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TinyML y Edge AI: ingeniería al 
servicio de las comunidades

Prof. Marcelo J. Rovai 

UNIFEI - Federal University of Itajubá, Brazil
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From Corp VP to Education Advocate

1980s-2010s

Engineer & Executive
Avibras Airspace, AT&T, NCR, Dell, Compaq, IGT

2015+

Maker, Professor & Volunteer
Democratizing AI Education

Today

AIEng4D & EdgeAIP Co-Chair
30+ countries, 5,000+ students
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Itajubá, 

Minas Gerais, 

Brazil
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Embedded ML (TinyML)
Introduction
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Machine Learning (ML)

Artificial Intelligence (AI)

Neural Network (NN)

Deep Learning (DL)
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From Tiny to Cloud: One AI, Many Scales

TinyML

EdgeML

CloudML

Machine Learning (ML)
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   0.5W

   15W

      5W-
   

    20W+

Sustainability Matters

   100W+

+200x more energy efficient than cloud AI
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Challenges
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Data Model Device

ML Deployment Pipeline
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Data Model Device

ML Deployment Pipeline
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Unstructured Data
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Data Model Device

ML Deployment Pipeline
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Vibration 
Analysis 

Image 
Classification

Text 
Generation

Image 
Generation

Large Language 
Models- LLMs 

MLP - Deep Neural Network CNN - Convolutional NN RNN - Recurrent NN (GRU/LSTM) GAN - Generative Adversarial Net. TF - Transformer (Attention)
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Data Model Device

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


18

https://arxiv.org/pdf/1910.01108.pdf
https://towardsdatascience.com/neural-network-architectures-156e5bad51ba

https://arxiv.org/pdf/1910.01108.pdf
https://towardsdatascience.com/neural-network-architectures-156e5bad51ba
https://towardsdatascience.com/neural-network-architectures-156e5bad51ba
https://towardsdatascience.com/neural-network-architectures-156e5bad51ba
https://towardsdatascience.com/neural-network-architectures-156e5bad51ba
https://towardsdatascience.com/neural-network-architectures-156e5bad51ba
https://towardsdatascience.com/neural-network-architectures-156e5bad51ba
https://towardsdatascience.com/neural-network-architectures-156e5bad51ba


19https://huggingface.co/blog/large-language-models

GPT-4

https://arxiv.org/abs/2303.08774

(100T) ?

(1T) ?

https://huggingface.co/blog/large-language-models
https://huggingface.co/blog/large-language-models
https://huggingface.co/blog/large-language-models
https://huggingface.co/blog/large-language-models
https://huggingface.co/blog/large-language-models
https://arxiv.org/abs/2303.08774
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Solution
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Datasets                     Quantization                          Resource
Preprocessing           Pruning, Distillation                 constraints

Sound

Vision

Vibration

End-to-end TinyML/EdgeAI Application
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GenAI at the Edge

While LLMs typically require cloud infrastructure, compact SLMs* and small VLMs can run 
directly on edge devices.

"GenAI at the Edge means the model lives on the device — not in a data center."
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Small Language Models (SLMs) 

Llama 1B/3B

Pruning

Distillation

Quantization

LLM

SLM

Llama 70B

Llama 1B/3B



24

Power

ESP32

CPU Power / Memory 
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Application Complexity vs. HW

XIAO

LLMs/VLMs

1 GB+
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Real-World Applications
Examples
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Real-World 
Applications

Agriculture

Healthcare

Industry

Environment
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Real-World 
Applications

Agriculture

Healthcare

Industry

Environment
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Fighting Dengue and Malaria

Science Magazine
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Dengue Risk Classifier
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José Anderson Reis

UNIFEI Master's Student

Guilherme Fernandes

UNIFEI Grad Student

Bee Counting
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Coffee Disease Classification

https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc

   

  

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 

João Vitor Yukio Bordin 
Yamashita
Engenheiro -  UNIFEI

Joao Yamashita CAFÉ

https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc

https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc
https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc
https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc
https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc
https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc
https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc
https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc
https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc
https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc
https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc
https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc
http://www.youtube.com/watch?v=ijzxXCdCid0
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LSTM Phenolic Sponge Moisture
FURG UTEC UNRaf

Gustavo Pablo Castro Abdallah

PRIA

https://github.com/gustavopablocastro/ESP32_LSTM_Phenolic_Sponge_Moisture
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Ant Detection 
FURG UTEC UNRaf

Juan Camilo Abedala

PRIA

https://github.com/juanabedala/DeteccionDeHormigas
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Real-World 
Applications

Agriculture

Healthcare

Industry

Environment
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YOLO 

26
MobileNet V3 MedGemma

Intelligent Colposcope 
Image Classification 
System BRUNA CUSTÓDIO ALVES,

VIVIAN LEITE FRAGOSO

UNIFEI
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Atrial Fibrillation Detection on ECG using TinyML 

Silva et al. UNIFEI 2021

Single Lead Heart Rate Monitor

Guilherme Silva

Matheus Lima

Engenheiros - UNIFEI

Guilherme Silva ECG

https://github.com/Gui7621/TFG-AFIB_and_SR_detection_using_ML_in_embedded_systems

https://github.com/Gui7621/TFG-AFIB_and_SR_detection_using_ML_in_embedded_systems
https://youtu.be/y5gMA3tBZmY
http://www.youtube.com/watch?v=-tGC0vNDAvQ


37

Surface electromyography 

Mateus F. Delangélica e 

Renato M. Neto, UNIFEI
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Bionic Hand Voice Commands

https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3

VIDEO

https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://www.hackster.io/ex-machina/bionic-hand-voice-commands-module-w-edge-impulse-arduino-aa97e3
https://youtu.be/NzxCZh8b4To
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Personal Trainer

Ricardo Magno C. Junior

Luiz Fernando Kikuchi

UNIFEI
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TinyML Made Easy: Exploring Regression - White Wine Quality

Regression on TinyML

Sensor fusion

On-Device IoT-Based Predictive Maintenance 

Analytics Model: Comparing TinyLSTM and 

TinyModel from Edge Impulse

https://www.hackster.io/mjrobot/tinyml-made-easy-exploring-regression-white-wine-quality-9a7197
https://www.hackster.io/mjrobot/tinyml-made-easy-exploring-regression-white-wine-quality-9a7197
https://www.hackster.io/mjrobot/tinyml-made-easy-exploring-regression-white-wine-quality-9a7197
https://www.mdpi.com/1424-8220/22/14/5174/htm
https://www.mdpi.com/1424-8220/22/14/5174/htm
https://www.mdpi.com/1424-8220/22/14/5174/htm
https://www.mdpi.com/1424-8220/22/14/5174/htm
https://www.mdpi.com/1424-8220/22/14/5174/htm
https://www.mdpi.com/1424-8220/22/14/5174/htm
https://www.mdpi.com/1424-8220/22/14/5174/htm
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Real-World 
Applications

Agriculture

Healthcare

Industry

Environment
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Industrial – Anomaly Detection

IESTI01 2021.2 - Final Group Project: Bearing Failure Detection

https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML-2021.2/blob/main/00_Curse_Folder/Group%20Project/final_reports/3-Sistema%20de%20identificac%CC%A7a%CC%83o%20de%20falhas%20em%20rolamentos.pdf
https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML-2021.2/blob/main/00_Curse_Folder/Group%20Project/final_reports/3-Sistema%20de%20identificac%CC%A7a%CC%83o%20de%20falhas%20em%20rolamentos.pdf
https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML-2021.2/blob/main/00_Curse_Folder/Group%20Project/final_reports/3-Sistema%20de%20identificac%CC%A7a%CC%83o%20de%20falhas%20em%20rolamentos.pdf


43

Keystroke Sound Detection

IESTI01 2021.2 – Final Group Project Key Stroke Detection

Renam Castro

Professor IFESP

Renan Castro TECLADO

https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML-2021.2/blob/main/00_Curse_Folder/Group%20Project/final_reports/1-TinyML%20aplicado%20ao%20reconhecimento%20de%20teclas%20a%20partir%20do%20sinal%20sonoro%20produzido%20pelo%20pressionamento%20em%20teclado%20f%C3%ADsico.pdf

https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML-2021.2/blob/main/00_Curse_Folder/Group%20Project/final_reports/1-TinyML%20aplicado%20ao%20reconhecimento%20de%20teclas%20a%20partir%20do%20sinal%20sonoro%20produzido%20pelo%20pressionamento%20em%20teclado%20f%C3%ADsico.pdf
https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML-2021.2/blob/main/00_Curse_Folder/Group%20Project/final_reports/1-TinyML%20aplicado%20ao%20reconhecimento%20de%20teclas%20a%20partir%20do%20sinal%20sonoro%20produzido%20pelo%20pressionamento%20em%20teclado%20f%C3%ADsico.pdf
https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML-2021.2/blob/main/00_Curse_Folder/Group%20Project/final_reports/1-TinyML%20aplicado%20ao%20reconhecimento%20de%20teclas%20a%20partir%20do%20sinal%20sonoro%20produzido%20pelo%20pressionamento%20em%20teclado%20f%C3%ADsico.pdf
http://www.youtube.com/watch?v=KJ06xCGkoV4
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https://arxiv.org/abs/1909.11236

https://youtu.be/wmVKbX7MOnU

Reinforcement  on TinyML

https://arxiv.org/abs/1909.11236
https://youtu.be/wmVKbX7MOnU
https://youtu.be/wmVKbX7MOnU
https://youtu.be/wmVKbX7MOnU
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João Pedro Fonseca
UNIFEI Grad Student (IESTI)

Matheus Souza
UNIFEI Grad Student (IMC)

(SLM)

Intelligent Control
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DELTA: Home Automation with SLMs 

Ricardo Magno C. Junior

UNIFEI
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Real-World 
Applications

Agriculture

Healthcare

Industry

Environment
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Measure rainfall using sound detection 

Bruno V. Batista , Felipe S. Fernandes,  Rodrigo N. Pereira - UNIFEI
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TinyML/EdgeAI/GenAI 
Education
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IESTI01 TinyML
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TinyML Kit XIAOML Kit 
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Hands-on Activities
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Additional Reading Support 

IESTI01 - Repo

IESTI01 - Repo
XIAOML Kit Labs

XIAOML Kit Labs
MLSys Book

MLSys Book

https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML/blob/main/README.md
https://mjrovai.github.io/TinyML_Made_Easy_XIAO_ESP32S3_ebook/
https://mlsysbook.ai/book/
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IESTI05 Edge AI Engineering
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Raspberry Pi Zero W2 Raspberry Pi 5

Part 1: Fixed Function AI (Reactive) Part 2: Generative AI (Proactive)

Arduino UNO Q
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Part 1: Fixed Function AI (Reactive) Part 2: Generative AI (Proactive)
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https://mjrovai.github.io/UNIFEI-IESTI05-EDGE_AI/ https://mjrovai.github.io/ARDUINO-UNO-Q/ EdgeAI Engineering

Additional Reading Support 

https://mjrovai.github.io/UNIFEI-IESTI05-EDGE_AI/
https://mjrovai.github.io/UNIFEI-IESTI05-EDGE_AI/
https://mjrovai.github.io/UNIFEI-IESTI05-EDGE_AI/
https://mjrovai.github.io/UNIFEI-IESTI05-EDGE_AI/
https://mjrovai.github.io/UNIFEI-IESTI05-EDGE_AI/
https://mjrovai.github.io/ARDUINO-UNO-Q/
https://mjrovai.github.io/ARDUINO-UNO-Q/
https://mjrovai.github.io/ARDUINO-UNO-Q/
https://mjrovai.github.io/ARDUINO-UNO-Q/
https://mjrovai.github.io/ARDUINO-UNO-Q/
https://mjrovai.github.io/EdgeML_Made_Ease_ebook/
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AIEng4D Academic Network
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Real Projects. Real Impact.
Students & researchers solving local problems with global tools
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Nicla Vision

Cortex-M4/M7

Grove Vision AI V2

Cortex-M55/U55

Raspberry Pi

Cortex-A53/A76

XIAO ML Kit

Xtensa LX7

https://mlsysbook.ai/kits/

https://mlsysbook.ai/kits/
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More 

than 2000 

people 

trained!
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https://mjrovai.github.io/TinyML4D/

https://mjrovai.github.io/TinyML4D/
https://mjrovai.github.io/TinyML4D/
https://mjrovai.github.io/TinyML4D/
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https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai

https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
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https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
https://www.science.org/content/article/what-s-tinyml-global-south-s-alternative-power-hungry-pricey-ai
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Questions?
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Questions?
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