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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)

2000 ms.
120 ms.

6,873

Generate features

—- EDGE IMPULSE The leading edge ML platform

Feature explorer (6,819 samples)

X Axis Y Axis Z Axis

accX RMS v accY RMS 4 accZ RMS

drink
fistboump | |
idle |
snake
updown
wave

SWY 2228

On-device performance @

PROCESSING TIME PEAK RAM USAGE
11 ms. 5KB




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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Perception
Object detection, speech
recognition, contextual fusion
o
o
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Edge cloud
Reasoning
Scene understanding, language
understanding, behavior prediction
co—
co—
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Action
Reinforcement learning C|Oud

for decision making

6
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Mobile



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
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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

annd

\

AN

) -

)N

W\



Silver Strategic Partners

ONdevices emZa GREENWAVES )” ZGrouety Lnc.

visual sense TECHNOLOGIES

BHOTG @@imagimob (i) itemis

| @ STREAM ANALYZE
Qeexo RESXEN [TV




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
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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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Subscribe to
tinyML YouTube Channel

for updates and notifications
(including this video)
www.youtube.com/tinyML

4.33K subscribers

£ YouTube

gL tinyMmL 5.9k subscribers, 337 videos with 170k views
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tinyML Summit Partner tinyML Summit 2021
Talks: TinyML Software.. Keynote: Data-Free Model... Session: Pushing the Al Partner Session: Low pow...
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* 19:00-19:30 %%l Check-in

e 19:30-19:40 FF17 Soft Opening by Eric Pan

e 19:40-20:10 % 7KIATI Ice Breaking with Self Introductions

¢ 20:10-20:30 B& : TinyMLEB D Z (L TinyMLZ S ENNEE )
“How to Make TinyML Easier” Talk by Lei Feng

e 20:30-21:00 FFHRIN1E Open Discussions & Mingle
¢ 21:00-21:05 K& H&Group Photo
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1F TensorFlow Lite

OREILLY ARDUINO
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£y O train_hello world modelipynb

EFTensorFlow Lite#E Arduinoia
BE RIS BN R

Tln)’ML Machine Leaming with
TensorFlow Lite on Arduino and

our data and then p 1 as a different color. -

Ultra-Low-Power Microcontrollers

Add Naise
| split the Data
Training
gn the Madel
Train the Model

<TensorFlowbLite.h>

18 $include "main_functions.h"

"tensorflow/lite/micro/all_ops_resolver.h”
pare Model Performance -_oPs

low Lite for
e Mmodel h"

i

"output_handler.h"

A e e

i

"tensorflow/lite/micro/micro_error reporter.h”
"tensorflow/lite/micro/micro_interpreter.h”

Daniel Situnayake &
B MAE IHR TR

NI K

na Machre P

"tensorflow/lite/schema/schema_generated.h” v

~ Training
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DEVELOPMENT BOARDS

Overview

ST B-L475E-IOTO1A

Arduino Nano 33 BLE Sense
Arduino Portenta H7 + Vision shield
OpenMV Cam H7 Plus

Himax WE-I Plus

Nordic Semi nRF52840 DK
Nordic Semi nRF5340 DK
Nordic Semi nRF9160 DK
Nordic Semi Thingy:91

SiLabs Thunderboard Sense 2
Sony's Spresense

Syntiant TinyML Board

TI CC1352P Launchpad

Eta Compute ECM3532 Al Sensor
Eta Compute ECM3532 Al Vision
Raspberry Pi 4

NVIDIA Jetson Nano

Intel-based Macs

Linux x86_64

Mobile phone

Porting guide

COMMUNITY BOARDS

Seeed Wio Terminal

Agora Product Development Kit
Arducam Pico4ML TinyML Dev Kit

Blues Wireless Swan

=~ EDGE IMPULSE

O Dashboard
B Devices
&  Data acquisition
A Impulse design
®  Creaw impulse
®  image
®  Transfer learning
Retrain model
£ Uve dassification
Model testing
¥ Versioning

@ Deployment

GETTING STARTED
A  Documentation

& Forums

== EDGE IMPULSE
21 Dashboard
& Devices

@  Data acquisition

W Impuise

® Createimpulse
®  Image

®  Transfer learning
Retraln model

75 Live classification
Model testing
P Vversioning

@ Deployment

GETTING STARTED

& Documentation

® Forums

DATA ACQUISITION (TUTORIAL: ADDING SIG|

]

DATA COLLECTED LABELS
221 items 3

Collected data

SAMPLE MAME LageL apoen
plant.1q537tv plant Dec 232020, 12:...
plant.1q537th2 plant Dec 232020, 12

plant.1q537t82 plant Dec 232020, 12:...
plant.1q537¢1) plant Dec 232020, 12..
plant.1qs37sqm plant Dec 232020, 12:..
plant.1q537skd plant Dec 232020, 12..
plant.1qs3zsee plant Dec 232020, 12,
plant.1q537rt7 plant Dec232020, 12:.

Training set
Data in training set 221 items
Classes 3 (lamp, plant, unknown)

Feature generation output

completed © / 500 epochs
completed 50 / 508 epochs

completed 108 / 500 egachs
completed 150 / 500 epochs
completed 208 / 58 epachs
completed 250 / 58 epachs
completed 308 / 589 epochs
completed 350 / 589 epochs
conpleted 408 / 508 epochs
completed 458 / 500 epochs

Mon Mar 8 19:10:16 2021 Finished eabedding
Still ruaning...
Reducing dinensions for visualizations OK

Did you know? You can capture data from any device or development board, or upload your existing dataset

@ Jenny Plunkett

’ Record new data

@ No devices connected to the remate management API.

plant.1q537rt7

Feature explorer (221 samples)

X Axis ¥ Axis ZAxis

layer1 v I layer2 v

unknown.1q538ddt

Label; unknown
View sample
View features

layer3 v

Model Model version: @

Last training performance

ACCURACY LOSS

97.8% 0.09
Confusion matrix

LAMP PLANT UNKNOWN

F1 SCORE 1.00 0.96 0.98

Feature explorer @

© lamp - correct
@ plant- correct
® unknown - correct g
e plant-incorrect 4.5
® unknown -incorrect 4
=~ 38
=] 3
= |
T 25
% 2 %
= S <
w Y% %
fSUa//Za- 2 %
tion 4 (o)
layer 5 v 3 2,
2
L3
On-device performance @
INFERENCING TI... PEAK RAM USAGE ROM USAGE

859 ms. 297.0K

577.6K
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lobe &

California Plants All Images View

@ Label Correct 80%

Q@ Use

All Images 80%
Madrone v
Fern 75%
Madrone 85% Incorrect 20%
Toyon 78%
Manzanita 82%

Manzanita @

80% of your images are
predicted correctly,
20% incorrectly.
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PnEREET

SPI Flash
FPC M e RgRIZEO
- RTL8720DN SRR
Wo Temmnal
DC-DC BHiitkinas
ARM Cortex-M4F core running at 120MHz(Boost up to 200My) microSD 4
4, MBExternal Rash, 192 KBRAM 246 856 Rtk e
WH, BT )
ik ERNS5HISR
meeen () (B2iR)
WEIMZEEL - Z5=X - BISSE - micoDRHME, SRR R—— / \ R
& AR Y 3T Er

McroDCardSat, 5-Way Switch, Progranmable Buttons
Gove O

Raspberry A 40-pin Conrpatible GAIO
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Make:

Benjamin Cabé MACHINE
e Principal Program Manager LEAHNING

Swear Bea.. Trash Soeter...Easy Al Trainers
| Microsoft

Teach your project to think for itsed

BuN0 fer
23 PROJECTS!
+Raspberry Pi Meteor Camera
« Digital String Art Portraits
+Animated LED Skirt

« Arduino Borealis Lights

SKILL %
BUILDERS ™%
- Digital Mobile Radio
+Hack 3 Knitting Machine
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Wio Terminol & TinyMu

O Search or jump to... Pull requests Issues Marketplace Explore

<> Code ull re s Actions

README.zh-cn.md Go to file

. Your Name O History

A 2 conti
Raw Blame

build [Codeqart] PRs |

English

Bt RIEEZ RN NEEFEINTT —— F Wio Terminal g% Ti

Hello World of Al

TINY ML Highly Integrated

Design

WIO TERMINAL

HELLO WORLD OF Al

Yl BP3
PEETA TingML TRE

IFEESER

B REZBARNEZIN]

F Wio Terminal it# TinyML

Hi Wio
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Just started.
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Join Growing tinyML Communities

YR A ZEKtinyMLIEE & T X

Msstup

tinyML - Enabling ultra-low Power ML at the Edge-Shenzhen
https://www.meetup.com/tiny-ml-enabling-ultra-low-power-ml-at-the-edge-shenzhen/
https://www.meetup.com/pro/tinyml/

7.7k members in
43 Groups in 33 Countries
331 EZR43N /A
7700+;EHER A 52

ErijEe


https://www.meetup.com/tiny-ml-enabling-ultra-low-power-ml-at-the-edge-shenzhen/
https://www.meetup.com/pro/tinyml/

tinyML Talks

Enabling Ultra-low Power Machine Learning at the Edge

For the upcoming meetups, please scan to fill in the event survey.

HMIBEABEBEENRIRSHERE

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



