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Physiological monitoring was once squarely in the 

realm of medicine, but has since broken out to personal, 

sports, and military training and improvement. More 

significantly, miniaturized sensors, the Internet, and  

smartphones have been combined to create an 

“Internet of You” in which physiological data across 

populations is being analyzed for both health and 

economic applications. 

"There are three things extremely hard: 
steel, a diamond, and to know one's self."

 —Benjamin Franklin, Poor Richard’s Almanack, 1750

Technological progress makes knowing one’s 

self easier, at least where the body is concerned. 

Physiological monitoring is now undergoing a paradigm 

shift. Technology was once limited to single-purpose 

sensors whose output was gathered at discrete 

intervals for a particular person (like having vitals 

taken at an annual physical). Now it is not only possible 

to monitor a person’s performance in real time (like a 

heart monitor chest band worn while exercising), but to 

continually collect physiological data on entire customer 

populations. Vendors can then provide personal, group, 

and population-level analytics of human performance 

back to the customer base. 

WEARABLE PHYSIOLOGICAL SENSORS
By Kevin P. O’Connell

ON OUR 
RADAR

To achieve this paradigm shift, entrepreneurs and 

established firms are leveraging a confluence of 

enabling technologies and consumer trends: better 

sensors, more data processing power and memory 

in smaller, lighter packages, more power density, the 

ubiquity of smartphones and inter-device wireless 

communications (like Bluetooth), app ecosystems, 

the advent of the Cloud, and the ubiquity of GPS. A 

significant part of the paradigm shift is the confluence 

of physiological sensors with social media. The 

networking of physiological monitors allows users to 

share health status data in real time; couch potatoes 

can’t hide their sloth from their friends unless they 

take off the sensor. Similarly, networking facilitates 

competition between friends, or even with strangers 

known only through the shared customer community 

(the so-called “gamification” of fitness). 

A clear example of all of these advancements combined 

in a single package is Basis, a wristwatch-like sensor 

package launched in 2012 that measures temperature, 

sweat (via skin conductivity), blood oxygen content (via 

an infrared sensor), and body motion and orientation 

(via three-axis accelerometry). Data are transmitted 

from the wrist device to a user’s smartphone via 

Physiological monitoring is the measuring of the human body to understand health and disease, 

optimize physical and mental performance, and enhance learning and entertainment. Over the 

last two centuries, the technology of physiological monitoring has progressed from primitive  

to pervasive, enabling applications that span from necessary to narcissistic. 



Vol. 4 No. 4 03IQT QUARTERLY SPRING 2013

I Q T  Q U A R T E R L Y

Bluetooth, and relayed (along with GPS information) by 

the phone to Basis applications in the Cloud. Raw data 

from the sensors are combined with user-provided 

data (like age and weight) and analyzed at each level 

(wrist, phone, and cloud) to further calculate calories 

burned, sleep quality, and other parameters. All of this 

information is provided as feedback in applications that 

help the user maintain a healthy lifestyle, train for a 

particular sport, or compete with friends who also own 

Basis devices. 

Again, these applications were once dominated by 

medical device companies; however, the increasingly 

broad adoption of networked physiological sensors by 

consumers is driving down costs, as is typically the case 

with breakout technologies. That said, Basis does not 

intend to reach profitability solely on the sale of goods 

and services to consumers. The company offered its 

device at launch for $199, and customers can dress 

up the devices with interexchangeable watchbands 

and other accessories. Customer data analysis is 

being provided on the freemium model, with access to 

advanced applications for additional fees. 

If Basis (and its competitors) will not provide the 

desired return to investors by selling devices, apps, and 

accessories alone, what is the value proposition? The 

intended study of such companies is their customer 

base, and the main product will be insights into 

consumer behavior. (Or to paraphrase my colleague 

Sri Chandrasekar, “If the technology is inexpensive, 

then you are the payment!”) Want to pick a location 

for the athletic shoe store you’re opening? Companies 

like Basis will tell you where to find the 18 to 24-year-

old runners who log more than 20 miles per week. 

Selling motivational programs? Pay up and learn 

which customers are not keeping up with fitness goals. 

Where will healthcare resources need to be deployed? 

Networked sensor companies know the general health 

state of their customers, where they are, and how their 

health is trending over time.  

Which applications in this space will interest the IQT 

customer community? Beyond optimizing fitness and 

training, some firms are designing products to wear 

under protective gear during operations, providing a 

means to both track and monitor personnel working 

in harm’s way. The ability to assess the health of 

populations can give early warning of pandemic 

infectious disease. Other, more targeted applications 

are apparent, but some adopters will need to balance 

operational requirements with potential legal 

constraints governing medical privacy. As wearable 

physiological sensors gather and process more and 

more data, the operational opportunities and regulatory 

challenges will grow at the same pace.   

Dr. Kevin P. O’Connell is Vice President with IQT’s Physical and Biological Technologies Practice. He has been with 
In-Q-Tel since 2007. His 28-year career began in applications of molecular microbiology to problems in agriculture, 
and progressed to research and development projects in biological defense. He was a scientist and principal 
investigator with a Department of Defense laboratory for 10 years, where he focused on pathogen detection and 
genetic characterization. He is the author of over 50 peer-reviewed journal articles, book chapters, and other 
publications, edited a recent book on biological defense, and holds eight patents. O’Connell holds a B.S. degree in  
Life Sciences from MIT and an M.S. and Ph.D. in Bacteriology from the University of Wisconsin-Madison. 

The increasingly broad adoption  

of networked physiological sensors 

by consumers is driving down  

costs, as is typically the case with 

breakout technologies.



Vol. 4 No. 404 Identify. Adapt. Deliver.™

I Q T  Q U A R T E R L Y

A LOOK INSIDE: 
THE INTERNET 
OF YOU 

Next, Michael Schuette, Andrew Junker, and Thomas  

P. Reynolds explain how analyzing facial responses can 

help indirectly detect brain states, which enables the 

deployment of wearable biosensor systems based on 

these responses. The article describes BCInet’s Neural 

Impulse Actuator, a wearable brain activity monitor with  

a software interface for application development that can 

be used for gaming, diagnostic, and therapeutic purposes.

Finally, IQT Investment Partner Mark Breier looks at the 

recent innovations advancing the wearable computers 

market. From financial to social to technical 

developments, the number of different factors that will 

bolster the commercial success of wearable 

technologies ensures that this technology area will 

continue to gain momentum.

The various applications that the authors in this issue 

identify for wearable technologies will continue to raise 

new questions about the proper use of this technology 

and the resulting data, including who owns the data, 

whether it can be sold and bought en masse, whether 

the original owner’s identity will remain connected to 

the data, and whether the technology users have a  

right to know how their data is used by others. As the 

popularity of wearable technologies takes off, these 

questions will continue to grow and evolve.    

In the opening article of this issue, Eri Gentry introduces 

the types of people that regularly use wearable 

technologies to track their health and happiness. She 

focuses on an international group of early adopters 

called the Quantified Self, which provides a platform for 

self-trackers to discuss their strategies and stories. The 

article raises the question of whether data collected by 

wearable technologies is owned by the user or the device 

manufacturer, and how each of these groups can use it. 

Mark Francis's article tracks the market ascent of 

wearable devices that led to 2012 arguably marking 

the point when this type of technology crossed the 

chasm toward mainstream adoption. Citing the small 

number of public market research reports currently 

available in this area, Francis discusses how to 

evaluate the potential growth, changes, and challenges 

in the wearable technology space. 

Brian Russell and Ben Morris’s article follows with a 

discussion of the sensors, transmission, and graphical 

displays that make Physiological Status Monitoring 

(PSM) useful in personalizing training and optimizing 

in-the-field performance. They also describe a number 

of actual applications of the Zephyr BioHarness, from 

NASA monitoring Mars mission simulations, to a highly 

televised mining accident rescue.

Wearable technologies can refer to a variety of systems that measure biometrics. 
Instruments measuring aspects of athletic performance are arguably the most 
recognizable at this time; however, this issue of the IQT Quarterly highlights systems 
that have applications for the warfighter, for emergency personnel, and in healthcare 
and lifestyle management. As these technologies become more common, we will 
continue to see ingenuity in production and consumer applications. In addition, 
connections between these systems and companion apps will become increasingly 
common, demonstrating the potential for networks of wearable technologies that 
create and support the Internet of You.
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THE HUMAN BITS: THE PEOPLE UNDER ALL THAT DATA
The meaning (and uselessness) of life-tracking 
By Eri Gentry

“The unexamined life is not worth living.”

— Socrates

Buster Benson found that the course of his in-person 

interactions would change based on the information 

people saw about him online. A coworker would greet 

him at the office by saying, “You’re an 8 today. You must 

be feeling pretty good! Let’s talk.” Acquaintances would 

avoid writing him during periods of heavy email inflow. 

Starting in 1999, Buster tracked not only the number of 

emails he received per day but also his levels of morale, 

health, sleep, alcohol, and caffeine on a scale of 1-10.  

He then made these numbers publicly available on his 

blog (busterbenson.com). Today, his blog shows pictures 

of him, his email traffic, how much time he spent 

walking and eating, and how often he was angry or sad. 

The page greets visitors with the option to “Search all 

33,024 entries" (and counting).

Buster is a successful Seattle entrepreneur and the 

creator of HealthMonth, a profitable online game in 

which players try to improve their lives (eat better, get 

out of debt) by changing one small thing per day for a 

month. He identifies himself as a husband, a father, and 

someone who, after 14 years of collecting personal data, 

is still struggling to find meaning in all of it.

What’s that you say? This master of self-tracking has 

spent over a decade analyzing his life and he still 

doesn’t understand it? Well, yes and no. As a pioneer in 

digital self-tracking, Buster has made some important 

discoveries that can make our own self-tracking easier.

In his recent Quantified Self talk, “Why I Track,” Buster 

explained how he expected to find correlations in his 

data that would guide him in dividing and organizing his 

life. He especially expected to see a positive correlation 

between having great days and high scores in the short 

list of meaningful variables he’d curated, which included 

spending time with family, running, and sleeping eight 

hours. To set up the data, Buster tracked individual 

variables like sleep and mood, then scored each day on 

a scale from 1-3. (The scale tells him whether he 

thought he had an above or below average day.)1

Intuition told him that spending more time with his wife, 

exercising more, or watching a movie would have a 

positive correlation with above average days. Buster 

measured this correlation using a scale of p. A p value  

of 1 connotes significant, positive correlation; a p value 

of 0 means no correlation. A p value of greater than 0.5 

implies positive correlation.
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book, What Technology Wants, which has been called  

"a sharp-eyed study of our abiding need for cars, 

computers, and gadgets” by The New York Times.

The self-tracker concept is nothing new. Farmers noting 

field conditions and resulting crops or dieters measuring 

their weight against food intake are examples of 

experiments commonly run in order to lose, gain, or 

optimize. The trend Kevin and Gary recognized was this 

experimental behavior taking place in the digital world. 

They believed that new crops of devices would become 

central to self-tracking. 

Feeling that they might be missing something, they 

decided to host an informal discovery meeting, where 

self-trackers were invited to talk. When one guest 

trickled in late, he was teasingly told to go first, with no 

other instructions. Unphased, the man pulled out his 

laptop and opened a spreadsheet that detailed how he 

had spent every 15 minute chunk in the past year. The 

story goes that, immediately, the cofounders recognized 

that this — the human side of tracking — was where the 

real story was. 

Quantified Self meetings, known as "Show and Tells," 

happen in over 60 cities around the globe and attract 

about 12,000 people in sum. Enthusiasts include people 

from every spectrum of society: entrepreneurs, medical 

patients, Olympic athletes, health nuts, venture 

capitalists, and people who simply say they “want  

to be more awesome.” 

The Tools 

We know that data collection and analysis is no longer 

an occupation solely of academics, corporate types, 

governments, and the like, but is fair game for anyone 

who has access to data. Personal computers, 

smartphones, and now a bevy of Bluetooth-enabled 

devices are changing the players in the big data game, 

allowing individuals to collect hundreds of data points 

per second and glimpse their results in real time.

Data are being collected using a wide range of devices, 

from fitness tools like Body Media’s BodyFit, to financial 

monitors like Intuit’s mint.com. Companies large and 

small (Omron and Fitbit, for example) have jumped in, 

creating devices targeted to the individual.

A Snapshot of Devices

Brain: Emotiv — an EEG headset initially designed  

for gamers

Stress: emWave — a heart rate variability monitor  

that trains your breathing

Buster had hoped for a p value of greater than 0.5. His 

actual correlation between the factors listed previously 

and above average days was negative 0.13. Ouch.

What does this mean for the rest of us mere mortals  

with a bad habit (or 10) to shake? While Buster’s results 

were surprising, his desire to track has not lessened.  

He has created a challenge for others to find positive 

correlations in their data and share their observations.2 

Ultimately, the data does not predict outcomes or guide 

us into living the perfect lifestyle. But it does offer us a 

window of introspection through which we can pull out 

the bits that are meaningful to us. Through tracking 

every lifestyle variable he could think of, Buster realized 

that many, if not most, of them were useless, but he also 

discovered the few that were really important to him. He 

found that data are important to track, and can be 

unpredictably useful at different times, but they don’t 

give an accurate view of happiness or meaning over 

time. We have to develop our own methods for that part. 

It is key to understand the human nature that lies 

beneath the creation of big, personal data as we move 

towards a more quantified world. Human factors are at 

the root of why simply prescribing medications doesn’t 

work — people forget to take them, or whether they’ve 

taken them. Despite the known health risks, people  

may still make choices that are damaging. Device 

makers and health providers are grappling with these 

issues. And when policies do not successfully improve 

our lives, it makes sense to go to the center of the 

issues — to the people themselves. One group leading 

this movement is the Quantified Self.

The Quantified Self: Self Knowledge 
Through Numbers

When people ask what the Quantifed Self is, its 

cofounder, Gary Wolf, likes to ask, “What do you think  

it is?” This line of questioning usually reveals the 

original asker’s motivations and, sometimes, a story 

about their own self-tracking. The Quantified Self is 

whatever you want it to be. It’s quantified — it’s about 

you. To understand how that notion came about, let’s  

go back to the beginning.

The Quantified Self was born in 2008 when Wired 

editors Kevin Kelly and Gary Wolf independently noticed 

the adoption of new technologies for self-discovery. 

Gary had recently used the software SuperMemo, which 

utilizes an uncommonly practiced technique called 

“spaced repetition” to learn Spanish in an absurdly short 

amount of time. Kevin is famed for chronicling the 

technology age from its inception, including in his 2011 
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Sleep: Zeo — an EEG headband worn at night that 

monitors sleep, wake times, and sleep stage

Steps: Fitbit One and Zip, Misfit Shine, Zamzee  

(for children)

Athletics: Zephyr BioHarness, BodyMedia, Basis  

health watch

The Users

Making sense of nascent tools — let alone the influx of 

piles of data — is not simple. For the person who wants 

to see through the data, experiments are necessary, and 

few among us are properly trained in experimental 

design. Lack of analytical skills can get in the way of 

finding meaning, turning what began as a hopeful 

endeavor into a difficult, and often lonely, experience.

The Quantified Self has been a popular draw because it 

has the dual purpose of being a marketplace for human 

frustration and learning. The presentations, side 

conversations, and unavoidable human connections often 

inspire, motivate, give us that “aha!” moment, or plant 

seeds that we take back to our everyday lives. People are 

programmed to seek families and communities. This 

aspect of human nature underlies the success of group 

weight loss programs like Weight Watchers and Jenny 

Craig over traditional self-regulated diets.

Big Data: What’s in it for Me?

While one person examines her life in order to be 

happier, larger entities (Aetna, the FBI, Google) 

standardize and generalize massive amounts of data 

across populations in order to make it useful for them. 

The challenge is in motivating the individual to share 

personal data for the benefit of a population.

For those who would benefit from big data, it is essential 

to dive deep before developing a working incentive system 

for potential data donors. To understand one's motivation 

to track, and especially to share, we must ask the 

self-tracker a few simple, but fundamental questions:

1. Why do you track? 

2. What did you learn?

3. What now?

Tracking provides a way to understand behaviors and 

cause and effect over time, something the human mind 

is quite poor at doing on its own. Yet, different people 

have different reasons to pick up a device.

To generalize, self-trackers typically come from one of 

three camps:

1. The perennially curious

2. Those with a disease to monitor or improve

3. Those who want to be bigger, faster, or stronger

The motivations behind each group are different but, 

largely, self-explanatory. 

The curious are always on the lookout for the next fun 

— not necessarily important — thing. They’re prone to 

trying new tools and leaving them on the shelf for the 

next new gadget.

Those with a disease are sometimes self-motivated as 

well as compelled by friends, family, and physicians. There 

is an obvious pain point that might be remedied simply by 

becoming more aware of risky behaviors with tracking.

The “more awesome” camp have long been self-tracking, 

having used gadgets such as heart rate monitors, GPS 

speed trackers (e.g., Garmin watches), or nutrition 

regimens. This group insists on quality and accuracy.

While technology is blurring the lines between the self 

and the device, businesses seeking to play in the market 

Personal computers, smartphones, 

and now a bevy of Bluetooth-enabled 

devices are changing the players 

in the big data game, allowing 

individuals to collect hundreds of  

data points per second and glimpse 

their results in real time.
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and regulators attempting to regulate are bringing 

conflicts over interests in data into sharper focus. 

When Humans and Devices Collide

If a company implants a pacemaker in your chest, does 

the pacemaker belong to you? Does it belong to the 

manufacturer of the device? Did I make the dataset of 

my heart’s activity? Or does the manufacturer own the 

data because, without the device, no data would have 

been collected? The answers to these and related 

questions are not simple. Because these questions are 

not well-resolved, avid Quantifiers can find themselves 

frustratingly close to data about themselves they 

cannot access. 

Hugo Campos is a San Francisco-based designer whose 

self-tracking is at the heart of this debate. Hugo is 

known in the Quantified Self community as an aesthetic, 

noted for his beautiful photo food diary, for which he is 

more cautious about the visual appeal of the food than 

its nutritional content. 

Hugo also has a cardiac defibrillator implanted in his 

body. Without it shocking his heart a few times a week, 

Hugo could go into cardiac arrest. 

It is clearly in his best interest to have a pacemaker,  

but Hugo is the kind of guy who doesn’t stop at good 

enough. He wanted to design his life, including diet, to 

minimize his cardiac events. So, he exercised more.  

He changed his diet. He even went vegan for a month.3 

And all he needed to do in order to see whether his life 

changes had affected his heart was to see the data from 

his defibrillator. The only problem was that he wasn’t 

allowed to see it because current federal privacy laws 

on traditional health files do not extend to implants and 

other new technologies.4

Ponder this unsolved mystery of the digital age: if you 

produce data with the aid of technology, who owns it?  

As wearable technologies become more and more 

ubiquitous, these questions will become a greater part 

of the conversation.   

Eri Gentry is best known for her work in Citizen Science, namely founding the first hackerspace for 
biotechnology, BioCurious. Her professional life — as Special Projects Director at Quantified Self Labs —  
revolves around understanding the human experience of self-tracking. Gentry frequently speaks about such 
topics as human behavior, the share economy, and “hacking medicine.” Her work has been covered by an array 
of publications, including The New York Times, Forbes, Wired, The Atlantic, and in the books Biopunk, Regenesis, 
and The Nature of the Future.

R E F E R E N C E S 
1   http://quantifiedself.com/2012/12/buster-benson-why-i-track/
2   bit.ly/self-tracking-challenge
3   http://quantifiedself.com/2012/04/hugo-campos-on-going-vegan-in-december/
4   http://online.wsj.com/article/SB10001424052970203937004578078820874744076.html
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Given the pace of new product announcements, 
2012 might mark the tipping point when wearable 
technologies crossed the chasm toward mainstream 
adoption. Why now? Technology, business, and usage 
developments — coupled with 
growing consumer demand — have 
converged to take wearables out of 
the battlefields and hospital units 
and into the hands of everyday users. 

The compute mega-trends and 
drivers identified in Figure 1 — 
coupled with the march toward 
smaller, cheaper, and more powerful 
as defined by Moore’s Law — make 
it inevitable that technologies 
will emerge that will transform 
the wearable, embedded, and 
microcontroller marketplaces. No 
longer will distinct silos of compute 
capabilities and intelligence exist. 
Instead, the reality of an “Internet 
of Things” is upon us. In this 
new world, the role of wearables 
in the continuum of compute 
devices is extremely exciting; for 

As with many breakthrough technologies, the seeds of widespread commercial success 

for wearable technologies were planted long ago. From the earliest watches and glasses 

appearing more than 500 years ago to more recent applications of wearable technologies by 

military, healthcare, and enterprise clients, the rise of wearables has been a long time coming. 

WEARABLE TECHNOLOGY CROSSING THE CHASM 
By Mark Francis

Figure 1  | Evolution of significant technology and business trends in wearables

entrepreneurs, investors, designers, technologists, 
and companies, wearable computing is where a 
tremendous amount of innovation will be found in the 
next few decades. 
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Before getting into some of the challenges and 
opportunities in wearable computing products, it is 
important to step back to understand the size and 
structure of the marketplace. Until 2012, there had been 
no published market research reports on wearable 
computing. In the absence of this data, one needed to 
make inferences from reports on healthcare, fitness, 
GPS products, sensors, etc. While these reports provided 
insightful information on some aspects of wearable 
technology, the reports were neither comprehensive nor 
targeted. Interested parties — executives, researchers, 
academics, investors, and entrepreneurs — resorted 
to either proprietary or imperfect methods of market 
definition and analysis. The net result was a lack of 
clarity on the size, scope, and structure of the evolving 
wearable compute marketplace as well as an inhibition 
on the part of many major companies to move into the 
market. Until recently, the lack of a general framework 
for analysis — and the lack of independent projections 
on market size, growth, and trends — created ambiguity 
in the marketplace and has kept some capital and 
innovation at bay. 

This hesitancy began to fall with the rise of smartphones 
and the explosion of mobile applications. Futurists, 
venture investors, and entrepreneurs recognized the 
emerging opportunities in a world of consumer-driven 
mobile computing. This sea change was reflected in 

the influx of venture capital investment in wearables 
over the past few years. Since 2009, venture capital 
investment in wearables has exceeded $350 million. 
Most of this investment has been in companies building 
products for the fitness, wellness, and enterprise 
market segments. Many of the companies receiving 
funding have been consumer-focused, bringing to 
the market integrated products offering hardware, 
software, web portal, and a community of users. 

While these companies raised significant capital, 
companies that were more “hardware-centric” 
struggled to raise capital. To fill this void, companies 
turned to crowdsourcing marketplaces such as 
Indiegogo and Kickstarter. The poster children of 
success through these marketplaces are Shine 
(Indiegogo) and Pebble (Kickstarter). The emergence of 
these marketplaces — driven by public policy reform 
— unleashed capital which otherwise was locked out 
of such investing. While the long term implications 
and success of these channels is to be determined, 
the short-term impact has been dozens of companies 
receiving funding and support, which furthers 
innovation and competition. 

Lastly, established companies that have had success 
in the wearable market have taken a focused 
approach to their efforts. Companies such as Nike, 

Casio, and Garmin have developed 
sizeable, profitable businesses in the 
smart wearable and digital technology 
marketplaces. Nike now has over 10 
million registered users in its digital 
community. Garmin’s fitness business 
is a $300 million line of business with 
high margins and attractive growth 
rates. These companies have delivered 
technology that is relatively mature and 
that has performed well. 

On the flip side, over the years, 
established companies that have taken 
a broader or more speculative approach 
to wearable technology have struggled. 
Years ago, HP and Swatch partnered 
to launch a product that failed to gain 
traction. Last decade, Microsoft spent 
over $30 million to create and promote 
the SPOT Watch — to poor results. 
More recently, Sony reintroduced the 
smartwatch, Motorola launched the 
MotoActv, Apple released watch faces for 

Figure 2  | Mid-range market forecast for wearable technologies
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the iPod nano, and Google announced 
Project Glass. While capturing a lot of 
media attention, these efforts have 
been modestly successful. The struggle 
for these established companies is 
that broader, more open platforms are 
more difficult to execute as opposed 
to focused applications, usages, and 
products. As technology continues to 
mature, these barriers will fall and 
more multifunctional wearables will 
emerge and gain traction in the market. 

Coming full circle to the present, the 
understanding of the market changed 
in 2012 with the release of a number 
of public market research reports from 
firms such as IMS, Juniper, GigaOm,  
and ABI. While each report is a bit 
different, there is now emerging a 
common set of lenses through which  
to evaluate the market. 

The report from IMS Research presents the global 
wearable market by application. It is a well-researched  
and thorough report which provides a solid foundation 
of the market, trends, and drivers. 

Of note in the IMS analysis are the following:

•  Revenue Growth: The wearable market is projected to 
grow from $3 billion in 2012 to $17 billion in 2017

•  Shipped Units Growth: From 17 million units annually 
to 100+ million units annually

•  Diversity of Products: Smart clothing, patches, 
heads-up displays, smartwatches, ear-based products, 
smart glasses, body-worn biosensors/monitors; the 
type and location of the wearable correlated to the 
function, application, and usage

The IMS report presents the changes occurring in the 
application and use of wearable technologies. In 2012, 
applications for wearables were predominately in 
the areas of healthcare, military, and industrial. Over 
the next five years, the industrial and military market 
size is predicted to remain fairly constant. The growth 
drivers are in the areas of infotainment, fitness and 
wellness, and healthcare and medical. The infotainment 
(information-based media content that includes 
entertainment content) segment is projected to be 
dominated by compute rich, multi-purpose products. 

The fitness and wellness products are projected to be 
led by activity (sports, sleep, running, etc.) monitors 
that are sensor-based platforms complemented with 
a growing importance around community and a web 
portal. The healthcare and medical products will remain 
purpose-built, with clear clinical applications requiring 
modest compute needs but high levels of data privacy, 
security, and protection. 

At Intel, we have been looking at the wearable  
market through various lenses, one of which is the 
difference between open and closed systems and 
single purpose vs. multifunctional products. Through 
this framework, 2012 marked the introduction of 
some innovative products — three of which have been 
highlighted in Figure 3. 

These companies have been noted to mark the shift 
toward consumer-driven demand as well as the 
emergence of multifunctional products. The success 
of these products can be interpreted as market 
signals that the technology is stabilizing to deliver 
solutions that are valued by consumers. Moreover, 
these specific products have raised the bar on design 
and user experience, critical issues in a consumer-
driven environment. Lastly, as smartphone penetration 
continues and reaches a saturation point, consumers 
will begin to look for the next fun, sexy thing, creating an 
opportunity for wearables. 

Figure 3  | Market structure and notable recent product introductions
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To fulfill the promise of crossing the chasm, wearable 
products will need to overcome a number of short-term 
and long-term challenges. Despite the robustness of 
the health and fitness markets and the success of the 
products discussed, there are some fundamental  
issues that still must be resolved with wearable 
compute products. Among the most critical issues  
to be addressed are the following:

•  Battery life
•  User experience
•  Form factor
•  Communications 
•  Component integration
•  OS/apps platform
•  Data privacy
•  Security
•  Interoperability of compute products

Significant work is being done to address these 
concerns and to further innovate wearable compute 
products. Among the most attractive developments  
are the following:

•  Commercialization of curved and flexible displays
•  Stable production of cost-effective, flexible, shape-

conforming batteries
•  Energy harvesting
•  Mass production of e-textiles
•  Embedded and implanted sensors
•  Deployment of communications standards,  

particularly Bluetooth Low Energy (BLE)

•  Emergence of alternative ways to communicate —  
NFC and body area networks

•  Establishment of mobile commerce and 
transaction standards

Conclusion

2013 is an exciting time in the development of 
technologies that are fueling the rise in wearables. 
Innovations driven by military, healthcare, location,  
and wellness usages over the years have enabled the 
base technology to mature enough to now transition 
into a broader array of consumer-facing products.  
As a result, wearables are at the tipping point and are 
now poised to cross the chasm. 

Military and enterprise applications will continue to 
be test beds for innovations in wearables. Efforts of 
companies such as Intel to set standards, provide 
assets for the build out of the Cloud, and innovate 
in processing technologies will provide the tools  
needed for market growth. The participation of 
companies that embrace industrial design and  
user experience — such as Nike and Swatch — will  
yield benefits for products in new market segments  
and new form factors. 

By 2017, a new world of computing will be among us. 
Smartphones and tablets will be mature products. The 
promise of smart wearables is where the most creative 
design, business, and technology minds will be focused 
in the years to come.   

Mark Francis leads new venture developments in the wearable, sensing, and ultramobile arenas for Intel’s 
internal incubator, New Business Initiatives (NBI) Group. Prior to joining Intel, Francis worked as a venture 
investor, startup advisor, and entrepreneur for 15 years in Silicon Valley. He was educated at Harvard Business 
School, Harvard Kennedy School, University of Cambridge, and the University of Pittsburgh. 
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mission sets, potentially carried out under extremely 

harsh operating conditions. As the demands of training 

and missions push performers closer to their personal 

limits, it becomes more important to optimize human 

performance and track the physiological status of 

the operator on the ground in real time. PSM enables 

such groups to monitor performers and manage risk, 

and to train with PSM to optimize performance before 

deployment. The “train-as-you-fight” approach is ideally 

suited to PSM, because data collected during training 

also helps set the personal performance metrics for 

operations. Because of the richness of data that are 

collected, PSM can be used to personalize and tune 

alerting based on an individual’s physiology. Put another 

way, the back-end analysis and display can be pre-

set with decision thresholds that are tuned to each 

individual, informed by his or her training experience. 

Now that remote PSM is a reality, a single integrated 

physiological sensor suite can serve all three purposes 

simply by changing the radio communications and 

display device. The same wearable sensor suite can 

be reconfigured to wear as a patch, a strap, in a mouth 

guard, or on a shirt, and can be designed to be non-

visible to the enemy and non-combatants alike. In 

each configuration, adjustments to the system are 

made to optimize the collection of physiological data 

(or lack thereof, if the wearer dies). In particular, the 

sensor’s position on the body affects how body motion 

is portrayed. When used in real time, PSM can be a 

critical data source and a game changer in the field. 

In this article, we will give a brief explanation of the 

sensors, transmission, and graphical displays that make 

a wearable sensor solution useful in the field. 

What are “Wearables”?

Wearables are sensor devices that are worn on the 

body by a person to detect his or her vital signs and 

transmit them to another location for analysis and 

other applications. Three components make a wearable 

system — the sensor(s), a means of transmitting data 

being recorded by the sensors, and the algorithms and 

displays that turn the data into actionable information. 

Smart wearables gather local high-resolution data, 

analyze the data on-board and after backhaul to provide 

actionable information to users, and do all this in a 

timely and bandwidth-friendly manner. An integrated 

system provides command and control elements with 

a means to gather information on force readiness 

without further burdening performers. To simplify 

the monitoring of performers, the analyzed data are 

displayed in “dashboards” that alert controllers when 

a performer’s physiological status falls outside pre-

set parameters. This “exception-based” display of 

performer status provides actionable information when 

a person’s physiological condition is trending negative 

or reaches a state of emergency. The use of these 

integrated wearables is referred to as Physiological 

Status Monitoring (PSM).

Just as smaller, more capable commercial physiological 

monitors have been developed and marketed in recent 

years, sophisticated PSM systems have been developed 

and fielded for the last decade in various groups within 

the Department of Defense and other government 

agencies. The major areas of application include 

Command and Control (C2), Tactical Combat Casualty 

Care (TCCC), and Human Performance (HP). Typically, 

users that fall into these application groups work in 

small numbers, and are tasked with critical yet risky 

WIRELESS: THE 
FUTURE OF REMOTE 
PHYSIOLOGICAL 
MONITORING  
By Brian Russell and Ben Morris
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Signals on the Body

To be as broadly applicable as possible, both 

commercially and tactically, wearable technology 

requires devices that are small enough to be 

comfortable, sufficiently low-profile to be worn 

discreetly, have the capability to be wirelessly 

connected, and have algorithms serving a variety  

of needs in healthcare, fitness, and operations. 

Engineering advances in recent years have given  

PSM systems all these features. Vital statistics can  

now be measured on bodies that are in motion by 

equipment that is undetectable under clothing. In fact, 

Zephyr has already incorporated PSM into existing 

uniforms ready for deployment. 

Traditional barriers to practical PSM include processing 

power, battery technology, radio bandwidth, and 

display technology. With these hurdles overcome, 

PSM sensor data can now be processed to report on 

electrocardiogram (ECG), heart rate, respiration rate, 

heart rate variability, core temperature, posture and 

activity, emotional stress monitoring, heat stress 

detection, and dehydration. All of these parameters 

can be used to assess the mission capability of each 

member of a tactical team, or the status of each 

resident of an extended care facility.

Design Flow

The weight and volume of current wearable technology 

is not typically an issue for today's user; however, size 

remains a concern. Battery technology typically makes 

up 40 percent of the volume of a wearable sensor. Two 

design considerations that influence battery life are:

•   Timing of sensor measurements — should the sensor 

continuously monitor or wake up for events?

•   Processing power — should the sensor provide raw 

data or supply interpreted actionable information?

It has been our experience at Zephyr that more local 

processing allows high-resolution, high sample rate 

data to be used in algorithms for intelligent assessment 

and calculations of an individual’s readiness status. By 

emphasizing local computational analysis over always-

transceiving radio status, our technology transmits less 

data, conserving radio bandwidth and reducing drain on 

the battery. In most circumstances, the devices can only 

transmit on significant events rather than continuous 

monitoring, saving power for the long range radio or 

cellular phone. 

BioModule in three different wearables



Vol. 4 No. 4 15IQT QUARTERLY SPRING 2013

I Q T  Q U A R T E R L Y

Display and Mobile Technology

The burgeoning market in mobile technology 

(smartphones, tablets, watches, and net/notebook 

computers) has driven dramatic improvements in recent 

years. More profoundly, the development of operating 

systems for these devices, the resulting ecosystems 

of applications these systems enable, and the cloud 

infrastructure that supports data backhaul and analysis 

have made it possible to have remote access to 

anything that can get to a cloud from virtually anywhere. 

Wearable technology developers have leveraged this 

powerful infrastructure to present information to 

remote or centralized users in a useful and intuitive 

way without requiring the constant attention of a 

technical or medical expert for interpretation. Wearable 

developers have also created data formats that facilitate 

the fusion of individual and group physiological data 

into applications such as Google Maps or FalconView. 

As mentioned previously, event-based alerting based 

on high sample rate data enables powerful exception-

based reporting for commanders dealing with vital sign 

summaries on an as-needed basis. Locally, personal 

display devices worn by operators allow them to be 

self-aware, so that they better understand their own 

limitations in terms of heat stress, dehydration, fatigue, 

and mission strain.

Applications, Then and Now

NASA and the Military 

Researchers in physiology and psychophysiology 

were the first movers in wearable sensors. As 

famously depicted in movies such as “The Right Stuff,” 

organizations like NASA monitored astronaut vitality 

and pilot fatigue during spaceflight. More recently, 

NASA has used Zephyr’s BioHarness during Mars 

mission simulations, in zero gravity cardiac research, 

and in commercial flight crew research. Where the use 

of 1960s vintage physiological monitoring equipment 

required hours of human analysis, modern PSMs now 

give users access to usable information in minutes 

to real time. In 2005, U.S. Special Forces, identifying a 

capability gap spanning warfighter monitoring, uniforms, 

radio communications, and C2 software integration, 

competitively bid for remote vital sign monitoring. 

U.S. Special Forces recognized the value for C2, TCCC, 

and HP monitoring. Their sponsorship resulted in vital 

sign monitoring sensors designed to complement the 

warfighters’ tasks and uniform, including compatibility 

with ballistic plates, tactical radio integration with 

secure body area networks, creating a "LAN" for the 

human body, and software integration with command 

and control software such as FalconView. Development 

resulted in automated triage algorithms and bulk 

fitness assessment to automate the determination of 

personalized thresholds for physiological stress.

Sports 

In the realm of fitness and sports, wearables allow 

trainers to assess the fitness of entire teams, and track 

and customize training for each individual in their 

conditioning programs. Data collected and analyzed by 

wearable sensors enable coaches to develop optimized 

conditioning programs factoring nutritional needs (caloric 

expenditure), physiological and mechanical demands, 

and loads on the body. Additionally, wearables can be 

used to indirectly measure mental performance during 

an exercise, which can be useful in training to ensure 

proficiency has reached the point of “muscle memory,” 

versus when the wearer is still emotionally and mentally 

strained, even if he/she has not reached the limit of 

physical performance. 

Zephyr's Team BioHarness 3 

Compression shirts,  

designed to connect with  

the BioHarness sensor

Tactical display software
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Medical Care 

Wearables have functions in the civilian world through a 

broad spectrum of medical applications in preventative 

medicine, remote telemedicine, and outpatient care 

environments. In a recent project backed by the National 

Institutes of Health and in partnership with Qualcomm 

and Verizon, Flagstaff Medical Center used Zephyr 

technology to remotely monitor an at-risk population of 

congestive heart failure patients who either regularly 

skip checkups or live far from healthcare providers and 

cannot afford transportation. Most of the patients live 

far from Flagstaff, in one of the most remote regions of 

the Arizona desert. Patients without electricity were also 

provided with solar chargers. Patients wearing Zephyr 

sensors are able to receive care and health counseling 

in their homes, reducing highly straining trips to the 

hospital for checkups, and are able to spend more 

time with their families in a comfortable and caring 

environment. The study will continue for at least a year, 

during which the directors will assess the impact on 

patient outcomes, hospital readmission rates, etc.

Emergency Response 

The Zephyr product has also seen use in high-profile 

emergency situations. In 2010, the 33 Chilean miners 

that were trapped in the San Jose mine 2000 feet 

underground for six weeks were wearing the Zephyr 

BioHarness, as the world watched their ordeal and 

ultimate rescue. 

While wearables were once the stuff of science fiction,  

they are now widely available at commercial price 

points for a variety of applications. The average fitness 

consumer has more off-the-shelf monitoring technology 

available to them today than Alan Shepard and John 

Glenn did in the Mercury program. Today, SWAT, WMD 

Responders, hospital patients, and chronically ill 

consumers at home use the same sensor package,  

worn and monitored in different configurations so  

they can stay healthy, carry out successful missions, 

and live safer, more productive lives.   

Brian Russell is the CEO and Founder of Zephyr Technology Limited. Over the past two decades, Russell has 
commercialized ground-breaking technology products for Nokia Telecommunications, Analog Devices, Inc., and 
Zephyr Technology Corporation. Russell received his Bachelor of Engineering at Auckland University, New Zealand, 
and is a subject matter expert in analog electronics, communications, and physiology. He currently holds several 
patents in the area of optical communication and physiological sensing using wearable sensors. 
 
Ben Morris is a Naval Academy graduate and Marine Corps Ground Intelligence officer who served two tours in 
Iraq as a 3rd Battalion, 8th Marines intelligence officer, and scout sniper platoon commander. After seven years of 
Marine Corps service he entered the civilian ranks, working with Zephyr as a Field Application Engineer. Among his 
first challenges at Zephyr included traveling to Chile to provide direct support in the successful rescue operation 
of the 33 Chilean miners who spent 69 days trapped 2000 feet underground at the San Jose mine. Additionally, 
Morris helped to further develop the Zephyr product for use in professional sports and training of elite athletes, and 
for military personnel while working as product manager for the Physiological Status Monitoring Training, First 
Responder, and Defense solutions.
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Flagstaff hospital using remote patient monitoring
http://www.alaskajournal.com/Alaska-Journal-of-Commerce/AJOC-January-15-2012/Flagstaff-hospital-using-remote-patient-monitoring/

Remote Monitoring for the Chilean Mine Rescue  
http://www.zephyr-technology.com/media/pdf/Case-Study-Chilean-Miner-Rescue-Operation.pdf

Physiological Response to a Surprise Dog Attack  
http://www.zephyr-technology.com/media/doc/Case-study-Dog-Attack.doc

NASA Zero Gravity Flight and Physiological Responses  
http://www.zephyr-technology.com/media/pdf/Zero-gravity-Case-Study.pdf

HAZMAT and WMD Response: Maryland Army National Guard’s 32nd Civil Support Team Using Physiological Status Monitoring  
http://www.zephyr-technology.com/media/pdf/32nd_CST_Case_Study.pdf

Chilean miners were monitored during rescue 

operations with Zephyr PSM Responder technology



Vol. 4 No. 4 17IQT QUARTERLY SPRING 2013

I Q T  Q U A R T E R L Y

WEARABLE BIOSENSORS: A NEW PORTAL TO THE BRAIN 
By Michael Schuette, Andrew Junker, and Thomas P. Reynolds

mass deployment or for large scale data capture, 
especially in a real life environment. However, it may 
not be necessary to rely on isolated brain activity alone, 
since many of the brain’s responses are projected to 
muscles outside the skull, courtesy of cranial nerves, 
and manifest themselves as facial responses. Examples 
are pupil and eye-lid reflexes, blushing, twitching, and 
other involuntary responses, all of which result in 
electrical activity that can be easily picked up using 
low-cost consumer-grade sensors and electronics. This 
cost reduction and miniaturization enables the mass 
deployment of wearable biosensor systems supporting 
the development of all kinds of new applications. We can 
now begin to acquire large data sets from a significant 
number of individuals and subject them to big data 
analytics, including correlation with actual behavior of 
the individuals over time. 

Over the past few years, computers have evolved to become truly portable devices. Every 

current smartphone has more intelligence than most personal computers had only a decade 

ago. This has enabled novel applications and opportunities in every aspect of our lives, including 

entertainment, learning, data analysis, and rehabilitation, and has spawned new levels of 

connection between man and machine. This evolution has not been limited to just the processing 

level, but also includes input devices like touchscreens, word recognition, and even motion 

sensors that are now important pieces in the evolution of these applications. However, one last 

frontier remains: we are still not capable of directly communicating our thoughts to a computer.  

The brain is our best protected organ, and, despite 

centuries of research unraveling its microcircuitry and 

local physiology, it still remains the least understood. 

We still lack even the most basic understanding of 

how sensory inputs are combined with pre-existing 

data in the form of memory and associations to trigger 

simple reactions, let alone more complex behavioral 

or cognitive responses. Interestingly though, global 

reactions of large brain areas may be more reliable 

indicators of high-level brain states. Those high-level 

states include recognition of prior knowledge and 

decision-making, as well as pathologic states related to 

chronic or acute depression, or addiction relapses. 

Detecting brain states is difficult and requires 
sophisticated electroencephalograph (EEG) or functional 
MRI (fMRI) systems. EEG and fMRI systems are complex, 
bulky, and expensive, making them impractical for 
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The Origin of Electrical Brain Activity

Every physiological activity of a living cell creates 
a change in its electrical potential across the cell’s 
membrane; that is, the voltage between the intracellular 
space and the outside world. The change in electrical 
potential in individual cells also plays an important 
role in the communication between individual neurons 
through so-called electrical synapses or gap junctions, 
which allow propagation of brain activity across a large 
area. This electrical signaling complements chemical 
synaptic signaling, causing a dwelling chain-reaction 
across all connected cells and resulting in amplification 
of the electrical signal by several orders of magnitude. 
Independent of specific events, these electrical 
discharges also occur as periodic oscillations, which 
are important for the synchronization between different 
sensory modalities such as vision, touch, and hearing. 
Without this synchronization, the different inputs 
would remain unrelated and could not be combined 
by the brain to identify objects or trigger even higher 
associative processes.1,2

Within the field of neuroscience, these periodic 

electrical activities are known as brain waves. Brain 

waves are divided into several groups based on their 

frequency range. The most prominent brain waves are 

in the spectrum of 8-12 Hz (known as alpha waves) 

and originate from pacemaker cells in the thalamus, 

from where they propagate to the sensory cortex 

areas (visual, auditory, and tactile) and the frontal 

cortical areas (memory, associations, and emotions).3 

Intriguingly, the “motor” cortex hums at approximately 

twice the frequency of the sensory areas (15-30 Hz, 

or so-called beta waves), which is an elegant way 

to allow fast feed forward from the alpha spectrum 

while suppressing feedback contamination from the 

motor cortex to the sensory and emotional areas. 

For EEG-based control and monitoring, this allows 

frequency-based separation of merely “reactive” vs. 

“active” brain tasks.

As a result of the mass action mentioned, brain waves 

can be recorded outside the skull with reasonable 

accuracy. This usually requires clinical-grade 

electroencephalogram (EEG) devices that are expensive 

and rely heavily on a “clean” environment that is not 

polluted by external electromagnetic interference (EMI). 

The Brain-Body Connection

It is a “no brainer” that the brain governs the body on 

a cognitive level. In addition, reflexes originating in 

the brain serve self-preservation (parasympathetic), 

performance enhancement (sympathetic), or 

communication (facial innervation) purposes which 

directly mirror emotional and cognitive states. These 

reflexes involve a fast neural response of the cranial 

nerves innervating the face. While those reflexes 

are subconscious or unconscious responses to 

outside events and bypass most higher cognitive 

processes, the electrical activity of muscles that 

twitch in response to these signals is easily captured 

in the form of an electromyogram (EMG). Twitches 

of eye muscles can also be recorded indirectly 

through electrooculogram (EOG). This is important 

because it opens up an indirect way to get insight 

into subconscious brain states or responses by using 

efferent projections to the face and capturing the 

amplified EMG potentials of facial reactions.

Building a Low-Cost, Wearable  
Biopotential Monitor

Five years ago, BCInet started the development of a low-

cost, consumer-grade EEG, EMG, and EOG (collectively, 

biopotentials) device named the Neural Impulse 

Actuator™ (NIA). The NIA was introduced into the market 

as a Brain-Computer Interface (BCI) device targeted for 

use as a personal computer input or control device for a 

wide customer base ranging from computer gamers to 

the disability field, including locked-in syndrome. 

Figure 1 | Overview of the different brainwave clock domains of 

the human brain 
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The NIA was designed as a very low-cost, simple-to-

use, and wearable brain activity monitor with a software 

interface for application development. The NIA captures 

electrical signals at the forehead using medical sensors 

contained within a small, portable, and unobtrusive 

headband (as opposed to traditional EEG skullcaps with 

multiple sensors and wires connected to an apparatus 

sitting on a wheeled cart). The signals are then 

processed through a controller-amplifier for filtering, 

digitizing, and serialization before sending a single 

composite data stream to a host platform. 

BCInet’s patented signal processing software runs 
presently on the host platform, whether it’s a PC, 
smartphone, tablet, or other processing device. The 
software de-convolutes the data stream into EEG, 
EMG, and EOG. EEG signals are further separated into 
individual alpha, beta, gamma, and theta bands. These 
signals are then available for monitoring or control.

Monitoring: The representation of the various signals 
can be displayed in several ways to fit the needs of 
a target application. One possibility is to incorporate 
feedback directly into applications. This enables 
individuals to log brain states for later correlation with 
environmental events, or else instantly see results 
and get alerted to positive or negative changes in 
brain activity. This combination of monitoring and 
feedback opens opportunities for EEG-, EMG-, and EOG-
based biofeedback to enhance quality of life including 
improved health and productivity.

Control: Mapping of the EEG, EMG, and EOG signals, 
through software, can be bound to any keyboard key, 
mouse click, or external controller device for various 
applications.

The addition of a software development kit (SDK) 
provides programmable access to BCInet’s hardware 
reference designs in order to encourage new  
application development.

Applications

We originally developed the NIA with the goal of 

creating a low-cost, cutting edge computer input 

device to increase the fun of playing computer games 

and enhance immersion in gaming applications. 

The underlying strategy was to decrease the layers 

of abstraction such as learning key strokes and 

mouse click combinations. Instead, the NIA converts 

biopotentials detected with the headband sensors into 

control functions. Because the device is simple to wear 

and learn, the possible applications extend far beyond 

gaming, to potential diagnostic and therapeutic uses. 

Wearable sensors carry the promise of collecting 

significant information that can be applied in 

researching causes and new cures for multiple types 

of disorders. The low-cost, wearable approach brings 

new solutions to significant numbers of individuals to 

improve their lives. Applications, based on correlation 

of EMG and EOG with “classical” EEG responses appear 

almost endless and could include detection of events 

not only important to the Intelligence Community 

but also for health management, addiction relapses, 

rehabilitation, state-dependent memory training, and 

other opportunities to improve the interface between 

man and machine. Briefly, examples of these application 

areas include:

• Prior knowledge testing

• Subconscious unusual event identification

• Identification of pre-relapse states

• Mindfulness preparation and training

• Attention/tension-based device control

• Rehabilitation 

• Fun and exercise through games

One intriguing class of applications involves the 
response of the brain when exposed to visual stimuli 
the observer recognizes. When a person recognizes a 
stimulus, a so-called event-related potential (ERP) can 
be detected via EEG. Because the ERP is well-known 
to occur 300 milliseconds after the stimulus, this EEG 

Figure 2  | The Neural Impulse Actuator: A low-cost 

combination EEG, EMG, and EOG device
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signature is called the P300 response. Interestingly, 
ERPs may lag behind physical reaction times, which 
typically occur after only 150-200 milliseconds.4 During 
the testing of the NIA, we witnessed an unexpected 
phenomenon in the form of reduced reaction times 
in first-person shooter games. Players could shoot at 
enemy bots even before they could actually see them 
at a conscious level.5 The phenomenon was robust and 
reaction times were even shorter than using a manual, 
click-based trigger. It is reasonable to conclude that the 
same type of reflex-based reaction could be used to 
identify other subconscious recognition events. 

Specific Examples of Applications

For those with communications disabilities, wearable 
biosensors enable control of many different types of 
devices for immediate improvement in quality of life. They 
allow users to operate computer applications, keyboards, 
and cursors, enabling communication with the outside 
world in a way that was not previously possible.  

Quadriplegia and Paralysis: Thousands of people are 
afflicted with various forms and levels of paralysis. 
Considering the level of variation in the extent of 
affliction, no single approach is best for all levels 
of disability. Wearable biosensors provide the best 
flexibility for a custom configuration based on the 
specific needs of the user. 

Traumatic Brain Injury (TBI): For returning veterans 
with physical injuries such as TBI, loss of limbs, and 

spinal cord injuries, wearable biosensors allow for 
control of many different types of devices that can bring 
an immediate improvement to their lives. Examples 
of these devices include the use of computers, 
wheelchairs, prosthetic limbs, and more. 

Regardless of the specific type of application, users will 
find that EMG is the easiest to control, followed by EOG, 
and then EEG. Most users will rely on a combination of 
all three in aggregate for control and monitoring. Rather 
than discarding EMG or EOG as irrelevant for monitoring 
brain activity, the entire spectrum is considered a 
unified and valuable resource with different aspects 
complementing and confirming each other. Moreover, 
successful adaptation of a novel device heavily depends 
on the fastest possible learning curve. Additional 
incentives are affordability, ease of wear, and, most 
importantly, the simple fact that it works.

Portable computers such as smartphones and tablets 
have created novel platforms for a grand scale 
deployment of wearable biosensors. Monitoring brain, 
attention, and reflex activity through EEG, EOG, and EMG 
events and correlating them with environmental stimuli 
opens a wealth of opportunities for understanding social 
behavior. Insights gained from those data can be used 
to develop targeted applications for real-time feedback 
that can be used for therapeutic and preventive 
interference with disorders. In addition, wearable 
biosensors can be used to develop control applications 
running on the portable platforms.   

Dr. Michael Schuette earned his Ph.D. in neurobiology from the Ludwig Maximilian University in Munich, Germany. 
After holding various academic positions related to brain research at NYU, CUNY, and Mount Sinai School of 
Medicine, he turned to computer sciences, among other things, with the goal to bridge the gap between the brain 
and computers.

Dr. Andrew Junker spent twenty years as a research scientist for the U.S. Air Force with a Ph.D. in Electrical 
Engineering from the University of Connecticut, and was also the Director of the Human Factors Engineering 
Program at Wright State University. As founder and president of Brain Actuated Technologies, Junker developed 
the core Brainfingers technology used in the disabilities controller and BCInet’s NIA game controller. 

Thomas P. Reynolds is the CEO of BCInet, Inc. He has more than thirty-five years of experience in executive and 
managerial roles in high-tech industries, including notable multi-national companies such as Ericsson, Motorola, 
and HP. Most recently Reynolds has been CEO of a number of innovative startup companies including BCInet. He 
holds a Bachelor of Design from the University of Colorado at Boulder. For additional information about BCInet, 
please email Reynolds directly at treynolds@bcinet.com.

R E F E R E N C E S 
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2   Christof Koch: http://ttbook.org/book/transcript/transcript-christof-koch-uncut
3   Fuster, Joaquin (2008). The prefrontal cortex (4 ed.). Oxford, UK: Elsevier. p. 126. ISBN 978-0-12-373644-4
4   Human Benchmark (http://www.humanbenchmark.com/tests/reactiontime/stats.php)
5  http://www.youtube.com/watch?v=69skEJB6Iq0
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In the tablet category, this “get real” moment for me 

happened at a board meeting about a year-and-a-

half ago when I realized that no one brought a laptop 

— every investor pulled out a tablet. Goodbye laptops. 

Hello tablets.

The category I think will “get real” any minute now is 

wearable computers and sensors. This includes two 

types of technologies: ones that monitor the wearer, 

and ones that extend the wearer’s ability to sense the 

environment. Here’s a quick look at the many innovations 

that enable wearable technologies — financial, technical, 

and social — that we’ve seen gain traction in the past 

year, sourced from technology news, the 2013 Consumer 

Electronics Show, and recent IQT activity. 

Community Support: Crowdfunding

In crowdfunding, many investors seek the product, 

but others simply pledge to support the growth of a 

new category. When a company receives significant 

crowdfunding for their innovation, in a sense they 

receive some validation that their product has 

commercial appeal. In May 2012, Pebble set a 

crowdfunding record by raising $10,266,884 in pledges 

from 68,928 people in a Kickstarter campaign to develop 

a smartwatch to display messages from smartphones. 

In January 2013, Pebble started planned production of 

15,000 watches per week, including a cycling app to 

measure speed, distance, and pace through GPS. 

Industry Support: Product Development  
by Big Names

When well-recognized innovators invest in the 

development of a product type that’s on the verge of 

hitting it big, they often set the standards that other 

manufacturers have to match or exceed, and help push 

commercial interest in the right direction, encouraging 

smaller brands to bring competitively priced alternatives 

to market. This has happened numerous times already 

In these fast-moving technology times, there are moments when an investor suddenly 

realizes a category has “gotten real.” Getting real is that inflection point in the curve of 

technology development when small starts by a few innovators moves to wide consumer 

adoption — the so-called “hockey stick” effect. Nobody has one, and then suddenly 

everybody has one. 

WEARABLE TECHNOLOGY GETS REAL 
By Mark Breier
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within the wearable technologies space with notable 

tech innovators such as Apple, Nike, and Google. 

Apple has a history of such market encouragement, 

and once again they may be testing new waters in ways 

that are already being hyped. At this writing, the media 

is rich with speculation that Apple is about to announce 

an iWatch, which, speculatively, would link with Apple 

devices, add fitness monitoring, and more. Will an 

iWatch have the same effect on the wearables space 

that iPhone had on the smartphone category? Or that 

iPod had on the MP3 category? Stay tuned. 

Similarly, Nike has brought wearable accelerometers 

to the masses through excellent marketing and elite 

branding of its FuelBand product. The FuelBand tracks 

all movements throughout the day and records progress, 

time, steps, and calories burned. Users are then able to 

sync their activity with a corresponding app to analyze 

activity and connect with others in the community. 

Google is also undertaking a sensational new R&D 

project with Google Glass. The program is developing 

an augmented reality head-mounted display that will 

access the Internet, display “glanceable information,” 

and allow interaction by voice. Google founder Sergey 

Brin announced Google Glass with a group of skydivers 

at the Google I/O conference on June 27, 2012. Amazed 

conference attendees saw a live skydive from the points 

of view of the jumpers, who landed on the roof of the 

conference venue. The glasses were passed to roof 

bikers, then to rappellers, and finally were worn into  

the conference itself. 

Killer Apps

The way to a gadget geek’s heart is through his  

mobile device. Engaging customers through apps  

on their smartphones and tablets creates a 

personalized experience, helps customers interpret 

their own data, and entices them to continue using 

their connected gadgets. Many of the coolest wearable 

technologies available today are designed to have 

companion apps.

Manufacturers in the niche fitness space target athletes 

by offering apps that can improve their performance, 

safety, and knowledge of their own stats when 

combined with wearable devices. Wearable fitness 

devices have developed into their own category thanks 

to much innovation from Jawbone’s UP and Fitbit’s Flex. 

These products track an individual’s movement and 

enable “gameplay,” allowing users to compete against 

themselves, friends, or strangers. Recon Instruments 

recently launched a heads-up display for ski goggles 

which provides hands-free performance stats, 

navigation, and communication information in real-

time via a glanceable display. Recon can track a skier's 

airtime, jump distance, and drop using the on-board 

3-axis accelerometer and gyroscope, can receive and 

display texts from other skiers, and can link with the 

user's smartphone to display ski runs to track progress 

and determine the optimal course. Recon’s partners 

include high sports fashion brands such as Oakley, 

Smith, and Scott. A company called 4iiii Innovations 

offers an LED bar graph device that syncs via Bluetooth 
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with body sensors that allows athletes, such as cyclists 

and runners, to keep their eyes on the road and off  

their devices.

Taking health and fitness applications one step further, 

Scanadu wants to “send your smartphone to med 

school”. The company offers disposable sensors to 

measure pulse, heart rate, temperature, and blood 

oxygen levels and, in conjunction with the camera in 

the user’s smartphone and some machine vision apps, 

delivers early medical recommendations of whether the 

user needs to see a doctor or not. Future products will 

test saliva for streptococcus A and influenza infections, 

and test urine for kidney failures and pregnancy 

complications. Not precisely a wearable technology, but 

Scanadu is out on the (not-quite-literally) bleeding edge 

of consumer diagnostics that approach the capabilities 

once reserved for clinical reference labs. 

Recognizing the growing importance of personal health 

monitoring, the 2013 Consumer Electronics Show 

heralded a new technology category called “bodymedia.” 

The star attraction was a $99 HAPIfork, which monitors 

how quickly a user eats, and encourages the diner to 

slow down by gently vibrating. The fork will eventually 

track “fork servings” via data uploaded to a smartphone 

or computer. Another standout product, developed by 

Professor Chester Wilson of Louisiana Tech University, 

offered “shoe power,” a polymer energy harvesting 

system which can be inserted into the heel of a shoe. 

The energy caused by the natural compression during 

walking can be harvested to generate power on the 

order of 1 milliwatt. Coupled with a storage technology, 

shoe power may help power the “body area networks” 

now emerging, made possible by wearable technologies.

The types of engaging apps described here combined 

with smart devices and wearable technologies form the 

network that is the Internet of You and will be one of 

the selling points when consumers are deciding which 

devices to use and continue using.

Innovative Products

Beyond fitness monitors and the few other forms of 

wearable computers that are already widely familiar, 

there seems to be no limit to the innovations in 

technologies in this space. The following products 

are a sample of the most futuristic products we’ve 

seen introduced recently, demonstrating the scope of 

possibility for innovations to come.

Can a glove channel the acquired experience of all 

physicians into the hand of your healthcare provider, or 

even you? MedSensation thinks so. They are developing a 

sensor- and haptics-laden glove (temperature, pressure, 

accelerometers, and eventually ultrasound transducers) 

that will augment the user’s sense of touch (and 

eventually sight, using ultrasound). Coupled with an expert 

system back-end, the glove may eventually enable lay 

persons to detect diseases such as breast cancer even 

earlier, with the skill of the best trained practitioners.  

Able Planet strives to improve hearing by offering a 

headphone which partially extends into the ear and 

uses a “stent-like” innovation to close off the ear so 

that nothing else can be heard. They are partnering 

Engaging customers through apps 

on their smartphones and tablets 

creates a personalized experience, 

helps customers interpret their own 

data, and entices them to continue 

using their connected gadgets.
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with ViviTouch to provide a haptic coating which 

can communicate through bones to your inner ear 

and through skin to your brain (this is how you hear 

normally). How much is hearing improved? An attendee 

of the 2013 Consumer Electronics Show apparently 

“teared in amazement” upon hearing her favorite  

music played this way.

Going beyond enhancing our human abilities, Innovega 

wants to provide users with an Ironman-like view of the 

world. The company offers contact lenses and wrap-

around dark glasses which allow you to see through 

the glasses (as normal) but also see what is displayed 

on the glasses (via a projection from the glass frames). 

Want to get and see Internet directions? See the face of 

the person you are supposed to meet? Get the map of all 

the “incidents” around you (think celebrity homes, open 

bars, or even IED explosions)? Innovega’s augmented 

reality eyewear will deliver.

Technology designer Jennifer Darmour's current 

independent project, Electricfoxy, explores the 

intersection of fashion design and technology function. 

Move, a yoga garment with panels of haptic-responsive 

fabric, both senses body posture and gently provides 

feedback if the wearer’s posture is incorrect. Darmour’s 

design philosophy is guided by an emphasis on context, 

connectivity, discretion, and fashion — the technology 

must be context-appropriate, and accessible beyond the 

early adopter “geek” community.

Proteus Digital Health has made chip-embedded pills 

that communicate with a disposable skin-worn sensor 

patch, that then relays data to a smartphone. The chips 

are powered up by contact with body fluids once the 

pills dissolve, and help the user track which pills (by 

medicine, lot number, and dose per pill) were taken at 

what times, and notifies healthcare providers if a patient 

misses a dose or over- or under-doses. The chips 

are made of food-quality materials and pass through 

the body after transmitting their data. The chips have 

passed FDA scrutiny in placebo testing, and work is 

underway to secure approvals in drugs. 

These are some of the most exciting trends and 

innovations we’ve seen recently in the wearable 

computers and sensors space, which, taken collectively, 

support our prediction that the industry will only 

become more pervasive in the coming months. As this 

field gears up to “get real," there will be both a continued 

influx of innovative products and applications, as well 

as an identifiable growth in the number of wearable 

technologies we see being used by neighbors and 

friends in our everyday lives.   



Vol. 4 No. 4 25IQT QUARTERLY SPRING 2013

I Q T  Q U A R T E R L Y

TECH
C O R N E R

To supplement the IQT Quarterly’s focus on technology trends, Tech Corner provides a practitioner’s point of view 

of a current challenge in the field and insight into an effective response. 

VISUAL INTELLIGENCE: REAL-TIME COLLABORATION 

WITH RICH INFORMATION FROM THE FIELD
A technology overview from IQT portfolio company Looxcie

Security challenges facing the United States have 

become more adaptive, decentralized, and complex. 

In the era of asymmetric conflict, the ability of a lone 

actor to inflict significant harm on American interests 

is greater than ever before. The complexity of these 

threats has grown, driven by the wider range of possible 

targets and a greater range of lethal instruments. The 

ability to find, share, and assess critical information in a 

timely manner is greater than ever before. 

This problem is particularly acute for the civilian or 

military operator in the field. It’s not enough to spot a 

potential situation; the challenge is for the individual 

to share that information in real time, evaluate it with 

other experts, and then decide whether to act on it. 

The problem of real-time collaboration is made more 

difficult when a situation has to be interpreted and 

communicated. Along with the list of other “INTs” 

available within the security community, Looxcie seeks 

to add another INT: VISINT, or visual intelligence. By 

providing real-time video communication in a wearable 

“I-see-what-you-see” device, Looxcie aims to leverage 

the abilities of field operators by allowing them to 

collaborate securely with other members of their team 

anywhere in the world.

Deploying Visual Intelligence

The Looxcie solution helps people in the field stay 

connected with their teams anytime and anywhere 

through a rich interactive experience. The Looxcie 

integrated service includes hands-free cameras, a 

mobile platform running on a smartphone or tablet,  

and a secure cloud service that provides the video 

streaming and sharing platform. It requires no external 

power source and can be deployed in minutes.

The Looxcie system is comprised of three  

key components:

•  Cameras: Looxcie devices capture, store, and stream 

“see-what-I-see” video. Looxcies come in various form 

factors, from sleek, discreet designs to ruggedized 

versions to low-profile concealable devices. These can 

be worn on the body or discreetly mounted.

•  Connectivity: Looxcie uses applications running 

on smartphones or tablets to control and manage 

cameras; they also communicate with external 

networks to provide collaborative links. The device-

facing part of the app wirelessly communicates with 

cameras to provide buttons for control, viewfinder 
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capability, and additional offloaded features so 

cameras can maintain their small profile. 

•  Back-end Services: Cloud-based video storage and 

privilege-management services allow for real-time 

streaming of live video to viewers around the  

world, as well as storage management of videos  

as valuable assets. They also provide interfaces into 

other video analysis platforms for further analysis  

and exploitation of video data.

Cameras

Looxcie has camera configurations designed for different 

uses and environments. Its two primary cameras for the 

security and Intelligence Communities are:

•  Looxcie Tough: This device is ruggedized and 

waterproof with a 12-hour battery, low-light camera, 

and various mounting options on the head, shoulder, 

collar, and body. The camera is lightweight (15 grams) 

and small (81mm x 18mm). It can stream continuously 

for 12 hours. Its low-light capability allows it to 

capture video below 0.1 lux. 

•  Looxcie NGC: This is a multi-camera set-up, controlled 

by a central tablet or smartphone app. The cameras 

are small and discreet and support a variety of 

mounting options, enabling quick set-up and security 

for a remote site. From the control site, the cameras 

can all be viewed locally or streamed via secure 

connection to another site. 

Recording Modes

Looxcie cameras have three modes of recording:

•  Camcorder: This is the basic “record on/off” mode 

with local storage on the device and no streaming. 

Clips are retrieved via USB or by the companion app 

running on a mobile device, which allows viewing of 

clips and sharing via email or posting to internal sites.

•  Buffer: In this case, the camera is continuously 

recording into a buffer. When the user sees something 

of interest, they press a button on the camera or 

on the app and the camera captures and stores a 

stream beginning from 30 seconds before the button 

is pressed. This means the storage never fills up and 

allows the user to go “back in time” to capture events 

after they happen. 

•  Streaming: This turns the Looxcie into a live 

streaming device that allows the user to broadcast 

to collaborators. Streaming allows others to see 

exactly what the user is seeing in real time. Looxcie 

automatically adjusts its video quality higher or 

lower to match the available bandwidth of connecting 

networks, so the video the viewers see is fluid with 

minimal jitter and pixilation.

Sharing live videos is one of the most important 

attributes of the Looxcie product line. Sharing can be 

one-to-one or one-to-many and can be dynamically 

determined during the broadcast. By allowing flexible, 
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dynamic access of streaming video to viewers and 

workgroups, critical response times and decision cycles 

can be shortened dramatically.

Mobile Apps

Looxcie uses apps running on smartphones or tablets 

to provide the ability to collaborate in real time. These 

apps allow users to control the cameras and provide 

external network connectivity for the Looxcie device. At 

the feature level, the apps add to and augment existing 

features on the Looxcie device. When tethered to the 

LooxcieLive cloud service, the apps enable a real-time 

sharing service for video. 

As a collaborative tool, two-way communication is 

essential. When used with the Tough camera, apps 

provide a push-to-talk feature for viewers, allowing 

them to push a button to chat with the broadcaster and 

other viewers, much like a walkie-talkie. This sets up an 

IP-based conversation between viewer and broadcaster. 

In case speaking is not convenient, the system also 

provides a text chat service that allows viewers and the 

broadcaster to converse with each other. Audio and text 

chatting can be carried on simultaneously.

Archiving and Knowledge Management

In many cases, users will want to save and archive 

broadcasts. Looxcie provides this as part of its basic 

platform capabilities. These can be used for a variety of 

purposes, ranging from situational to administrative: to 

establish a VISINT baseline, to document best practices, 

to support training activities, and for other forms of 

knowledge management. 

At the end of a broadcast, the system makes the 

broadcast re-playable as a standard video clip to both 

the broadcaster and the invited viewers. This allows 

viewers who could not watch the live broadcast the 

ability to watch at their convenience. Viewers can tag 

the broadcast and also comment on it. Broadcasters 

can title their broadcasts, edit viewer lists, mark them 

as private, delete them, add tags, see who viewed their 

broadcasts, and add their own comments.

Looking Forward

With the proliferation of video data from CCTV, 

individuals, drones, and other collection platforms, we 

will soon be awash in a sea of video data. The challenge 

then will be what to do with it — how to process it, 

exploit the underlying information, and disseminate 

this information to the relevant policymakers and 

warfighters. Multiple technical initiatives are underway 

to accomplish this.  

Visual intelligence can be used for biometric 

identification of specified individuals. Aside from facial 

recognition, other programs are underway to identify 

individuals by static body and gait parameters. This 

allows individuals to be identified at a distance or when 

facial features are unavailable. It also allows a system 

to track an individual moving within a crowd. Even 

when specific identifying information is unavailable, 

such video analysis can process a video of a crowd of 
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Looxcie, an IQT portfolio company, produces wearable, wireless cameras that interface to mobile devices and social 
networks while capturing video. To learn more, visit www.looxcie.com or contact the authors at romulus@looxcie.com 
and bmacdonald@looxcie.com.

people and estimate ages and gender of people present. 

These technologies are not exclusive to the intelligence 

arena; advertisers are now analyzing such data to 

extract profiles, movements, actions, and even moods of 

shoppers in front of a display.

Other programs such as DARPA’s Video and Image 

Retrieval and Analysis Tool (VIRAT) and Persistent Stare 

Exploitation and Analysis System (PerSEAS) programs 

use artificial intelligence to understand and learn from 

video input. These are particularly useful for analytic 

activities such as behavioral identification. For example, 

activity associated with the placement of an IED could 

be identified and mitigating actions taken. Post-event 

analysis of other activities can also be used to detect 

unusual behavior patterns preceding them, and improve 

future situational awareness.  

Benefits

As security threats adapt and evolve, our means of 

identifying and dealing with them must also adapt and 

evolve. Much like the threats they track, individuals in 

the field need to travel light and with a low profile. They 

need to be able to assess situations and make decisions 

quickly. However, our side now has the added ability 

to share rich data in real time and call in expertise as 

needed. Real-time VISINT from operators in the field 

might just make the difference in a threat situation.   
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Imprint Energy  
Imprint Energy is designing small, flexible batteries that can be used for a variety of 

portable electronics. The company’s innovative products include a range of zinc-based, 

non-toxic rechargeable batteries. Imprint's flexible batteries are extremely thin and can 

be used to power small devices for unprecedented periods of time. The company has 

been featured in Businessweek, GigaOm, and Entrepreneur Magazine, and has received 

numerous awards for its battery technologies. Imprint Energy is located in Alameda, 

California and joined the IQT portfolio in June 2012.   www.imprintenergy.com 

Sonitus Medical 
IQT portfolio company Sonitus Medical has garnered significant attention for its 

SoundBite Hearing System. The SoundBite is a non-surgical, removable device that 

fits inside the mouth and conducts sound via bone conduction. The low-profile, FDA-

approved system is designed to help patients with single-sided deafness regain hearing. 

The device is capable of operating at a broad range of frequencies up to 12 kHz. Sonitus 

has been profiled by a variety of media outlets including the Wall Street Journal. The 

company is headquartered in San Mateo, California. IQT initially invested in Sonitus in 

March 2009.   www.sonitusmedical.com

Contour Energy Systems 
Contour Energy Systems is a leading innovator of advanced rechargeable battery 

technologies. The company is quickly commercializing long-lasting, high-performance 

batteries that utilize advancements in carbon fluoride chemistry. Lithium/Carbon 

Fluoride batteries are stable and reliable enough to be used for a variety of critical 

applications, including implantable heart defibrillators and other medical devices.  

The company has been growing its product line and has recently opened a new  

Research and Development Center in Singapore. Contour Energy Systems became  

a part of the IQT portfolio in November 2011 and is located in Azusa, California.    

www.contourenergy.com

Walleye Technologies 
Walleye Technologies is developing a unique line of handheld microwave imaging devices 

for security screening. The device is capable of scanning people and packages to detect 

hidden or dangerous items, and can also be used to inspect buildings and other structures. 

The millimeter wave technology that powers Walleye imagers allows the user to “see” 

through solid objects by utilizing frequencies not visible to the eye. The company recently 

entered into the initial production phase of the Model 24S Surface Penetrating Imager, 

and has already begun taking orders. Walleye is located in Lincoln, Massachusetts and has 

been part of the IQT portfolio since March 2012.   www.walleyetechnologies.com




