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WealablexSyistems are.. Many Things

» Many different purposes... And complexities (today more than 3000 products)

[Courtesy: C. Henz]
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Glolbal Computine CemVEieEneERica\"A XM = ¢

» Thanks to Moore’s Law, after 50 years: Doubling transistors density each 18 months
» Future: connected, ubiquitous access with portable and wearable systems

New Era of Computing:
Internet-of-Things (loT) Era

Mainframes PC Era Communication-Portable Era
1970s 1990s 2000s
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& usomon Internet-of-Things (loT)

Big Data Analytics
Frameworks & Machine
Transportati | Learning Algorithms

Connected Cities

‘ Hegneare

Dramatic benefits! But will this really work?
i
Wearable
y

Continuous system
monitoring

[Source: Goldman Sachs Inv. Res.]
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= Burden of disease shifted in recent years
= Disorders with behavioral causes are key

WehliralollexSystemstiinllon Era tolRescue Our Healthcare

= Expected to be 75% of GDP by 2030 [McKinsey] / behaviorl's,
persona
: ey - : lif5meecor
= Two-fold paradigm shift in health delivery . Lo
Symptom-based = Preventive healthcare /

] Determinants of health issues
Environment (source: Institute for the future, Center for
disease control and prevention, 2006)

Hospital-centered = Person-centered

» Cardiovascular monitoring is key today... R

Trainer/coach

fpipp-

ECG Holter data Iogger Resting Electrocardiogram
.. . (ECG)
(clinical practice)
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(i State=ofi-the-Art Wearables Today

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

= Simple architectures connecting to a central hub

Shimmer Heart Rate Monitor  Corventis’s PiiX
(shimmer, 2014)  (Massagram, 2010) (Corventis, 2014)  Toumaz’s Sensium
(Wong, 2012)

. Holst Centre Apple Watch
IMEC cardiac patch PP
(Yazicioglu,2009) ~ (Masse, 2014) (Apple Inc, 2015)

ScottCare
(Zhang, 2012
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State-of-the-art Wearable Node:
the Shimmer™ platform

= TI MSP430 microcontroller = CONSTRAINTS:
= 16-bit, 8BMHz, 10KB RAM, 48KB Flash . pNo floating point operation
= ADC converters, DMA, HW multiplier

= No hardware division

= CC2420 radi(? | = Limited memory
= 250 Kbps, ZigBee compliant = Limited computing power
= Sensors = Limited autonomy
= 3-channel ECG (rechargeable Li-polymer
= Accerelometers and gyroscopes battery of 250 mAh)

= GPS (optional)
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E— FeoncENivediWeakables Require Major Design Shift

Shimmer™ node
ECG

Under stringent processing and memory constraints... Power!

» This wireless 1-lead ECG streaming monitor lasts 134.6 h (2011)
= Current wearable technology lasts 172.5 h (2015)

Data processing
Radio communication

V.

Data processing ?io communication

P Sensing and
sampling
Sensing and [Rincon et al., DATE ‘08 and TITB ‘11]
sampling Energy consumption breakdown
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eggg,fg.-;unummm Smart Wearable Systems for AUienene S Tl ERV T teTalTe

Smart Embedded Node
ECG
—>
i ’\ . — 9 » » -T
> >

Displays the received data and
relays to medical personnel
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RelisionalfAiinythimialSmart Wearable Device

See video at: http://esl.epfl.ch/cms/lang/en/pid/46016
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New Smart Wearables Valuable For VMeeicel NGt 1§ SV N o1

» Non-intrusive, include arrhythmia detection: reducing visits to doctor by 50-60%

(4-week test)

Ein SMS
vom Herz

Lausanne - Diagnose: Herz-
infarkt. Der haufigsten Todes-
ursache der Welt wird der Kampf
angesagt. und zwar mit Schwei-
zer Technik. Forscher der ETH
Lausanne haben ein Gerat ent-
wickelt, das den Herzrhythmus
konstant Gberwachen kann. Falls
eine Rhythmusstorung auftritt,
sendet das Gerdt an Patient
und Arzt per SMS oder E-Mail
eine «Das System
liefert sehr prazise Daten und
verfugt Uber einen leistungsfahi-
gen Akku mit einer Laufzeit von
drei bis vier Wochenn, sagt For-
scher David Atienza.

Sante

Notre cceur sur écoute
LEcole polytechnique de Lau-
sanne (EPFL) a annoncé mardi la
mise au point dun appareil de
détection des anomalies cardia-
ques. Les informations seront
directerment transmises par SMS
ou par e-mail au patient et au
personnel médical. { ATS)
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Using ESL-SmariCaraclie Technelete ATl EIa I o JIE:

= Monitoring pilots using wearables as “doctor in the cockpit”

See video at: https://www.youtube.com/watch?v=cPW-2AtRwgM
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BliisilisiatinelBlelinning = Simarter” Wearables Coming

= Great progress in last 50 years [Courtesy: Ruch, IBM]
= We have reached 1M ops Still 1000x better than current
(MOPS)/mW for wearable systems technology (1GOPS/mW)

2016

» Good energy-scalable computing, but
biological systems can do even better
= Energy efficiency: specialized computing
= Highly parallel
= Discard unnecessary data
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Compressed Sensing (GS)): Newil Bt oAt Elale
CempliessiloniRPaliadigm for Wearable Signals

Measurement/Sensing matrix
(Gaussi9n random matrix)

Measurement vector ECG vector

Sample magnitude

» Using CS it is sufficient to collect M (<<N) linear random measurements (samples)

Electrocardiogram Recording

Sample index

min

aeRrN

HON(HI Subject to: H(D\P&— sz <o
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@ESEBESEURECGRS ens ol (enly 30% of ECG data kept)

See video at; http://esl.epfl.ch/page-42817.html
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€ESHGivesr23-Eold Reduction in Execution Time,
Bt Eimijted Lifetime extension

Code execution time Node lifetime

147 h ~6%
139 h

30%

DWT CS No
compression
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Working like the brain: less recuecne cme i MifE e oI MIa R ALEIE=1 (1S

= Exploit technology progress: Multi-Processor SoC (MPSoC) for biosignals
= Parallel computing for each lead, data broadcast and special hardware synchronizers

Data
Memory

Instruction
Memory

SYNCHRONIZER

.

IM O

Firat O DM O

DM CROSSBAR

-

Firat 1

PM CROSSBAR

[Braojos et al, DATE’14]
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Apple Weatch = Series 23 More PeoweriulFeheNGUiSiolnr4] o (Nl Igt:1d:

= New smart watches target to be your Personal (All-Day) Assistant
= Develop new interfaces with lights, sounds and vibrations...New flavors and customizable

= Even more powerful, targeting intuitive interfaces than reading the screen
» Dual-core S2 processor (2x processing, same size)
= All sensors from Generation 1 + Built-in GPS, extra accessories for sports (water resist)
= Screen with 1000 nits of brightness (>2x more luminosity)... News by colors interfaces
= Force Touch: actions based on strength of touch on screen
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s i

= Qur lives unimaginable without being
connected and using on-line services
= Everybody connected everywhere

Cohheciediearablesi(BigiData): Improving Services

» Big Data: 110x data growth in ten years economist
= Monetizing data for commerce, health or services
= 50% economic value in developed countries

= Science entering “4th paradigm”

= Analytics using computing systems on
sensors, instruments, human data, etc.

= Complements theory, “He saw your laptop and wants to

empirical science and simulation to know if he can check his Hotmail.”
understand our complex world

[source: Microsoft Research]
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New Possibilities in Wearabless ViuliE XElEnEider=1le N =ils N E

= Multiple applications for smart multi-core wearables, just a few:

= Accurate sleep apnea P ara sarerg)
= Epilepsy prediction (non-invasive) g L 2"
= Brain cancer or drugs analysis @  Pave L

E ]
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NextzGeneiationiMPSoCs for Smart Wearables:
e%ﬁ'l's[unﬂﬂ""“ FowAReowerReconfigurability like the Brain

» Homogeneous MPSoC architecture
= Parallel execution
= Low clock frequency enabled
= But not optimized for intensive (repetitive) tasks

* Brain training: “HW specialization”

* Low-power heterogeneous MPSoC

reconfigurable architecture

= Based on a Coarse-Grained Reconfigurable
Array (CGRA)

= High energy efficiency
= High configurability / flexibility

[Duch et al., BioCAS 2016]
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& usomon Conclusions

= Wearable devices are getting everywhere... Embedded on everybody
= Powerful: MPSoC architectures and Apps
= But not low-power... To be designed with care!

= New smart wearables... Smart watches
= Systems tend to get truly autonomous
= Customizable and intuitive interfaces
= Even “smarter”’ thanks to big data feedback

= Luckily lots of research to get
there still, thanks Mr. Spock’s

for initial idea! Tri-corder
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