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Introduction

The Pacific Northwest National Laboratory (PNNL) is supporting the Department of Homeland Security
(DHS) to advance technologiesd@nhance responder heatthdaddress 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 respondermeeds a
requirements by identifying, analyzing, and recommending solutions that inm@sp@nder safety,

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

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

9 Sensosi Devicesthat detect physiological, particleycgachemical activity
9 Displaysi Headsup and bodyworn visualdisplays

9 Poweri Wearable power systems includinigacgers, batteries, sgdbwering or harvesting
technologiesandpower supplies

9 Communication$ Voice and data communications systems utiiZBluetooth, wireless, handiee,
ergonomically optimized systems, nofdeering digital speakers or microphones, etc.

9 Location tracking Track users indoors or outside

1 Cameras$ Body-worn photo and video cameras

1 Breathing Apparatus Wearable air soply and monitoring devices

9 Exoskeleton$ Whole or partiabody suitthatenhancesnobility and physical performance
1 Wearable ComputeiisBody-worn data processing devices

1 Otheri Miscellaneous technologies as well aseeging trends arecentadvances iithe field of
wearables.

This report is not meant to be an exhaustive list nor an endorsement of any technology descrihed herein
Rather, it is meant to provide useful information abautent developments in the areansfarable
technology.

These reports are available onlindatip://nwrtc.pnnl.govA spreadsheet summarizing these technologies
is available inAppendix A.
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Sensors

1.0 SENSORS

1.1.1  BrainScope

Technology name Ahead100 and 200

Description: BrainScope isleveloping devices to assess brain injuries. The device features a headpiece
with electroencephalogra(BEEG)leads that connect to an Android smartphone for analysis. BrainScope
has developed two models, the Ahead 400 Ahead 200; the Ahead 200 is smaller and more rugged
than its predecessor. The technology does not replace a CT scan but has been FDA approved for
prescription use by trained medical professionals.

Source BrainScope raises $2.5Mor concussion assessment wearable and app
http://mobihealthnews.com/46552/brainscoases2-5m-for-concussiorassessmenvearableandapp

. -
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Photo sourcdnttp://mobihealthnws.om/46552/brainscmpisesZ-Sm-for-concussiomssessmefWearableand-app/

1.1.2 Halo Wearables

Technology nameH1 hydration monitor

Descripton. The Hal o smartwatch features daenTheors to me
backside of the watch features optical sensors and electromagnetic pads that emit electrical signals and
track sodium and potassium |l evels in a userds bl o
humidity and air temperaturesenss . The device displays red, yellow
hydration level. While designed for the sports industry, the device may have applications in situations

with extreme heat conditions.

Source Next Football Season, Suiting Up Could Inclde This SweatTracking Wearable
http://www.forbes.com/sites/jenniferelias/2015/09/04/stagumpsto-heightenrathleteperformancewith-
hydrationtrackingdevice/
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Photo sourcehttp://www.forbes.com/sites/jenniferelias/2015/09/04/stattumps to-heighterathleteperformancewith-hydrationtrackingdevice/

1.1.3 IntellADAPT

Technology name Adaptive learning headgear

Description: Developers are creating technologies to recognize and respond to brain signals and enable a
more engaging learning experience. The measured brain signals are used to determine mental
engagement. Initially designed for the classroom, the téagycs anticipated to help a user better
understand their studentsd mental engagement and

Source Mind -Reading Wearable Tech Underway To Help Improve Classroom Learning
Experiencehttp://www.ischoolguide.com/articles/25221/20150910/migadingwearabletech
classroordearningexperience.htm

1.1.4 Made in Sense

Technology nameHappic

Description: The Happic band tr&s activity (steps, sleep, etc.), is Android and iOS compatible, and
features an OLED display, vibration motors, and gesture control, which enables a user to control other
deviceswith their hand/arm movements. For example, it can alert a user whichatirectovebased

on user &8s mo bi hileopaating b camdiss theGledsse aNt ¢ e daedeteane t e r
movements of the wrist to zoom or take a photo. The vibration motors are located around the wrist (two
on top, one underneath) and provitlegammablehapticnotifications to the user. The device offers a
battery life of up to seven days and charges via a USB connector.

Source This smart band vibrates around your wrist for screenfree navigation
http://www.wareable.com/wearablech/happiesmartbandvibrateswrist-navigation1628
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Photo sourcehttps://www.happiclife.com/

1.15 Melomind

Technology name Melomind

Description: Melomind is a headséhat uses neurofeedback to help relax the mind. The user wears a

headset and earphones connecteadlgmariphone. The device uses specially designed sensors to detect

and measure the weamffolOmatiedtmxias i ®9@antandi a Bl uet oo
mobile device, where a user can monitor their performance and see visualizations to help understand their
results. The app builds personalizedditationsessiond ased on t he andeffestbhminst ress
training andaudiotracksto help them relaxThe technology is proposed to help a user relax in just 15

minutes.

Source Relax in Under 15 Minutes With a Mindfulness Wearable for Your Brain
http://www.psfk.com/2015/09/connectegadsemindfulnesswearablemelomind.html

1.1.6 Nemaura

Technology name SugarBeat glucoseonitoring device

Description: SugarBeat is a nenvasive, wearable, continuoukigosemonitoring device. The system
includes a small (1 millimeter) disposable, adhesive, daé/sensor patch; smartphone app; and a
Bluetoothenabled, LCPequipped, wristvorn device. Fluid beneath the skin is painlessly extracted to

the sensor patciind the device records glucose levels (up to four times a day) and streams the data to the
phone app.

SourceDr . Chowdhury speaks about Neim& lAsia20bedi cal 6s V
https://www.wearabléechnologies.com/2015/09/dhowdhuryspeaksaboutnemauramedicals
wearablepatchwt-asia2015/
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nemauraecical

Photo sourcehttps://www.wearabl¢éechnologies.com/2015/09/dhowdhuy-speaksaboutnemauramedicalswearablepatchwt-asia2015/

1.1.7 PetPace Ltd., 14C Innovations Inc.

Technology name PetPace, Voyce

Description: Designed for animals, the PetPace | | ar moni tors the wearero6s v
pulse, respiration), notifying a user via phone/teri&l when it detects irregularities that may be a sign

of pain or distress. A similar product, Voyce is available in a consumer model and \foyiseaffailable

for prescription for pets. Battery life varies from two days to eight weeks depending on the amount of

data requested to measure.

Source New collars monitor pets for pain, problems
http://www.sacbee.com/entertainment/living/pets/article33374112.html

1.1.8 SMRT Mouth

Technology name Sports Monitoring Responsive Technology (SMRT) mouth guard

Description: SMRT Mouth is a mouth guard that uses higgnsitivity biometric sensors to measure
osmol al ity -fluichin caderdosmenitdr Bydrdtionpcirculation, and exertion. The device sends
that data via Bluetooth to a mobile device that providestimal racking and sends alerts if certain
thresholds are surpassed.

Source SMRT Mouth Launches Indiegogo Campaign To Help Finance Innovative Smart Wearable
http://www.prnewswire.com/new®leases/smitnouthlaunchesndiegogecampaigrto-helpfinance
innovativesmartwearable300144451.html

14
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Photo sourcehttp://photos.prnewswire.com/prnh/20150916/267302

1.1.9  Univer sity of Texas

Technology name Vital-sign monitor

Description: Researchers created thin, wearable patches that adhere to the skin and us@ernutbent
process to conti nuous leyheanaate, hydvation kevelunsuscle tnewty i t al s
temperatureandbrain activity). The goal is to create line of edasymnanufacture disposable epidermal

electronics, creating the devices in bulk and cutting the manufacturing procesafi®to tess than half

an hour.Thetechnologyemploys affordble products (prefabricated, industdggalality metal on polymer

sheets) and processes to print electronics on polymer adhesives. In tests, researchers found that the
patches detected body signals more effectively than existing medical devices arel thatht c h e s 0
conforming to the skiminimizedmotiorrinduced errorsin the future, developers hope to incorporate

blood pressure and oxygen saturation sensors into the technology.

Source Wearable Electronic Health Patches May Now Be Cheaper and Easier to Make
http://news.utexas.edu/2015/09/29/engineEnselopnewmethodfor-making-wearableelectronics

Photo sourcehttp://news.utexas.edu/2015/09/29/enginekreelopnewmethodfor-makingwearableelectronics

1.1.10 Whoop

Technology name Whoop

Description: Whoop is a wristvorn device that continuously meassibgometrics to help a useptimize
performance and reduce injury. I t ,@afdanmbienw es a user

15
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temperature, and t he bo,dothdblsserving wapatonssamghtitering Upkoe envi r
150 megabytes of physiological data per.d&ye data is sent via Bluetooth to an online database where it

is analyzed and reported to a user in terms of intensity (strain), recovery (preparedness for

strain/exertion), and sleep quality (how much the user got and how much thegdtweedsure opthum
performancehatday). The data is also made available to a set of users (i.e., coaches and traimers) via
dashboard with customizable privacy settingse U.S. military igeported to beurrently using the

device.

Source Whoop Wearable Brings 24/7/Performance Tracking to Elite Athletes
http://www.xconomy.com/boston/2015/09/22/wheeparablebrings 24 7-performancdrackingto-elite-
athletes/

Photo sourcehttp://www.xconomy.com/boston/2015/09/22/whewparablebrings-247-performancerackingto-elite-athletes/

1.1.11 Zoll Medical Corp.

Technology name ¢-Cor

Description: Zoll Medical Corp.acquired KymaJedical Technologies, Ltd., to advance its wearable
monitoring devicdor patients with chronic cardiac illnesses Ky m@od patierstimonitoring

technology is a chestorn device that measures flur@ndsin the mid to upperback area and reports
thei nf or mati on to the patientds healthcare team. Ky
support managemefdr other chronic diseases.

Source Zoll Acquires Israeli Wearable Cardiac Monitor Startup for $35M
http://hitconsultant.net/2015/09/18/zaltquiresisraeliwearablecardiacmonitorstartup/

1.2 Biological

1.2.1 BlOdress

Technology name BIOdress

Description: A series of designers and researcloeeated BlOdress, a garment that employs
thermocmomic dyes, conductive threads, and a memory alloy to measure and raspivrrgiality. The

1.6
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garment responds to air quality in severalways.s s houl der coepandmgand Abr eat h
contracting basd on the surrounding air quality. The faster the movement, the poorer the air quality it is
detecting. Additionally the leaves of the garment can move and the fabric can change color

Source Smartly dressed: the future of wearable technology
http://www.abc.net.au/radionational/programs/breakfast/smdrdgseehe-future-of-wearable
technology/6744374

1.2.2  Raune Frankjaer

Technolagy name Biological sensor fabric

Description: A German designer created knitwear with optical fibers and electronics that display light
patterns in response to physical signals such as
via light.

Source Smartly dressed: the future of weaable technology
http://www.abc.net.au/radionational/programs/breakfast/smdrdgseehe-future-of-wearable
technology/67443%

1.3 Other

1.3.1  National University of Singapore

Technology name Liquid-based tactile sensor

Description: Researchers are developing a thin, flexible, and durnaick®-fluid-based tactile sensor

anticipated to have applications in biomedical sensors. Compated\entional tackk sensorsyhich

are rigid and restrictivehis liquid-based technologg fabricated on a flexible substrated uses a

i p r e-semsing @ementtorecognizefoicmduced changes. 0 The technol og
extreme deformains (pressing, bending, stretching), and maintained its electrical output and

functionality. Developers have applied for a patent.

Source Highly flexible and wearable tactile sensor
http://www.printedelectronicsworld.com/articles/8456/higfiexible-andwearabletactile-sensor
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Displays

2.0 DISPLAYS

2.1 Heads-up (on face or head)

2.1.1 Samsung

Technology name Glassesstyle wearable computer

DescriptonnSamsung has reportedl ¥Wladsliil kedd ameptah thahcaa f d rd eav
project a virtual i nput area in the wuaieagés | i ne o
sensor that seses gestusandmay also include a depth sensor.

Source Samsung Patent Reveals an tDepth Glass Project that could be Miles Ahead of Google
http://www.patentlyapple.com/patentypple/2015/09/samsusgatenirevealsanin-depthglassproject
thatcould-be-miles-aheadof-google.html

Photo sourcehttp://www.patentlyapple.com/patenthpple/2015/08amsungpatentrevealsanin-depthglassprojectthatcouldbe-milesaheadof-google.html

2.1.2  University of ISFAHAN

Technology name Humancomputer interface

Description: Researchers are developing a headset to enable disabled individuals to type letters or
communicate using their eye movements. The lightweight, wireless glasses feature & dnnmater
interface that recogni z ehemirgoycersnanications (typing)ocather si gn al
responses (selecting an image)

Source Wearable interface to help disabled peopléttp://en.mehrnews.com/news/110053/Wearable
interfaceto-help-disabledpeople
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2.2 Body worn (wrist, arm or chest)

2.2.1  Centre for Microsystem Technology, Holst Centre, Imec,

Technology name Stretchable thisfilm transistor

Description: Researchers are creating a thin fabric with a stretchable, conforthétsfiim transistor

and stretchable LED display. The displays can be laminated into washable textiles and fabricated using
common manufacturing approaches. The technology is anticipated to help advance the creation of
responsive clothing.

Source Turning clothing into information displays http://www.nanowerk.com/nanotechnology
news/newsid=41199.php

Photo sourcehttp://www.nanowerk.com/nanotechnoleggws/newsid=41199.php

222 Dot

Technology name Dot

Description: Dot is a smartwatch that offers a Braille module with proprietary haptic technology that can
share raised bumps for up to four characters at a time and can display scrolling messages at speeds up to
100hz. The smartwatabffers Bluetooth and smartphone connectivity to display messages from a range

of apps (text messaging, Twitter, etc.) using voice commands.

Source Dot is bringing wearable tech to the visually impairecdhttps://www.techinasia.com/dot
braille-wearable/
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3.0 POWER

3.1 Chargers

3.1.1  Dark Energy

Technology name Poseidon

Description: Poseidon is a militangradepwer sour ce and | ight that is dd
percent waterproof and 100 per cenrésistdnuicatle, 9000600f . 0 T
mAh portable power, dual charging capability, and a tiltED light and lantern.

Source Dark Energy brings wearable tech to huntinghttp://siliconslopes.com/blog/2015/09/10/dark
energybringswearabletechto-hunting/

o

Photo sourcehttp:Iﬂérkenergy.com/productlposeidon/

3.2 Self-powering (Harvesting )

3.21 Bionic Power

Technology name PowerWalk

Description: The PowerWalk device resembles cadfiber shin guards equipped with an energy

harvesterfocr onverti ng t he us eele@rgity.Meeddviaefdatarasian ostlvopeklic i nt o
knee brace such that #fAknee maytclutchntrandmittingenyknee gear t
extension motion at speeds suitable for a DC brus
weighs 850 grams anthn generate-84 watts of power from a 1rd/swalking speed, supposedly

enough to charge a cell phone on andiBute walk, and up to 25 watts on a dekith walk.

3.1
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Source Energy Harvesting Digs Into Human Motion and Wearable Materials
http://www.designnews.com/author.asp?section_id=1386&doc_id=2785@B&dfams=ind_182,industr
y_gov,industry medical,kw_robotics,kw_motors.kw_41,aid 278538&dfpLayout=blog

Photo sourcehttp://www.bionicpower.com/

3.2.2  Drayson Technologies

Technology name Freevolt

Description: Freevolt turns ambient radio energy into small amse of power, harvesting the energy to
run low-energy devices (i.e., sensors, beacons, wireless communications). The device isapdcket
smartphonesized and creditardthin. The technology advanced due to a rddind antenna that
harvests energy a@e radio bands, a rectifier that turns energy into current, and an optimized power
management system. Drayson will license the technology to companies.

Source Startup hopes energy harvested from the air will power smart homes and wearables
http://www.cnet.com/news/enerdparvestedrom-air-will -powersmarthomesandwearables/
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4.0 COMMUNICATIONS

4.1 Wearable, hands -free operation

411 Mind Solutions

Technology name NeuroSync

Descripton. The NeuroSync headset enables a user to co
Electrical signals from the brain travelling through the inner ear canal are receiaestbgor on the
device.

Source San Diego Startup Shipping Wearable BrairComputer Interface
http://timesofsandiego.com/business/2015/09/04/rmpidtionsshippingwearablebraincomputer
interface/

4.1.2 Motorola, VivaLnk

Technology name Digital Tattoo

Description: Digital Tattoo is a nediield communication skin tag that allows a user to interattt thieir
smartphone (currently only Moto X) with a tap of the finger. The tattoo can be worn up to five days and
endure showers and sweat.

Source You can now unlock your Motorola phone with a 'digital tattoo'
http://www.engadget.com/2014/07/22/digitattocphoneunlock/

Photo sourcehttp://motorolablog.blogspot.ca/2014/0Uhlock yourmoto-x-with-a-digital-tattoo. html
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413 MSA

Technology name MSA Gallet F1 XF

DescriptonnMSA Gal l et F1 XF Ajet styled hel met offers e
clear vision, and wide field of view as well as integrated radio communications with reduced interference

from noisy environments and customizable loudspeakers aniddneantection. It also features a bene

conductive headset with various microphone positions and the ability to operate with or without the

SCBA. The visor also offers maximum inner space andfigagpprotection.

Source Optimum communications the next leel of PPE for oil and gas emergency response
http://www.manmonthly.com.au/news/sponseoeditent/optimurcommunicationghe-nextlevelof-

ppefor-o

4.1.4  Texas A&M University, Texas Instruments

Technology nameInertial and electromyographic sensors for gesture detection

Description: Researchers are combining inertial (motion) eledtromyographi¢electrical muscle

activity) sensorstomeasureu s cl e acti vity in a userds hand gestu
to recognize 40 American Sign Language words with approximately 96 percent accuracy. The inertial
sensors measure acceleration an dletheetparbnyographie!l oci t i
sensors measure electrical activity in the muscles and can distinguish between hand and finger

movements. The sensors are placed on the right wrist where they detect gestures and send the data via
Bluetooth to a laptop where corsglalgorithms are used to interpret and display the word for the gesture.
Compared to existing technologies, this novel approach does not require a camera but rather interprets the
userd6s muscle activity.

Source Wearable Technology Combines Inertial ancElectromyographic Sensors for Detecting
Gestureshttp://www.azosensors.com/news.aspx?newsID=10137

4.1.5  University of California San Diego

Technology name Magnetic field human body communication

Description: Researchers are developing an tliot&-power, secure wireless communications system for
wearables by sending magnetic signals through the human body, as opposed to transmitting through
Bluetooth or other means, which often require an addiéd Aboost o to pass throught
Researchers hope create a applicationfordi wi r el es s s e n sbhoord yn entevad rt kh froorn i ft

Leveraging the fact that magnetic fields easily p
bodyc o mmuni cati ond techniqgue uses the human body as
devices without significant power | oss or consump

of 10 million times lower than those associated with Bluetoothd i os. 0 The technique m
preserved battery life and possibly offering increased security.
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Source Magnetic Fields Provide a New Way to Communicate Wirelessly
http://gadgets.ndtv.com/wearables/news/magsfetids-providea-newway-to-communicatevirelessly

734866

Photo sourcehttp://jacobsschool.ucsd.edu/news/news_releases/release.sfe?id=1807
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5.0 LOCATION TRACKING

51.1 AlertGPS

Technology name AlertGPS

Description: The AlertGPS wearable device offers GPS location information -avaly2/oice
communication and can issue an alert and dispatch help at the push of a ONHttarcht is
accompanied by a dashboard the enables a user to semeelaication information. AlertGPS is
currently being used by the Forza Futbol Club.

Source AlertGPS Safety Wearable and Forza FC Revolutionize Tournament Safety
http://newswire.net/newsroom/pr/00090188&rtgpssafetywearableandforza-fc-revolutionize
tournamensafety.html

Photo sourcehttp:/lnewswire.net/newsroom/pr/0009018krtgpssafetywearableandforzafc-revolutionizetournamensafety.htmil

5.1.2 BeSpoon

Technology name BeSpoon Sport Edition

Description: TheBeSpoon Sport Edition features the BeSpoon RFID tags and receivers in combination
with Mac-lloyd's Spor{Tracking Fusion software to create an ultideband (UWB), RFIEbased, real

time |l ocation tracking system. The technology rec
that data to a server for analysis using Sport Tragkb s Fusi on software. The sof
speed, jump height, playersé proximity to each ot

pl ayerés | ocation. BeSpoon t-eEdinoaddsigmtietsystenrtolenc h r e s
smallerand lower cost than many of the existing systéirhe device features a battgggwered, button

sized (1.2 cubic inch) RFID tag that features BesS
Tracking combinedinatarkko p wor n und e r suoiform®& Vhe chip tah ganspdittaup e r 6

to 984 feet and offers precision tag location within several inches, but receivers must be installed

surrounding the area of use.

Source French Handball Team Trains With Wearable RFID Sensors
http://www.rfidjournal.com/articles/view?13492/
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51.3 Broadcomm

Technology name GlobalNavigation Satellite System (GNSS) Location Hub Microcontroller with
Integrated GNSS BCM47748 chip

Description: Br oadc o mm&hlp enables lo@AWEr accurate location detection for Internet of

Things and wearable devices. The technology delivers its power savings by removing the signal

processing from the multicontroller unit, and instead calculates position, velocity, arahtiime chip,

which also lowershe cost for original equipment manufacturers watlices footprint. It also uses
intelligent firmware to extend the deviceds batte
more precise location tracking.

Souce: New GNSS Chip for IoT Market and Wearable Devices
http://en.ctimes.com.tw/DispProduct.asp?O=HJZ9EC54BXASAAO00P4

Photo sourcehttps://www.broadcom.com/products/wirelesmnectivity/gps/bcm47748

51.4 OnGarde

Technology name SiteZone Proximity Warning System

Description: Si t sv@ambleeRFI® transponder affixes to a user (on a hard hat, sleeve, etc.) and

another unit is attached to a vehicle, creating a safety zone between the two. If the user enters the field of

the vehicle, the driveand the user receive a vibration, aydiod vi sual al ert and Site
warning system | ogs the incident. Si-vighfitpne can s
conditions. OnGarde, creator of SiteZone, also created the OverSite product that transfers the logged data

to a seare website, where users can review and learn from the results (i.e., target training and recognize
repeat offenders). OnGarde is testing and refining the technology with several of its clients to identify
additional practical applications, such as theeZ8elector, which allows a user to switch between preset

ranges for specific tasks, and the BucketZone, which establishes a detection zone around working

equipment (e.g., excavators, shovels).

Source Health and safety innovation: wearable tech changinpearts and minds
http://www.shponline.co.uk/heakdndsafetyinnovationwearabletech-changingheartsandminds/

5.2


http://en.ctimes.com.tw/DispProduct.asp?O=HJZ9EC54BXASAA00P4
http://www.shponline.co.uk/health-and-safety-innovation-wearable-tech-changing-hearts-and-minds/

Location tracking

Photo sourcehttp://www.stponline.co.uk/healtandsafetyinnovatiorwearabletechchangingheartsandminds/

515 Revolar

Technology name Revolar

Description: Revolar is a small ¢inch x Linch x 1/8inch), watefresistant device that, upon the push of
a button, sends analertwithe user 6s GPS | ocation to the user o6s ¢
on the userod6s smar:t devi ce. Revol ar features a re

Source Revolar personal safety device sends your GPS locatibttp://www.slashgear.com/revolar
personaisafetydevicesendsyour-gpslocation27380892/

.
Photo sourcehttp://www.slashgear.com/revolaersonakatkty-devicesendsyour-gpslocation27380892/

5.1.6 Tencent

Technology name QQ watch

Description: The QQ watchieatures a 1.12 inch, 128 x 128 pixel OLED display; a 2G radio as well as

GPS, WiFi, and cellular triangulation; a fivéay battey life; IP265 ruggedess;and an SOS call button.

The device also features a 0.3 megapixel camera compatible with WeChat, which enables the user to take
a photo of their location or nearby landmark and send to other Tikerslevice was designed to help

parents locate theahildren.

Source Tencent's Kids Smartwatch Helps Parents Keep Track of Their Children
http://au.idigitaltimes.com/tencerksds-smartwatckhelpsparentskeeptracktheir-children106757
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Exoskeletons

6.0 EXOSKELETONS

6.1.1  University of Pittsburgh

Technology name Hybrid exoskeleton

DescriptonnRe s ear chers are devel oping a fAhyhbcombohegs mechan
functional electrical stimulation (FES) (lekevel electrical currents that activate muscles), and powered
exoskeletons (electric motors on an external fraffted.combingion results in extended use time by

suppl ementing mechanical oper aheresearch wWinvestigata user 6s
adaptive control algorithms for optimal input to the different systems as well as control algorithms to

enable synergydiween the systeniis orderto deliver optimal single and mujbint movement. The

goal of the research is to fAexamine the efficienc
develop new hybrid models that take advantage of FES technolagg poe d f r ames, and rob

Source Hybrid walking exoskeleton research at PittreceivesNSF funding
http://www.eurekalert.org/pub_releases/2@BBum-hwe092215.php
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7.0 OTHER

7.1.1  Behnaz Farahi (Individual)

Technology name Caress of the Gaze

Description: Caress of the Gaze is a-dinted garment with a camera with a fadralcking algorithm

so that it can detect when it is being obsdrwvhich causes the garment to ripple in response. The
deviceds microcontroller can reportedly dE¢ ect
technology was developed by an architect and interaction designea@ingrinter to fabitate

composite materials in varying flexibilities, densities, and combinations.

Source 3D-printed interactive wearable reacts to ogling
http://www.networkworld.com/article/2986982/softwarefdihtedinteractivewearablereactsto-

ogling.html

7.1.2  Behnaz Farahi (individual)

Technology name Synapse

Description: Synapse is a 3rinted cyber helmet that moves in response to brain activity. The
developer modified a Mindflex headset witiNaurosky electroencephalogram chip to monitor electrical
activity of the brain and use thactivity to move the device.

Source Shapechanging Synapse helmet tanslates brainwaves into movemégsic]
http://neurogadget.com/2015/01/26/skapanginghelmettanslatesrainwavesmovement/10874

Photo sourcehttp://behnazfarahi.prosite.com/204244/5572755/gallery/synapse

7.1

t

h


http://www.networkworld.com/article/2986982/software/3d-printed-interactive-wearable-reacts-to-ogling.html
http://www.networkworld.com/article/2986982/software/3d-printed-interactive-wearable-reacts-to-ogling.html
http://neurogadget.com/2015/01/26/shape-changing-helmet-tanslates-brainwaves-movement/10874













