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10l ntroducti on

The Pacific Northwest National Laboratory (PNNL) is supporting the Department of Homeland Security
(DHS) to advance technologies to enhamesponder healtandaddress complex and changing threat
environments. The DHS Science and Textbgies First Responders Groegtablished the Responder
Technology Alliance (RTA) to accelerate the development of solutions to first responder needs and
requrements by identifying, analyzing, and recommending solutions that immepender safety,

enhance their ability to save livesd minimize property loss. The end goal is for RbAlevelop and
implement strategies that will make effective solutionslabke to first responders.

As part oftechnology foragindor the RTA, this reportsummarizegechnologies that are relevant in the
area ofi w e a r,Gawith thee potential for use bijrst respondersThe content wasollectedover the
previousmonth(s)and reproduceftom a general Internet searakingthe term wearables. Additional
information is ava#ble at the websites providethe content is organized by technology function
including:

1 Sensosi Devicesthat detect physiological, particle, and cheahactivity

9 Displaysi Headsup and bodyworn visualdisplays

1 Poweri Wearable power systems includinigacgers, batteries, sgdbwering or harvesting

technologiesandpower supplies

1 Integrated CommunicatiorisVoice and data communications systemkzirtig Bluetooth,
wireless, handfree, ergonomically optimized systems, ndiitering digital speakers or
microphones, etc.
Camerag Body-worn photo and video cameras
Breathing Apparatus Wearable air supply and monitoring devices
Exoskeleton$ Whole or partiabody suitthatenhancesnobility and physical performance
Wearable ComputeiisBody-worn data processing devices
Generali Miscellaneous technologies as well aseeging trends orecentadvances in the field
of wearables.

=A =4 =8 =8 =9

This report isnot meant to be an exhaustive list nor an endorsement of any technology described herein
Rather, it is meant to provide useful information abautent developments in the areansfarable
technology.

A spreadsheet summarizing these technoldgiagailable inAppendix A.For an electronic copy, contact
Jaki Upton ataki.upton@pnnl.gov

11
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20Sensor s

21 Physi ol ogi cal

2.1.1 Acer: Liquid Leap

Technology nameLiquid Leap Fitand Curve wearable bands

Description: A cLeuidd_sap wearable, waterproof wristbands featuraracth touchscreen, stress

sensors, heart rate monitors, and step tracking. The bands have an ARM Cortex processor, 16kb memory,
Bluetooth connectivity, ah12CGhour battery life.

Status Evolvingi currently available for shipping to Ireland and the United Kingdom

Funding:

Product link:
http://store.acer.com/store/aceremea/en_GB/list/ThemelD.26339800/parentCategorylD.50066100/categor

yID.69349000

Source Acer's new Liquid Leap wearable bands measure stress
http://www.techworld.com.au/article/573372/acawliquid-leapwearablebandsmeasurestress/

2.1.1 FREER Logic: BodyWave

Technology name BodyWave armand

Description: The BodyWave is a compact, EEG armband that monitors and wirelessly relays brainwaves
to a computer. The technology was developed for assisting children with ADHD, brain injury suffers,

and athletes by allowing for the measurement awadyais of brain signals.

Status Available

Funding: NASA

Product link: http://spinoff.nasa.gov/Spinoff2013/cg 2.html

Source The wearables from NASA that made it back to Earth
http://www.wareable.com/wearablech/wearablegjadgetshasathathave madeit-backto-earth373

2.1
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"3 A
Photo sourcehttp://www.wareable.com/wearablech/wearablegadgetsnasathathave madeit-backto-earth373

2.1.2 Jockey: Staycool

Technology name Staycool garments

Description: Staycool undergarments are designed to regulate skin temperature. The garments use
Outlast® technology and Thermoclles t ec hnol ogy t hat absorbs heat to
up to 3 degrees. Various garments are available, includihigts and various styles of underwear.

Status Available

Funding: NASA

Product link: http://www.jockey.com/staycool

Source The wearables from NASA that made it back to Earth
http:/www.wareable.com/wearabtech/wearablegjadgetshasathathave madeit-backto-earth373

2.1.3 MagniWare: Magni

Technology name Magni

Description: Magni combines hardware, software, and material science into a 5x3 empsick

wearable that adheres tathody to collect and analyze physiological performance. The device
iprocesses | ive data using advanced algorithms to
consequences resulting f rlvoan be temovadmd usedthousarslsof and o
times between chargings.

Status Evolving

Funding:

Product link: https://magniware.io/index.html

Source Torontcbased Magni Ware creates fquantitative seco
http://betakit.com/torontbasedmagniwarecreatesguantitativesecondskin-wearable/

2.2
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Photo sourcehttps://magniware.io/index.html

2.1.4  Orbital Research: Portable Unit for Metabolic Analysis

Technology name PUMA (Portable Unit for Metabolic Analysis)

Description: PUMA is a portable, rugged tofir measuring metabolic rates (oxygen, carbon
dioxide, flow, temperature, pressure, and heart rate) andsmssingxygen problems in a user. The
device is under development for use in hospitals. The device is batiegyed and can measure
metabolic function at rest, in motion, in the field, and in clinical settings.

Status Evolving
Funding: NASA
Product link:

http://microgravity.grc.nasa.gov/Advanced/HumanResearch/documents/Portable%20Unit%20for%20Met
abolic%2®nalysis%20(PUMA).pdf

Source The wearables from NASA that made it back to Earth
http://www.wareable.com/wearablech/wearablegjadgetshasathathave madeit-backto-earth373

Photo sourcehttp://www.wareable.com/wearablech/wearabl@adgetsnasathathave madeit-backto-earth373

2.15 NASA, GM: Robo-Glove

Technology nameRobaGlove

2.3
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Description: Designed by NASA and GM, Rol8love offersenhanced grip, reducing the amount of

grip required, allowing the user to grip longer and more comfortablg.e devi ce f eatures i
sensors that meas ur Actuatdisdan the gleve ghavidegraspiagmsuppogt; pfessurec e .
sensos detect when the user is grasping something; and synthetic tendons retract, establishing the grip.

The glove can either assist or resist TWedegiceRent t o
is reported to help reduce repetitive stressriag.

Status Evolving
Funding: NASA

Product link: http://www.nasa.gov/mission pages/station/main/folove.html

Source The wearables from NASA that made it baclEwth
http://www.wareable.com/wearablech/wearablejadgetshasathathave madeit-backto-earth373

\!

Photo sourcehttp://www.wareable.com/earabletech/wearabl@adgetsnasathathave madeit-backto-earth373

2.1.6 Neumitra: neuma

Technology name neuma biesmartwatch

Description: The neuma biowatch measures shess via thautonomic nervous system and alerts the

user with vibration when detects physiologicalnomaliegexcessivesweating, heart rate, etc.). The

Neumitra algorithms interpret the physiological data to help the user recognize and understand their stress
levels which users can review via tablet or smart device. The gdadtisisers can be alerted to their

rising stress level and monitor their response.

Status Available

Funding:

Product link: https://www.neumitra.com/

Source Wear abl e Device Al ert ©utYou When Youdbre Stresse
http://www.notimpossiblenow.com/tHatest/wearablelevicealertsyou-whenyourestressedut
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2.1.7 Nokia

Technology name Apparatus 600 wearableid

Description: Nokia patented a wearable band that can collected health data (heart rate, blood pressure,
skin moisture). Compared to similar devices, No Kk i
skin and collect the data, then relax fee tomfort of the user. The device is reported to potentially

include a microphone, display, and camditze band can be placed on various parts including the chest,

wrist, and ankle.

Status Evolving

Funding:

Product link: Patent information

Source Nokia patents warable device (Band) that can tighten & loosen automatically to do accurate
data measurement
http://www.nokiapoweruser.com/nokmaientswearabledevicebandthatcanenableaccuratedata
measurement/

2.1.8 Quanttus

Technology name Wrist-worn health monitor

Descriptionn. The Quanttus wr i st b alessl noirvasivedlpanl pressute t o be a i
monitoringo dev reotlginclifichl ¢rials] ewg congparédso standard blood pressure
monitoring devices.

Status Evolving

Funding: Quanttus has reportedly raised $22 million in funding.

Product link:

Source After staff shuffle, Quanttuwill unveil wrist-worn health monitor this month

http://www.betaboston.com/innovati@tonomy/2015/04/28fterstaff-shufflequanttuswill -unveik
wrist-worn-healthmonitorthis-month/

2.1.9 Teiken Limited, Kyoto University Hospital, and the Advanced Scientific
Technology & Management Research Institute of Kyoto

Technology name Electrocardiogram textile

Description: Thi s weteabli éebeel ectrode fabric has embedd:
el ectrocardiogram (ECG) measurements. The fabric

12l ead ECG measurement sohandseadsbéowsappedparnocedd
fabric usés ox afidi ¢ kicjhinn qued in which Aone strand

into a highquality ECG measuring fabric with electrodes and conducting wire in a stable, industtialize

2.5
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fashion. o The goal is that the wearable textile
improve emergency response and survival rates.

Status Evolving

Funding:

Product link:

Source Japanese fiber firm develops wearaddectrocardiogram textile

http://www.globalpost.com/article/6517039/2015/04/15/japaifibse-firm-developswearable
electocardiograntextile

2.1.10 Zephyr: Bioharness

Technology name Bioharness

Description: BioHarness is a physiological monitor (module, strap or compression shirt) that provides
remote monitoring of human performance. Bioharness Bluetooth to communicate heart rate, speed,
distance, breathing rate, GPS, posture, etc. The waterproof device hhewr Péttery life per charge. It
was originally designed to help astronauts track physiological systems to avoid gravity sitksnessy

in use by the U.S. Military, first responders, and sports teams.

Status Available

Funding: NASA

Product link: http://zephyranywhere.com/products/bioharrgss

Source The wearables from NASA that made it back to Earth
http://www.wareable.com/wearablech/wearablejadgetshasathathave madeit-backto-earth373

Photo sourcehttp://www.wareable.com/wearablech/wearabl@adgetsnasathathave madeit-backto-earth373
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22 Chemical/ particul ate

2.2.1 Columbia University

Technology name Wearable aimonitoring sensors

Description. Resear chers are exploring the use of fa sopl
exposure to air pollution. o The proposed research
devices for assessing envi aimpalaiemahddbiomericdatasfur es, 06 m
cyclists. In addition to sensors to measure pollution, the project will include the use of a Hexoskin

biometric tshirt, which can measure breathing, heart rate, and recovery, and a MicroPEM with an
accelerometer to mea® exertion.

Status Evolving
Funding: National Institute of Health award of $250,000
Product link:

Source Wearable Sensors Will Measure How Much Air Pollution City Cyclists Inhale
http://nextcity.org/daily/entry/citypiking-breatheair-pollution-sensorsvearmeasure

2.3 Ot her

2.3.1 imec

Technology name Low-energy, multisensor signal analygiatform

Description: imec is proposing a lovnergy multisensor signal analysis platform and machasening

framework that Awill l earn the personbés movement,
respective signdb-noise levels,ath adapt si gnal analysis to the cont
personalized feedback and diagnostics to the wuser

capable of acquiring multimodal sensor signals, high quality features extractigrerémmining online
health classification based on the extracted feat

Status Evolving

Funding:

Product link:

Source Context aware muksensor signal processing platform for wearable healtications (ref.

S150620B)
http://www?2.imec.be/be en/education/phd/electroficshealthcareand!/contextawaremulti-senso-

signa.html

2.7


http://nextcity.org/daily/entry/city-biking-breathe-air-pollution-sensors-wear-measure
http://www2.imec.be/be_en/education/phd/electronics-for-healthcare-and-l/context-aware-multi-sensor-signa.html
http://www2.imec.be/be_en/education/phd/electronics-for-healthcare-and-l/context-aware-multi-sensor-signa.html

PNNL RTA Monthly Report
Power

2.3.2 MetaWear

Technology name MetaWear wireless sensor platform

Description: TheMetaWeawireless sensor platform is a Bluetooth femergy module that allows users

to build and program Internet of Things projects from their smartphones. It features numerous sensors for
measuring acceleration, orientation, velocity, temperature, pressutelealind more. The data gathered

is displayed realime and can be exported into numerous formats for analysis and algorithm

development. The technical details of the device include an ARM Gifleprocessor with 256KB of

Flash and 16KB of RAM, rechargkle battery circuit with a microUSB port, exposed GPIOs and an 12C

bus for additional sensors, a bailtLED and a pusibutton, and an approximate range of 100 feet and

three weeks of continuous operation (and six months of idle time) on a single charge.

Status Evolving
Funding: Crowdfunding

Product link: https://www.mbientlab.com/

Source MetaWear is a mini wearable sensor platform
http://blog.atmel.com/2015/04/22/metawésp-mini-wearablesensoiplatform/

PUSH BUTTON

PWM high current
Haptic driver

Bright LED

Micro-USB
Rechargeable battery

Accelerometer and
Gyroscope
GPIOs, I12C, SPI

for more sensors
Cortex-M0

BLUETOOTH
Low Energy

BOSCH
Pressure sensor

Temperature P p T MEMORY

sensor Log sensor data

Photo sourcehttps://www.mbientlab.com/
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3.0Di spl ays
31 Heads

3.1.1 AR Devices: GogglePal

Technology name GogglePal headsp display

Description: Originally designed for skiers and snowboard&mgglePal is a universally mountable

headsup di spl ay for goggl es: it he small and | ightwei
corner of a user's goggle lens allowing them to track speed, vertical, calories burned, time, location and

direction,allinreatt i me. 0 The device also all ows users to co
trail mapo and via messagi n4pdegreds Casmsito 80 degrkest and t e

Celsius and features GPS, Bluetoothdemergy connectivityand 8hour battery life.
Status Evolving
Funding: Crowdfunding; surpassed the $40,000 target.

Product link: http://www.goqgglepal.com/

Source Newly Launched GogglePal Brings Augmented Reality to the Slofth Announcement of
Crowdfunding Campaign
http://www.prnewswire.com/newsleases/newhaunchedgogglepalbringsaugmentedeality-to-the-
slopeswith-announcemerndf-crowdfundingcampaigr300072838.html

3.1.2 Google: Google Glass

Technology name Eye-tracking

Description. Googl ebs | atest pat ent -tradingagsoppbsed t@vwicegitap i s €
gestures to control the device. Example applications include glancing at a building would generate a

display of building details, contact information, etc.

Status Evolving

Funding:

Product link: Headsup display patent file

Source The next Google Glass might have ¢sacking, giveyou nf o based on where yo
http://9to5google.com/2015/04/14/googrss2-eyetracking/

3.1.3  MINI, Qualcomm, Osterhout

Technology name Augmented vision glasses

3.1


http://www.gogglepal.com/
http://www.prnewswire.com/news-releases/newly-launched-gogglepal-brings-augmented-reality-to-the-slopes-with-announcement-of-crowdfunding-campaign-300072838.html
http://www.prnewswire.com/news-releases/newly-launched-gogglepal-brings-augmented-reality-to-the-slopes-with-announcement-of-crowdfunding-campaign-300072838.html
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=1&f=G&l=50&d=PTXT&p=1&S1=9,001,030&OS=9,001,030&RS=9,001,030
http://9to5google.com/2015/04/14/google-glass-2-eye-tracking/
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Description: MI NI 6 s augmented vision glasses offer sterec
connectivity, and GPS, and connect to the MINI Co
information (street signs, arrows, directions) onthehepds s pl ay. The descopee can r
out potential parking spaces by using the car's-tutkchnology to scan for spots large enough to fit the

car. o0 The device utilizes MlaNyl Ovsi sciaomdksaa sguidencdh sfie n s
when the driver is parking, by showing a réale view of your wheels through the car as you inch into a

space.

Status Evolving

Funding:

Product link:

Source The people behind the MINI Cooper have created an incredialg ision device for drives
that will blow you away

http://www.businessinsider.com/miniantsyou-to-weartheseaugmentedeality-glassesvhile-you-
drive-2015-4

The MINI Augmented Vision glasses, a design collaboration

between BMW Group/MINI, Qualcomm and San Francisco-

based Osterhout Design Group.

Photo sourcehttp://www.businessinsider.com/miniantsyou-to-weartheseaugmentedeality-glassesvhile-you-drive-20154

3.14 Pcdata USA

Technology name Smart Glass

Description: Smar t G| a4dos/iisd oan 0 iewwk ce that <c¢lips on and
glasswear. In product management scenarios, the user would look at 2D bar codes and the Smart Glass
could display instructions. The harfilse device integrates withe Distrib AR software designed to
interface with the clientds management system.
Status Evolving

Funding:

Product link: http://www.pcdata.nl/products/pickirpols/distribar

3.2


http://www.businessinsider.com/mini-wants-you-to-wear-these-augmented-reality-glasses-while-you-drive-2015-4
http://www.businessinsider.com/mini-wants-you-to-wear-these-augmented-reality-glasses-while-you-drive-2015-4
http://www.pcdata.nl/products/picking-tools/distrib-ar
http://www.businessinsider.com/mini-wants-you-to-wear-these-augmented-reality-glasses-while-you-drive-2015-4
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Source Pcdata USA Launches Smart Glass Wearable Picking Technology
http://www.digitaljournal.com/pr/2522503

3.1.5 Recon Instruments: Recon Jet

Technology name Recon Jet smart goggles

Descriptionn. The Recon Jet s mar-tore€BlY hidglconsrastfdispday and pohatfi a d u a |
view camera while seamlessly connecting to smartp
and motion tracking, poirdf-view camera, wifi and Bluetooth corsiivity, an accelerometer, gyroscope,

altimeter, barometer, and magnetometer, and it can pair with your smart devices for caller ID, SMS
notifications, and social media access.

Status Available
Funding:

Product link: http://www.reconinstruments.com/products/jet/

Source Video: Recon Instruments shipping Jet wearable glasses
http://www.vancouversun.com/technology/Video+Recon+Instruments+shipping+wearable+glasses/10978
391/story.html

Photo sourcehttp://store.reconinstruments.com/Jet

3.1.6 Six15

Technology name Smart glasses

Description: Si x15 is exploring rugged fismart gl asses de:c
first responders. 0 Test ignadp TdEyesheadmouonted displaly, whishe of t h
offers reduced energy use and longer battery life, thanks tea fesolution display and wireless

connection to an separate Android OS or central server. The end product will also be customizable and

offer a sleeker design than most smart glasses currently on the market. Clients include Harris, Optics 1,

and the Unied States Army, Navy, and Air Force.

Status Evolving
Funding:

Product link: http://www.six15.com/
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http://www.digitaljournal.com/pr/2522503
http://www.reconinstruments.com/products/jet/
http://www.vancouversun.com/technology/Video+Recon+Instruments+shipping+wearable+glasses/10978391/story.html
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http://www.six-15.com/
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Source Designing Wearable Optics for Workplace Productivity
http://www.pddnet.com/news/2015/04/desigrimgarableopticsworkplaceproductivity

N

The military-grade Tac-Eye may be the basis for Spec15's industrial
HMDs.

Photo sourcehttp://www.pddnet.com/news/2015/04/designimgarableoptics-workplaceproductivity

3.1.7 Vuzix

Technology name Gesture controls of 3D virtual objects and ambient light management fthreegh
displays

Description: Vuzix acquired apatentfa@da i St er eoscopi ¢c user interface m
reportedallows a user to use gesture controls to manipulate virtual 3D objaaréx has als@cquired a
patentfomi Sel ecti ve r eal i mage obstruction in a virtua

projects a virtual reality image front of a weareand allows for management igfal image obstructions
and ambient lightGesture control with augmented reality vision managing the ambient light, especially
in optical seghrough glasses, is critical in the operation of wearatilggay technology

Status: Evolving

Funding:

Product link: Stereoscopic user interface method apgaratus patent file
Selective real image obstruction in a virtual realispthy apparatus and method patent file

Source Vuzix Acquires Two New Patents in Wearable Display Space
http://www.prnewswireeom/newsreleases/vuzieacquirestwo-new-patentsin-wearabledisplayspace
300066986.html

318 Worl d Media and Technology Corp.: LUMI NAE

Technology name Lumina smart glasses

Descriptionn Lumi na smart gl asses o ffreegimfotaimraed exgeriesce i hi g h é
delivering a higkresolution, wide screen binocular display with builh st er eo sound. 0
binocul ar display offers a 510 to 4200 view. T
accelerometer, compass, GPS, microphonéd;ifuvideo recording, bone conduction speakers, data
storage, Cloudbased connectivity, and a communications platform. The device is light weighfredre

and works independently from tablets or computers.

gu
The
he

Status Evolving
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http://www.pddnet.com/news/2015/04/designing-wearable-optics-workplace-productivity
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=61&f=G&l=50&d=PTXT&p=2&S1=6243054&OS=6243054&RS=6243054
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=124&f=G&l=50&d=PTXT&p=3&S1=6559813&OS=6559813&RS=6559813
http://www.prnewswire.com/news-releases/vuzix-acquires-two-new-patents-in-wearable-display-space-300066986.html
http://www.prnewswire.com/news-releases/vuzix-acquires-two-new-patents-in-wearable-display-space-300066986.html
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Funding:
Product link: http://www.worldmediatech.com/lumirglasses/
Source WRMT Set To Secure First Revenues As It Unveil

Glasses, Exclusively Through WOR(I)D Distribution PartnetsT e Opening Of Its Miami Office
http://money.cnn.com/news/newsfeeds/articles/prnewswire/AQ90953.htm

32 Body worn (wrist, arm or chest)

3.21 Rufus Labs: Rufus Cuff

Technology name Rufus Cuff

Descriptionn. The Rufus Cuf f Awr i st -inchowdentouthsaeart, web accefse at ur e ¢
messaging, voice and video calling, accelerometer, gyroscope, compass, camera, browser, microphone,
speaker (but no headphone jack), Bluetaathnectivity, scrolling capability, and changeable wristbands.

It offers 1-2 daysbattery life and charges via microUSB.

Status Soon to be releasédavailable for preorder

Funding: Crowdfundingi surpassed target

Product link: http://rufuslabs.com/

Source Rufus Cuff Takes Wearable to the Bigger Picture
http://www.sitepronews.com/2015/04/21/rutsf-takeswearableto-the-biggerpicture/

Works with iPhone & Android AND standalone on WiFi

__- Front-Facing Mic

__~ Front-Facing Camera

3.0" Widescreen

w/Gorilla Glass Speaker

Photo sourcehttp://www.sitepronews.com/wpontent/uploads/2015/04/rufus.jpg
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40Power

41 Chargers

41.1 Ossia: Cota

Technology name Cota wireless charging chipset

Description: The Cota antenna and chipset can be used in mobile devices to enable wireless charging..
Compared to common devices, fiOssiabs Cota remote
existing antenna, eliminating internal coils needed by magneticinduet wi r el ess charging
Cota technology can receive wireless transmission within 30 feet and can charge multiple devices at one
time. The lightweight, thin technology is fit for compact wearable devices and can also be used in

stationary devices ith regular batteries.

Status Evolvingi anticipated to ship in 2015
Funding:

Product link: http://www.ossiainc.com/

Source Startup touts wireless charging from Wi and Bluetooth signals
http://www.computerworld.com/article/2904366/stapttoutswirelesschargingfrom-wi-fi-and
bluetoothsignals.html

Photo sourcehttp://www.ossiainc.com/about/
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42 Sedpfowering (Harvesters)

4.2.1 CSIRO: Flexible Integrated Energy Device

Technology name Flexible Integrated Energy Device

Description: The CSIRO Flexible Integrated Energy Devices comprises an energy harvesting system, a
flexible battery, and washable fabric with conductive fibers that connect to other electronic devices. The
end goal would be the ability to use the fabric in garments (shirts, backpacks, etc.) to connect with and
charge devices.

Status Evolving

Funding:

Product link:

Source A Much Smarter Watch: How our flexible batteries and electrified fabrics can improve
wearables

http://csironewsblog.com/2015/04/29tauch-smarterwatchrhow-our-flexible-batteriesandelectrified
fabricscanimprovewearables/

4.2.2  University of Waterloo

Technology name Metamaterial medium for electromagnetic energy harvesting

Descripton:. According to research2ris,13 hel enett mimad lelry a1
| oaded with an 82 q resistor which mimics the inp
designs of metamaterial absorbers, here the powerpdilosois mostly dissipated across a resistive load
instead of the dielectric substraldis implies that effective electromagnetic energy harvesting can be
achievedd Re s e ar c hpowes absqetpioonn edaf fii ci ency of 97% and 939

Status Evolving

Funding: Saudi Arabian Ministry of Higher Education and the Natural Sciences and Engineeri
Research Council of Canada.

Product link:

Source: Metamaterial electromagnetic energy harvester with near unity efficiency
http://scitation.aip.org/content/aip/journal/apl/106/15/10.1063/1.4916232

43 Power supplies

4.3.1  City University of Hong Kong

Technology name Industriallyweavable and knittable conductive yarns

4.2


http://csironewsblog.com/2015/04/29/a-much-smarter-watch-how-our-flexible-batteries-and-electrified-fabrics-can-improve-wearables/
http://csironewsblog.com/2015/04/29/a-much-smarter-watch-how-our-flexible-batteries-and-electrified-fabrics-can-improve-wearables/
http://scitation.aip.org/content/aip/journal/apl/106/15/10.1063/1.4916232
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Description: | n t hi s resear ch, ALar ge ener dJthe]flexdbleallage t e x't
solid state supercapacitor yarns to a 15 cmx10 cm cloth on a loom and knitting in a wool wrist band to
form a pattern, enabling dual functionalities of enestgyage capability and wearabiliy.

Status Evolving

Funding: Early Career Scheme of the Research Grants Council of Hong Kong SAR, China (CityU
9041977) and the Science Technology and Innovation Committee of Shenzhen Municipality
(JCYJ20130401145617276)

Product link:

Source From Industrially Weavable and Knittable Highly Conductive Yarns to Large Wearable Energy

Storage Textiles
http://pubs.acs.org/doi/pdf/10.1021/acsnano.5b00860

4.3.2  Stanford University

Technology name Flexible aluminum battery

Description: The flexible aluminum battery charges in 1 minute and holds 2 adtsan be recharged

thousands of times without capacity lo€®mpared to previous attempts at aluminum hiageStanford
researchers found the incorporation of graphite A
all ows fast charge and discharge. 0 The battery is
Status Evolving

Funding:

Product link:

Source This Flexible Aluminum Battery Charges in One Minute
http://www.popularmechanics.com/science/energy/al4945/flealblminumbatterychargesn-one

minute/

Photo sourcehttp://www.popularmechanics.com/science/energy/al4945/fleaibiminumbatterychargesin-one minute/
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4.3.3  University of California

Technology name Hybrid supercapacitor

Description: This highenergy, supethin hybrid super a p a ¢ i t -6ifth the tlsickn@ss of @aper,

however it can hold charge | ong enough to power t
graphene and manganese dioxide for an energy density that can reportedly achieveWpttddars

per liter anddoes not require dry rooms or extreme temperatures for production. Researchers suggest the
device will be good for 10,000 recharges and can recharge in in seconds, compared to conventional

batteries that can take hours.

Status Evolving
Funding:

Researchlink: http://www.pnas.org/content/early/2015/03/20/1420398112

Source UCLA trumpets supercapacitor for wearables or implants
http://www.theregister.co.uk/2015/04/02/ucla_trumpets_supercap_for_wearables_or_implants/

44 Power Reducti on

441 Atmel: SAM L-21

Technology name SAM L-21 microprocessor

Description: SAM L-21 low-power, ARMpower ed microprocessor features
256KB of flash memory, 32KB of RAM and 8KB of | ow
sleep levels to conserve energy. For example, it can go from full power to just showing the time. It can
reportedly be powered off energy from the body. ARM technology is reportedly increasing wearable

battery life by 60%

Status Available

4.4
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Funding:

Product link: http://www.atmel.com/products/microcontrollers/arm/saaspx

Source Future wearables could last for decades on one charge with thispdRfred chip
http://www.wareable.com/wearablech/futurewearablesouldlastfor-decadesn-onechargethanks
to-thisarm-poweredchip-1064

4.4.2 Toshiba: TZ1001MBG

Technology name TZ1001MBG microcontroller

Description: TZ1001MBG microcontroller lowpower control technology addresses the need for a small

battery and power control in wearable devices; as devices house increasinglyensors, they expend

more power. The device reportedly delivers a 31% reduction in power consumption by better controlling

the frequency of transition from multiple sensors
reduces the totalnumbe of mode transitions. 0

Status Evolving

Funding:

Product link:

Source Global wearable devices market leader Toshiba unveil new low power control technology

http://www.companiesandmarkets.com/News/Informafiechnology/Globalvearabledevicesmarket
leaderToshibaunveilknewlow-powercontrottechnology/NI110199
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50Communi cati ons

51 I ntegrated voice/ data/video

5.1.1  Soliton Systems K.K.: Zao

Technology name Zao smartelecaster

Description: The Zaosmartt el ecaster of fers Ahardware encoder d
first responder mar k eutabty, reatiméstreamirgwideo, @adjudtied thevideo s h i g
compression ratios to offer quality transmission even inrkeeeption. It provides audio and video

capability and supports 8 mobile chann&ldr e d euseiofel.265 s2duces power consumption and

footprint. The device offers builbh encryption and connection authenticatittralso offers more than

five hour battery lie. The devi ce was Af ul iscarcdenvedndents suchtasetlte i n b a
Sochi Winter Olympics and sever al nat ur al di saste

Status Evolving
Funding:

Product link: http://www.smaritelecasger.com/

Source SmartTelecaster Zao Delivers H.265 Hardware Encoder for Mobile Broadcasting and First
Responder Markets
http://www.pr.com/presselease/613217

Smort-telecosterzw
/\7 -

(a4)

|
)

o* /a)ia

-
Photo sourcehttp://www.smaritelecaster.com/main.php

52 Shorangepbwwr Bl uetooth

521 MSA, Motorola

Technology name Integrated Bluetooth communications for sahtained breathing apparatus

Description: MSA and Motorola Solutions are integrating Bluetooth and A#&Xo technology into
self-contained breathing apparatus to enable firefighters to communicate moreinlearsy

51
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environmentsThe capability was initially unveiled for use by operators using the MSA G1 SCBA mask
and a Motorola Solutions APX P25 radi®o operate, the Bluetoottonnection in the breathing

apparatus and the APX radio are paired similarly to how a cell phone pairs with a car stereo, creating a
clearer link for communicatioff.he microphone is integrated as part of the voice port okthdator.

Status Available

Funding:

Product link:

fS_ource l\éISA, Motorola Solutions create a Bluetooth solution to improve voice communications on
iregroun

http://urgentcomm.com/fireems/msaotorolasolutionscreatebluetoothsolutionrrimprovevoice-
communicationdireground

53 Wearbl|l e, -haeesoperati on

5.3.1  Makeroni: Eye of Horus

Technology name Eye of Horus 3Bprinted, opersource platform

Description: Eye of Horus uses sight to allow users to control devices Heawlsight beacons focus
on a device and emit various frequgmpailses for each device. A camera detects the light and
communicates wirelessly with the objeatsthe wearer glances at théfhe device is 3Brintable and
opensource with a custom Bluetooth module, retaytrol module, infrared LED, and Arduino Rytini
processor.

Status Evolving

Funding: Crowdfunding

Product link: http://makeronilabs.com/proyectost8ye-of-horusopensourceeyeassistance

Source This wearable device lets you control objects by simply looking at them
http://blog.atmel.com/2015/04/30/thigearabledeviceletsyou-controtobjectsby-simply-looking-at-
them/

54 Ot her

541 AWIRE

Technology name AWIRE two-way radio

Description: The AWIRE twoeway radio integrates with a smartphone. The technology comprises the
AWIRE smartphone app, Bluetooth connectivity, UHF radio. AWIREgwith a smartphone without
draining data or battery life, is light weight, uses-bné&on operation, and connects and communicates to
other devices within a-fhile radius even if you are off the grid.

5.2
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Status Evolving
Funding: Crowdfunding

Product link: https://www.kickstarter.com/projects/2132408298/awirstmrethe-adventure

Source A WI R E-BHARE THE ADVENTURE
https://www.kickstarter.com/projects/2132408298/awirstmrethe-adventure

MICROPHONE

LED STATUS INDICATOR

FRS/GMRS 1W RADIO MODULE

500 mAh RECHARGABLE Li-Po BATTERY,

INTEGRATED INTERNAL ANTENNA

Photo sourcehttps://www.kickstarter.com/projects/2132408298/awirstmarethe-adventue

5.4.1 Generator Research: Body wifi

Technology name Body wifi

Description: Body wi-fi, or wi-bo, would establish a single control device as the interface for the rest of
the body network to provide a smooth connection of multiple wearables. The wififvaulde r at e on
frequencies above the usual spectrum used by cellular networks, between 10 and 20GHz. These high
frequencies would be used to connect all the wearables to the controller which would subsequently
connect the whole network to a Wi systeminte of fi ce or home environment .

Status Evolving
Funding:

Researchlink: http://www.generatorresearch.com/tekcarta/ansiysiight/nowthatwi-fi -is-doneits-
time-for-wi-bo-wirelessbody

Source Researchers propose body WiFi for the wearable technology age
http://eandt.theiet.org/news/2015/apr/bewdyi.cfm
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Photo sourcehttp://www.generatorresearch.com/tekcarta/analysigght/nowthatwi-fi-is-doneits-time-for-wi-bo-wirelessbody

5.4.2 Google: Android Wear

Technology name Android Wear

Descriptionn | n compari son to Apple Watchds dependence or
with a userods Android devices over wifi or cell ul
their phone nearby atalltimdsv en i f y o u 6 rngwifathe davicd will stél comrmoumicate s i

with your phone over cellulardatda.ndr oi d Wear reportedly Ai mproves a
accessible with a tap on the watch face. Apps can now be set to stereen without slipping into

batterypreserving sleep. And users can now flip through notifications and cards in their stream with the
flick of a wrist.o0o The technology al so fattempts
professionallyrendered emoji icon in place of theusers r awl . 0

Status Evolving

Funding:

Product link:

Source Android Wear Promises Less Phone Dependence

http://www.informatonweek.com/mobile/mobildevices/androidvearpromisesessphone
dependence/d/l/1320052
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