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© 2022 Arm

Powerlng tinyML Innovatlon

',.,~Arm Al Virtual Tech_

Talks

The latestin Al trends technologles & best
- practices from Arm and our Ecosystem
- :Pa'r‘t-ners.

-Demos, code examples, workshops, panel

. sesslonsand much more' ..

| | FortnlghtIyTuesday @ 4pm GMT/8am PT

Find out more:
- www.arm.com/techtalks -
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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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Scene understanding, language
understanding, behavior prediction
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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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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
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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.
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Adaptive Al for the Intelligent Edge
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The loT Hardware Enabler
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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
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tinyML Summit 2022

TALKS

Lot 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 March 14.

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

TI NY
Our next tinyML Trailblazers Series
YA TALKS

Success Stories with Eric Pan
(Founder, Seeed Studio and Chaihuo Makerspace)

LIVE ONLINE April 6th, 2022 at 8 am PST




Join Growing tinyML Communities:

8.7k members in
44 Groups in 35 Countries

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

2.7k members
&
5.7k 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
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gL tinyMmL 6.3k subscribers, 347 videos with 189k views

HOME VIDEOS PLAYLISTS COMMUNITY CHANNELS ABOUT O\

> warnsr o _
e - . |

— wm

tinyML Summit 2021 tinyML Summit 2021 tinyML Talks Massimo tinyML Summit 2021
Partner Session: Productio... Partner Session: System... Banzi: tiny machine learnin... Partner Session: It's an SN...

146 views » 1 month ago 131 vi

*1 month ago

1 month ago menth 2go

tinyML Talks: Deploying Al tinyML Summit 2021 tinyML Summit 2021 tinyML Summit 2021
to Embedded Systems Breaking News on... Partner Session: TinyML:. Breaking News on...

430 views + 1 month ago

iews + 1 month ago 1 month ago

tinyML Summit 2021 tinyML Summit 2021
Partner Session: The... Partner Session: Innovativ...
104 views 110 1 month ago

v
tinyML Summit 2021 tinyML Summit 2021
Breaking News on... Breaking News on...
298 yiews + 1 month ago

tinyML Summit 2021 tinyML Summit 2021 tiny

tinyML Summit 2021 tinyML Summit 2021 tinyML Summit 2021 tiny tinyML Summit 2021 tiny
Partner Session: Machine... Partner Session: Tiny and... Talks: Real-World... Talks: Envi Nois... News on... Talks: Insights from a Mult...
1 month ago 109 views + 1 month age 55 views * 1 month ago 1 1 month ago 151 views + 1 manth ago views « 1 month ago

Computer veion wih ¥ Vol bound wnd Soaet
e —

tinyML Summit 2021 tiny tinyML Summit 2021

tinyML Summit Partner tinyML Summit 2021
Talks: TinyML Software.. Keynote: Data-Free Model... Session: Pushing the Al Partner Session: Low pow...
121 views » 1 month ago +1 month ago 82 views * 1 month ago 12 month ago

tinyML Summit 2021 tinyML Summit 2021
Partner Session: How_. Partner Session: Low-pow...

168 views + 1 month ago

11113
u sbakadd
tinyML Summit 2021 tinyML Summit 2021 tinyML Summit 2021 tiny tinyML Summit 2021 tiny
Partner Session: TinyML is... Keynote: Efficient Audio-... Talks: An Introduction to a... Talks: Low-precision...
115 views * 1 month ago 14K views + 1 manth ago 180 views + 1 month ago 21 1 month ago

tinyML Summit 2021 tiny tinyML Summit 2021 tiny

Talks: Hardware Aware... Talks: Neutrino: A BlackBo...
75 views * 1 month ago 168 views + 1 month ago

tinyML Summit 2021 Panel tinyML Summit 2021 tiny tinyML Summit 2021 tiny tinyML Summit 2021
Discussion: tinyML.. Talks: Person Detection.. Talks: Using Neural... Keynote: Adaptive Neural_.

tinyML Summit 2021 tinyML Summit 2021 Market
Keynote: miliJoules for... Opportunities for Edge Al



http://www.youtube.com/tinyML

TI NY

Next tinyML Talks

webcast

Date | Presenter ___________|Topic/Title

Tuesday, Daniel Konegen, AutoFlow - an open source Framework to
April 5 Embedded Al and data science automatically implement neural networks on
engineer, Hahn-Schickard embedded devices

Marcus Rib,
Research assistant, Hahn-Schickard

Webcast start time is 9:30 am Pacific time

Please contact talks@tinyml.org if you are interested in presenting
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Mithun Das

Mithun Das is a distinguished software engineer at Cox
Automotive with 17 years of experience in software,
ambassador at Edge Impulse & Balena. He obtained bachelors
degree in “Information Technology” from IIEST, India. At
Cox, innovation is in their culture which brought Mithun to the
world 10T. For last 4-5 years, he has been working on IoT and
ML for good. He has implemented many proof of concepts
Including low cost contact tracing, smart parking reducing
carbon emission, saving peatlands using tinyML, smart collar
for elephant, hearing substitution using haptic feedback are
few of them.
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Sashrika Das

Sashrika Das Is a 6th grade student at East Lyme
Middle School in Connecticut, USA. She is
passionate about Internet of Things and
programming. She participates in virtual contests
such as “The coolest project” , “do your:bit”. She
has started learning tinyML recently with guidance
from her parent, and created proof of concept of
some of her ideas.
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Gas Leak Detection

Solving real-life problem using tinyML



Why We Use Qil Tank?

Used in boiler heating systems
Stores diesel/propane fuel

Used to heat up rooms and water
Most common in older houses and
apartments in Northeast of America



Cons of Using Oil Tank

e Regular maintenance required
e High repair cost
e Not monitored 24x7




Leakage from Tank

Cracks or holes can form due to many reasons
Unnoticed small leakage may become
uncontrollable

Posses health issues for human & pets

May contaminate water supply

Increase repair cost



How About Early Detection?

Early detection can help in :

e Reducing health issues
e Reducerisk of contamination
e Reduce repair cost



How Can We Detect?

e Smell the air
e Identify if diesel or propane is in the air
gy e Send Text or Notification to mobile phone

v




Smart Oil Leak Detection

e Multichannel gas sensor collects data from
air

e Microcontroller runs tinyML to classify data

e Microcontroller sends alert to Blynk when
diesel is detected in the air




Why | chose ML over If-else

. Cut vegetables

. Season chicken

. Preheat oven -
. Cook chicken for 30-minutes |
. Add vegetables

Traditional
programming

Starts with

. Cut vegetables
. Season chicken
. Preheat oven

Lo e e . Cook chicken for 30-minutes
— . Add vegetables

Machine learning
algorithm

Starts with Figures out



[Insert demo video here]




Hardwares

Seeed Wio Terminal
Grove Multichannel Gas Sensor
5V Mini Fan

3D printed case (optional)



Softwares

E D G E e Edge Impulse Studio

Commmmn
oemmemm |MPULSE e Arduino IDE
e Blynk App

©.0,

ARDUINO




Building the model

CREATE IMPULSE (GAS_LEAK_DETECTOR) ‘ sashrikad_gmail_com

Data collection

A\ Successfully stored impulse. Configure the signal processing and learning blocks in the navigation bar. x

Create Impulse

Time series data e Raw Data ° Neural Network (Keras) 6 Output features °

Define NN Architecture

Input axes (4) Name Name 2 (leakage, normal)
NO2, C2H5CH, VOC, CO Raw data Neural Network (Keras)
Window size (©) .
Input axes (4) Input features Savell I T ra I n
° ave Impulse
2000 ms. NO2
Window increas M C2HSCH
NCOWnCISaSS ® ] Output features
. ) vocC 2 (leakage, normal)
2000 ms.
co
Frequency (Hz) ®
100
]
Zero-pad data
v e < .

Add a processing block Add a learning block




Deploy TinyML on Wio Terminal

Select optimizations (optional)

e Download the model as zip
e Importto Arduino IDE
e Upload the sketch

Model optimizations can increase on-device performance but may reduce accuracy. Click below to analyze
optimizations and see the recommended choices for your target. Or, just click Build to use the currently
selected options.

Enable EON™ Compiler T ®
Same accuracy, up to 50% less memory. Open source.

Available optimizations for Neural Network (Keras)

Quantized (int8) RAM USAGE LATENCY CONFUSION MATRIX ®

ze ams R
83

FLASH USAGE ACCURACY

This optimization is 50.9K 95.59% ' “ :

recommended for best
performance.

Unoptimized RAM USAGE LATENCY CONFUSION MATRIX ®

(float32) 5.2K 15 ms n .
FLASH USAGE  ACCURACY Ve n .
98.53%

147.2K




EON Tuner

spectr-dense-43b L1170 spectr-dense-6cf

Select spectr-dense-092

PERFORMANCE @ PERFORMANCE @ PERFORMANCE ®
= D B I N 7,
W | W | N ®
) | ) ) |
100. ms 192. kB 409‘6 kB \00. ms 192‘ kB 409‘6 kB 100. ms 192. kB
@oss @ NN Unused @oss @ NN Unused @oss @ NN
ACCURACY ACCURACY ACCURACY

4096 kB

Unused

.89

INPUT @ INPUT @ INPUT @

5000 ms | =» 2500 ms 1000 ms | = 1000 ms +5000ms | =» 1250 ms

SPECTRAL-ANALYSIS @ SPECTRAL-ANALYSIS @ SPECTRAL-ANALYSIS @

1024 1024 1024

KERAS (@ KERAS KERAS @

Type Filters Kernel Rate Type Filters Kernel Rate Type Filters Kernel Rat
dense 40 - - dense 80 - - dense 40 -

dense 20

Raw processing had high accuracy during testing

but suffered with live data
Needed to improve the model

EON tuner suggested Spectral analysis instead of

Raw data

Accuracy dropped during testing but performed

much better with live data




Other Challenges

e Collecting wide variety of data
e Indoor vs outdoor prediction
e Initial misclassification due to other smells




Questions?




Al Thermal Camera for Safe Camping

Hardware:

e Wio Terminal
e Lorawan GPS chassis
e Batter Chassis

N *
4

Wio Terminal

Software:

Edge Impulse
Arduino IDE

Amazon Web Service
Helium Console



Data Collection
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https://www.hackster.io/mithun-das/ai-powered-thermal-camera-for-safe-camping-8fc887
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readings_37_label
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Data collected as CSV

CSV converted to JSON and signed by
HMAC key

Data forwarded to Edge Impulse using CLI
command

https://www.hackster.io/mithun-das/ai-thermal-camera-for-safe-camping-seeed-helium-aws-v2-c0d28b
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Continued...

RAW DATA

Animal.readings_20_label_1.json.2iecfjjm

RAW DATA

Background.readings_02_label_3.json.2iecfjbf

The IR thermal camera carries a
32x24 array of sensor value
Data represented as 768 (32x24)
discrete time series data



Integration with Helium & AWS

- e Add device to helium console
e Add AWS integration
e Create AWS loT rule
e Create lambda trigger to send
g message via telegram
Event Type No. of Hotspots Time | o
- - 1 O




Questions?

e https://www.hackster.io/mithun-das
o https://twitter.com/tweetmithund

https://www.linkedin.com/in/connectmithundas/
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All rights reserved. It may not be duplicated or distributed in any
form without prior written approval.
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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



