
 
 
 
The Evolution of Smart Clothing: Better Fabrics and Sensors 
 
Wearable computing is lauded as the next evolution of computing and interactivity. Today 
this is manifesting in the market with "smart" watches and displays and the first wave of 
"smart glasses." The next step in wearable computing is in "smart" clothing, i.e. fabrics 
integrated with various electronics and computing components and energy harvesting, 
and even fabrics that incorporate some of those capabilities themselves. Some clothing 
that could be plausibly considered "smart" has been available for years, essentially as a 
niche market. 
 
NanoMarkets sees this category poised to emerge into the spotlight and becoming a 
significant revenue generator for various levels in the supply chain, from materials 
suppliers to retailers. The key lies in the progress of development and commercialization 
of new and improved fabrics and sensors that are the essential building blocks for the 
capabilities -- and value -- of various smart clothing products. Three main barriers 
historically have been, and continue to be, at the center of development for "smart 
clothing" to pave the way for mass adoption: improved connectivity between modules, 
improved washability of smart fabrics, and standardized protocols. Thus, here also lies 
the opportunity for both materials and sensor manufacturers to develop new and 
improved types of smart fabrics and sensors: from lighter, soft flexible sensors to 
functional fabrics, conductive polymers, and even fibertronics that can function without 
the need for sensors. 
 
Making Smarter Fabrics 
 
Smart fabrics available today are largely used to monitor vital signs such as heart rate 
and body temperature. However, we are inching towards a future with groundbreaking 
smart sensing fabrics -- consider pregnancy monitoring belts, sports clothing that provides 
training tips, or a vest that helps prevent repetitive strain injury. 
 
One of the most significant developments in smart fabrics has been the replacement of 
metallic fibers with conductive polymers that serve as power sources. This has opened 
up opportunities for smart fabric manufacturers from the military segment, where we see 
strong demand for powering soldiers' equipment in the field and eliminating heavy battery 
packs. 
 
At the same time, there are important developments in fibers coated with conductive 
metals and fabrics woven from conductive polymers, which also translate into great 
opportunities for manufacturers of smart fabrics and textiles. For instance, one emerging 
application area is the application of conductive fibers to photovoltaic fibers to create 
textile-based solar cells. 
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And let's not forget the category of nanomaterials, especially carbon nanotubes for 
creating smart fabrics, which as in many industries holds lot of promise for its unique 
properties and capabilities. Specifically in the context of smart clothing, carbon nanotubes 
are ultra-sensitive to pressure and have multiple sensing capabilities. Carbon nanotubes’ 
capabilities could create significant opportunities, provided the potential health hazards 
associated with them are resolved. 
 
Improving Sensors for Clothing 
 
There are a number of potential utilities of sensors for smart clothing, from integrated 
robotic systems to prosthetics to flexible touch panels. Tremendous amounts of value are 
being created by better and lower-cost sensor technology deployed in wearable devices. 
Sensors are also getting smaller, enough that they are barely detectable with the naked 
eye, thus enabling its use discreetly. 
 
As sensors evolve into mature commodity offerings and sensor manufacturers seek to 
differentiate their product offerings, we anticipate strong market acceptance for systems 
that solve application-oriented needs using integrated MEMS/sensor-based system 
solutions, where the sensor and signal-conditioning electronics are integrated in one 
package. Manufacturers that integrate multiple sensors into their products, and use 
smaller flexible sensors, will create more value for customers than smart clothing with 
single-sensing capabilities. At the same time, considerable efforts have been made to 
achieve highly sensitive and wearable sensors that can simultaneously detect multiple 
stimuli, such as stretch, temperature, pressure, and touch. 
 
Meanwhile, activity continues in printable sensors. Various startups continue working to 
develop and commercialize stick-on electronic tattoos and sensors that can be directly 
printed onto the skin for health monitoring purposes, and we expect this technology will 
soon make its way into the smart clothing market. As an example, we see four emerging 
wearable technologies as essential to the realization of pervasive health information 
acquisition: unobtrusive sensing methods, smart textile technology, flexible-stretchable-
printable electronics, and sensor fusion. Sensing firms that focus on these domains will 
be more likely to enjoy faster growth rates. 
 
The Rise of Fibertronics 
 
Hailed as the next big design improvement in smart clothing, fibertronics explores the 
possibility of functionalizing textile yarns with electronics, rather than simply attaching 
electronic devices to textiles. This means the fabric itself will function as a sensor and 
have integrated motherboards fabricated from conductive threads -- and capable of 
replacing other electronic gadgets such as mobile phones and display screens. 
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Recent developments in flexible and stretchable electronics, either through structural 
consideration or by exploring novel materials, have imparted mechanical compliance and 
bio-compatibility to otherwise rigid and brittle electronic devices, paving the way for 
energy-efficient, lightweight, portable, wearable and even implantable electronics. 
Examples include: 
 
• Stretchable and large-area displays that can undergo complex deformations 
• Multifunctional sensors, in particular those with sensing abilities akin to or beyond 

those of human skin 
• Bio-inspired material and structural designs that enable bionic functions 
• Printable sensory systems capable of detecting planar strains, normal pressure, 

temperature, light, moisture, and chemical/biological species 
 
For fibertronic-integrated smart clothing to become a commercial success, both the 
fabrics and sensors must be improved. Hardware and components have to become not 
only more robust but also soft and flexible, an area that currently still lags behind efforts 
to develop suitable fabrics. 
 
Challenges for Smart Clothing, and How to Solve Them 
 
Not surprisingly, most smart clothing manufacturers are launching their products at 
premium prices; they have little option but to pass on the high costs of investing in 
hardware, manufacturing, and integrating wearable devices. Also not surprisingly, these 
high prices will be one of the biggest limiting factors to mass-market adoption of smart 
clothing. The proliferation of specialized (single-use case) devices, e.g. designed for 
different body parts, won't help this problem. 
 
Part of the problem is an emphasis on technology rather than design. Most smart 
wearable devices and fabrics run on processors and components that are designed for 
smartphones; this also makes them bulkier than a normal watch. Relatedly, there is a 
concern that the promised value in smart clothing functionality will be accomplished in the 
future -- if not already -- through other electronics devices, wearable or not. Many apps 
on both the Android and iOS ecosystems already measure classic wearable metrics such 
as heart rate, blood pressure, etc. Shelling out a lot of money for a smart textile that 
performs roughly the same functions is unlikely to find favor with end consumers. 
 
Functionally, there are several drawbacks in conventional smart clothing systems. One is 
their use of wires integrated into fabric, which can act like antennas and easily pick up 
noises from nearby radiating sources. Secondly, once sensors are integrated into the 
fabric they cannot be easily changed or altered. Furthermore, smart wearable devices 
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also tend to require high power consumption, especially those that incorporate wireless 
networks, GPS, and other computational capabilities. 
 
To overcome these challenges, here's what smart clothing manufacturers (and their 
suppliers) must do: 
 

• Keep prices accessible to mainstream consumers. This means finding ways to lower 
costs, through technology and design improvements, and consolidating the physical 
and digital integration and interoperability through open standards. This also could 
mean finding ways to appeal to more fashion trend-conscious consumers for whom 
innovations and unique features may appeal most, and who will likely accept a 
premium pricetag for them. 

• Convince customers about smart clothing's value. Integrate multiple functionalities 
into a single piece of clothing, rather than specialized garments, and without the need 
for peripheral devices as control units. 

• Emphasize design over technology. Create smart clothing that can replicate 
conventional clothing, not only in mainstream consumer use but also for specific target 
market needs, e.g., healthcare worker and military uniforms. 

  
Forecasts for Smart Clothing Sensors and Materials 
 
All told we see the overall sensor market for smart clothing at roughly $187 million in 
2014, growing to $293 million by 2016, $476 million by 2018, and $983 million by 2021. 
Within that is a broad distribution among several sensing categories, reflecting the 
requirements of various end applications from healthcare and sports to military to fashion. 
We see the largest type of use from biosensors, followed by pressure sensors, heat 
sensors, motion/vibration/sound sensors, and color/light sensors. We project all of these 
to grow into hundred-million-dollar markets by 2021, and most of them well above that. 
 
The potential overall market for materials in smart clothing far smaller and far less broadly 
dispersed, though on a faster growth trajectory. We project a total market of $24 million 
for "smart materials" today, ramping to $84 million in 2016, $225 million in 2018, and $849 
million in 2021. Nearly all of that comes from conductive polymers, which we see as a 
$500 million market alone by the end of our forecast period. Nevertheless there are some 
areas of promise with growth from essentially nothing today to markets worth $30-$60 
million dollars, in areas from energy harvesting and PV fabrics to radiation detection, 
fibertronics, silver and copper coatings, and smart nanomaterials. 
 
From the NanoMarkets report, “Smart Clothing Markets: Opportunities for 
Sensors and Smart Materials”  
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