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Enabling Ultra-low Power Machine Learning at the Edge

“Oculi is putting the human.eye in A.l.”

Charbel Rizk — Founder, CEO, CTO of Oculi Inc.
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Arm: The Software and Hardware Foundation for tinyML

high-level |

frameworks L l,
Profilingand | *— | ' Optimized models for embedded i
debugging Al Ecosystem
Supported by tooling such as ‘ * Partners
end-to-end tooling Arm Keil MDK | 3 Runtime .
| (e.g. TensorFlow Lite Micro)
3 Optimized low-level NN libraries
Connect to (i.e. CMSIS-NN)
Runtime ‘ l J ‘

RTOS such as Mbed 0OS

v v v v

Arm Cortex-M CPUs and microNPUs

Stay Connected

B @ArmSoftwareDevelopers
y‘ @ArmSoftwareDev

Resources: developer.arm.com/solutions/machine-learning-on-arm

arm



www.edgeimpulse.com

Dashboard

& Devices

& Data acquisition

+  Impulse design
@  Create impulse
®  Spectral features
@®  Anomaly detection
® NN Classifier

@ EON Tuner
Retrain model
Live classification
Model testing

P Versioning

W Deployment

GETTING STARTED
& Documentation

% Forums

- EDGE IMPULSE

Training set

Data in training set

Classes

Window length

Window increase

Training windows

SPECTRAL FEATURES (CONTINUOUS GESTURES DEMO)

#1~ Click to set a description for this version

Parameters Generate features

18m 29s

6 (drink, fistbump, idle, snake, updown, wave)
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Generate features

—- EDGE IMPULSE The leading edge ML platform

Feature explorer (6,819 samples)
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Qualcomnm
Al research

Advancing Al
research to make
efficient Al ubiquitous

Power efficiency Personalization Efficient learning

Model design, Continuous learning, Robust learning
compression, quantization, contextual, always-on, through minimal data,
algorithms, efficient privacy-preserved, unsupervised learning,
hardware, software tool distributed learning on-device learning

A platform to scale Al
across the industry

Qualcomm Al Research is an initiative of Qualcomm Technologies, Inc.
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Object detection, speech
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Edge cloud
Reasoning
Scene understanding, language
understanding, behavior prediction
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for decision making
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SYNTIANT

End-to-End
Deep Learning
Solutions

i:[:l} Neural Decision Processors -
Silicon for

« At-Memory Compute

« Sustained High MAC Utilization

» Native Neural Network
Processing

TinyML & Edge Al

E Data Platform

(C% ML Training Pipeline

» Enables Production Quality
Deep Learning Deployments

» Reduces Data Collection
: Time and Cost
Software « Increases Model

- ' Performance

SYNTIANT partners@syntiant.com www.syntiant.com
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WE USE Al TO MAKE OTHER Al FASTER, SMALLER
AND MORE POWER EFFICIENT

Deeplite

c i-miT Automatically compress SOTA models like MobileNet to <200KB with
little to no drop in accuracy for inference on resource-limited MCUs

Q\ Reduce model optimization trial & error from weeks to days using
(®) Deeplite's design space exploration

|

Deploy more models to your device without sacrificing performance or
4 battery life with our easy-to-use software

BECOME BETA USER bit.ly/testdeeplite
o Tal v/ ' mobilityxiab 1M
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RealltyAI

Add Advanced Sensi

to your Product with
Edge Al / TinyML

https://reality.ai ) info@reality.ai W @SensorAl

ing

@ Reality Al

Pre-built Edge Al sensing modules,
plus tools to build your own

Reality Al solutions

Prebuilt sound recognition models for
indoor and outdoor use cases

Solution for industrial anomaly detection

Pre-built automotive solution that lets cars
“see with sound”

Reality Al Tools® software

Build prototypes, then turn them into
real products

Explain ML models and relate the function
to the physics

Optimize the hardware, including
sensor selection and placement




BROAD AND SCALABLE EDGE COMPUTING PORTFOLIO

Microcontrollers & Microprocessors

@ Arm® Cortex®-M 32-bit MCUs AW Ultra-low Energy 8 & 16-bit MCUs
RA Arm ecosystem, Advanced security, Intelligent loT RU78  gjuetooth® Low Energy, SubGHz, LoRa®-based Solutions
F‘-‘m\ Arm®-based High-end 32 & 64-bit MPUs an High Power Efficiently 32-bit MCUs
RZ High-resolution HMI, Industrial network & real-time control RX Motor control, Capacitive touch, Functional safety, GUI
AW Arm® Cortex®-M0+ Ultra-low Power 32-bit MCUs . .
Re | : h (SOTB), E A m 40nm/28nm process Automotive 32-bit MCUs
IOVRIVE IEoEeasIoe | 4 Eneny falweetiog RHB8SO0O  Rich functional safety and embedded security features

w Arm®-based 32-bit MCUs for Qualified Platform

Renesas Synergy Qualified software and tools

Core technologies

Al Digital & Analog & Power
A broad set of high-power and Solution

-efficient em oces
S el Sors Winning Combinations that combine our

complementary product portfolios

@ INNOVATION

Security & Safety

Comprehensive technology and support
that meet the industry’s stringent standards

Cloud Native

Cross-platforms working with partners
in different verticals and organizations

© 2021 Renesas Electronics Corporation. All rights reserved. Page 1 BIG IDEAS FOR EVERY SPACE W z E N E SAS
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maxim
iIntegrated.

Maxim Integrated: Enabling Edge Intelligence

Advanced Al Acceleration IC

-.."..—..',... r
R BT P17

Low Power Cortex M4 Micros

Sensors and Signal Conditioning

The new MAX78000 implements Al inferences at
low energy levels, enabling complex audio and
video inferencing to run on small batteries. Now
the edge can see and hear like never before.

Large (3MB flash + 1MB SRAM) and small (256KB
flash + 96KB SRAM, 1.6mm x 1.6mm) Cortex M4
microcontrollers enable algorithms and neural
networks to run at wearable power levels.

Health sensors measure PPG and ECG signals
critical to understanding vital signs. Signal chain
products enable measuring even the most
sensitive signals.

www.maximintegrated.com/MAX78000

www.maximintegrated.com/microcontrollers

www.maximintegrated.com/sensors

maxim

integrated.




S LatentAl

Adaptive Al for the Intelligent Edge






$
TALKS
webcast

L

Z M N
..wh.ﬁﬂ.




) seeed

The loT Hardware Enabler



DO-CI mi
SensilML

Build Smart loT Sensor

Devices From Data
SensiML pioneered TinyML software

tools that auto generate Al code for the
intelligent edge.

* End-to-end Al workflow |
* Multi-user auto-labeling of time-series data |
* Code transparency and customization at each .—,———7_ _—

\t

step in the pipeline i — " |

e

We enable the creation of production-
grade smart sensor devices. sensiml.com
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SynSense

SynSense builds sensing and inference hardware for ultra-low-
power (sub-mW) embedded, mobile and edge devices. We design
systems for real-time always-on smart sensing, for audio, vision,
IMUs, bio-signals and more.

https://SynSense.ai
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tinyML Summit 2022

LA Miniature dreams can come true..

March 28-30, 2022
Hyatt Regency San Francisco Airport
https.//www.tinymlorg/event/summit-2022/

The Best Product of the Year and the Best Innovation of the Year awards are open for
nominations between November 15 and February 28.

tinyML Research Symposium 2022

March 28, 2022
https.//www.tinymlorg/event/research-symposium-2022

More sponsorships are available: sponsorships@tinyML.org



https://www.tinyml.org/event/summit-2022/
https://www.tinyml.org/event/research-symposium-2022
mailto:sponsorships@tinyML.org

tinyML Trailblazers Series

Success Stories with Joel Rubino
(CEO & Co-founder of Cartesiam)

LIVE ONLINE February 2nd, 2022 at 8 am PST
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Join Growing tinyML Communities:

7.8k members in
42 Groups in 33 Countries

tinyML - Enabling ultra-low Power ML at the Edge
https://www.meetup.com/tinyML-Enabling-ultra-low-Power-ML-at-the-Edge/

2.5k members
&
4.4k followers

OftsEn

The tinyML Community
https://www.linkedin.com/groups/13694488/
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Next tinyML Talks

webcast

Date | Presenter ____________|Topic/Title

Tuesday, Muhammad Shafique, Energy-Efficiency and Security for TinyML and
February 1 New York University Abu Dhabi EdgeAl: A Cross-Layer Approach
(NYUAD), UAE

Webcast start time is 8:00 am Pacific time

Please contact talks@tinyml.org if you are interested in presenting
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Charbel Rizk

Dr. Rizk is the Founder CEO, CTO of Oculi and
an Associate Research Professor at Johns
Hopkins ECE. He has been recognized as a top
innovator, thought leader, and successful
Principal Investigator / S&T manager. He was a
pioneer in autonomous systems and led a small
team that developed and demonstrated the first
four-rotor (quad rotor) UAV system in the early
90’s. Dr. Rizk has successfully collaborated with
various FFRDC’s, government labs, academia,
and industry of various sizes. He is a senior
member of IEEE, AIAA, and a member of AUVSI,
EAA, and OSA.




REAL-TIME VISION INTELLIGENCE

charbel.rizk@oculi.ai www.oculi.ai
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https://twitter.com/oculi_semi
https://www.youtube.com/channel/UCLJgnng5jI0b9LY028ra9aQ
https://www.linkedin.com/company/oculi-semi/

BOTTOM LINE

OCULI SPU is the only software-defined vision sensor on a single-chip

y Combines sensing + pre-processing at the pixel to deliver real-time vision intelligence

Wiz )

Up to 30x better in energy-delay product

2ZZ/70TH TN

. The most efficient architecture whether constrained by power, latency, processing, or bandwidt

OCULI SPU™
(Sensing and
Processing Unit)

Proven technology with well protected IP

y Functioning chips that have been delivered to partners for evaluation

Initial focus on XR and smart/interactive display (B2B)

. Can easily expand to other markets such as ITS, industrial, and automotive

@oculi
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OCULI MIMICS HUMAN VISION

Sense Transfer Perceive

Data P W's d] gn@ ! ) |
—_— < >, & 04~1sec —> ~£/ 8
2 Gb/s
(i

Vision Intelligence

o —

500MP 10 Mb/s e

mW's
@ 183 ms >

Vision Intelligence

»
3 mW's d
& — - 1 2
( 3 o \ .
i

kb/s - 2 Gb/s S ‘ 3




OCULI SPU ARCHITECTURE

Oculi Outputs
OCULI SPU ‘e

IntelliPixel / A \
[ \\ [ Read-Out Control I/O
ALU

Y y
Memory| | | | | IntelliPixel | «-:--- .

\ ///*"’ : : Smrt Events

Patented digital pixel, processing
and memory architecture

- Integrated neuromorphic sensing & processing intelipixel]| - - - IntelliPixel Iﬁ%ir?:gt?éi ‘
- Intellipixel = sensor+processing+memory \\ / A |

SPU = Sensing and processing unit

/ J Events

Sensor
Front-End

ISP

Pixel Array

Unique to Oculi

« Sensor Agnostic: works with conventional CMQOS,
DVS, infrared, depth/TOF, and multi-mode

4



FIELD DEPLOYMENT: INTELLIGENT TRANSPORTATION

Low Latency & Data Bandwidth

The OCULI SPU is dynamically programmed to deliver the signal of

interest
3% 0.001%

bondwidth bondwidth

Detections: 0

30% bandwidth

0.8

0.6

0.4

0.2

0 0.5 1
L. Ha I <metodato>
26-bit grayscale 110+ 26-bit grayscale In this case:
intensity value on Positive or negative intensity value on Axle detected

all pixels spike on events events

Customer validation with OCULI SPU S11 - first Oculi product
A complete vision solution on a single chip, ideal for edge applications

@oculi



SINGLE CHIP SOFTWARE-DEFINED VISION SENSOR

All key aspects are programmable to enable dynamic optimization

Native raw output: full frame, events, smart events, and actionable signal
Smart selectivity including spatial and temporal filtering

Sampling speed: Hz to MHz

In-pixel memory & compute

Sensitivity

Dynamic range

Quantization level

Bit depth and resolution

Sensing modality: color, depth, or both

N\ iy

a

TR

\

71y
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OPTIMIZED SYSTEM/SOLUTION ARCHITECTURE

Photons

\% (OCULI SPU“"\

B y =
H Zpaaiiiit 3

pgr=hudbiieuy
£ 5 N
zh =~ NN
7. NS R
JLLTVETREN N

T

Information
Pixel-level Fusion

>

E \_

1
Parallel sensing + processing
Soliency/Feature output
Bi-directional commmunication

M

J Central Processor

Continuous optimization

For speed, areas of interest, weather,
lighting and other factors

Systems, Control, and
Management Planning

@oculi
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KEY VISION TRADE OFF: LATENCY (or BANDWIDTH) VS.

POWER

Software-defined architecture delivers flexibility to operate and optimize in this trade
space, enables economies of scale — same hardware product for multiple markets

Oculi technology
enables solutions for
lowest latency*, lowest
power*, and/or
bandwidth*

Latency [ms]

Power [mWw]

*When cost is the common denominator @
oculi



INTELLIPIXEL REDUCES SYSTEM LATENCY & POWER

. OCULISPU  Pixel Ops: External Memory +
N A/D conversions Readout/transfer Processor
N 1-bit multiplication & comp i « ]
1 x il BW reduction * N bits
—
mm | None

. Sensor
' N times charge transfer ~ NA/D N 1-bit multiplication & comp
to array edge conversions N bits
Electric Charge | === I 1
g 1,1 d Sii—E




OCULI INTELLIPIXEL

Oculi IntelliPixel™ W Y

> BN Q > 2 >
Photo
Current C Y

. Z=A*Y+-B - A&Barealso
pro%rommoble per
pixe

*J. H. Lin, P. O. Pouliquen, A. G. Andreou, A. C. Goldberg, C. G. Rizk. Flexible readout and integration sensors (FRIS): a
bio-inspired, system-on-chip, event based readout architecture. In Proceedings of SPIE: Infrared Technology and
Applications XXXVIII Conference, pages 8353-1N, May 2012. ii, 3, 4, 5, 10

@oculi



EFFICIENT REAL-TIME GESTURE, EYE, & FACE TRACKING

High speed depth sensing with

Gesture Control stereo vision

Depth vs Time

s | e A complete vision solution

‘ on a single chip

e Delivers near-zero lag &
anonymous user analytics

Eye Tracking Face Detection

@ocull "



PEOPLE DETECTION: SMART EVENTS VERSUS FULL FRAME

Full Frame Smart Events

M AAAAAAAAAAAAAAAARAMAAAAAAAL AN Accuracy per Frame
3 ]

—— Full Frame
Smart Events

Accuracy (%)

" Time (ms)

ML Model was trained on full frames and used as is, no additional fine tuning

ML Model evaluated using smart events as the input data (native raw output of the
OCULI SPU)

@ocull ”



PEOPLE COUNTING: SMART EVENTS VERSUS FULL FRAME

Full Frame Smart Events

People Detected

—— Full Frame
54 —— Smart Events

Count

0.00 0.0
Time (ms)

ML Model was trained on full frames and used as is, no additional fine tuning

ML Model evaluated using smart events as the input data (native raw output of the
OCULI SPU)

@oculi "



LOW POWER ALWAYS ON WIRELESS SMART IMAGER APPLICATION

3% bandwidth 0.001% bandwidth

60

MB/s KB/s

(%4
o

BN
o

Direction
Speed

Size

Signal Magnitude
N w
o o

Intensity

=]
o

0O 25 50 75 100 125

Image Location

The OCULI SPU reduces bandwidth and external processing by up to
99% with zero loss of relevant data making it ideal for lol and Edge

Applications. ®ocull



REAL TIME SPATIAL FILTERING WITH ANY PATTERN

®@oculi ”



OCULI REMOVES THE SENSOR THROUGHPUT/BANDWIDTH/DATA

CONSTRAINTS

Gun Flash Detection

300 A

200 +
T T T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0

ﬁme [s]

Oculi Technology Enables EFFECTIVE TinyML Solutions
Even for High Speed Imaging Applications

@oculi



DUAL MODE IMAGING: COLOR & DEPTH

Smart Events
based on
rate of
change

Smart Events
based on value

In-pixel Sensor Fusion & Smart Selectivity Enables TinyML
Solutions for 3D Imaging Applications

@ocull "



USER FRIENDLY PLATFORM & SOFTWARE TOOLKIT

. Interactive GUI
. Interfaces with S11 SPU

Interactive GUI to collect data and
visualize output from the OCULI SPU™ in
various modes.

Oculi P11/P11B Platform Comprehensive, out of the box demo
Shipped to customers applications including:
Used for all demos and - Visualize: differencing, foreground
pilot projects extraction, intensity mode, full fromes
Includes S11 SPU - Scene reconstruction

- Anonymous face detection

Stereo Vision platform
available Q12022

Includes 511 SPU (x2) Libraries (C++), code samples (C++/Python),
and documentation.

@ocull ”



REGISTRATION / TRADEMARK

OCULI SPU and other Oculi products referenced herein are products of
FRIS Inc. (dba Oculi).

Oculi®

IntelliPixel®

OCULI SPU™

BionicVision®

LiDAR Lite™

Software-Defined Vision Sensor™

are trademarks of FRIS Inc., registered in the United States and other
countries.

Other product and brand names may be trademarks or registered
trademarks of their respective owners. This technical daota may be subject
to U.S. and international export, re-export, or transfer (‘export”) laws.
Diversion contrary to U.S. and international law is strictly prohibited.

For additional information please contact charbel.rizk@oculi.ai

@ocull "
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REAL-TIME VISION INTELLIGENCE

o LOW POWER
o LOW BANDWIDTH
o LOW COST

FAST RESPONSE
SMALL / LIGHT WEIGHT

Charbel Rizk PhD, Founder CEO in
charbel.rizk@oculi.qai

www.oculi.ai
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This multimedia file is copyright © 2022 by tinyML Foundation.
All rights reserved. It may not be duplicated or distributed in any
form without prior written approval.

tinyML® is a registered trademark of the tinyML Foundation.

www.tinyml.org
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webcast

This presentation in this publication was presented as a tinyML® Talks webcast. The content reflects the
opinion of the author(s) and their respective companies. The inclusion of presentations in this
publication does not constitute an endorsement by tinyML Foundation or the sponsors.

There is no copyright protection claimed by this publication. However, each presentation is the work of
the authors and their respective companies and may contain copyrighted material. As such, it is strongly
encouraged that any use reflect proper acknowledgement to the appropriate source. Any questions
regarding the use of any materials presented should be directed to the author(s) or their companies.

tinyML is a registered trademark of the tinyML Foundation.

www.tinyml.org



