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“Edge AI is a truly complete technology. As a topic, it makes use 
of knowledge from everything from the physical properties of 
semiconductor electronics all the way up to the engineering of 
high-level architectures that span devices and the cloud. It 
demands expertise in the most cutting-edge approaches to 
artificial intelligence and machine learning along with the most 
venerable skills of bare-metal embedded software engineering. 
It makes use of the entire history of computer science and 
electrical engineering, laid out end to end.”

  Situnayake, Daniel; Plunkett, Jenny 
AI at the Edge (pp. 215-216) 

O'Reilly Media   



Marcelo Rovai was born in São Paulo and holds a Master’s degree 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.

http://mjrobot.org/
http://hackster.io/
http://instructables.com/
http://medium.com/
http://tinyml.seas.harvard.edu/4D/


Hardware



Raspberry Pico 
(W)

Arduino Nano 
Sense

ESP 32 Seeed XIAO 
Sense / ESP32S3

Arduino Pro

32Bits CPU Dual-core Arm 
Cortex-M0+

Arm Cortex-M4F Xtensa LX6 Dual Core Arm Cortex-M4F (BLE)
Xtensa LX7 Dual Core

Dual Core Arm Cortex 
M7/M4

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

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

ROM 2MB 1MB 2MB 2MB / 8MB 2MB

Radio (Yes for W) BLE BLE/WiFi BLE / WiFi (ESP32S3) BLE/WiFi

Sensors No Yes No Yes (Sense) Yes (Nicla)

Bat. Power Manag. No No No Yes Yes

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

Hardware 

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






https://www.waveshare.com/rp2040-lcd-1.28.htm

https://www.waveshare.com/rp2040-lcd-1.28.htm


Power

ESP32XIAO
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Application Complexity vs. HW



https://github.com/Mjrovai/TinyML4D/blob/main/SciTinyM-2023/Marcelo_Rovai_presentation/4-ESP32_ACC-Motion_Classification.pdf
https://www.hackster.io/mjrobot/tinyml-motion-recognition-using-raspberry-pi-pico-6b6071


https://www.hackster.io/mjrobot/tinyml-under-the-hood-spectral-analysis-94676c


EI Studio Data Ingestion 
Alternative methods





1. SmartPhone 

https://github.com/Mjrovai/TinyML4D/blob/main/SciTinyM-2023/Marcelo_Rovai_presentation/1-Image_Classification_smartphone.pdf


1. Data Ingestion using Smart Phone

https://docs.edgeimpulse.com/docs/development-platforms/using-your-mobile-phone


1. Data Capture and model Training



1. Off-Line Inference



2. Web-USB (Arduino CLI

https://github.com/Mjrovai/TinyML4D/blob/main/SciTinyM-2023/Marcelo_Rovai_presentation/2-TinyML_Arduino%20Kit-Connection_to_EI.pdf


2. Data Ingestion using  Arduino-Cli + Web-USB (or EI-CLI)

https://docs.edgeimpulse.com/docs/development-platforms/fully-supported-development-boards


https://docs.arduino.cc/resources/datasheets/ABX00069-datasheet.pdf

https://docs.arduino.cc/resources/datasheets/ABX00069-datasheet.pdf




2. Web-USB (.uf2)

https://github.com/Mjrovai/TinyML4D/blob/main/SciTinyM-2023/Marcelo_Rovai_presentation/3-Wio_Terminal_Installation.pdf


1. Connect Wio Terminal to your computer. 
2. Entering the bootloader mode by sliding the power 

switch twice quickly. 
3. An external drive named Arduino should appear in your 

PC. 
4. Drag the the downloaded Edge Impulse uf2 firmware 

files to the Arduino drive. Now, Edge Impulse is loaded 
on Seeeduino Wio Terminal!

2. (.uf2) Firmware installation

https://github.com/Seeed-Studio/Seeed_Arduino_edgeimpulse/releases/tag/1.4.0
https://github.com/Seeed-Studio/Seeed_Arduino_edgeimpulse/releases/tag/1.4.0


3. Data-Forward

https://github.com/Mjrovai/TinyML4D/blob/main/SciTinyM-2023/Marcelo_Rovai_presentation/4-ESP32_ACC-Motion_Classification.pdf


3. Data-Forward

https://www.hackster.io/mjrobot/tinyml-made-easy-anomaly-detection-motion-classification-958fd2


2. Data Ingestion using  EI-Cli + Data Forward

$ edge-impulse-data-forwarder --clean

https://docs.edgeimpulse.com/docs/edge-impulse-cli/cli-data-forwarder


4. Uploading Data 



4. Data Ingestion using Upload existing Data 

(CBOR, JSON, CSV), or as WAV, JPG or PNG files.

https://docs.edgeimpulse.com/docs/edge-impulse-cli/cli-uploader


4. Uploading .wav data 

oooo

.wav

https://www.hackster.io/mjrobot/tinyml-made-easy-sound-classification-kws-2fb3ab


https://github.com/YoongiKim/CIFAR-10-images

4. Uploading .jpg data 

https://github.com/YoongiKim/CIFAR-10-images
https://github.com/Mjrovai/TinyML4D/blob/main/SciTinyM-2023/Marcelo_Rovai_presentation/5-Image_Classification_CIFAR_10.pdf


5. (.CSV) PLX-DAQ (Windows)

https://github.com/Mjrovai/TinyML4D/blob/main/papers/AFIB_SR_detection_TinyML.pdf


5. (.CSV) PLX-DAQ (Windows)



5. Data Ingestion using  PLX-DAQ (Windows) => Final Format: .csv 

https://www.youtube.com/watch?v=BwbmNle2CZo

https://www.youtube.com/watch?v=BwbmNle2CZo


5. (.CSV) PySerial 



5. Data Ingestion using  Python (PySerial) => Final Format: .csv 



6. (.csv) by Bluetooth 

https://www.hackster.io/mjrobot/sensor-datalogger-50e44d


6. (.csv) by Bluetooth 



6. (.csv) by Bluetooth 



7. (.json) 



7. Raw Uploader (.json files)

.json 
(Training as DNN)

https://colab.research.google.com/github/ShawnHymel/computer-vision-with-embedded-machine-learning/blob/master/1.3.1%20-%20Using%20Colab%20to%20Curate%20and%20Upload%20a%20Dataset/ei_image_raw_uploader.ipynb#scrollTo=jhHG2__GyJjs
https://www.hackster.io/mjrobot/tinyml-made-easy-exploring-regression-white-wine-quality-9a7197


Data Ingestion
             Summary



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/


Thanks


