilities, an 

ultra-SMART fabric unit performs in a manner 

comparable to that of the brain. [4] 

 

Functions of SMART textiles 

SMART textiles are intelligent systems that 

can sense and transmit environmental elements as 

well as detect and process the wearer's condition. 

Techniques for detecting them include electrical, 

thermal, mechanical, chemical, magnetic, and other 

approaches. As opposed to SMART clothing 

systems, wearable computing emphasises the 

importance of the garment into which it is built. 

Traditional systems are integrated in some way with 

garments to create wearable computer systems The 

tools are not included but are organised in non-

textile ways.Although certain electrical components 

have been scaled down for use in clothes, real 

SMART clothing should be made entirely of 

textiles. The comfort of the garment's core textile 

material cannot be hampered by the employment of 

electrical materials. Giving this combination as a 

consequence In the creation of SMART textiles and 

clothing, wearability is crucial. The five aspects of 

SMART textiles' core computer systems are clear. 

[5] 

 

Applications of SMART textiles 

Temperature Control Fabric 

The three main types of SMART temperature 

control textiles are thermal insulation textiles, cool 

textiles, and automatic temperature control textiles. 

Solar thermal storage fibres and far-infrared fibres 

are the main thermal insulation materials created 

domestically and internationally for thermal 

insulation textiles. Solar thermal storage insulation 

fibres are used to achieve thermal insulation. [8] 

According to the hypothesis, sunlight's visible and 

infrared rays are captured by the fibres, which 

subsequently radiate heat to the body, preserving 

body heat. Far infrared fibre performs better in 

terms of thermal insulation than sunlight thermal 

storage fibre. This is due to the fact that it absorbs 

the heat produced by the human body and cools it 

down by emitting far infrared light at a particular 

wavelength. In order to reduce heat loss by enhancing 

blood circulation, it absorbs heat produced by the 

human body and sends a certain wavelength of far 

infrared radiation to the body. [9-11] 
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Fig. 1. Applications of SMART textiles 

 

Shape Memory Textiles 

Remembering shapes form memory is a 

property of textiles that is absorbed through 

weaving or finishing. Corpo Nove, an Italian 

company, developed a "lazy shirt" using fabrics 

with outstanding qualities including shape memory, 

high deformation recovery, strong shock resistance, 

and flexibility under external conditions like 

temperature, mechanical force, light, pH value, and 

so on. The sleeves of the garment will automatically 

roll from the wrist to the elbow in a matter of 

seconds when the outside temperature is high. In 

response to a drop in temperature, sleeves will 

automatically The sleeves of the garment will 

automatically roll from the wrist to the elbow in a 

matter of seconds when the outside temperature is 

high. The sleeves will spontaneously recover and 

may be ironed when the temperature drops. 

demonstrates how shape-memory materials may be 

developed into clothing, safety equipment, and 

accessories with a variety of functions. The vast 

work on shape-memory materials and what came 

after it demonstrate how these materials may 

develop into fashions, protective equipment, and 

accessories with a variety of functions. With the 

significant research on materials with shape 

memory and the following. [12-14] 

 

Water- Proof &Breathable Fabric 

Textiles that are waterproof and moisture-

permeable are also referred to as "breathable 

fabrics," and they are useful materials having these 

qualities together with windproofness and warmth 

retention. In addition to meeting people's needs for 

clothing during activities in challenging 

environments like bitter cold, rain, snow, and wind, 

this type of fabric may also fulfil people's needs for 

raincoats and other everyday items, and it has 

significant development potential. It essentially 

comprises of microporous membranes, non-porous 

membranes, intelligent waterproof and moisture-

permeable fabrics, and high-density waterproof and 

moisture-permeable textiles. [15] 

In waterproof and moisture-permeable high 

density textiles, gas molecules diffuse from high 

concentrations to low concentrations through the 

gaps between the threads. The primary method used 

by microporous membrane waterproof and 

moisture-permeable textiles to achieve waterproof 

and moisture-permeable qualities is the difference 

between raindrop diameter and water vapour 

molecular diameter. The nonporous membrane and 

moisture-permeable fabric use molecular 

hydrophilic characteristics to increase the tension of 

the waterproof membrane surface in order to 

achieve waterproofing. [8, 16] 

 

Color-Changing Fabric 

Textiles that change colour in response to 

changes in external environmental factors like light, 

temperature, pressure, etc. are referred to as color-

changing textiles. Color-changing fabrics are 

utilised extensively across several industries due to 

their distinctive qualities. Military camouflage may 

be utilised in the military; civilian textiles can be 

used to create appealing color-changing clothing 

and ever-changing decorative textiles; and anti-

counterfeiting materials, which are frequently 

employed in banknotes, certifications, and 

trademarks, can be used. Three different techniques 

may be used to create color-changing textiles: 

printing with color-changing fibres, dyeing with 

color-changing dyes, and printing with color-

changing paint. The research and development of 

color-changing fibre technology is the most recent, 

but its advantages are the most clear-cut of the 

three. Its fabric provides a pleasant handfeel and is 

washing-resistant. [12, 17, 18] 

temperature 
control 
fabric 

water- proof 
&breathable 

fabric 

Shape 
memory 
textiles 

Color-
changing 

fabric 

Eletronic 
information 

fabric 
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Eletronic Information Fabric 

A GPS receiver was built into the collar of the 

SMART positioning garment created by American 

company Sensatex. SMART clothing has been 

developed by the European Hewlett-Packard 

Laboratory and includes a personal area network, a 

global positioning system, an electronic compass, 

and a speed monitor that is controlled centrally by a 

remote control device displayed on a small display 

on the sleeve. If children or people with Alzheimer's 

disease are wearing this kind of clothes, they can be 

quickly located in case they go missing. The Finnish 

Reima tutta Institute, Lap Land University, and 

other organisations worked together to develop a ski 

suit with embedded sensors such an accelerometer, 

compass, and global positioning system. If the user 

experiences an accident while using this ski 

equipment, it will send information to the 

monitoring station, including coordinates for the 

user's current location and physiological 

measurement data for prompt rescue. The SMART 

emotion-sensing clothing was developed by two 

teams of academics from the Universities of London 

and Montreal. The windbreaker features sensors, a 

body signal analyser, and a loudspeaker that can 

track the user's body signal and detect emotional 

changes. The windbreaker will play some soothing 

music to lift your spirits if you're feeling down. This 

kind of clothing can help elderly people living alone 

communicate with their family members and autistic 

people escape from prison. Emotion-aware clothing 

is still being evaluated, while more useful products 

are being developed and manufactured at the 

time..[19-21]  

 

SMART Textile Functions 

SMART textiles are intelligent systems that 

can sense and transmit environmental elements as 

well as detect and process the wearer's condition. 

Electrical, thermal, mechanical, chemical, magnetic, 

and other detecting technologies can be used to find 

them. In order to separate themselves from wearable 

computing systems, SMART clothing emphasise the 

importance of the garment into which they are 

integrated. Conventional computer systems are 

connected in some fashion to garments to produce 

wearable computer systems. The equipment is not 

integrated and is placed in non-textile methods. 

Although certain electrical components have been 

scaled down for use in clothes, real SMART 

clothing should be made entirely of textiles. The 

comfort of the ordinary textile material must not be 

hampered by the electrical materials that will be 

employed. Therefore, providing this combination is 

essential for wearability in the creation of SMART 

textiles and apparel. It is clear that SMART textiles 

are straightforward computer systems with five core 

functions.[5, 22] 

SMART E-Textile Materials  

Material-made clothing Therefore, providing 

this combination is essential for wearability in the 

creation of SMART textiles and apparel. It is clear 

that SMART textiles are straightforward computer 

systems with five essential features. 

 

Fig. 2. Functions of SMART textiles [5] 

 

SENSORS 

The parts that change one kind of signal into 

another are known as sensors. Currently, systems 

that monitor heart rate, respiration rate, temperature, 

movement, and moisture rely on conventional 

sensors already present in clothing. The 

development of intelligent textiles has reached the 

stage where heart, breath, and movement-sensitive 

sensors are already successfully created from real 

textile material. [23]There are more materials and 

constructions that can alter signals: 

a) Temperature sensors: A thermal sensor, 

such a thermistor that adjusts resistance in 

accordance with temperature change, keeps 

track of thermal change. Another example is 

stimuli-responsive hydrogels, which enlarge 

in reaction to temperature changes. 

b) Light sensors: For instance, sensors that 

convert light energy into voltage output are 

called photoresistors. 

 

c) Sound sensors: These are piezoelectric 

materials, for instance, that convert sound 

into an electrical signal.. 

d) Sensors for humidity: These sensors 

establish the absolute or relative humidity. 

An example of a capacitive device that might 

be helpful for textile applications is one that 

alters its dielectric properties when exposed 

to wetness. 

e) Sensors of pressure: These sensors translate 

pressure into an electrical signal. Powering a 

pressure sensor is a straightforward process 

that may be done by opening or closing a 

circuit. On more complex phenomena, such 
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capacitive or piezoelectric phenomena, they 

could, nevertheless, be founded. 

f) Strain sensors: These sensors translate the 

strain into an electrical signal. Strain sensors 

can be powered by piezoelectric phenomena, 

semiconductor materials, or strain sensing 

devices. 

g) Chemical sensors: This is a collection of 

sensors that look for chemicals either directly 

or indirectly.. 

h) Biosensor: It is a sensor that relies heavily 

on biological elements as its primary sensing 

component. This component reacts to a 

change in an input analyte's properties, such 

as the measurement of blood glucose levels. 

[24] 

i) Data processing: One of the components, 

data processing, is only required when active 

processing is necessary. The output must be 

produced by processing each piece of data 

and information that has been gathered, 

according to information theory. Because of 

this, SMART textiles need a processor that is 

appropriate for the task at hand in order to 

process the sensor data and generate the 

desired output. The information processing 

element is the only one necessary when the 

textile is actively processing information. 

Textile sensors may provide information to a 

large level, but the processing element is 

what really matters when it comes to how the 

information is evaluated. Data processors 

have significant challenges with signal 

fluctuation and signal analysis. Another 

problem that has lately surfaced is the 

processor's energy use. The electrical 

components required for energy differ from 

the structure of the cloth because they are too 

small and flexible. These energy sources and 

other electrical apparatus need to be 

waterproofed, which is another problem. 

However, these problems are more common 

in SMART materials used for clothing. 

Automobiles are not affected since the 

information processing equipment may be 

put within the car. [25, 26] 

 

Actuators 

Devices called actuators are made to carry out 

the necessary action in response to signals from a 

sensor or processor. These objects are also referred 

to as actuators. Actuators work by receiving an 

effect from a sensor and maybe conveying this 

effect via an information processor before carrying 

out duties including moving objects, releasing 

materials, and making noise. The best examples in 

this category are materials with form memory. 

Lattice-like shapes can be assumed by alloys with 

shape memory. Due to their sensitivity to 

temperature changes, shape-memory materials may 

be used as actuators and effectively meet the 

requirements for intelligent textiles. Another form 

of actuator consists of substances that may release 

particular chemicals under particular circumstances 

and can be contained within membranes or 

microcapsules for protection. chemically linked to 

the fiber's polymer. 

There are several economic uses for these 

classified substances. odours, skin shields, 

antibiotics, and other things A few small projects 

have already been finished using active secretion 

techniques in application research. Other 

environmental elements including temperature, pH, 

humidity, chemical components, and so on are 

anticipated to cause the release. One viewpoint 

holds that a system that can actively control drug 

secretion would integrate the body with a SMART 

suit that can gather essential health information. It is 

therefore expected that the actuators will have both 

mechanical and technological components, leading 

to problems in both fields. 

 

Storage 

Storage is another feature of SMART textiles. 

Although it is not their primary objective, SMART 

suits are anticipated to need storage space in order 

to operate autonomously. SMART textiles 

frequently store information or energy, but 

examples like textiles that inject or emit drugs or 

smells suggest that this storage unit will also be 

used for other things. Units for sensors, calculation, 

actuators, and communication all demand energy, 

especially electrical energy. Integrating the energy 

source and storage effectively is the key to effective 

energy management. Clothes can use a variety of 

energy sources, including body heat, radiation (from 

the sun), mechanical movement (the energy 

produced by movement owing to the elasticity of 

materials or kinetic energy from human movement). 

so forth. The energy source required for the 

operation of the sensors, processors, and movement 

systems in SMART textiles should be incorporated 

with energy storage capabilities. This method of 

satisfying this energy need is the first that comes to 

mind today that very small and light batteries are 

available. Even if the flexible ones are produced, 

they still need improvement in terms of 

performance. However, the situation is simpler and 

the energy requirement can be satisfied via direct 

contact with clothing or wireless transmission. 

 

Communication 

One of the components of SMART textiles is 

the communication component, which is developed 

in accordance with the nature and requirement of 

communication. There are several ways that 
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SMART textiles may communicate. Some of the 

main circumstances in which SMART textiles are 

touched are as follows: in one component of the 

garment itself; mounted between two distinct 

components of the garment; and contact is 

established to alert the wearer or his surroundings so 

that the user can command the garment. In current 

prototypes, communication is accomplished within 

the garment via optical fibres or conductive tiny 

wires. They may be utilised without the use of 

stitches in fabrics since they are spontaneously 

woven. A unique communication protocol is 

employed to communicate with the user. The broad 

strokes of this protocol are provided by the 

technologies described below. French telecom 

company France Telecom has developed a number 

of prototypes, including a sweater and a backpack, 

that employ optical fibres to build optical displays. 

But since a pixel needs more than one fibre, it seems 

that the current situation warrants more 

investigation. 

Another form of communication protocol 

utilised in SMART textiles is pressure-transmission 

systems. It is possible for information to be 

conveyed to the garment when using pressure-

sensitive textile materials, and a data processing unit 

is needed to handle these entered orders. 

Some applications of intelligent textiles require 

communication with wider environmental variables. 

There are various circumstances, for instance, where 

the suit is required to interact with the automobile 

when handling 41 drivers. The seat that the clothing 

is in close touch with is the first thing that comes to 

mind while speaking with it. A wireless connection 

could be possible thanks to an antenna built right 

inside the outfit. The outfit has an antenna 

embedded right into it. The fact that a significant 

area is covered is the fundamental benefit of 

incorporating antennas into the garment. without the 

person realising it, might be utilised for 

communication. In the summer of 2002, a prototype 

was made at Philips Research Laboratories. 

Intelligent textiles may offer a lot of information 

about the driver, including thermal comfort, 

concentration, and other factors, enabling better and 

safer driving. Heart patients, for instance, may 

foresee clothing problems in risky human profiles 

and send instructions to stop the automobile or even 

call for assistance. The fact that the human body can 

only provide a limited amount of information, and 

there aren't enough materials or ideas for the 

systems to process it, means that despite these 

unquestionable advancements, it's thought that these 

studies can only be completed in the future with 

more sophisticated technology. [5, 27] 

 

 

 

 

Future Trends and Outlook 

E-Textiles That Are Flexible And Waterproof 

The Benefits Of Laser Printing In a couple of 

minutes, the next generation of waterproof SMART 

fabrics will be laser-printed and created. That is the 

future that the creators of cutting-edge e-textile 

technology hope to achieve. An affordable and 

expandable method has been developed by 

researchers at RMIT University in Melbourne, 

Australia, for quickly manufacturing textiles that 

incorporate energy storage devices. In less than 

three minutes, the method can produce a waterproof, 

flexible, and readily integrated 10 x 10 cm SMART 

textile patch. Now, textiles may be laser printed 

with graphene supercapacitors—powerful and 

resilient energy storage systems that are easily 

integrated with solar or other power sources. [5]  

 

 
Fig.3. Laser-printed waterproof and stretchable 

e-fabric    

 

 

A wearable SMART device called a "life belt" 

for transabdominal health monitoring makes it 

simpler for both the mother and the foetus to 

monitor their parents' behaviour. The pregnant life 

belt is quite practical. The majority of expectant 

mothers in rural regions work during their 

pregnancies, which can result in a number of health 

concerns across several pregnancies, such as high 

blood pressure or kidney or cardiac problems. The 

Life Belt support tool is used by obstetricians to 

remotely monitor patients and evaluate early 

automated diagnoses of their problems based on 

collected and processed vital signs. Additionally, it 

can always access the patient's medical information 

and keep track of their condition. [2, 28] 

A life jacket is a type of medical SMART 

gadget that patients wear to monitor their blood 

pressure or pulse rate. It may gather data and store it 

 
Fig.4. Life belt  
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on a computer that is only accessible by medical 

professionals. For paramedics, a special camera in 

the form of headgear has been created. The hospital 

staff may get the camera's visual data quickly, 

enabling them to give prompt treatment 

recommendations.[2, 29] 

 

Military/defense: Global military fores are 

looking at how SMART equipment might be used to 

increase safety and effectiveness. To increase 

protection and the survival of persons who operate 

in those areas, it is utilised for real-time information 

in circumstances like those involving dangerous 

situations and harsh environmental conditions. 

Doctors may do remote triage of patients via 

wireless communication to a central unit, enabling 

them to act more promptly and safely. Observing 

vital signs, treating injuries, keeping an eye on 

environmental threats like harmful gases are all 

necessary in these situations. Professionals like the 

military and emergency response agencies would 

greatly benefit from increased performance and new 

capabilities. [2, 30] 

 

 

Sportswear: Sportswear development is a 

significant area for SMART clothing. In general, 

SMART devices or clothing may be utilised to carry 

out a number of essential tasks. One of them is 

keeping a close eye on physiological indications like 

heart rate, breathing, body temperature, and others. 

employing electrical muscular stimulation to 

actively engage muscles; counting steps taken or 

total distance travelled as measures of activity; In 

order to create effective resistance training, work 

against activity. Keep track of factors that impact 

performance, such as the pressure on your feet and 

specific joint actions. Keep oneself safe from 

damage. [31, 32] 

 
 

SMART sports shoe: Walking shoes with 

GPS (Global Positioning Systems) built in enable 

mountain rescue organisations to keep an eye on the 

wearer. They may also be used to find out where 

young toddlers are. Gloves with built-in LED lights 

or warmers can help cyclists be spotted in the dark.. 

[33, 34] 

 

The sensory baby vest: The sensory newborn 

vest is equipped with sensors that enable continuous 

tracking of vital functions such the heart, lungs, 

skin, and body temperature. This tracking can help 

with the early detection and monitoring of heart and 

circulation diseases. This vest is designed to be 

worn in order to protect neonates from cot death and 

other potentially lethal situations. The sensors are 

designed to avoid pinching or disturbing the 

sleeping baby. [2, 35] 

 

 

 
Fig.5. A life jacket  

 
Fig.6. Military/defense  

 
Fig.7. Sportswear   

 
 Fig.8.   Smart sports shoe  

 

 

 
Fig.9. Smart sensory baby vest  
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Drawback And Solutions 

a) The size of Li-Po (lithium polymer) batteries is 

one of its main drawbacks when used to supply 

electricity. Power harvesting is one of these 

options. [36] 

b) Washability and non-toxicity are still to be 

added to this technology. An Xadow wearable 

control board is used to achieve the goal. The 

electrical thread is shielded by the TPU 

(thermoplastic polyurethane) covering for up 

to 50 washes. [2] 

c) Due to the electric field formed, fibres are 

extremely brittle and easily break. Their widths 

range from 100 to 250 mm, and there is also a 

risk to electrical reliability. [37, 38] 

d) Developing techniques for component 

encapsulation and e-textile lifespan is 

important. [39] The fabrics are attached with 

electrical and sensor components that are 

encased. Along with components like 

microcontrollers, integrated circuit chips, 

resistors, capacitors, and optical fibres, these 

sensors are common miniaturised elements. 

[40] 

e) Fabric sensor capacitors have a number of 

problems, including creep, poor resilience, 

signal drift, and hysteresis. [41] Strong 

insulating methods and compensation must be 

developed to take these challenges into 

consideration. The size of capacitive fabric 

sensors can vary, from microscopic 

components to large sensing surfaces. [42] 

 

SUMMARY  

Through sensors that can keep an eye on 

the environment, SMART textiles provide a novel 

way of perceiving and interacting with the wearer's 

body. We can tell that it is now continually focused 

on physical sensing depending on the environment. 

It is crucial that the wearer's security and comfort 

are never compromised. As a result, it offers 

enormous potential for advancement in a variety of 

industries, including sports, science, fitness, and 

many more. Although recent developments in textile 

technologies, innovative materials, nanotechnology, 

microelectronics, and wearable devices increase the 

convenience of systems, comfort is still the most 

important factor in determining whether or not 

customers would accept wearable technology. This 

is regarded as a challenging circumstance for the 

human body, the environment, mechanical 

resistance, and durability. Additionally, a complete 

understanding of textile production is essential for 

the circuit design of intelligent textile development 

as well as knowledge of intelligent materials, 

microelectronics, and chemistry. A 

multidisciplinary strategy is necessary. 

Conflict of Interest 

There is no conflict of interest in the publication 

of this article. 

 

Acknowledgment 

The authors are gratefully thanks to National 

Research Centre, Giza, Egypt and Faculty of Applied 

Arts, Benha University 

 

Funding statement 

This research doesn’t receive any fund 

 

References 

[1]. Ramlow, H., Andrade, K.L. and Immich, A.P.S. 

Smart textiles: An overview of recent progress 

on chromic textiles, J. Text. Inst., 112(1) 152-

171 (2021). 

[2]. CHOUDHURY, M.A. and VAIDYANATHAN, 

A.M. E-textile: Review on smart wearable 

fabric, International Research Journal of 

Engineering and Technology, 7(6)  (2020). 

[3]. Ghouchani, M., Khorram, A., Gholizade, F. and 

Rafiei, S. Evaluate the efficiency of contextual 

elements in reducing the vulnerability of urban 

historical fabrics based on passive defense 

principles, Ain Shams Engineering Journal, 

14(2) 101837 (2023). 

[4]. Tao, X. Smart technology for textiles and 

clothing-introduction and review, Smart fibres, 

fabrics and clothing, Woodhead Pub.pp. 1-6, 

(2001). 

[5]. Çelikel, D.C. Smart e-textile materials, 

Advanced functional materials, IntechOpen, 

(2020). 

[6]. Bunoiu, M., Anitas, E.M., Pascu, G., Chirigiu, 

L.M.E. and Bica, I. Electrical and 

magnetodielectric properties of magneto-active 

fabrics for electromagnetic shielding and health 

monitoring, International Journal of Molecular 

Sciences, 21(13) 4785 (2020). 

[7]. Wen-hao, Z., Xiao-ying, S.H.I., Dong-jie, T. 

and Gan-qing, J. Oncolites from lower-middle 

cambrian transition of the western north china 

platform: A study of their ultra-fabrics and 

biomineralizatio, Geoscience, 28(1) 1 (2014). 

[8]. Chen, H., Yu, X., Wang, X., He, Y., Zhang, C., 

Xue, G., Liu, Z., Lao, H., Song, H. and Chen, 

W. Dyeing and finishing wastewater treatment 

in china: State of the art and perspective, 

Journal of Cleaner Production, 326 129353 

(2021). 

[9]. Wang, W., Wang, J., Sun, Z., Li, J., Li, L., 

Song, X., Wen, X., Xie, L. and Yang, X. Effect 

of mo and aging temperature on corrosion 

behavior of (cocrfeni) 100-xmox high-entropy 

alloys, Journal of Alloys and Compounds, 812 

152139 (2020). 



SMART WEARABLE FABRIC USING ELECTRONIC TEXTILES – A REVIEW 

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

 

37 

[10]. Hamdy, D.M. and Hassabo, A.G. Ph and 

temperature thermosensitive for modification of 

cotton fabric (a review), Biointerface Res. Appl. 

Chem, 12 2216-2228 (2022). 

[11]. Gu, J., Wang, W. and Yu, D. Temperature 

control and low infrared emissivity double-shell 

phase change microcapsules and their 

application in infrared stealth fabric, Progress in 

Organic Coatings, 159 106439 (2021). 

[12]. Dang, T. and Zhao, M. The application of smart 

fibers and smart textiles, IOP Publishing, p. 

012084. 

[13]. Wang, Y., Yu, X., Liu, R., Zhi, C., Liu, Y., Fan, 

W. and Meng, J. Shape memory active thermal-

moisture management textiles, Composites Part 

A: Applied Science and Manufacturing,  107037 

(2022). 

[14]. Biswas, M.C., Chakraborty, S., Bhattacharjee, 

A. and Mohammed, Z. 4d printing of shape 

memory materials for textiles: Mechanism, 

mathematical modeling, and challenges, 

Advanced Functional Materials, 31(19) 

2100257 (2021). 

[15]. Liu, Y.-C., Chou, H.-H., Ho, F.-Y., Wei, H.-J., 

Wei, T.-C. and Yeh, C.-Y. A feasible scalable 

porphyrin dye for dye-sensitized solar cells 

under one sun and dim light environments, 

Journal of Materials Chemistry A, 4(30) 11878-

11887 (2016). 

[16]. Tehrani-Bagha, A.R. Waterproof breathable 

layers–a review, Advances in colloid and 

interface science, 268 114-135 (2019). 

[17]. Ge, F., Yu, W., Zhang, W., Yin, Y. and Wang, 

C. Sunlight‐ responsive photothermochromic 

fabric with reversible color changing based on 

photothermal conversion, Solar RRL, 5(7) 

2100135 (2021). 

[18]. Ge, F., Yu, W., Tan, J., Sun, J., Yin, Y. and 

Wang, C. Gradient response color‐ changing 

joule heating fabric for visual temperature 

detection, Advanced Materials Interfaces, 9(26) 

2201013 (2022). 

[19]. Chen, M., Liu, J., Li, P., Gharavi, H., Hao, Y., 

Ouyang, J., Hu, J., Hu, L., Hou, C. and Humar, 

I. Fabric computing: Concepts, opportunities 

and challenges, The Innovation,  100340 (2022). 

[20]. Gulrajani, M.L. Advances in the dyeing and 

finishing of technical textiles, Elsevier, (2013). 

[21]. Wu, Y., Yang, Y., Liu, H., Yao, X., Leng, F., 

Chen, Y. and Tian, W. Long-term antibacterial 

protected cotton fabric coating by controlled 

release of chlorhexidine gluconate from 

halloysite nanotubes, Rsc Advances, 7(31) 

18917-18925 (2017). 

[22]. Gong, Z., Xiang, Z., OuYang, X., Zhang, J., 

Lau, N., Zhou, J. and Chan, C.C. Wearable fiber 

optic technology based on smart textile: A 

review, Materials, 12(20) 3311 (2019). 

[23]. Cherenack, K. and Van Pieterson, L. Smart 

textiles: Challenges and opportunities, Journal 

of Applied Physics, 112(9) 091301 (2012). 

[24]. Kallmayer, C. and Simon, E. Large area sensor 

integration in textiles int. 

[25]. Sergio, M., Manaresi, N., Campi, F., Canegallo, 

R., Tartagni, M. and Guerrieri, R. A 

dynamically reconfigurable monolithic cmos 

pressure sensor for smart fabric, IEEE Journal 

of solid-state circuits, 38(6) 966-975 (2003). 

[26]. Daradkeh, Y.I., Tvoroshenko, I., 

Gorokhovatskyi, V., Latiff, L.A. and Ahmad, N. 

Development of effective methods for structural 

image recognition using the principles of data 

granulation and apparatus of fuzzy logic, IEEE 

Access, 9 13417-13428 (2021). 

[27]. Verbeek, F. and Schmaltz, J. Hunting deadlocks 

efficiently in microarchitectural models of 

communication fabrics, IEEE, pp. 223-231. 

[28]. Syduzzaman, M.D., Patwary, S.U., Farhana, K. 

and Ahmed, S. Smart textiles and nano-

technology: A general overview, J. Text. Sci. 

Eng, 5(1)  (2015). 

[29]. Çelikel, D.C. Smart e-textile materials, Adv. 

Funct. Mater.,  1-16 (2020). 

[30]. Júnior, H.L.O., Neves, R.M., Monticeli, F.M. 

and Dall Agnol, L. Smart fabric textiles: Recent 

advances and challenges, Textiles, 2(4) 582-605 

(2022). 

[31]. Mohammadi, R.A., Shirazi, M., Moaref, R., 

Jamalpour, S., Tamsilian, Y. and Kiasat, A. 

Protective smart textiles for sportswear, 

Protective textiles from natural resources, 

Elsevierpp. 317-345, (2022). 

[32]. Hu, X., Tian, M., Xu, T., Sun, X., Sun, B., Sun, 

C., Liu, X., Zhang, X. and Qu, L. Multiscale 

disordered porous fibers for self-sensing and 

self-cooling integrated smart sportswear, ACS 

nano, 14(1) 559-567 (2019). 

[33]. Drăgulinescu, A., Drăgulinescu, A.-M., Zincă, 

G., Bucur, D., Feieș, V. and Neagu, D.-M. 

Smart socks and in-shoe systems: State-of-the-

art for two popular technologies for foot motion 

analysis, sports, and medical applications, 

Sensors, 20(15) 4316 (2020). 

[34]. Colley, A., Woźniak, P.W., Kiss, F. and 

Häkkilä, J. Shoe integrated displays: A 

prototype sports shoe display and design space, 

pp. 39-46. 

[35]. Yi, K.-H. and Song, H. Development and 

usability test of baby vest prototypes with a 

body temperature sensing function, Journal of 

the Korean Society of Clothing and Textiles, 

44(3) 427-440 (2020). 

[36]. Çalışır, D., Ekici, S., Midilli, A. and Karakoc, 

T.H. Benchmarking environmental impacts of 

power groups used in a designed uav: Hybrid 

hydrogen fuel cell system versus lithium-



AHMED G. HASSABO et al. 

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

 

38 

polymer battery drive system, Energy, 262 

125543 (2023). 

[37]. Gehrke, I., Tenner, V., Lutz, V., Schmelzeisen, 

D. and Gries, T. Smart textiles production: 

Overview of materials, sensor and production 

technologies for industrial smart textiles, MDPI 

Books, (2019). 

[38]. Wang, X.-X., Yu, G.-F., Zhang, J., Yu, M., 

Ramakrishna, S. and Long, Y.-Z. Conductive 

polymer ultrafine fibers via electrospinning: 

Preparation, physical properties and 

applications, Progress in Materials Science, 115 

100704 (2021). 

[39]. Carneiro, M.R. and Tavakoli, M. Wearable 

pressure mapping through piezoresistive c-pu 

foam and tailor-made stretchable e-textile, IEEE 

Sensors Journal, 21(24) 27374-27384 (2021). 

[40]. Banerjee, S. A preventive medicine framework 

for wearable abiotic glucose detection system,   

(2022). 

[41]. Fu, C., Tang, W., Miao, Y., Xu, A., Nilghaz, A., 

Xu, W., Dong, K., Su, B. and Xia, Z. Large-

scalable fabrication of liquid metal-based 

double helix core-spun yarns for capacitive 

sensing, energy harvesting, and thermal 

management, Nano Energy,  108078 (2022). 

[42]. Yang, J.C., Mun, J., Kwon, S.Y., Park, S., Bao, 

Z. and Park, S. Electronic skin: Recent progress 

and future prospects for skin‐ attachable 

devices for health monitoring, robotics, and 

prosthetics, Advanced Materials, 31(48) 

1904765 (2019). 

  



SMART WEARABLE FABRIC USING ELECTRONIC TEXTILES – A REVIEW 

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

 

39 

 النسيج القابل للارتداء باستخدام المنسوجات الإلكترونية 

 
  2حنان علي عثمان، 2 هاله محمد المرسي، 2بثينة محمد حجازي ،2 فداء سعد، 2ايه صديق ،  2 نانيس جمال، *1أحمد جمعه حسبو

 
 

 -( ، معهد بحوث وتكنولوجيا النسيج ، قسم التحضيرات والتجهيزات للألياف السليلوزية Scopus ID 60014618المركز القومي للبحوث ) 1

 مصر - الجيزة
 ـ بنها ـ مصر والتجهيزجامعة بنها ـ كلية الفنون التطبيقية ـ قسم طباعة المنسوجات والصباغة  2

 aga.hassabo@hotmail.com المؤلف المراسل: البريد الإلكتروني *

 

 الملخص

 

، هي أقمشة يمكن دمجها مع مكونات رقمية مثل  SMARTالمنسوجات الإلكترونية ، التي تعُرف غالباً باسم ملابس 

هي مواد تم إنشاؤها باستخدام  SMARTالبطارية والضوء )بما في ذلك المعالجات الصغيرة( والإلكترونيات. منسوجات 

و تقنيات المستشعرات ، وتقنيات النانو ، والأنظمة المدمجة ، وتقنيات تقنية مبتكرة لتقديم قيمة لمن يرتديها. إن نم

لمراقبة الأنشطة البشرية. تتصور الحوسبة  SMARTالاتصالات اللاسلكية ، وتقليص الحجم يمكن من تطوير أنظمة 

، وسيتم تمييز الأنظمة القابلة  القابلة للارتداء الأجهزة الإلكترونية المستقبلية باعتبارها جزءًا جوهرياً من ملابسنا اليومية

للارتداء بقدرتها على تحديد نشاط المستخدم وحالته السلوكية تلقائياً ، فضلاً عن الظروف المحيطة به. والاستفادة من هذه 

ت المعلومات لتغيير إعداد النظام وتشغيله. إنه قادر على اكتشاف الأحداث الفردية وغير المتوقعة من خلال مراقبة القياسا

وإمكانية  SMARTالجسدية بالإضافة إلى العلامات الأخرى. تبحث هذه الدراسة في الإنجازات الحالية في منسوجات 

 تطبيقها في العديد من الصناعات

 .أقمشة يمكن ارتداؤها، منسوجات إلكترونية  ، المنسوجات الذكية :الكلمات الدالة

 


