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All the credit goes to Prof.Marcelo Rovai:
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Internet of Things (IoT)
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https://iot-analytics.com/number-connected-iot-devices

https://iot-analytics.com/number-connected-iot-devices
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every day by IoT

<1%
of unstructured data is 
analyzed or used at all

Source: Harvard Business Review, What’s Your Data Strategy?, April 18, 2017
Cisco, Internet of Things (IoT) Data Continues to Explode Exponentially. Who Is Using That Data and How?, Feb 5, 2018

https://hbr.org/webinar/2017/04/whats-your-data-strategy
https://blogs.cisco.com/datacenter/internet-of-things-iot-data-continues-to-explode-exponentially-who-is-using-that-data-and-how
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Market Forecast

Source: ABI Research: TinyML
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Embedded ML (TinyML)
Introduction
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Edge AI (or Edge ML) is the processing of 

Artificial Intelligence algorithms on edge, that 

is, on users’ devices. The concept derives from 

Edge Computing, which starts from the same 

premise: data is stored, processed, and 

managed directly at the Internet of Things (IoT) 

endpoints.

TinyML is a subset of EdgeML, where 

sensors are generating data with ultra-low 

power consumption (batteries), so that we can 

ultimately deploy machine learning 

continuously ("always on devices")

EdgeAI/ML

TinyML
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What is Tiny Machine Learning (TinyML)?

TinyML
Fastest-growing field of ML

21
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Algorithms, hardware, software
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What is Tiny Machine Learning (TinyML)?

TinyML
Fastest-growing field of ML
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Algorithms, hardware, software

On-device sensor analytics

Low power consumption
Battery-operated

Always-on ML
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TinyML Challenges
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250 Billion

MCUs today

32



33

Hardware 
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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
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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


38https://huggingface.co/blog/large-language-models

GPT-4

https://arxiv.org/abs/2303.08774

(100T) ?

(1T) ?

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

Sound
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Software
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EI Studio - Embedded ML platform (“AutoML”)

2023 SciTinyML Workshop - Edge Impulse Overview by Shawn Hymel

https://youtu.be/Asebo9TkJuk
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TinyML Application
Examples
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● Regression 

● Classification 

● Object Detection

● Anomaly Detection ● Autonomous 

Navigation



45



46



47

Personal Assistant
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Voice_Assistant_Wake_word_yes.mp4

Personal Assistant

A qr code with a dinosaur

Description automatically generated

https://youtu.be/e_OPgcnsyvM
https://mjrobot.org/2021/01/27/building-an-intelligent-voice-assistant-from-scratch/
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Personal Assistant 

KWS
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“Cascade” Detection: multi-stage model 
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52https://www.edgeimpulse.com/blog/the-world-is-all-abuzz-about-tinyml

https://www.edgeimpulse.com/blog/the-world-is-all-abuzz-about-tinyml
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Bionic Hand Voice Commands 
Module

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://youtu.be/NzxCZh8b4To
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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
http://www.youtube.com/watch?v=KJ06xCGkoV4
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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
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Movement Classification 
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Movement Classification 

Ricardo 

Carmo 

https://youtu.be/jJEjJ86v2P0
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Computer Vision Main Types
Image Classification 
(Multi-Class Classification) 

Object Detection 
Multi-Label Classification + Object Localization

Cat: 70% Dog: 80%
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Forest Fire Detection

IESTI01 - Forest Fire Detection – Proof of ConceptTinyML Aerial Forest Fire Detection

https://github.com/Mjrovai/UNIFEI-IESTI01-T01-2021.1/blob/main/00_Curso_Folder/2_Applications/Group_Projects-Final%20Reports/Projeto_final_Fire_detection/trabalho_final_Fire_Detection.pdf
https://www.hackster.io/team-sol/tinyml-aerial-forest-fire-detection-78ec6b
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Coffee Disease Classification

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

João Vitor Yukio Bordin 
Yamashita
Graduando em Engenharia Eletrônica 
pela 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
http://www.youtube.com/watch?v=ijzxXCdCid0
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Computer Vision Main Types
Image Classification 
(Multi-Class Classification) 

Object Detection 
Multi-Label Classification + Object Localization

Cat: 70% Dog: 80%
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EdgeAI made simple - Exploring Image Processing (Object Detection) on microcontrollers with Arduino Portenta, Edge Impulse FOMO,

and OpenMV

Detecting Objects using TinyML (FOMO)

https://www.hackster.io/mjrobot/where-are-my-tinyml-devices-b7b232
https://www.hackster.io/mjrobot/where-are-my-tinyml-devices-b7b232
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Detecting Objects using TinyML (FOMO)

https://www.youtube.com/watch?v=MYuc3QISquw
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Livestock / Wildlife Counting from Drone with FOMO

https://www.hackster.io/jallsonsuryo/livestock-wildlife-counting-from-drone-with-fomo-algorithm-a2f734

https://www.hackster.io/jallsonsuryo/livestock-wildlife-counting-from-drone-with-fomo-algorithm-a2f734
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[Doc]

[Doc]

[Doc]
[Doc]

Other TinyML / MCUs Project Examples 

● Image Classification with ESP32-CAM
● Image Classification with Portenta H7
● Object Detection with Portenta H7 [Doc]

[Doc]

[Doc]

● Listening Temperature with Nano 33
● COPD Detection with Nano 33
● Sound Classification with XIAO BLE Sense

● Motion Recognition with RPi Pico
● Gesture Recognition with Wio Terminal
● Anomaly Detection with XIAO BLE Sense

[Doc]

[Doc]

https://www.hackster.io/mjrobot/esp32-cam-tinyml-image-classification-fruits-vs-veggies-4ab970
https://www.hackster.io/mjrobot/listening-temperature-with-tinyml-7e1325
https://www.hackster.io/mjrobot/tinyml-motion-recognition-using-raspberry-pi-pico-6b6071
https://www.hackster.io/mjrobot/tinyml-made-easy-gesture-recognition-ce13a5
https://www.hackster.io/mjrobot/where-are-my-tinyml-devices-b7b232
https://github.com/Rafael-CP/IESTI01-Final-Project
https://www.hackster.io/mjrobot/tinyml-made-easy-anomaly-detection-motion-classification-958fd2
https://github.com/Rafael-CP/IESTI01-Final-Project
https://github.com/Rafael-CP/IESTI01-Final-Project
https://www.hackster.io/mjrobot/mug-or-not-mug-that-is-the-question-d4062a
https://github.com/Rafael-CP/IESTI01-Final-Project
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Other Sensors / MCUs / Models
Examples
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Atrial Fibrillation Detection on ECG using TinyML

Silva et al. UNIFEI 2021

AD8232 - Single Lead Heart Rate Monitor

Guilherme Silva

Engenheiro - 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
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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
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Thanks
More info: 
tinymledu.org
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