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A few slides to look back InvenSense

 What did | say, where did it gO? s..ng vision

A voice for the planet
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A few slides to look back InvenSense

L} L ]
« 1 Trill S
CeNSE - Central Nervous System for the Earth riiion sensors
Revolutionize human interaction with the earth as profoundly as the internet has revolutionized personal and business interadions
One trillion nanoscale
; _ HPLJQSL sensors and actuators
Equipment Integgity v enten B Core Node Technologies will need the equivalent
Passenger Comfort of 1000 internets:
_— - IPG - TDO the next huge demand T h - f d
e, for compuiing ° en. tocused on
Structural Health Monitori s..’in’;"hm‘: bal ket b
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Auto Maker., , E’B, Networking glo OSOT:::: Fero" nySu"ivan Arrays

Weather Service
Wildlife Research«

Value Added Sensing Services: =
$290B global market by 2013 — Bi g data

Information Consumers

Oil and Gas«
Wireless Carrier. Source: Harbour Research
Security Service =" Airline EB - SCI =
- : il Data warehousing — An a I ytl CcS
epartment of
Ir.r,/)hpurmtiun e Wlly HP?
Retailer _
EB - BAS * Only company with the technical
Smart Grid and Homes il Data Visualization and M

Software Platform

Tsunami/Earthquake Warning * Uniquely positioned
Smart Highway Infrastructure B g?ggpg?ﬁg‘xgﬁ‘mg hardware and IT [ J N OW "
Asset / Supply Chain Tracking Fiakd Sompuling pull for -
*Pull through for computing

Qil Exploration & Production

ot oo S S S Mo formation s — Industrial Internet (4.0)
@

— Consumer: There is an app
for that
Jan 11, 2011 - Remote monitoring
 Remote control
* Notifications




A few slides to look back InvenSense

e Multi-sensor node
Not as small - yet!

Senses as state variables Moore’s Law for sensors =
[Vibraﬁon ] [ Tilt } [ Air Flow ] [ Light ] One node type

 Biological | | Rotation | Navigation| Temperature| @ -—

[Chemica| ] [ Humidity } [ Sound ] [ Pressure ]

AIR QUALITY TEMPERATURE HUMIDITY NOISE
Go beyond CO,, learn about Save money and be healthier Keep mold, flu, viruses and Reduce stress, sleep better,
real indoor pollution based on with the right temperature for bugs away from your home. work smarter and be a more
VOC levels. Aerate smarter. every room and every season. responsible neighbor.
LIGHT PRESSURE SHAKE GLOW
Know when it's too dark to Predict weather changes and Know when somebody moves Colorful glows reflect your
work or too bright to sleep. see if the headache you're your Cubes. Shake the Cube to indoor health.
having is weather related. check your current status.
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Today: TSensors

InvenSense

T(trillion)Sensors
Worldwide meetings

MEMS

T SENSORS Q=

A MEMS Industry Group® Enterprise

Join Our Email List

The TSensors Summits are being organized as a forum for the world’s sensor visionaries to present
their views on which sensor applications (TApps), sensor types and sensor manufacturing platforms
have the potential to fuel sensor market growth to the trillions within a decade. Such forecasted
explosion will be a continuation of consumer sensor growth from 10 million units in 2007 (iPhone
introduction) to almost 10 billion devices in 2013.

Upcoming Events

T SENSORS SUMMIT FOR TRILLION SENSOR ROADMAP December 9 & 10, 2015

daHospital Ni nm Celebration, Florida
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TSensors Summit

UC Berkeley, April 2013 14
Stanford University, October 2013 47
Tokyo, February 2014 18
Munich, September 2014 36
UC San Diego, November 2014 33
Tokyo, December 2014 36
Celebration, FL, December 2015 44
Total 228

» ~180 speakers presented the visions for ~500 variables to be sensed,

expected to reach ultrahigh volumes.

» ~50 speakers presented the visions for emerging infrastructure (energy

harvesting, wireless communication, networks, etc.)

J. Bryzek, TSensors Summit, 2015



loT Application “Tornado” InvenSense

MEMS &

Sensor Studded T SENSORS Q=

A MEMS &

Mobile Devices SUMMIT B

/ r

4 Microphones ' [P
Tri-Accel
Tri-Gyro
Tri-Mag
Pressure

Light
Proximity
32 SAW

Image

stabilization
Fingerprint
2 Cameras

Microphone
Tri-Accel
Tri-Gyro

Quad-Pulse

J. Bryzek, TSensors Summit, 2015 42




loT Application “Tornado”

InvenSense

Wearable Sensor
Galore

.g EPOC

- Emotiv

The Emotiv EPOC uses sensors to
tune into electrical signals
produced by the brain to detect
user thoughts, feelings, and
expressions.

0+oca

Scanadu Scout - Scanadu
A handheld sensor that when placed
against the forehead for 10 seconds
asllows you to analyze, track and trend
your vitals, including temperature,
blood oxygenation, heart rate, respira
tory rate and blood pressure data to a
smartphone with a 99% accuracy rate

0DWAeQ

R

lis - Propeller Health
Sensor that attaches to the top of an First Warning
existing asthma inhaler to keep track of - First Warning Systems

A breast health system to
detect tumors earlier and cut
the rate of false positives and
negatives by measuring cell
temperature changes created
over time

0+AQ

0

SwipeSense - SwipeSense
A personal, portable hand
sanitizer dispenser that healthcare
professionaks wear which transmits
usage dats wirelessly so that
adrministrators can track compl
lance

goo>*®n

medication dosage, time and place

B0

=0

Zio Patch
- iIRythm Technologies

A ymall, band-aid like partially
passive sensor that records every
heartbeat. Used in diagnosis of
cardiac arrhythmias for up to 14
days of continuous wear

[ RNl

Wireless Blood Pressure
Wrist Monitor - iHealth Labs
A wireless blood-pressure wrist
monitor, weight scale, and pulse
oximeter that transfer data to the
iHealth MyVitals app.

@4005
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EASYWAKEme - ap

A sleep monitor with vibrating alarm
that“reads” body characteristics, tracks
sleep duration and efficiency to accu
rately determinate the optimal wake-
up moment

0440 «»

T SENSORS =

A MEMS &

summiT ="
Group® Enterprise

Vitalink - VGBio
Wearable bio sensors that collect
ECG, resperatory biosmpedance,

2 wavelenght pulse oxmetry,
temperature and 3-axs accelerom.
eters. Data s collected by sman
phone, transmitted 1o a server
which provides chnicians early
notification of negative change

@0oia D

- MC10
Captures head impact data during
play. while being virtually invisible
10 the athiete

0¥

oD (@)
<o Sympony CGM System
- Proteus Digital Health e Ther

Wearable and ingestable sensors
that work together to detect
ingestions and physiologi data
The data is sent via bluetooth
and the patient, caregver and
care team get smartphone alerts.

A non-nvavve (needie-free),
wareless, transdermal conting
Ous QIucose MONONNG system

@400

@000 ﬁ
C@D Visi Mobile System
- Sotera Wireless

A smartphone- uzed
mondtor that's attached
10 & patient’s wrist. The
information is fed
directly into 3 patient’s
electrons health record
wirelessly through the
hosprtal's WiFs

®+0°Q

A physical actwity mon
tor meant for use by

patients whose doctors
wish 10 track their move
ment outside the office,
which holds up to 28 days
of data

D40 2a

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

OdA e

Rapid Rehab System
- Veristride

A custom gel insole to detect
& person’s gait, o walking
pattern. Mawnly for amputees
who would like to reduce
how much they kmp when
using prosthetic legs. The
system akso uses & smart
phone application that wire-
lessly tracks the data.

YA

http://www.mhealthnews.com/news/sensors-stake-their-claim-mhealths-future

J. Bryzek, TSensors Summit, 2015 43



loT Application “Tornado” InvenSense

MEMS &

Moving All loT Data T SENSORS Q=

A MEMS &

to Cloud: GE Predix SUMMIT B2

- Industry first effort to capture, visualize and process all 0T sensor data.

- The platform enables processing massive sensor date in the Cloud and
apply Al based algorithms to predict future event base on sensor data.

Connec tivity Services Industries

vvvvvvv

Assets Analytics Data Security Operations|
= Ul / Mobile Applications
@ B P e e : - @
ononononon achine - .
lllllllllllllllllll N cos el b Healthcare
((( o ))) ,,,,, 4 Cloud Foundry b.... : p /M

= Data Infrastructure . %
O%@ ................... 4 I Transportation
_— =
Enterprise Systems . .
Predix Cloud Ty
Industry
Asset Optimization

https://www.predix.io/

J. Bryzek, TSensors Summit, 2015 45




loT Application “Tornado” InvenSense

MEMS &

The Power of T seNsORrS Q=

Big Data SUMMIT B

SAN FRANCISCO,
OAKLAND,
SANTA ROSA

Jawbone

TODAY
ErT—T

When you don't get enough sleep,
your BOdy Craves Cards and fat

— 25-50 mi
= 50-76 mi
w 75-100 mi

B i e

8 ‘

) 00pm 11.00pm 1 00an n 5 00ar 7 an

Big Data: 8/24/14 earthquake in Napa, CA, based on Jawbone
users’ data.

The wristband tracks in the
background your movement and
sleep. The app displays your data, https://jawbone.com/u
lets you add things like meals and
mood, and delivers insights that
keep you moving forward.

J. Bryzek, TSensors Summit, 2015 46




loT Application “Tornado” InvenSense
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Internet of Polar Bear(s)

InvenSense

=

espafiol [

Our Earth ~

22 WWFGlobal v

M WWF? v WhatWeDo ~ News & Stories v ' Images v

You Can Help ~

LILLLE

» What We Do » Priority Places » Arctic » Arctic wildlife » Polar Bear » Polar bear tracker

¥ What We Do

¥ Priority Places

¥ Arctic

¥ Arctic wildlife

¥ Polar Bear
* Polar bear tracker

= Safeguarding polar
bears

* Diet

* Reproduction

= Status & Population

* Habitat

* Threats

* Conflict with people

= Our solutions

* News and resources

* Donate to polar bears

FIELD NOTES

The strange case of
Green Bear

Around the world, polar
bear researchers use
satellite collars to track
where bears go, and how

o07Jul 2015

Walk 3,700 km with a
polar bear

Polar bear tracker
‘@ W Tweet | 20| | B4Email (13 7464

Follow polar bears as we track them across the vast white
desert of the Arctic ocean.

SUBSCRIBE AND SHARE

Stay informed with WWF's monthly Arctic
newsletter.

With the help of polar bear researchers, WWF is following the bears'
travels in the Arctic.

EIN .-

And visit us on: Twitter | Youtube

I Like W Tweet

Their positions are beamed from collars on the bears’ necks, via
satellite to scientists, and then to this site. It allows us to get regular
updates about how the polar bears behave in their arctic
environment and how they may be affected by climate change.

WWF SPECIES TRACKER +

Map  Satellite

v

Estimated travel: 1560 km

Polar bear 15725 was captured
north of Prince of Wales Strait,
May 1, 2014. She was
accompanied by two new cubs -
one ma...Read more

INTHIS REGION (SEE ALL)
» 32840

. W
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Gartner Hype CyC|e http://www.gartner.com/newsroom/id/3114217 I”Vense”se

Advanced Analytics With Self-Service Delivery
expectations Autonomous Vehides
‘ Internet of Things
Smant Advisors - OB Speech4o-Speech Trahs!
Micro Data Centers &~ Machine Leaming
0‘0“3' D'ﬂ.m” Wearadles
Software-Defined Securi Cryptocurrencies
‘ Neutobusmsmy Consumer 3D Printing I OT
Citizen Data Science Natural-Language Queston Answernng
‘ Biochips
loT Platform
ConnectedHome
Affectve Computing
‘ SmanRobols
3D Bloprinting Systems for Organ Transplant Q Hybrid Cloud Computing
Volumetric Displays
Human Augmentation
Brain-Computerinterface o
Quantum Computing Augmented Reality i Enterprise 3D Printing
. Gesture Control
i03CoUS nsi o Vintual Reality
BloacoustcJensing Cryptocurrency Exchange Autonomous Field Vehicles
People-Literate Technology
Digital Securi
ot | - Vintual Personal Assistants
Sman Dust
As of July 2015
Peak of
Innovation Trough of Plateau of
Trigger Ex'nﬂ“‘:idom Disillusionment Slope of Enlightenment Productivity
time >
Plateau will be reached in: obsolete

Olessthan 2years ©2toSyears @5to10years A morethan 10years @ before plateau
12




Google search trends (since 2004) InvenSense

internet of things

« 733M hits for loT B

. All News Images Videos
Interest over time

About 733,000,000 results (0.36 seconds)

2005 2007 2009 20M 2013 2015

<D

Jan 10, 2016 13



CES 2016 InvenSense

 Internet of (every)Thing - its really happening
— Everything connected to your phone

2000+ vendors in 500k sf of floor space

Consumer
Technology What to See at Tech West

Association

Featuring the innovative power behind the industry’s emerging technology,
Tech West encompasses revolutions in fitness and health, the Internet of
things, smart home and other high-growth technologies changing the way
we live, work and play. You'll discover the titans of tech, promising startups

and everything in between.

14




Mobile phone as the sensor node InvenSense

« 2 big hardware problems with loT
— Locating the sensors
— Keeping the sensors powered

| want your data and | pay you for it with “features”
If features are compelling, you keep the batteries charged
Where people are (so so where their devices are) is interesting

Bl v [ B} &

15



Crowd sourcing

InvenSense

 Outlier removal, increased SNR

L)

0.4 miles
Golden Gate Bridge §

vera St 18th Ave 12th Ave

\
§ soe
Sloat Bivd * San-‘Leandro Way

g Maywooc
' Westgate Dr

Ludliow

crest Dy o,
' Borica St Urbar
Hlay Ave; Hea
‘ £
onzalez &
Font:Blvd \ Sargent !

| 15 min 4.5 miles ! :

Waze for loT

Ty
70°F
Tath
70°F
0°F

IR IR U B IR B N N A

 More sources, more daccuracy

* Rejection of outliers

 Errant or malicious data
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Crowd-Sourced Mapping openstreetmap.org InvenSense

* Poor quality location data but LOTS of it shows paths accurately

Figure 1: Algorithm output of a pedestrian map (red) from =
raw GPS trajectories (blue) of festival visitors. i

OpenPisteM
\'W;'i;w penPisteMap

Sy

http://www.slideshare.net/cyclestreets/talk-using-open-data-and-crowdsourcing-to-develop-cyclestreets 17




But where are we, really? InvenSense

* Colin McAnlis of Google — ArmTech 2015
— https://www.youtube.com/watch?v=GulyESNLACo
— Bella and the Internet of Things
« Google
— Brillo — operating system — android based security features
— Weave — communications protocol
— Thread — wireless mesh network standard

Secure by default

Brillo's built-in security features limit exposure to attacks, the update service allows you to recover compromised
devices quickly, and all data can be easily secured by hardware and software-backed encryption.

18




Privacy but trusted data InvenSense

* | want your temperature, but don’t care who you are
* Need to trust data
* Impact of hacking




Car calls 911 InvenSense

"3 I n NEW CARS ~ FOR SALE ~ NEWS & REVIEWS ~ OWNERSHIP ~

Dec 8th 2015 at 10:43AM m
Car turns in its own driver for hit-and-run

-0 o T

it - until her car called the police.

Cathy Bernstein, 57, attempted to drive off after hitting a truck and a
van in Port St Lucie in Florida.

"During a conversation with police she denied that she had been in a car

accident, but the police operator appeared to be sceptical."

The system automatically calls police when the car's airbag is deployed.

During a conversation with police she denied that she had been in a car
ent, but the police operator appeared to be sceptical.

A woman in Florida may have escaped prosecution for the accidents she caused last week if only her
Ford hadn't called the cops on her.

'S
> Last Monday a woman from Port St. Lucie, FL, reported that a driver rear-ended her and then drove off.
U Around the same time Port St. Lucie police also received an automated call from a Ford vehicle. In

20



|0T AdOptiOn http://www.techrepublic.com/article/7-out-of-10-fear-

security-implications-of-internet-of-things/ I” VEIISBIIS&

7 out of 10 fear security
implications of Internet of Things

The Internet of Things is oft-discussed among network managers and security is still the
top concern.

By Frank Ohlhorst | August 20, 2014, 9:41 AM PST

The resulting report, "Internet of Things: Connected Home," was produced in
partnership with GMI, a division of Lightspeed Research. More than 1,800
consumers between the ages of 20 and 50 who claim to be tech savvy
participated in the survey, which was administered in 11 countries around the
world, including the United States, Australia, China, Germany, India, and the
United Kingdom.

21




InvenSense InvenSense

Platform Stabilization
Drone/ Industrial

TV Control

Touch/Gesture / Voice / Control

[+]

[+]

- o0
@ Image Stabilization
Video / Pictures / OIS/ EIS

Motion

Sound Health & Fitness

Contextual / Audio / Motion

3 User Interface
Audio / Image / Motion

Gaming
Virtual Reality / Interactive

Stabilization

: Activity Tracking
NaVigation N\ 7 Nav. Assistance/ Contextual Awareness

Audio
AlwaysOn/Ambient Analysis / Keyword Detection




InvenSense InvenSense

Adding value with expanded skill set

101100
o8 &
_J

Sensor System Big Data
understanding Knowledge Expertise

23



Integration of silicon InvenSense

* Major players @y Firefly: Embedded Hub w/ Framework  imenSense
— AP/SoC
: ICM-30630
_ Rad|0 Device 1/0 ’
World’s Lowest Power Embedded
— Power Mgt. o Context Sensor Hub
— Sensing Gyro Complete Sensor Hub with SW
m * Rapid integration of developer code
* Turnkey Android Lollipop solution
. Accel « Supports 3™ party sensors
* One Ch |p tO rU Ie e DMP4 DMP3 - ALS, Proximi:ty},IMag, HRM, Pressure
them all it
F ICM-30630: Sampling Now
» Sensors: Gyroscope + Accelerometer

« Single chip loT

Open Tri-Core Platform « Cores: DMP3, DMP4,
« Optimized for fixed point processing * ARM Cortex-M0 CPU up to 64MHz

» Offloads math intensive operations * lclntathemory: 64KB SRAM, 64KB
as

e Size: 3x3x1Tmm LGA

* Open ARM Core for Fast Innovation
* Power-Optimized Extensible Framework

* MO & DMP - lower power and higher
performance than M4

24




InvenSense InvenSense

Does big data have to be big?
Sending O’s
Collecting data or information

How do you spend your power? Power to analyze

VS.
Power to transmit

What about the raw data? _ , _
« Sending only information

good for control loops
* Need to archive for proof
nothing happened

25



InvenSense InvenSense

A

O

Valid data Errant data Privacy
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From transducer to cloud InvenSense

« Our transducer is secure to its ASIC — CSP
— some aren’t (wire bonds)
 Create PUF (physically uncloneable feature) from on-board memory

« Secure link to host

Sensor
Host
ASIC > Processor — Cloud, etc.
Transducer

INTEINSIC | Using standard internet security

27




Whats next? Actuators. InvenSense

Sﬁ&ﬁ%&a&’f%@&ﬁﬁﬁ%ﬁﬁ%a‘

Computer -> Internet -> Sensors -> Actuators -> Skynet

28




Smart Vent from Keen InvenSense

Smart Vent Technology

Smart Vents connect to the Internet and to each other. [IU N i‘\‘\‘\\& '

= “\“\.‘\\\\ (\"
Control how much air reaches each room of your house v,
to balance energy usage and comfort. S —— a

T, O
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Vehicles InvenSense

» Sensor platform big time

__ HIGH-TECH TooLS FOR SITE-SPECIFIC CROP NUTRIENT MANAGEMENT

Precision Agriculture




Conclusions InvenSense

|t happened -> the loT is upon us
 Sensors improve our lives

| barely touched the quantified self
— Bio and health examples abound and it’s a whole different thing
— There is some control here because the FDA is involved

» Security and privacy is at least being discussed

31



Save the planet InvenSense

* If its really about understanding our impact on the planet
 And making changes to reduce impact
 Then we have to do it AND it has to work

 And if we screw it up early, it will be a huge setback
that will be hard to over come

32



InvenSense

Sensing Everything




Path to making T Sensors InvenSense

 plastic substrates and printed electronics -> good enough

1971:Intel 4004 201 l:imec & Holst 2015

Fiml gi UProc. First P';“ic WProc. ThinFilm prints 5 um transistors and
i :i't" 8 ‘;’: sensors, with down to $0.05/tag.

pMOS pMOS, dual Vt

-15VVvdd -10VVvdd

2300 TOR 2000 TOR
6 Hz

J. Bryzek, TSensors Summit, 2015
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Sensor in toothbrush InvenSense

* More cellphones than tooth
brushes in 2011

Grus/
 There are 6.8 billion people Grush Makes LR
on the planet. 5.1 billion of Brushing Fun!
them own a cell phone, but N o
only 4.2 billion own a 2 TR
toothbrush. (Source: Mobile
Marketing Association ASia) Grush: The Gaming Toothbrush

Grush & Smile
Grush transforms the brushing chore into a fun and interactive
game. An advanced Bluetooth motion sensing toothbrush, coupled
with interactive and instructive mobile games, guide kids' brushing
and lets parents track the results.
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