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Wearable Design Considerations

Device
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Wearables 5

yedars ago...

Product Development Focus Areas:

Reduce system power
Reduce size of form factor
Lower hassle and improve adoption

Increase number of available sensor
modalities at low power

Increase configurability
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Vitalink - VGBio
Wearable beo sensors that collect
ECG, respwratory bicimpedance,
2-wavelenght pulse cximetry,
temperature and 3-axts accelerom
eters. Data is collected by smart
phone, transmetted to a server
which provides clincians early
notification of negative change.
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CheckLight - MC10

Captures head impact data during
play, while being virtually invisible
to the athlete
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Helius
- Proteus Digital Health Sympony CGM System
Wearable and ingestible sensoes - Echo Therapeutics

A noovinvaswe (needle-free),
wireless, transdermal conting-
0us glucose Monitoning system

that work together 1o detect

ingestions and phyuologic data
The informatson is then sent to
the patient’s mobdde phone and
then onto the internet for care
gvers 10 review and analyze
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SenseWear Armband
- Jawbone

A physical actevity moni-
tor meant for use by
patients whose doctors
wish to track their move
ment outside the office,
which holds up to 28 days
of data
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Hydration Sensor
-MC10

A small stick on patch, that
monitors your hydration
levels in real-time - sending
smartphone alerts that tell
you when and how much to
drink
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Visi Mobile System
- Sotera Wireless

A smartphone- sized
monétor that's attached
10 a patient’s wrist. The
information is fed
directly into a patient’s
electroni health record
wirelessly through the
hospetal's WiFi
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A custom gel insole 1o detect
8 person’s gait, or walking
pattern. Mainly for amputees
who would like 10 reduce
how much they kmp when
wiing prosthetic legs. The
system also uies a smart-
phone application that wire-
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EPOC

Scanadu Scout - Scanadu }E"”“"

A handheld sensor that when placed he Emotiv EPOC uses sensors to
against the forehead for 10 seconds tune into electrical signaks
allows you to analyze, track and trend produced by the brain to detect
your vitals, including temperature, user thoughts, feelings, and
blood oxygenation, hearn rate, respira SXPrassions

tory rate and blood pressure data to a U * 0 @ A
smartphone with a 99% accuracy rate, )
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Asthmapolis - Asthmapolis
Sensor that attaches to the top of an
existing ssthma inhaler to keep track of
medication dosage, time and place
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Zio Patch
- IRythm Technologies

A small, band-aid-like partially
pasiive sensor that records every
heartbeat. Used in diagnosis of
cardiac arrhythmias fee up to 14
days of continuows wear
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First Warning

- First Warning Systems
A breast health system 10
detect tumors earlier and cut
the rate of false positives and
negatives by measuring cell
temperature changes created
over time
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SwipeSense - SwipeSense
A personal, portable hand.

sanitizer dispenser that healthcare
professionals wear which traramits
wiage data wirelessly so that
administratores can track compl-
ance
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Wireless Blood Pressure
Wrist Monitor - iHealth Labs
A wireless blood-pressure wrist
monitor, weight scale, and pulse
ocximeter that transfer data to the
IHealth MyVitals app
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EASYWAKEme - Dreamtrap

A sleep monitor with vibrating alarm
that“reads* body charactenstics, tracks
sleep duration and efficency to accu-
rately determinate the optimal wake
up moment,
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Wearable Technology Roadmap

- Body implantable Phase 4
 Low weight

» Self-sustain

« Conformal to organs

- Safety to Human Body

Implantable

« Skin patchable devices
» Flexible/Stretchable

* Ultrathin

» Conformal to skin

« Textile-integrated

» Flexible/Stretchable fabrics

» Intergration of various
electronics

Issues and Shapes

» Accessary type devices
 Low-power
» Conformal to body

Time

try of Trade, Industry & Energy of Korea



Textile Electronics (or e-textiles)
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Wearab

OM Smart
Shirt
(Omsignal)

Ombra
(Omsignal)

Hexoskin
(Hexoskin)

PoloTech
(Polo Ralph
Lauren)

D-Shirt
(Cityzen

Sciences)

Sensoria
Sports Bra &

Heart Rate, Breathing Rate, Push Score, Steps,
Calorie Count, and Heart Rate Zone

Up to 30 hour lifetime.

Same as OM Smart Shirt

Advertised to last 10 workouts.

Muscle Activity, Heart Rate, Breathing Rate

Real time feedback.

Heart Rate/Heart Rate Variability, Breathing Rate
& Volume, Steps, Cadence & Calories, Sleep

Logs past readings.

Steps, Heart Rate, Breathing Rate, Activity
Duration

Log past readings and provides real time
feedback.

Body temperature, Heart beat & Heart rate,
Speed & Intensity of Workouts

Logs past readings as well as gives real time
feedback.

Heart Rate Monitor

Logs past readings. Compatible with Polar H7 and

Garmin devices.
Form an Posture monitoring

APP provides realtime feedback through the use
of vibrations to inform use.

Remove OM
smartbox and the
shirt is launderable

Remove OM
smartbox and the
bra is launderable

and spashproof,

Remove ‘Athos
Core’ Bluetooth and
the shirt is machine

washable.

Remove Hexoskin
Bluetooth Device,
Material is machine
washable

Remove Bluetooth
connected box and
shirt is machine
washable

Transmitter must be
detached and shirt
is machine
washable

Remove box and
the bra is machine
washable

Electronics are
embedded in the
pants.
Launderability
details unavailable

$249

$150

$398

$399

$295

N/A

$139

NA

e Product Platforms
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|Seorts & Fitnessl

WE=EX
FAN JERSEY USA

The 4th dimensiomof entertainment' / FANDOM: This'Fan Jersey
leverages today’s'technolegyste.transport a faninto-the-actual
positive.actions of their favorite team on the field.




A depth camera is used for gesture and
environment tracking, and can see others
as they approach.

Shadow displays the wearer’s eyes when
in MR mode.

Shadow features an external screen
that displays to others what its wearer
is experiencing in VR.

Entertainment

&

Virtual Reality

A neuromuscular force feedback sleeve
along the elbow allows for tactile
interactions with virtual objects.

EMG (electromyographic) sensors allow
precise small finger movement recognition.
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The headset comes with a hoodie that
isolates Shadow's wearer from the
surroundings.

A smart fabric inside my VR headset or an
external camera system recognize facial
expressions and mood which can be
mapped to the user’s VR avatar.

The headset is attached to a wearable
computer that allows the wearer to get a
tangle-free VR experience.

A sound vibration pack provides tactile
feedback from within games.

https://www.artefactgroup.com/work/vr-2020-inclusive-vision-virtual-realit



Machina MIDI:
Synthesizer Jacket

The MJ v1.0 | MIDI controller jacket allows a musician to create music through
body movements and body sensors. It includes: an accelerometer, a gyroscope,
with two push buttons and one piezo electric. Use your arms to raise the volume
and tempo of your music, tap your chest to make sound, configure it however you
like. It’s a different type of instrument.

https://www.machina.cc/pages/midi-jacket







Teardown at: http://mindtribe.com/2017/02/nike-hyperadapt-teardown/
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http://mindtribe.com/2017/02/nike-hyperadapt-teardown/
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Teardown at:


http://mindtribe.com/2017/02/nike-hyperadapt-teardown/

Textile Electronic System Design

Feedback

Data
I Aggregator

Software

Power
Management
Digital
Control /

Processing /
Management

Signal
Processing

Communication

/—N Analog Front Seftwar~
Sensors End 5

| |

Sensors Feedback
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Market Challenges

Conflicting Industry Goals

http:/ www. zerchedge com

Supply Chain Timing
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Technology Innovation Through Engineering Design

Materials Innovation

Materials Design for ‘Today’ Technologies

N
> Textile Electronic Systems N

Wearable Systems

= PV
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System Standards & Human Scenario Testing

INTERNATIONAL
E ELECTROTECHNICAL u"
e

COMMISSION

A

> Project-based Education

Industry-Inspired Projects (Undergraduate)

E- Tgxtile__Systems (Graduate Education)

Wearables for Animals (K-12 Curriculum)

\

next (nano-extended textiles) research group
...Expanding the Influence of Nanotechnology in Textiles
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Textiles

Printed

Electronics

Well established industry
Already LOW price
Inexpensive materials

High throughput processing
Resurgence in Local-for-Local
Everyone wears them

Rapidly developing industry
Driving force for price
reduction

Materials development
Roll-to-roll a necessity

US, Japan, Korea growing
leaders

“a
4
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Materials

Conductive Yarns Conductive Pastes
good availability; textile-like; high materials & process
complacent in materials innovation (flexible electronic
innovation (no market need); markets); polyurethane & PVA

challenging retrofit application  growth; Retro-fit application

400 pum

Conductive Inks (ink-jet)
Improved materials/performance
cost vs. screen print; back to
fiber-level integration; multi-
layer device design capable

Vapor Phase Processing
Broad materials scope;
patterning techniques well
established in flex circuitry and
semiconductor industry.




Evolution of Materials: Textile Electronics

Conductive yarns: Conductive Pastes Conductive Inks (ink-jet) Vapor Phase Processing
good availability; textile-like; high materials & process Improved materials/performance  Broad materials scope;
complacent in materials innovation (flexible electronic  cost vs. screen print; back to patterning techniques well
innovation (no market need); markets); polyurethane & PVA  fiber-level integration; multi- established in flex circuitry and
challenging retrofit application growth; Retro-fit application layer device design capable semiconductor industry.

Use in Textile Electronics
today (probably)

Time
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Screen-Printing

Printed Image

N

<~ Stencil

Phillips et al Coatings 2014

Substrate

* Low cost (material and process)
* Industry scalable

» Less process complexity

« Level of integration

Ink waste
Post-process cleanup

Sample-to-sample variability

Rapid customization of designs
Batch-style processing
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Direct-Write Printing

Dispense velocity is 80x what’s in literature

Minimal ink waste and minimal post-process
cleanup

One-step materials deposition process

4x lower resistivity than screen printed
interconnects

Interconnects cost < $1 (for 12cm)

Integrate hard electronics -> resistors, LEDs,
etc. using pick and place

Equipment costs
Line resolution
Penetration into textile

21



Ink-Jet Printing

Electrical Resistance (ohms)
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Hard Component Integration
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M. Yokus, R. Foote and J. S. Jur IEEE Sensors (2016)
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Needs to be less expensive & customizablel
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» ‘3D Printing’ of garments

» Knit entire garment in one A S S A S
operation, including finishing '1

» Yarn (including conductive |‘|
yarns) can be selectively

added/designed.

» Localized compression can be
added based on knit structure.
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