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Join Growing tinyML Communities:

bb

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

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

145k members in
48 Groups in 40 Countries

4k members 
          &
11.6k followers

https://www.meetup.com/tinyML-Enabling-ultra-low-Power-ML-at-the-Edge/
https://www.linkedin.com/groups/13694488/


Subscribe to
tinyML YouTube Channel

for updates and notifications
(including this video)

www.youtube.com/tinyML 

9.6k subscribers, 586 videos with 340k views 

http://www.youtube.com/tinyML


tinyML EMEA Innovation Forum 2023 

Connect, Unify, and Grow the tinyML EMEA Community
June 26 - 28, 2023

https://www.tinyml.org/event/  

EMEA 2023 

https://www.tinyml.org/event/emea-2023 

More sponsorships are available: sponsorships@tinyML.org 

https://www.tinyml.org/event/emea-2023
mailto:sponsorships@tinyML.org


Reminders

youtube.com/tinyml

Slides & Videos will be posted 
tomorrow

tinyml.org/forums

Please use the Q&A window for your 
questions



Marcelo Rovai
Marcelo Rovai is born in São Paulo and held a Master’s in Data 
Science from the Universidad del Desarrollo (UDD) in Chile and an 
MBA from IBMEC (INSPER) in Brazil. He graduated in 1982 as an 
Engineer from UNIFEI, Federal University of Itajubá, with a 
specialization from Escola Politécnica de Engenharia of São Paulo 
University (USP), both institutions located in Brazil. Rovai has 
experience as a teacher, engineer, and executive in several 
technology companies such as CDT/ETEP, AVIBRAS Aeroespacial, 
SID Informática, ATT-GIS, NCR, DELL, COMPAQ (HP), and more 
recently at IGT as a VP and a Senior Advisor for Latin America. 
Marcelo Rovai publishes articles about electronics on websites such 
as MJRoBot.org, Hackster.io, Instructables.com, and Medium.com. 
Furthermore, he is a volunteer Professor at the UNIFEI in Brazil and a 
lecturer at several Congresses and Universities on IoT and TinyML. 
He is an active member and a Co-Chair of the TinyML4D group, an 
initiative to bring TinyML education to developing countries.



Unleashing the Power of the New 
XIAO ESP32S3 Sense 

Prof. Marcelo José Rovai 
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TinyML4D Academic Network Co-Chair

Tackling Anomaly Detection, Image Classification, 
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Embedded ML (TinyML)
Introduction



Hardware

Software

What Makes TinyML?

TinyML



Hardware

Software

TinyML

What Makes TinyML?



Raspberry Pico (W) Arduino Nano 

Sense

Espressif ESP 32 Seeed XIAO 

ESP32S3 Sense

Arduino Pro

32Bits CPU Dual-core Arm 

Cortex-M0+

Arm Cortex-M4F Xtensa LX6 Dual Core Xtensa LX7 Dual Core Dual Core Arm Cortex 

M7/M4

CLOCK 133MHz 64MHz 240MHz 240MHz 480/240MHz

RAM 264KB 256KB 520KB (part available) 8MB (PSRAM) 1MB

ROM 2MB 1MB 2MB 8MB 2MB

Radio (Yes for W) BLE BLE / WiFi BLE / WiFi BLE / WiFi

Sensors No Yes No Yes Yes (Nicla)

Bat. Power Manag. No No No Yes Yes

Price $ $$$ $ $$ $$$$$

Hardware (Dev. Boards) 

https://media.digikey.com/Resources/Maker/the-original-guide-to-boards-2022.pdf

https://media.digikey.com/Resources/Maker/the-original-guide-to-boards-2021.pdf


Powerful MCU Board: ESP32S3 32-bit, dual-core, Xtensa 
processor chip operating up to 240 MHz.

Elaborate Power Design: Lithium battery charge 
management capability (deep sleep mode with power 
consumption as low as 14μA)

Great Memory for more Possibilities: Offer 8MB PSRAM 
and 8MB FLASH

Outstanding RF performance: Support 2.4GHz Wi-Fi and BLE 
dual wireless communication, support 100m+ remote 
communication when connected with U.FL antenna

Thumb-sized Compact Design: 21 x 17.5mm, adopting the 
classic form factor of XIAO, suitable for space-limited 
projects like wearable devices

Advanced Functionality: Detachable OV2640 camera sensor 
for 1600*1200 resolution, compatible with OV5640 camera 
sensor, integrating an additional digital microphone and an 
SD card slot for external 32GB FAT memory.



Software



Sound

Vision

Motion

Datasets                                 Quantization                                       Resource

Preprocessing                                Pruning                                          constraints



How to Train a ML Model?
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EI Studio - Embedded ML platform

2023 SciTinyML Workshop -  Edge Impulse Overview by Shawn Hymel

https://youtu.be/Asebo9TkJuk


TinyML Applications



● Regression 

● Classification 

● Object Detection

● Anomaly Detection ● Autonomous 

Navigation









XIAO-ESP32S3-CAM-
Fruits-vs-Veggies-v1-
ESP-NN (Edge Impulse)



Fruits and Vegetables 
Image Recognition 
Dataset (Kaggle)







Serial Monitor

ESP- NN
(96 x 96 x 3) – RGB



ESP - CAM 

Xtensa LX6  

240 MHz

171 ms

ARDUINO Pro 

ARM H7 

480 MHz

45 ms

XIAO ESP32S3 

Xtensa LX7  

240 MHz

135 ms
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XIAO-ESP32S3-Motion-
Classification
(Edge Impulse)



/ WiFi

SciTinyML - 2023 - 

Marcelo Rovai 

Presentation (day 2)





Raw Data 

from sensor

300 Raw Features

• RMS

• SKEW

• KURT

• FFT 

• PSD 

Spectral 

Analysis

Features Classes

NN 

Classifier

Sliding Window: 200 ms

Manual Feature

Extraction

• Lift

• Terrestrial

• Maritime

• Idle

TinyML under the 
hood: Spectral 
Analysis











Preprocess

Data

units = 63

63 Features Classes

Input 

Layer
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Hidden 
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Output 

Layer
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Personal Assistant 

KWS



Digital Mic 
“Yes”
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Obtains an input Pre-Process Runs model Post-Processes

Make things 

happen

16KHz / 16 bits

  Sample: [1s]
Output: Image

     [49, 40, 1]

Output Dim [1, 4]

- Prob ‘Noise’

- Prob ‘Unknown’

- Prob ‘Yes’

- Prob ‘No’

If Probability of 

YES is greater 

than 80%  

Take actions

Keyword Spotting (KWS) - Inference 



XIAO-ESP32S3-KWS 
(Edge Impulse)



Speech Commands 

Dataset (reduced set)



1 second sample@16KHz raw data -> 16,000 features 

Processed features -> 637 features (13 x 49)

49

13

Pre-Processing (MFCC)













To learn more …

● IESTI01 TinyML - Machine Learning for Embedding Devices (Videos: Pt)

● WALC 22 – Applied AI - TinyML (Videos in Spanish)

● Professional Certificate in Tiny Machine Learning (TinyML) – edX/Harvard

● Introduction to Embedded Machine Learning - Coursera/Edge Impulse

● Computer Vision with Embedded Machine Learning - Coursera/Edge Impulse

● "Deep Learning with Python" book by François Chollet

● "TinyML" book by Pete Warden, Daniel Situnayake

● "TinyML Cookbook" by Gian Marco Iodice

● "AI at the Edge" book by Daniel Situnayake, Jenny Plunkett

On the TinyML4D website, You can find lots of educational materials on TinyML. They are all free 
and open-source for educational uses – we ask that if you use the material, please cite them! 
TinyML4D is an initiative to make TinyML education available to everyone globally.

https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML-2022.1
https://github.com/Mjrovai/WALC_2022-Applied_AI
https://www.edx.org/professional-certificate/harvardx-tiny-machine-learning
https://www.coursera.org/learn/introduction-to-embedded-machine-learning
https://www.coursera.org/learn/computer-vision-with-embedded-machine-learning
https://www.manning.com/books/deep-learning-with-python
https://www.oreilly.com/library/view/tinyml/9781492052036/
https://www.amazon.com/TinyML-Cookbook-artificial-intelligence-ultra-low-power-ebook-dp-B09R4TKVX4/dp/B09R4TKVX4/ref=mt_other?_encoding=UTF8&me=&qid=
https://www.oreilly.com/library/view/ai-at-the/9781098120191/
https://tinyml.seas.harvard.edu/courses/


Date

August 31st, 2023

May 25th, 2023

Thread

TBD

Thread here

Video

Video here when ready

Video here when ready

April 20th, 2023 Thread here https://youtu.be/uoM_IjXjDFY

March 30th, 2023 thread here https://youtu.be/UQ0l-SwBwUY

February 23rd, 2023 thread here https://youtu.be/BAEdil7X68Y

January 26th, 2023 thread here 17 https://youtu.be/-0xRZ-5UYUc 9

December 1st, 2022 thread here 2 https://youtu.be/e49pkjnIMlQ 8

October 27th, 2022 thread here 2 https://youtu.be/s8_hKpOWUwY 1

TinyML4D Show&Tell

TinymML4D Academic Network Show and Tell Main Index.

The TinyML4D Academic Network Students should use this form to sign up for the latest presentations.
https://forms.gle/ic52HZMqVv4pBrkP7 2

The Show and Tell are typically held at 2 pm UTC on the last Thursday of each month and will take place in this Zoom room.
https://zoom.us/j/95229860797 1
Meeting ID: 952 2986 0797
Passcode: 141278

https://discuss.tinyml.seas.harvard.edu/t/tinyml4d-show-and-tell-main-index/1216
https://tinyml.seas.harvard.edu/SciTinyML-23/
https://youtu.be/uoM_IjXjDFY
https://discuss.tinyml.seas.harvard.edu/t/the-tinyml4d-academic-network-5th-show-and-tell-will-be-march-30th-2023/1267
https://youtu.be/UQ0l-SwBwUY
https://discuss.tinyml.seas.harvard.edu/t/the-tinyml4d-academic-network-3rd-show-and-tell-will-be-february-23rd-2023/1259
https://youtu.be/BAEdil7X68Y
https://discuss.tinyml.seas.harvard.edu/t/tinyml4d-show-and-tell-january-26th-2023/1231
https://youtu.be/-0xRZ-5UYUc
https://discuss.tinyml.seas.harvard.edu/t/tinyml4d-show-and-tell-december-1st-2022/1215
https://youtu.be/e49pkjnIMlQ
https://discuss.tinyml.seas.harvard.edu/t/tinyml4d-show-and-tell-october-27th-2022/1190
https://youtu.be/s8_hKpOWUwY
https://discuss.tinyml.seas.harvard.edu/t/tinyml4d-show-and-tell-main-index/1216
https://forms.gle/ic52HZMqVv4pBrkP7
https://forms.gle/ic52HZMqVv4pBrkP7
https://zoom.us/j/95229860797
https://zoom.us/j/95229860797


Copyright Notice

This multimedia file is copyright © 2023 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



Copyright Notice
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
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