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(L AT ESL Team and Collaborations

= Team covers loT and edge Al (both hardware and software Co- design)
» Headed by Prof. David Atienza

= All started in 2008, 45 members today:
= 8 post-docs
= 22 PhD students (18 grad)
= 11 M.Sc. Theses (26 grad)
= 2 senior engineers
= 1 administrative assistant, 1 system admin.

= Support from academia and industry for R&D projects
= 31 companies/R&D centers provide equment grants and donations
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Origin of loT: Wireless Sensor Networks

= Late 80s: Wireless Sensor Networks (\WWSNs) are data acquisition and dlstrlbutlon _‘
networks consisting of a set of (large) sensor nodes NS e

= Simple architectures (“get” data)
= Cooperative applications and transmission

e
JZ g
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EPFL In 2012 - The Internet of Things Concept :

“Nano Sensors with Good Connectivity”

= Few more years beyond 1999, but thanks to Moore's Law, after 45 years...
Complexity increase 3
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1 Core i7 vPro [2012]
(1.3B trans., 3.3GHz)

Intel 4004 [1971]
(2250 p-MOS trans.,108 KHz)

Busicon Calculator 141-PF
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Wearables
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Big-Data Cloud
computing

Continuous system
. . .
= monitoring
(loT sensors)

[Source: DARPA and EC]
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loT Vision: Guardian Angels

See more details at: https://www.ga-project.eu/

David Atienza
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EPFL
=wm  |oT Enabling Digital Era: Technology Convergence

= |oT concept is the convergence of three technologies within “Digital Era”

@107 sensors ©Big data storage and © Analytics apd
(Internet of Everything)  Computing loT platforms Deep Learning
X & g - e Lo

H @
ﬁ SINTERNEToF = 0’ 5
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i E o = :
+ Digitized Enterprlse data Capacity to store Capaciy to make
Able to collect and handle large sense of this data
unprecedented amounts of data in a confident way

amounts of data
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el loT (Potential) Benefits

. . Total Internet of Things (or loT) Connected Devices
* |oT long-term economic benefits [Mckinsey]

= Remote healthcare: $11.1Trill/lyear saved (1B people) ::

= Efficient energy: 45TWhlyear saved in EU (4M homes) T

= Automotive industry supply chain: 50% costs reduction s e

[ . ‘:w.m | :Fﬁﬁ

£ 15,000 .mmun
10,000 oo ki
s u Infrastructure
wm& Source: Semico Research
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s loT to the Rescue of Our Healthcare System
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Emergency
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Physician

= Two-fold paradigm shift in health delivery

Symptom-based = Preventive healthcare
Hospital-centered = Person-centered

L3

» Cardiovascular monitoring is key today...

gy

Resting Electrocardiogram

ECG Holter data logger (ECG)
(clinical practice)
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=PrL

COMMUNICATION OVERHEAD!

= JoT system design
= Watch: “Raw” bio-signals acquisition
* |Phone: User interface and long-range transmission
* Cloud: Bio-signal (post-)processing

© EPFL 2021 David Atienza
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Ca muimupe ipheml

- Long-Lived loT Designs Feasible Today?
: : : Processing L
= This ECG streaming monitor lasts 5h, why? Communication
» Send 16 bits: more energy than doing 64’000 operations!
\ ECG Energy
S consumption
- Sensing and breakdown
sampling

How to reduce loT data sensed and streamed?
Only get and keep “useful” data from loT sensors!

loT age requires complete system revolution!

© EPFL 2021 David Atienza
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So, Is loT Still on “Top of the Wave”?

Very high expectations since 2014...

s S
. -~ Cognitive Expert Advisors SN
expectatu:;:gﬂt . Machine Leaming Q [Source: Gartner]
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EPFL
sunion loT just got “reborn”...
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wmm  New loT Platform (“Smart Cloud”): 3 Delivery Modes

» Infrastructure as a Service (laaS): IT equipment
» Platform as a Service (PaaS): Big Data access and DL libraries

= Software as a Service (SaaS): Full Al application services o=

~
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$5|'a'f:'n'?UEIHI.THHT What is “Edge AI l Computing,,?

HOW EDGE
COMPUTING WORKS

Edge computing allows data
from internet of things devices

to be analyzed at the edge
of the network before being sent
to a data center or cloud.

Edge
Gateway

=

Corporate
Dat;pl?enter

© EPFL 2021

Intelligence is moving towards edge devices
= Real-time pre-filtering and data processing

loT devices send only a portion of the data to the
central data repository, or corporate datacenter
= Reliable results of Big Data Al on loT Cloud platforms

Internet Edge
of Things Computing Cloud
6 ﬁ_’l a‘
I~ ) @ D :‘
‘ e ]
o H¥ o
oEa
Tl 7y

David Atienza 15



=PrL
¢«wm  Does Data Size Matters for a Global loT Business Perspective?

Total Cost of Remote IoT Processing as a Function of
Data Reduction at the Edge (200 Miles Distance)

s $100,000 *en. Cloud + Edge Computing is Lower Cost than Cloud-
8 490,000 “be, only Computing when the Reduction in Data Volume
~ "'-,_ is 30% or more.

oo $80,000 | mm—m—m—— — et

= at

wn Al

@ 570,000 Q)
J

S :

& 560,000

o3

Yes, only send (and keep) useful data: powerful loT edge Al platforms

S

"E S30,000

S 20000 3x cost reduction if data

§ s10000 volume is reduced by 95%
" 50

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% B5% 70% 75% B0% B5% 00% 95% 99%

Percentage Reduction in Data Volumes from Edge Computing

== entral Cloud (AWS) Edge + Central Cloud
Source; ©@ Wikibon loT Projec!, Reference Models AWS loT Service & Pivol Server SAN. See Table 1 for Detailed Assumptions & Calewlations
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ils;;:n}anloT Edge Al Concept: Complex Hardware Template

POWER MANAGEMENT MODULE

* Ultra-capacitors « PMU
+  Microbattenies

. ENERGY STORAGE MODULE l

+ Li-lon battery + Energy Harvesting
= AAASAA Batteries

SENSING MODULE

+ Accelerometers + Proximity Sensors

+ Magnetometers + Image Sensors

i ] + Gyroscopes + Light Sensors

J RF + COMPUTING = Acoustic Sensors - Gas RFID Sensors
+ Pressure Sensors +  Micro Flow

e Signal Processing +  Radio Transceiver
Unit + Duplexer

«  Wifi « BAW +  Temperature .
- Sensors
+ ZigBee \
~ + Bluetooth LE | ((.)) :

© EPFL 2021 David Atienza
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=PrL
i New Edge Al + Patches Can Understand Human Movements

= New collaborative work with multiple patches and one loT edge Al node
= Multiple patches to track in real-time: but Al calibration needed

© EPFL 2021 David Atienza



ipj;ﬁ;w Can you Use the edge Al Concept for new Businesses: Can you be a Ski Coach?

Just Add An App and Earbuds!

= Personalized coach with
loT sensors for ski CARYV

» Personalized App

= (Create metrics based
upon 4 fundamental skiing

~ BLUETOOTH TRACKERS o

skills:
= Edging,
= Balance,
= Rotation,
= Pressure. '

Based on few types of sensors and calibrated Al on the
App, do you get something you can sell?

© EPFL 2021 David Atienza



EPFL Can you Use the edge Al Concept for new Businesses: Can you be a Ski Coach?
o Just An App and Earbuds!

See more details at: https://getcarv.com/

© EPFL 2021 David Atienza
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=PrL
48T Edge Al Sensing: Few Sensors for Many Application Domains

= Sensors specific per application: but large convergence in similar products

‘ Building Automation \

o e ;

Temperature

{ Healthcare & Life science J | Consumer & Home automation W

&
Pressure Gyroscope _-_-‘:
I
Chemical (co2)
e o O

Magneto

" Retail & Logistics

-
;

[ Industrial ‘ \ Environment J

Light (IR/Optical)

~TT1 M
Temperatur : ] Pressure H

© EPFL 2021 David Atienza
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=PrL
= Example (new) loT Edge Al for Healthcare: Apple Watch Series 6

= Highly-integrated Apple S6 SiP Chip
= ARM DualCore SC300 @ 780 MHz
= Integrated graphics and PowerVR (ML accel.)
= 32 GB of memory

= Multiple sensors
= GPS + GLONASS geolocat.
= Heart Monitor sensor: PPG-based HR
» Electrical heart sensor
= 3-axis accelerometer + gyroscope
=  Ambient light sensor, Built-in compass

= Multinle radios inchided (+ eSIM)
‘ New loT Edge Al wearables (with limited set of sensors)

" provide minimal latency and more lifetime
= Price: $39Y

© EPFL 2021 David Atienza
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» Same sensors, but algorithms and performance
Improved with edge Al accelerator chips

Accurate detection of cardiovascular pathologies
without hospitals and specialized personnel!

© EPFL 2021 David Atienza




EPFL
AR Example loT Edge Al for Smart Home Devices: “Personalized” Coffee

= New loT products already on the market... Control Edge Al, Big Data and DL

—

P N

user@ubuntu: ~/Torch/C_projects/CapsuleRecognition

6 Lungo Leggero : ® [-23.954431533813 ]
7 Ristretto : 0 [-50.152973175049 ]
8 Ristretto Origin India : ® [-19.757478713989 ]

9 Ristretto Intenso : 0 [-44.811580657959 ]
10 Espresso Decaffeinato : 6 [-27.378623962402 ]
11 Espresso Ori-tn Brazil: 160 [-1.0528715677083e-08 ]

* to take pict
1= '\n') brea

BN 3 Espresso For

Custom loT Edge - L
5 Lungo Forte

6 Lungo Legger

Serror(”Cangy 7 Ristretto

AI dESign: $3 mask YUV chibaaadia il 1y

-~ 11 Espresso Or
~ i 12 Espresso Le
-~ , "/data/Capsule

~ val_y_buffer, FI

NESPRESSO
MOMENTO 100

loT Edge Al saves energy and gives personalization:
Is then connectivity still relevant?

© EPFL 2021 David Atienza



EPFL
€« New Open-Source Custom Hardware of ULP SoCs for loT Edge Al Devices

= Case Study: GAP8 Multi-Core SoC Edge Platform r:;‘:;f
= RISC-V architecture (Based on ETHZ PULP) b

8-core cluster for complex

1 general signal processing
purpose
T New Deep
Learning
accelerators
28nm FD-SOI

=
[}
2
=]
=

Custom loT Edge
Al design: S3

GREE N—E:. SOLOGIES Source: GAP8 SDK internal documentation

(https://github.com/GreenWaves-Technologies/gap_sdk)
© EPFL 2021



EPFL
e«mm \ertical Companies Created to Control New loT Space

= |oT business Landscape: Data-related services more profitable

Information Flux

Statistics —
Targeted Ads  $#%0\

Connected
Devices

Hardware

L ET T
>50% <25%

loT

Wireless
Sensor
Module

4y B oea

Service Third
Companies  Party Sheiney

\ Cloud
’ : oud | » —
& NV . P
. L\\:f;-:\::m‘x =

vd

#
= e %\. E' b HUB | Gateway
\/ Clou:I_I— Information Flux ‘

Companies Source: Yole Dev. '17 (de.)

© EPFL 2021 David Atienza
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=PrL
e«mm \ertical Companies Created to Control New loT Space

= |oT business Landscape: Data-related services more profitable

= But largest companies trying to avoid risks: full chain control
alialie ¢HBOSCH

cisco Lyys
D s~

INSTRUMENTS

i TEEE Eey
atfiar]ne @ @
CISCo Amazon Echo
'_’ GGUSIC +Q0O9LC
11T amazun
T webservices®

oA Amazon Zero Touch

. “v'amaz Google &=
w ﬁl.!zrlbsgrwcoels.! atat
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im:ﬂ}m New Extended Support in Cloud for Secure IoT Devices:

Example of Amazon Web Services (AWS loT) and Google Teachable Machines

= Open-source loT communication standards supported: Message Queuing Telemetry Transport (MQTT)
= Enable new loT persistence concept: Device Shadow concept (Virtual Twin) when disconnected

AWS loT O
(Official)

Sec_ured T \R / | :i[l-;_g;_ x.
evices AUTHORIZATION {({[ } [@ é‘i—'}

Secure with mutual }
authentication and encryplion . . ) ; .
. - "\ o’ 4 AWS Services
.‘é-?r lfﬁjﬂ—? - Eﬁ . _r'/, l‘l\- 1"/ -'If ""I E e TP I <2
\ Y .}L [ Leee ) RULES ENGINE G
\7 L o | ,/""\I Transform messages
{ \ l\ J based on rules and
" 4 ] - N\ 7 2 route I ANS Services
i / o h /
' DEVICE SDK DEVICE GATEWAY
: s : ' Bet of client libraries to Communicate with devices via e
androidthings ChimiGet etk ard MQTT L/ o\
exchange messages P s 8 |II 1 ".. EJ
aAN>D30I1D =0
\ I L LA ‘ ) ~— A.PPLIC&TIDNS
\ e/ DEVICE SHADOW
S Persistent thing state
w DEVICE REGISTRY il
Identity and Management of connecions
2 your things
HDmEKIt AWS loT APIL'C‘L
HTTP
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e«wn  New loT Revolution... Enabling Industry 4.0!

... Collect data from
everywhere

Edge loT Edge loT
Big Data analytics

(f} Deep learning

Cf? Deep learning

© EPFL 2021

. Exploit all sources
to make decisions

. New robotics help
deliver efficiency

... New ways to interact
with machines

—

Advanced robotics Wearables
6‘/@ Edge loT Edge loT

(ff} Deep learning @ Augmented reality

S
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=PrL
&::uuw  New Robotics Systems for loT: Edge Al + Sensing Evolution for Real-Time Reaction

* From frame- to event-based Dynamlc Vision System (DVS) analog frontend off most of the time

based Mixed-Signal Digital
| | Event-based Parallel
Imager Processor

[Courtesy: L. Benini]

120 standard | ‘ i mwimw
Z 1001 : camera J |
E output: Zd\ 4
E- | | 'l .. ’ time
=
g "
e DVS 5,
output: }
no events!
: /o
tfme:

0 5 10 15 20 25 30
Activity [%] o
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=PrL

€:um Delivery with Drones: React in Real-Time with loT Edge + Deep Learning

* Insightness: Obstacle avoidance with 7-layer Deep neural network

= Learn with public traffic databases

o&- RES BLOCK
0‘°Q
Kﬂ:\' g BlN
Steering angle ReLU

i ;
— RelU % weights
©

Prob. collision B‘N

RelU

|

weights

S e et et

1x1 cony, 32, /2 1x1conv, 64, /2 1x1 conv, 128, /2

© EPFL 2021 David Atienza

Unedited footage of
fully autonomous flight. ===

[Courtesy: Davide Scaramuzza, RPL-Univ. Zurich]



=PrL
e« JoT just got “reborn”... But keeps evolving in 2021!

[Source: Gartner]
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¢ less than 2 years @ 2 to 5years @ 5to 10 years g more than 10 years ¢ obsolete before plateau
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¢=mw New 5G Connectivity for loT: Between Local vs Global Networks

Today: Local Networks (Legacy)

» Simple local networks, short range links -
(scalable so far, but with latency)
= Requires local infrastructure devices, -

setup, and maintenance
* Transceiver simple/cheap

= No extra service subscription (low rates) :
= Reuse of existing comm. resources -

[Courtesy: Andreas Burg (TCL@EPFL)]

© EPFL 2021

Global Connectivity (5G)

Complex (cellular) network with long range
links

No local infrastructure with some QoS by
service provider

Complex/costly transceiver
Requires service subscription
Limited reuse, no shared comm. resources

Evolution promised/envisioned by 56

David Atienza



EPFL
& v Conclusion

= New loT concept possible due to techs. convergence: real-time response, safer and better Al

Edge Al sensors QBig data storage and ° Analytics and Deep
(and actuators) Computing loT platforms Learning
. QKE i o | |

@ “INTERNETor

¥ JHWGSﬁé

Unprecedented amounts of Capacity to store and

Ca aC| to make sense
(useful) data at the edge/fog  handle large data volumes pocty

of it (automatically)

* Upcoming technology trends:
= Even more distributed/hierarchical intelligence in future loT Era
=  “Copy” more from biology (More specialization on processors = energy efficiency, etc.),
*» Finding schemes to secure and activate selectively |0T devices (Self-awareness)
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Thank You!

5 &

QUESTIONS?
david.atienza@epfl.ch
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