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Abstract 
This report covers different projects, research as well as commercial projects, within smart textiles and 
clothing, with a certain focus on European activities.  Each projects is categorized as either EU-project, 
University project not funded by EU and commercial projects. All information is based on literature 
studies, inquires from the Baltic Fashion Partners and search for projects in project databases. The 
collected materials shows that there are research initiative on both European and national levels. In these 
projects there has been a focus on medical applications and applications concentrated on enabling 
technologies. Despite an extensive research effort in several projects for over 10 years there are only few 
smart textile products on the market. In earlier investigations technical and production aspects are 
explained as barriers for the commercialisation of smart textiles. Fashion is rarely mentioned as a 
potential area for smart textiles. However, in this report it is most of the companies that are found are 
deals with fashion.  The companies are certainly small and several authors dismiss the potential in their 
applications as more or less uninteresting. Despite these opinions the report shows that fashion players 
take private economical risks by producing and selling smart textile fashion products. The new 
companies also shows ability to take lead in using new developed technologies in their applications in 
order to avoid the technical barriers. The argument that the new companies are too small to consider also 
shows expectancy that smart textiles concern mass consumption and mass production, which is not 
necessarily the case. Several of the companies have focused on tailor-made solutions for their customers 
for example artist show fashion. The research and development on smart textiles at EU levels have put 
the faith in technology as a solution to a number of problems, which all of them are based on 
speculations rather than thorough fully investigations about the real need for technology. Such approach 
has in smart textiles resulted in technology looking for a problem and in many cases an existent 
wearable technology is transferred into textiles. In this case it is not necessarily a better or new 
experience, it is rather the wearable technology itself that change the notion of use. In order to 
successfully introduce smart textiles in fashion there is a need for a multitude of methodologies. Areas 
like art, technologies, social science for examples, need to be combined in order to transform technology 
into a meaningful form of use.  
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Introduction 
Textiles of today are materials with applications in almost all our activities, we wear clothes all the time 
and we are surrounded with textiles in almost all our environments. The integration of multifunctional 
values in such a common material has become a special area of interest in recent years. Fibres yarns, 
fabric and other structures with added-value functionality have been developed for a range of 
applications [Lam Po Tang, Stylos]. Textile materials and techniques have become an important 
platform for high-tech innovations.  

Smart Textile represents the next generation of textiles anticipated for use in several fashion, furnishing 
and technical textile applications. The vision of Smart Textile is to create textile products that interact by 
combining smart materials and integrated computing power into textile applications. The introduction of 
smart materials and computing technology in textile structures offers an opportunity to develop textiles 
with a new type of behaviour and functionality. Besides behaviour like sense, react on and conducting 
electricity, the textile will be able to perform computational operations [Leitch]. Smart Textile and 
computing technology are introducing a shift in textile, from a passive to a dynamic behaviour, from 
textiles with static functionalities to products that exhibit dynamic functionalities.  

This report aims to provide an overview of projects combining smart textiles and clothing as a basis for 
further discussions on how smart textiles could be introduced in fashion.  The overview covers different 
projects, research as well as commercial projects, within smart textiles and clothing, with a certain focus 
on European activities.  Each projects is categorized as either EU-project, University project not funded 
by EU and commercial projects. All information is based on literature studies, inquires from the Baltic 
Fashion Partners and search for projects in project databases.  

  



   

                                      

7 

Background 
Smart textiles are based on research, which has its foundation in different research disciplines; textile 
design and technology, chemistry, physics, material science and computer science and technology.  
Significant for this research is the interdisciplinary approach and the interaction between basic research 
and design activities. Smart textiles are possible thanks to the three following developments. The first is 
the introduction of new type of textile fibres and structures for example conductive materials. The 
second is the miniaturisation of electronics, which makes it possible to integrate electronics into textile 
structures and products. The third is different kind of wireless technologies enabling the technology to 
be wearable and at the same time communicating with other devices such as computers or mobile 
phones. Smart textiles were introduced in early 1990s, strongly influenced by military research and 
wearable technology in general. One of the pioneering projects was the “Wearable Motherboard” [Park 
et.al], which is a garment with integrated sensors and communication capabilities. The garment aims to 
rescue soldiers by monitoring their health status in real time. Another pioneering researcher is Maggie 
Orth [Post et. al] from MIT who explored the different sensing and actuating capabilities of textile 
structures. During her PhD studies Orth created a set of working prototypes where conductive structures, 
colour changing materials and electronics were combined into soft interfaces. In 2000 Phililps presented 
their exploration of wearable technology and smart textiles through the project “New 
Nomads”[Manzano et.al], which is a visionary show collection rather than working prototypes. The 
project was carried out in a design studio by an interdisciplinary team and presented by a set of visionary 
concepts. 

The basic concept of Smart Textile consists of a textile structure that senses and reacts to different 
stimuli from its environment [Tao]. In its simplest form the textile sense and reacts automatically 
without a controlling unit, and in a more complex form, smart textiles sense, react and activate a specific 
function through a processing unit. The main parts included in a smart textile system are the sensor, the 
actuator and the controlling unit. 

 

 

Sensor materials and structures 
The basis of a sensor is that it transforms one type of signal into another type of signal. There are 
different materials and structures that have the capacity of transforming signals. A thermal sensor for 
examples, detects thermal change. Other examples are stimuli-responsive hydrogels that swell in 
response to a thermal change or humidity sensors that measure absolute or relative humidity. Pressure 
sensors convert pressure to an electrical signal and strain sensors convert strain into an electrical signal. 
Chemical sensors are a series of sensors that detect presence and concentration of chemicals. Biosensor 
is a sensing device that contains biological elements which is the primary sensing element. This element 
responds with a property change to an input analyte, for example the sensing of blood glucose levels. 
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Actuator materials and structures 
Actuators respond to a signal and cause things to change colour, release substances, change shape and 
others. Chromic materials, which are widely used in smart textile applications, as colour change 
material, change their optical properties due to stimuli like temperature, light, chemical, mechanical 
stress etc. [Addington,Schoedeck]. Stimuli-responsive hydrogel is a three-dimensional polymer network 
that responds to stimuli such as pH, electric filed or temperature changes. The response is swelling and 
they are also able to release chemicals when required [Lam Po Tang, Stylos]. Shape memory materials 
transform energy, mostly thermal, into motion and are able to revert from one shape to a previously held 
shape. There are two types of shape memory materials, Shape Memory Alloys, SMA, based on metal, 
and Shape Memory Polymers, SMP. [Addington,Schoedeck] [Lam Po Tang, Stylos]. 
Electroluminescence materials are light emitting materials where the source of excitation is an applied 
voltage. Light emitting diodes converts electrical potential to light and are often used as actuators in 
smart textile applications. 

Conductive materials 
Besides sensors and actuators there is a group of materials that conducts electricity, these are the 
conductors. They are usually not categorised as sensors or actuators but, due to their conductive 
properties, they are useful in smart applications. As pathways to transferring data information but they 
are also important components in the creation of sensors and actuators. Metals, like silver and copper are 
the most conductive materials [Harling].  Carbon has a good conductivity and is used both in its own 
pure form but also blended in other material to enhance their conductivity for example silicone. 
Conductive polymers are organic materials that are able to transport electricity. There are difficulties to 
be faced both in the processing of these materials as well as a non-sufficient conductivity for most 
applications, however in the creation of sensor conductive polymers could be used since these 
applications are not always dependant on high conductivity [Berglin] 

Electronics 
In terms of intelligence, the smart system will require a central processing unit that will carry out data to 
the different sensors and decide action on the basis of the results [Worden]. The processing unit consists 
of hardware and software where the software causes unique dynamic behaviour in real time. The 
traditional package of computing material is a computer that allows data processing as well as 
communication. The processing unit is a complex structure of electronic circuitry that executes stored 
program instructions. Included in this structure are; integrated circuits, secondary storages, power supply 
and communications technologies [Tao2]. Most integrated circuits are made of silicon because of the 
semiconductor properties of this substance. Another type of circuit suitable for wearable application is 
organic electronics. These materials are flexible, lightweight, strong and have a low production cost, 
however the electronic properties of the conducting polymers do not match those of silicon  [Tao2]. The 
most common power sources are AA batteries or lithium batteries. Other forms of power supply such as 
flexible thin batteries have been considered and investigated.  
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EU-projects in smart textiles and clothing 
A number of EU-projects in smart textiles have been supported the last decades. Most of the supported 
projects are within the health monitoring area.  Another type of projects at EU-level develop enabling 
technologies for smart textiles, for example stretchable electronics, integration of electronics in textiles, 
technologies that are necessary for the development of smart textiles applications.  

Health monitoring for medical assistance 
Health monitoring is a general concerns for patient requiring continuous medical assistance and 
treatment. In order to increase mobility for such patients a huge effort has been pursued for the 
development of wearable systems for the monitoring of physiological parameters such as respiration, 
cardiac activity or temperature of the body. Smart textiles play a growing role in these developments 
since they are well suited for wearability and washability that ensures the comfort for the user. 

Wealthy 
The Wealthy project [Wealthy] was one of the first EU-projects aiming to set up comfortable health 
monitoring system based on textile sensors, advanced signal processing techniques and modern 
telecommunication systems. The focus areas were cardiac patients during rehabilitation but also to assist 
professional workers to consider physical and physiological stress and environmental and professional 
health risks. In this project two types of sensors were developed for the integration in garments. The first 
sensor was a lycra based fabric coated with carbon black and rubber for the recording of breathing rate. 
The other sensor was made of metal-based yarns for the monitoring of heart rate. All sensors were 
integrated in a fully garment knitting process. Together with the textile development a miniaturized 
short-range wireless system was developed in order to transfer biophysiological signals from the 
garment to a computer or a mobile phone, Figure 1. 
 

 

Figure 1 Wealthy project prototypes 
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MY HEART 
My Heart project [My Heart] is a continuation of the Wealthy project and the aim was to gain 
knowledge on health status of a large group of people by continuous monitor vital signs using flexible 
and wearable systems. The results from the monitoring were used to make diagnosis and to detect trends 
in order to support the citizens to avoid cardiovascular risk factors and help to avoid heart attack and 
other acute events. For this purpose a set of textile based sensor system were used. One example is a 
woven fabric with insulated copper wires using the linear dependency of temperature of the wires and 
their resistance as a temperature fabric. Other type of textile sensors was a press sensing matrix and 
sensors for the recording of the heart rate and muscle activity.  

 

BIOTEX 
The Biotex project [Biotex] can be seen as an extension of the Wealthy and My Heart project with an 
overall goal to create a garment that monitors biochemical parameters of the wearer. Instead of using 
conductive materials constructed as sensors a new type of sensors, such as chemical and biosensors were 
integrated in textile structures. The sensing system consists of patches including textile sensors targeted 
to measure different body fluids such as blood and sweat was developed and finally integrated in a 
garment. 

 

MERMOTH 
The Mermoth project [Mermoth] is a similar project as Wealthy, contributing to medical remote 
monitoring of clothes to provide continuous ambulatory monitoring of patients in academic research. 
The objective was to design a combined textile, hardware and software architecture for a collection of 
wearable clothes and to build prototype sets of garments as a proof of concept.  

 

OFSETH 
While most of the projects, except from Biotex, have been focused on electrical sensors, the Ofseth 
project [Ofseth] took advantage of pure optical sensing technologies for extending the capabilities of 
medical textiles in health monitoring. In this project the researchers investigated how measurements of 
various vital parameters such as cardiac, respiratory rate, pulse oxymetry can be performed using pure 
optical techniques such as Fibre Bragg Gratings sensors and near infrared spectroscopy. In the projects 
suitable techniques for processing optical fibers together with textile yarns, for the realization of medical 
textiles with embedded optical sensors were investigated.   
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Health monitoring integrated in work wear 
Continuous monitoring of physiological parameters is not only a target for medical applications; it could 
also be used by different professionals to protect from dangerous situations and injuries. The projects 
directed towards professional make use of earlier developed technologies such as conductive sensors for 
the measurement of heart and breathing rate and implements these possibilities into a context, for 
example the firefighter situations. Several of these projects combines the research on smart textiles and 
research in more traditional areas, for example new type of protective coatings. 

CONTEXT 
The objective of the Context project [Context] is to create a system where different types of sensors are 
incorporated into textiles to be used in continuous monitoring of individuals. Contactless sensors were 
developed for the purpose of measuring muscle activity as well as heart rate signals. The sensors were 
integrated into textile to realize a prototype of a wearable vest where the combination of measurements 
was used to detect stress for the users.  

PROETEX 
The Proetex project [Proetex] aims to rescue firefighters and civil protection workers using the wireless 
monitoring of heart rate and temperature measurement. In this project, the heart rate was measured using 
integrated textile sensors while temperature was measures via integrated conventional temperature 
sensors. The concept consists of a belt and a tight-fitting t-shirt and a wearable interface for monitoring 
the operator’s health status and potential risk in the environment, figure 2. 

 

 

 

 

 

  

 

 
Figure 2. Proetex project prototypes 
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Profitex 
The objective of Profitex [Profitex]is to increase work safety and efficiency of fire fighting interventions 
through advanced protective equipment in close collaboration with an international group of fire fighting 
services. To this end ProFiTEX will adopt and further develop the design approach developed in the 
WearIT@work project [WearIT]. 

Safe@Sea 
The objective of the Safe@Sea project [Safeatsea] is to develop a new generation of advanced personal 
protective clothing for the fishing industry that will lead to an increase of safety for professional based 
on the sea. This project develops a new generation of garments with improved buoyancy, tear strength, 
impact protection and integrated sensors that alert the emergency system if a crew member falls 
overboard. 

 

Projects developing enabling technologies 
The smart textiles system consists of two types of materials, the textile and the electronics. While textile 
materials and structures are soft, pliable and flexible electronics are hard and brittle. Since the 
integration of electronics into textile structures is crucial in a smart textile system the development of 
new technologies that enables the convergence between textile and electronics is required. Another 
challenge in these projects has been to make use of the already developed sensor technologies in the 
field of electronics and investigate of these sensors could be applied and integrated in textile structures.  

STELLA PROJECT 
The objective of the Stella project [Stella] is the development of stretchable electronics for large area 
application for use in health care, wellness and functional clothes and for integrated electronics in 
stretchable parts and products. Stretchable electronics includes the integration of electronic components, 
energy supply, sensors and actuators or display and switches on a stretchable substrate with stretchable 
conductors. The main technologies that were developed in the project as new stretchable substrate with 
stretchable conductors, assembly technologies in stretchable substrates and finally integration methods 
for electronics products, figure 3.  

   

 

 

 

Figure 3 Stella Project Result: Freudenberg NOK Mechatronics (Berlin), Philips (Eindhoven), URGO (Dijon), Fraunhofer IZM 
(Berlin) 
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PASTA 
The Pasta project [Pasta] is a continuation of the Stella project aiming to combine research on electronic 
packaging and interconnection technology with textile research in order to realize a new approach of 
smart textile. By introducing new concept for electronic packaging and module interconnect a seamless, 
more comfortable and more robust integration of electronics in textile has been developed in this project. 

PLACE IT 
The Place It project [Place IT] aim to develop a technology platform for lightweight, thin and 
comfortable opto-electronic system, based on light-emitting foils, stretchable materials and textile 
fabrics. The project targets the following results: Integration platform of foil, stretch and fabric 
technologies with opto-electronic functionality. Stretchable and fabric based devices for light emission, 
electronics, sensing with interfaces to other technology.  Design guidelines on how to implement the 
technology as well as demonstrators 

MICROFLEX 
The Microflex project [Microflex] aimed to exploit fundamental micro fabrication production 
technologies for MEMS on textile fabrics using flagship demonstrator applications. The processes used 
are based on thick film printing, inkjet printing and sacrificial etching for the MEMS. These printing 
processes have many benefits including low-cost, repeatability, flexibility, suitability for high 
throughput production, relatively inexpensive equipment, short development time and the capability of 
depositing a wide range of materials.  

Dephotex 
The goal of Dephotex project [Dephotex] was to explore and develop photovoltaic cells in order to get 
flexible photovoltaic textiles based on novel fibers allowing to take benefit from the solar radiation so as 
to turn it into energy. Since the development of first photovoltaic cells, solar energy is being an object of 
continuous research focused on improving the energy efficiency as well as the structure of photovoltaic 
cells. The research is based on novel fibers with conductive properties as substrate of the structure of 
flexible photovoltaic cells and materials and techniques in order to get flexible photovoltaic textiles 

Figure 4 Dephotex technology and prototypes 



   

                                      

14 

University activities 

Along with the contributions from different EU-projects there have been research activities in smart 
textiles at national levels carried on at a wide range of European universities.  Some of the projects 
target smart textiles and clothing however, most of the projects have a focus on architecture, textile- and 
product design.  

University of Ghent, Department of Textiles 
The University of Ghent, UG,  has been very active in research and education in smart textiles. Besides 
the contributions in different EU-project, UG has also operated in a number of national projects. In the 
“Textile Mobiel” project the state of the art in smart textile and wearable technology was combined in a 
party jacket prototype. The jacket comprised a flexible LED matrix that was wirelessly steered from a 
base computer can be worn while playing the social music and interactive game “Sync-in-Team”.  
Another project within the intersection of smart textile and clothing is an electrotherapeutic socks 
developed in the scope of European project Lidwine. This project focuses on the development of 
multifunctional medical textiles for the prevention and treatment of wounds. In order to prevent and heal 
wound electrical stimulation can be applied to enhance the blood flow. In this project prototypes of 
electrotherapeutic socks with integrated electrodes were integrated. The electrodes were either based on 
conductive silicones or elastic conductive yarns. 

 
ETH – Zurich 
The wearable technology group at ETH Zurich has been active in different EU-project, but has also 
carried out research on national levels. An example of such project is Smash. Smash is a shirt integrated 
with sensors and computing elements opening up for a wide range of possible applications. The 
motivation for this project was to develop a new versatile sensor platform that was integrated in a 
common shirt.  If the clothing is equipped with motion sensors, it can provide feedback about the 
wearer’s   movements or postures. Such information is helpful in rehabilitation or sports applications, 
where it is important that certain movements are executed correctly.   

 
Saxion University and Eindhoven University of Technology 
The smart Functional Material chair at the Saxion university focuses on the development and marketing 
of high quality textile and research into the conditions for innovations in functional materials. Making 
the connection between creativity, technology and business models is the triangle core of the smart 
functional material chair at the Saxion University. Together with Eindhoven University of Technology 
Saxion is involved in the Smart textile project within the Creative Industry Scientific Programme, 
CRISP [Crisp]. The objective with CRISP is to develop a knowledge infrastructure, which stimulates the 
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continuing growth of the Dutch Design Sector and Creative industries. Within this platform the two 
Universities are involved in smart textiles services aiming to develop successful methods, platforms, 
guiding principles and the business models required to understand the multidisciplinary opportunities 
and challenges of creating Smart Textile Product Service Systems. Expected achievement is a 
methodology and tools for the creative industries to translate societal issues into opportunities for Smart 
Textile.    

Textile Future Research Centre - TFRC 
Based across The University of The Arts London and Central Saint Martins, TFRC hosts a community 
of practice-based design researchers. The research community examines the future of materials and 
textiles through three platforms; science and technology, sustainable strategy and well-being and social 
innovation [Trfc1][Trfc2]. The Science and Technology platform investigates the potential of new 
technologies and emerging science fields. Examples of research within this platform are Biomimetic and 
Biofracture textiles. In the Biomimic field clothing are designed to be body responsive, like dresses that 
change colour to indicate the pH level of rainwater. In the field of biofracture the researchers creates 
their own textile materials by growing bacterial cellulose.  Example on smart textiles research in the 
Well-being platform is the Sensory Design research by Jenny Tillotson. The research area is the 
application of novel ways to create interactive textile structures that can release a range of personalised 
scents for mood enhancements and pain release.    

 
The Swedish School of Textiles  
In 2008 Swedish School of Textiles established Smart Textiles [SmartTextiles] through a national eight 
year grant from Vinnova. Smart Textile is a Centre for research and innovation in smart textiles. The 
R&D within Smart Textiles is divided into applied basic research, as well as thematic experimental 
research on one side, and commercial as well as need-driven R&D projects on the other. The research 
cooperates with the companies to a great extent and the company-driven projects are being supported by 
research competence within different areas when needed. In the field of smart textiles and clothing The 
Swedish School of textiles has been involved in several projects in health monitoring. Together with 
national partners such as Umeå University Hospital, MedTech West and Chalmers University, THS has 
done research in topics like textile-based sensors for the monitoring of heart rate, breathing rate, muscle 
activity, figure 5. Another project is the wanted Wanted is a glove that is wirelessly connected to the 
mobile phone, which makes it possible to make and receive calls through the glove. The glove is an 
example of a product where wireless technology intersects with a textile product. Wanted is a “proof-of-
concept” on alternative user interface to the mobile phone.  In the project “Let your body prints your 
dress” [Kooroshima1] by researcher Marjan Kooroshima,  Kooroshima explores how body temperature 
could create temporary patterns on garment.  Another project by researcher Kooroshima is the Medical 
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mask [Kooroshima2], which is a collection of masks designed to give an aesthetic warning if the wearer 
is sicken by fever or if the concentration of allergens in the air exceeds a certain threshold.  

 
  

 

 

 

Figure 5 Health monitoring prototypes made at The Swedish School of Textiles 

Estonian art academy 
The department of Textile Design at the Estonian Art Academy has been experimented with smart 
textiles since 2005. One of the students at the academy, Kärt Oijavee continued the experiments into 
PhD studies and further established the company KO! [KO]. Oijavee’s work is mainly focused on smart 
textiles in interior, which is also the main focus at the company. One of her project, herbal clothes, is 
using garments and smart textiles for example t-shirts that are covered with an invisible treatment. To 
see the predesigned pattern, one has to pour some coloured liquid over the material. The beauty of these 
little everyday accidents, and the idea of garments becoming more personalized in time, despite being 
exactly the same in the beginning, inspired the concept. During her PhD studies Oijavee developed new 
production technologies for smart textiles in order to enable series production and facilitating the 
integration between textile and electronics. 
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Commercial activities in smart textile and clothing 
Despite an extensive research effort in several projects for over 10 years there are only few smart textile 
clothing products on the market and the volume of business, if declared, seems to be modest in the 
context of fashion and clothing. However, there are some new established companies focused in the 
development and commercialization of smart textile clothing. An interesting aspect in these efforts to 
commercialize smart textiles is the interdisciplinary collaboration between companies in fashion and 
electronics respectively. Besides pure fashion companies there are some companies established that sells 
know how in how to integrate electronics into textiles and clothing.   

Fashion and clothing companies 

Clothing+ 
Clothing + [Clothingplus] is a developer and producer of textile integrated sensors for several brands in 
the sports and medical area, figure 6. The company does not develop the whole system, they develop 
and produce tailor-made textile structures and products that can measure anything on the human body to 
customer who develop required hardware and software in order to construct the final measurement 
system. The company created the first heart rate sensing shirt already in 1998 and in 2002 Clothing plus 
started mass-producing their heart rate sensor strap in their factory in china. Today clothing plus 
produces millions of sensor products every year to brands like Suunto, Adidas, Garmin, Philips and 
Timex. Clothing plus is focused on both sports and health care.  

 

 

 

 

 

Figure 6 Clothing + products 

Cute Circuit 
Cute Circuit [CuteCircuit] is a fashion company based in London specializing in design of interactive 
fashion, figure 7.  The CuteCircuit product line includes Prét-à-Porter Collection, Haut Couture 
Collection and Special projects for unique performances. Most of the garment design focus on the 
clothing using LED Technology and reflective materials, for example the Twinkle Dress Line. But there 
are also other approaches for example the Hug Shirt that enables people to send hugs over distance. The 
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shirt is embedded with sensors that that feel the touch, the skin warmth and the heartbeat rate of the 
sender and actuators the sensation of touch, warmth and emotions of the hug to a shirt of another shirt. 

 

 

 

 

 

 

 

Figure 7. The Hug Shirt designed by Cute Circuit and Cute Circuit LED Leather Jackets for U2 

 
HÖVDING 
Hövding [Hövding] is a Swedish company selling their patented product Hövding, a bike helmet 
integrated in a collar. Hövding is a collar worn around the neck and the collar contains an airbag that the 
user will only see when there is an accident. The airbag is shaped like a hood, surrounding and 
protecting the bicyclist’s head. The trigger mechanism is controlled by sensors, accelerometers and 
gyros that pick up and reacts on abnormal movements. When an accident occurs and the airbag inflates 
and surrounds the head thanks to an integrated gas inflator using helium, the inflator is similar to those 
used in motorcycle helmets with an airbag system. 

 

 

 

 

 

 

 

 

Figure 8. The bicycle helmet Hövding 
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MOON Berlin  
Moon Berlin [MoonBerlin] is a German fashion company based in Berlin with the main idea to combine 
light technique with high fashion to create dynamic light and shadow effects. The collection is made in 
cooperation with Frunhofer IZM, Stretchable Cricuit and a DAAN design studios. 

 

 

 

 

 

 

 

Figure 9 Dresses from Moon-Berlin 

MYONTEC 
Myontec [Myontec] is a company producing system for the monitoring of the performance and capacity 
of the muscles. The company portfolio consists of a system based in trousers and shirts integrated with 
sensors and different modules for the measurement and handling of measured data. The trousers are 
recording different muscles such as quadriceps, hamstrings, gastrocnemius and gluteus. 
 

NO-CONTACT 
No contact [No-Contact] is a research and development company focused on wearable technologies 
synthesizing advanced textile with electronics and computation for personal protection and safety. The 
mission is to help protect security personnel, law enforcement officers, military and civilians using the 
latest in wearable technologies. The company has developed a technology, Conducted Energy Clothing 
(CEC), to assist security personnel and law enforcement officers. The CEC clothing is a jacket that 
sends electric shocks to avoid any type of physical assault. While a rubber lining in the jacket protects 
the wearer, the assailant will feel ac shock such as one that would come from an electrical socket.  
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Philips Lightning – Lumialive 
Philips has been developed luminous textile for a range of applications in fashion and interior and the 
different projects have received huge attention when they have been launched at different fairs and in 
media. In the beginning the luminous technology was used in fashion demonstrators but as commercial 
products luminous textiles are used in lightning textile panels for interior use in collaboration with the 
Danish textile company Kvadrat [Philips]. 

 
STEALTHWEAR – “Anti-Drone” garments 
Steatlhwear [Stealthwear]  is a collection of “Anti-Drone” garments design by Adam Harvey in 
collaboration with fashion designer Johanna Bloomfield. The “Anti-Drone” garments are designed with 
a metalized fabric that protects against thermal imaging and thereby masking the wearer’s thermal 
signature. The concepts also include an anti-phone accessory, a mobile pocket that blocks any incoming 
and outgoing phone signals enabling total privacy.  

 
TEXTRONICS  
Textronics [Textronics] is specialized in wearable electronics and textile sensors with a certain focus on 
sports performance. The company is incorporated in the Adidas group as Adidas Wearable sports. Their 
main product is the nuMetrex, a sportsbra with integrated textile sensor for the recording of heart rate. 
The core technologies are fibres, films and coatings that react to electrical, optical or magnetic signals 
embedded in knitting, woven or non-woven textile structures. The sensor portfolio consists of four 
groups of components. The first is the textile sensors used to monitor heart or breathing rate. The second 
is a family of conductive elastic yarns, which are building blocks in for example sensors and 
interconnects. These sensors consist of conductive nano-composite elastomeric polymers that exhibit 
changes in electrical conductivity as the material is stretched. The last group of components is 
conductive ribbon that attach to standard electronic connectors.  
 

UTOPE 
Utope [Utope] is a Austrian company creating smart clothing products by integrating wearable 
electronic systems into urban wear. Their only launched product so far is The Keep Safe Backpack 
including an alarm system based on stretchable electronic system developed by Fraunhofer IZM and a 
lightning jacket. The alarm system monitors all pockets and if they are opened unwanted there an alarm 
tone and a visual signal of red light will warn the user.  
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Figure 10. Backpack and jacket from Utope 

 

WARMx 
WarmX [WarmX] is a manufacturer and distributor of heated knitted underwear system. The company 
has an own worldwide-patented technology for heating textiles called warmX-technology and “ know 
how” and partners in both textiles and electronics. The underwear is knitted with silver coated fibres in 
the trunk and neck areas and a battery mounted on the waist supplies the power. 

 

 

 

 

 

 

 

 

 

Figure 11. WarmX heating underwear 
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Consultancy partners specialized in textile and electronics 

The combination of textiles and electronics in smart textiles has opened up for a new type of 
consultancies who are specialised in the combination of textiles and electronics. These consultancies 
concentrate their business in supporting other companies in their manufacturing of smart textiles and 
clothing rather than manufacture and selling their own collections. However, some of them combine 
their consultancy with the manufacturing and marketing of their own technologies or materials. 

 
Moritz Waldemeyer 
Moritz Waldemeyer [Waldemeyer] is a British/German designer and engineer whose work is fusing 
technology, art, fashion and design. Waldemeyer collaborates with many of the top architects, artists and 
fashion and designer such as Ron Arad, Rihanna Hussein Chalayan. As a part of the Olympic closing 
ceremony Waldemeyer conceived a collection of LED embedded carnival costumes. The LED formed 
lights moving simultaneously with the music. The collaboration with the internationally regarded 
fashion designer Hussein Chalayan has resulted in a set of clothing combining fashion and technology. 
The laser dresses embellish Swarowsky Crystals that are deflected by laser beams. The video dresses are 
embedded with 15000 LEDs and the dress displays different silhouettes of sharks in the sea or a rose 
blooming and retracting. 

 

 

 

 

 

Figure 12. Projects by Moritz Waldemeyer: Step up 3D – LED shoes, Hussein Chalayan Readings laser dresses, Olympic 
Closing Ceremony London 2012 

 

 
 
Novanex 
Novanex [Novanex] is a German design company specialised in design, product development and 
manufacture of innovative textile products where combines intelligent design and technologies. 
Novanex acts as a consultant company selling their knowledge and skill in combining textiles and new 
technologies. Their projects cover a wide range of areas from medical projects to clothing for 
promotions. They are co-operating with companies from the textile and electronics branches as well as 
textile research institutes. 
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Ohmatex 
Ohmatex [Ohmatex] is a Danish company specialized in intelligent textile development by combining 
textiles with information technology in order to create smart new products. The company works with 
European companies to develop this technology and have clients in branches from space to medical, 
sport and safety. Ohmatex acts as consultants, as partners in development projects and has also have an 
own portfolio of textile components. Example of that are conductive ribbons and conductive elastics for 
cabling and as conductors and also connectors for use between textiles and electronics. 
 

Stretchable Circuit  
Stretchable Circuit [StretchableCircuit] is a spin off from Fraunhofer IZM and TU Berlin resulting from 
the development of fabrication technologies for fabrication of products in the fields of textile and 
stretchable electronic system. The integration of electronics functions in textiles is one of the specialties 
and the company is a partner to several fashion companies that combines fashion and electronics.  
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Smart textiles and fashion 
 
This report presents an overview as a basis of further discussion of how smart textiles could be 
introduced in fashion. As shown there are already some commercial initiatives around in Europe who 
specifically targets fashion. What is also obvious is that there has been an extensive research activity 
both at European and national levels in the area of smart textiles and clothing. The total funding of the 
presented EU-projects for example is around 70 Million Euros, which could be seen as a high financial 
contribution. It should though be noted that the money is shared between researchers in different areas 
such as textiles, electronics, wireless technology, battery research and system engineering. These 
research efforts are therefore not only a concern in smart textiles since the results also contribute to 
developments in other areas. Despite a rather extensive research effort the industrial and commercial 
activities are still in its infancy, which have been reported in several articles and reports. The most 
extensive report is “A roadmap on smart textile”[Schwarz], which gives a roadmap of where we are in 
smart textile, where we want to be and the reports also identifies the barriers to get there. The smart 
textile potential, where we want to be, has been studied using the Delphi method. Questionnaires were 
sent out to 210 experts from two groups, scientific and industrial experts, and three main applications 
areas were defined; clothing, interior and technical textiles. In more specifically market potential 
analysis the market for smart textiles and clothing is divided in three segments; healthcare, work wear 
and sports.  Fashion is not investigated or pointed out as a future potential area in this specific 
investigation. In a market overview made by Ohmatex [Dalsgaard, Jensen], fashion is mentioned out as 
one of the areas, however the initiatives in fashion so far is questioned as too small. The authors are also 
critical to the applications, which are mostly concentrated on the integration of LED in clothing. In both 
of the analyses the barriers between research and commercial initiatives are analysed and discussed. The 
most common barriers to get to the market are mainly defined as technology and standardization 
shortcomings. Power consumption, interconnection between textile and electronics, standards and 
quality system, education are all examples of technical barriers [Scwarz et. Al][Dalsgaard, Jensen]. Low 
production rates and costs are other barriers as well as safety and health constraints.   There are also 
critical issues concerning the real need for smart textiles and the ethical issues of being monitored 
[Schwarz et al]. The team behind the wearable motherboard has also commented on the fact that despite 
an early invention and an extensive research follow-up in the area of smart textiles and health 
monitoring there is very little commercial use of this invention [Park, Jayaram].  According to the 
authors the technology is available and the authors propose a market focus to get the technology into 
market by suggesting a four-step program based on the “Diffusion of Innovation” theory stated by 
Rogers [Rogers].  

An overall impression of the analyses and speculations is the strong believe that the potential of using 
smart textiles lies in applications such as medical, workwear and other technical applications rather than 
fashion. Figure 13 visualize the relation between different European and national research activities and 
the commercial activities that have been gathered in this report. The clothing market has been broadly 
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divided in four areas, health care, workwear, sports and fashion, and the different projects are distributed 
between the four areas.  

 

 

 

 

 

Figure 13. Project Overview in relation to clothing applications 

 

This figure does not claim to be scientifically true, it is rather a roughly made figure with too few 
components. Further, the size and turnover of the different companies are not known, which means that 
they are just equally compared.  Despite these shortcomings the figure visualise one aspect never 
discussed in previous market overviews and analyses: The EU-projects are dominantly represented in 
the area of health care and work wear while the company activities are more represented in the sport and 
fashion areas. This could illustrate the gap between research efforts and the actual desire to make a 
commercial risk.  
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Discussion 
Smart textile represents the next generation of textiles affiliated in both research and commercial 
activities. The aim with this report is to give an overview of different research and commercial activities 
for further discussions on how smart textiles could be introduced in fashion. As this report tells, there 
has already been an introduction of smart textiles in fashion, however the efforts of introducing smart 
textiles in other clothing areas are still dominating the research activities. The difference in the clothing 
area between health care and work wear application and fashion is the type of application. In health care 
and work wear the applications are focused on monitoring the wearer’s health or to facilitate 
communication. In fashion the applications are more focused on visual or tactile feedback from the 
wearer. Most of the market analyses and roadmaps on smart textiles points out potential of other areas 
than fashion and the funding of research projects also proofs that there is a focus on technical aspects of 
clothing rather than fashion. The main issues to further discuss in order to proceed in the area of smart 
textiles and fashion are; the gap between research and commercial activities, the technological barriers 
and the need for new applications.  

Despite the lack of measurable data such as economical turnovers in the companies involved, figure 13 
illustrates some kind of gap between research efforts and the actual desire to make a commercial risk in 
the area of smart textiles. Authors of different market overviews both ignore and reject the actual 
commercial efforts in fashion as too small and also dismiss the applications as “just LEDs integrated in 
clothing”. Whether they are too small or their business is directed towards some kind of useless 
applications these companies are veritable. They are producing, selling and marketing their business. 
These companies are not H&M or Zara and it does not seem to be their goal, but still it is a running 
business. Some of them are also successful in individual solutions such as artist and event clothing, 
which also points out that the end product of smart textiles does not necessarily have to deal with mass 
consumption. The failure in the commercialisation of smart textiles could maybe be caused by wrong 
expectations of smart textiles as part of the mass production industry rather than smaller and more 
specialised companies. 

Another explanation for the delayed introduction of smart textiles in commercial activities is the 
technological barriers.  What is also quite obvious in this overview as well as other reports is that the 
technology is very well developed. There are soft and flexible electronics and new production 
technologies that should reduce the technical and production barriers. It is also quite obvious that the 
fashion players have been early out to use flexible electronics developed in different EU-projects. 
Another stated barrier is the power consumption, which is actually something we deal with everyday 
using our mobile phone so that is a barrier that has already been overcome. If there is a true need and a 
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strong consumer interest the technology and production costs are not an issue. It is also obvious that 
industrial and scientific experts foresee that smart textile and clothing applications are more functional 
oriented while a majority of those who actually take a risk and starts a company are more into fashion 
and applications like LED attached in clothing.  

Another interesting issue is how the EU-projects are directed towards and end use that we expect to be 
true and useful for a large group of people, but where is the evidence for that? The risk of expecting that 
technology is useful is that we develop technology that is looking for a problem. There are, however, 
promising projects that have their origin in artistic, social and design contexts. One example is the 
Hövding Company where the idea came out from an investigation of how users perceive the use of the 
bicycle helmet. Two design students initiated the investigation in order to find out why people do not 
use a bicycle helmet though it could save their life. The answers from the users exposed the fact that 
many people feel ugly and uncomfortable with the helmet, which gave the idea of an invisible helmet. 
This invisible helmet is an example of how advanced wearable technology including sensor and airbag 
technologies and textile transforms our view of wearing a helmet. Compared to other applications 
where the technology is more transferred into textile, for example jackets integrated with mp3 player or 
conventional electrodes integrated in shirts. In these cases there might be too hard to compete with 
existing solutions since it is the wearable technology itself rather than the integration into textile that 
makes sense for the user. In order to really merge smart textiles and fashion it is necessary to include 
investigations from different areas to 
identify a use instead of speculating about use. Researchers from social science and anthropologists 
could support with the analyses of societal issues. These analyses could be further developed into 
concepts using artistic and design processes where artists, designers, scientists and engineers 
collaborates in the synthesis of ideas. In order to successfully introduce smart textiles in fashion there is 
a need for a multitude of methodologies enabling the transformation of technology into a meaningful 
form of use.  
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Appendix 1 Training modules 
 
These training modules aim to create a base of awareness, knowledge and innovative thinking 
in the area of smart textile and fashion. The methodology is to create a theoretical (training 
module 1) as well as practical (training module 2) setting of arena and to synthesize these 
modules by creating new concepts and ideas (training module 3).  

Training module 1 
Smart Textile - Setting the Arena 
The vision of Smart Textiles is to create textile products that interact by combining smart 
materials and integrated computing power into textile structures. Despite sometimes limitless 
visions and extensive economical investments in technology developments these visions have 
failed to be transformed into commercial products. The aim with this training module is to 
collect information about smart textile project and to critically analyze the actual need for 
smart textiles in fashion. This module could preferably be performed as a distance course 
module based on a pedagogical web interface where the participants collect, organize and 
share information about smart textile. Examples on information are articles, books, films and 
pictures. The goal is to summarize the information as a setting of arena for smart textile and 
fashion in a report or other proposed format for example a digital platform.  The next step is to 
make a critical analyze of the reported projects as a preparation for the training module 3.  
 

Training module 2 
Smart Textile – The Material 
The introduction of smart materials and computing technology in textile structures offers an 
opportunity to develop textiles with a new type of behavior and functionality. Besides 
behavior like sense, react and conducting electricity, the textile will be able to perform 
computational operations. Smart textiles and computing technology are introducing a shift in 
textile, from a passive to a dynamic behavior, from textiles with static functionalities to 
products that exhibit dynamic functionalities. Research in smart textiles has enabled a set of 
new technologies such as new type of textile sensors and actuators, flexible electronics and 
textile wires. The aim with this training module is to get familiar with new technologies and 
materials that have a potential to be used in smart textile and fashion. The module is lab and 
studio based with a focus on hand-on experiments both on basic and more developed levels. 
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In this module the participants are introduced in miniaturized computing technology and the 
internet of things, new smart materials and the combination between computing technology 
and textiles. The module is organized in basic and guiding example to more project oriented 
tasks.    

 

Training module 3 
Smart Textile - New concepts and ideas 
In order to merge smart textiles and fashion it is necessary to include investigations from 
different areas to really identify a use instead of speculating about use. It is important in smart 
textile to transform our view of wearing the technology into something new rather than 
transfer the technology as it is already known into the textile structure. The aim with this 
module is to find new concepts and ideas by combining the critical analyses of smart textiles 
and fashion from training module 1 together with the knowledge about enabling technologies 
in training module 2.  The methodology is a combination of artistic and design processes. 
Examples are cultural probes, questionnaires, empirical studies and performances in order to 
gather information and to get inspiration from users in their everyday activities. The goal is to 
find out new concepts that enable smart textiles and fashion in a meaningful way. This module 
is partly studio based but the participants are recommended to practice the design activities 
outside the studio settingsa. 
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