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From Corp VP to Education Advocate

1980s-2010s

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

2015+
Maker, Professor & Volunteer

Democratizing Al Education

Today
AIEng4D & EdgeAlP Co-Chair

30+ countries, 5,000+ students
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Embedded ML (TinyML)

Introduction



Artificial Intelligence (Al)

Machine Learning (ML)
Neural Network (NN)
gm_earn'ng (DL)
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From Tiny to Cloud: One Al, Many Scales

Machine Learning (ML)
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Sustainability Matters

0.5W

+200x more energy efficient than cloud Al



The Distributed Intelligence Spectrum Cloud

On Premise Servers

Gateway @
Intelligent Device T
Ultra Low Powered (("))
Devices and Sensors i
g o
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> TinyML > - CLOUD Al
- EDGEAI >

Source: ABI Research: TinyML



Challenges
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Unstructured Data
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ML Deployment Pipeline

Model
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Perceptron (F)

9

Vibration Image Text Image Large Language
Classification Generation Generation Models- LLMs

Analysis

TF - Transformer (Attention)

CNN - Convolutional NN RNN - Recurrent NN (GRU/LSTM)  GAN - Generative Adversarial Net.
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Hardware

Raspberry Pico W

Arduino Nano
Sense

ESP 32

Seeed XIAO
Sense / ESP32S3

Arduino Pro

32Bits CPU

Dual-core Arm
Cortex-MO+

133MHz

Arm Cortex-M4F

Xtensa LX6 Dual Core

240MHz

Arm Cortex-M4F (BLE)
Xtensa LX7 Dual Core

64 / 240MHz

Dual Core Arm Cortex
M7/M4

480/240MHz

264KB

520KB (part available)

256KB / 8MB

1MB

2MB

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 $ $5% $ $$ $$55%

https://media.digikey.com/Resources/Maker/the-original-guide-to-boards-2022.pdf
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https://arxiv.orq/pdf/1910.01108.pdf

https://towardsdatascience.com/neural-network-architectures-156e5bad51ba
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Solution



Datasets
Preprocessing

Vision

/ Quantization

Pruning, Distillation

e ¥ .". //
'“ — I_l' . //
I B S Y &\
" — AN
! // ——
"- .'-\. .-"". \'. .-'.
.\'. .-"'-' \'._. __I'.
L N
- \ \
N \ \

S A\
LY o N

\ i
N

End-to-end TinyML/EdgeAl Application

Resource
constraints

b
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GenAl at the Edge

"GenAl at the Edge means the model lives on the device — not in a data center.”

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

22



Small Language Models (SLMs)

LLM Llama 70B Llama 1B/3B
i | |
Pruning am———
T .
1B Pruned Model || run:d —Mm. = \ /’] /
Distillation e
{Logits as targets)
s
(8 trillion tokens)
{ =~
Quantization S
SLM Llama 1B/3B
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Power

Application Complexity vs. HW \ 2 |
TinyML

EdgeML

LLMs/VLMs
/ 1 GB+

Object Detection

Py Complex Voice ‘
I__. & Processing
1 MB+

i O=] Image
4 Classification ‘
250 KB+
1~ .
| ‘|| KeyWord Spotting
| I@"l Audio Classification . ‘

0 50 KB

4 Anomaly Detection

v Sensor Classification ‘
20 KB

] e
sesesdiiiiivee

Rpi-Pico Arduino Nano Arduino Pro RaspberryPi  SmartPhone Jetson Orin
» (Cortex-M0+) (Cortex-M4) (Cortex-M7) (Cortex-A) (Cortex-A + GPU)




Real-World Applications



Real-World
Applications

Agriculture

Healthcare

Industry

Environment
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Real-World
Applications



Fighting Dengue and Malaria l@@

Challenge

Mosquito-borne diseases affect 700M+ peoplefyear

Solution

Audio classification of mosquito wingbeats

Impact

® Species identification
@ Early warning system

® Works in the field

® Cited by Science Magazine

"TinyML where internet doesn't reach”

aedes_aegypti sample - Frequency Components
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Dengue Risk Classifier

| B |
LILT

YOLO Dengue Risk
o Classifier (e ———
Detector ‘ -
- sa s s enns A
Temp . : ... .:.:- --...b.::::::....-

SYSTEM ARCHITECTURE: ARDUINO UNO Q QWEN Al CLASSIFIER

~
MPU (Debian Linux) MCU (Zephyr 0S) Off-board
} clients (Wi'Fi)
llama-server ) Zephyr phones, browsers,
systemd service e Sedser other boards
el ridoe.cq| | ATUinO sketch | (g)
ridge.calll | . pead DHT22
3508BG6UF | e
Qwen * Read water switch 0
+ Drive RGB LEDs
HTTP I bE ::
Python main. py other board
frameworks / methods
+ Bridge.provide
* Flask /ciassufy

HTTP ”




Bee Counting

DHT22
Sensor

Air Temperature and
Relative humidity

B sampleFreq = 10's
\\/\A\f.vfﬂﬂ—f\— e José Anderson Reis
e s UNIFEI Master's Student
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Coffee Disease Classification

Ry

Joao Vitor Yukio Bordin

Yamashita
Engenheiro - UNIFEI

https://www.hackster.io/Yukio/coffee-disease-classification-with-ml-b0a3fc
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https://github.com/gustavopablocastro/ESP32_LSTM_Phenolic_Sponge_Moisture
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Ant Detection

Juan Camilo Abedala
PRIA
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https://github.com/juanabedala/DeteccionDeHormigas

Healthcare

Real-World
Applications



Intelligent Colposcope
mage Classification
ystem

Crop enviado a0 MedGemma
MobdeNet typel (75 79%) | 1472 ms

YOLD ~ ROX detectacs

4 MobileNet V3

International Conference on Artificial

Intelligence, Computer, Data Sciences
and Applications

BRUNA CUSTODIO ALVES,
VIVIAN LEITE FRAGOSO
UNIFEI

Classe detectada @ typel (75.79%) | 147.2 ms
Enviando 20 s

Laténcia MeoDesms : £3.0 s

3. esCarscteristicas esparadas &p ITites A 271 ¢
Carsctorizada por ums BUSINCS de COF, Qerdlmente de um tom
Toaado claro & ve tom rosado mais escuro, com uma tramaiglo
Gradual entre o camadas epiteliais.

2. wwVisibilidage da JECien A JEC deve ser visivel, com wma
transicho clara entre o epitélio escamoso do ectotervice ¢ o
epitelio colenar do endocérvice.

3. esRisco associadores Risco Daixo & modersdo. A IT: ¢
considerads wm risco intersedisric, com potencisl de
progressio para us cloacer do cols do vtere.

4, wConduta recomendadaies Colposcepls com Bidpsia de IT1
para ovalisgio histopatoldgice, Se » bidpria for megative,

com col ia en 6-12 meses. Se » bicpsis
for positiva, o tratasento (ex.: criscirurgia, laser. excisbo
cirurgica) depende da extensdo da lesdo.

> MedGemma
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Single Lead Heart Rate Monitor

SRR E e e
L
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Guilherme Silva

Atrial Fibrillation Detection on ECG using TinyML : ® < @
Silva et al. UNIFEI 2021

Matheus Lima

Engenheiros - UNIFEI
36


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

Surface electromyography

Mateus F. Delangélica e
Renato M. Neto, UNIFEI
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Bionic Hand Voice Commands

EDGE IMPULSE

VIDEO

ARDUINO

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

Ricardo Magno C. Junior
Luiz Fernando Kikuchi
UNIFEI




Regression on [iny\VL

Remote database
, P

s

Y|

Data to
database
Equipment to be ed /
» R E
Seasor Node Real time Data from seasors
B 2 & ff]
= \
\

’¥' Data processing and
% analytics model

On-Device loT-Based Predictive Maintenance
Analytics Model: Comparing TinyLSTM and
TinyModel from Edge Impulse

fixed acidity
volatile acidity
citric acid
residual sugar
chlorides

free sulfur dioxide
total sulfur dioxide
density

pH

sulphates

alcohol

. P, v ¢ &

Regression
Model

TinyML Made Easy: Exploring Regression - White Wine Quality
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Industrial = Anomaly Detection Ly

INSTITUTO
FEDERAL

Sao Paulo

IESTIO1 2021.2 - Final Group Project: Bearing Failure Detection

42


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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Keystroke Sound Detection i

INSTITUTO
FEDERAL

Sao Paulo

@

Renam Castro
Professor IFESP

Tecla
pressionada

(e) Aquisicdo de | | Extragdo de
(9

sinal features

Classificacao —

@@

IESTIO1 2021.2 — Final Group Project Key Stroke Detection
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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
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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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Reinforcement on TinyML

Deep Reinforcement Learning for Autonomous
Source Seeking on a Nano Drone

Bardienus P. Duisterhof’  Srivatsan Krishnan' Jonathan J. Cruz' Colby R. Banbury! William Fu'

Aleksandra Faust’ Guido C. H. E. de Croon® Vijay Janapa Reddi'!

'Harvard University. <Robotics at Google. °Delft University of Technology. # The University of Texas at Austin

https://youtu.be/wmVKbX7MOnU

https://arxiv.org/abs/1909.11236
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Intelligent Control

Plnyslcal Sensors

DHT22 BMP220 Push-
Temp/Hum | [Temp/Press|| Button

Sensores

eteEEnEn,

.
)
-
-
-
-
.
-

-
.

25°C
w/ If the i
< Temperature is ;
over 20°C, turn-on !
the Yellow LED : " l o
Sin Banco de - Usuario
(o F-To [o]3 ;
U$er LA R R RN} IAltl‘Jlaz:);e.s. LA R R RN ) ...'
Led Servo
Ye"ow "...-.------------..alo-":
LED

Physical Outputs (Actuators)

Joao Pedro Fonseca
UNIFEI Grad Student (IESTI)

Matheus Souza
UNIFEI Grad Student (IMC)
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¥

Start deta.py
(load Vosk model, warm up SLM)

E’( Shutdown requested? <€
no

Listen 1o microphone
continuously (Vosk ASR)

Read wmperature and

humidity sensors

Read sensors and

current device state
SLM with tool schemas

selects function call
(AC /fan / lights)

Tool call emitted?

DELTA

HOME ASSISTANT PROJECT

SLM general chat
(home-assistant persona)

Execute command on Tuya Reply with s
device via local network darification

)

Y

Respond to user

DELTA: Home Automation with SLMs

International Conference on Artificial
Intelligence, Computer, Data Sciences
and Applications

A ANTALYA BiLim IEEE
AUN|\'|’K\||Y 4

Ricardo Magno C. Junior
UNIFEI
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Real-World
Applications



Measure rainfall using sound detection

. High rain Framming - - M”.m
=0u08 ! e k, . 4
_nm: } ] — /—]; '8 L | |
Sl dl o[ Prbdtos pr o e | mmea | L per
L | N— A
=0.14 1 T ; v . 1_\
s a0 az u;-lc ‘ mc:;a as 1o ‘Ewﬂ’w‘ MFE MFCC ‘
High rain
\ 6
35-
Edge Impulse standalone inferencing i ‘ ‘
run_classifier returned: 0 §25. 2 8
Timing: DSP €30 ms, inference 47 ms, § | : g
Predictions: : x
- 151 -2 %
HighRain: 0.99%609% . ' =
LowRain: 0.00000 | 4
MediumRain: 0.00000 = =
NoRain: 0.00000 - e T e
Time (seconds)
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UNIFEI-IESTIOT-TinyML

TinyML - Machine Learning for Embedding
Devices

UPDATED to 2026 - 1st Semester

™

Universidade Federal de ajubd

Instituto de Engenharia de Sistemas e Tecnologias da
Informagdo - IESTI - Campus de Itajuba

IESTIO1 - Repo

TinyML Made Easy

Hands-On with the Seeed Studio Devices

XIAOML Kit, Grove Vision Al V2 and
XIAO IPS Display seeed

Marcelo Rovai
UNIFEI 2026

XIAOML Kit Labs

Introduction to

Machine Learning
Systems

Vijay
Janapa Reddi

MLSys Book 53



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/

IESTIOS Edge Al Engineering



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

Raspberry Pi Zero W2  Arduino UNO Q Raspberry Pi 5
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Part 1: Fixed Function Al (Reactive) Part 2: Generative Al (Proactive)
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Board Agent

Check the free disk space. If there's more than 1GB free, showa ¢ m

[turn @] tool call: get_system_info({})

[turn @] result: {"os": "Debian GNU/Linux 13 (trixie)", "machine":
“aarch64", "cpu_count": 4, "memory_free_gb": 2.6, "memory_total_gb":
3.6, "disk_free_gb": 1.4, "disk_total_gb": 9.7}

[turn 1] tool call: set_led_matrix({"pattern":"check"})

[turn 1] result: {"ok": true, "pattern": "check"}

The free disk space is 1.4GB, which is more than 1GB, so the matrix shows
a checkmark.

73.8s

SYSTEM ARCHITECTURE: ARDUINO UNO Q QWEN Al CLASSIFIER
MPU (Debian Linux) MCU (Zephyr 0S) ( Off-board j
clients (Wi-Fi)
(;f\a llama-server “"”?Zephyr“ phones, browsers,
systemd service
&

5 other boards

ensor

: fn°o'(‘j-e?9 2 - Arduino sketch | ((g)
Qwen3.5-0.88 GGUF ridge.calll | . Read DHT22

e
< > | - Read water switch O D
* Drive RGB LEDs e
ﬁHTTP &

P Python main.py ' ‘ other board

frameworks / methods
+ Bridge.provide
+ Flask /classify
{ p HTTP H
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Additional Reading Support
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\
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A GenAl at the Edge Edge Al Engineering

Running Small Language Models with Arduino Hands-On with the Raspberry Pi
UNO Q and llama.cpp

UNIFEI-IESTIO5-EDGE_AI

IESTIOS - EDGE Al

Edge Machine Learning Systems Engineering

UPDATED to 2026 - 2nd Semester

Federal University of Itajuba — UNIFEI - Campus de Itajubé, MG Brasil

Material
* Materials will be uploaded to this repo every week. : Marcelo Rovai : ( \r H
Mot SIidIes, II\Il:teb:Lk; Ci:ie,ﬂ;nd Dpocs in I)EInins:: o 2026 ‘--.,:‘_“),.f M a rce l-O ROV a I
o Videos in Portuguese ) UNIFEI UNIFEI Professor Honoris Causa
https://mjrovai.github.io/UNIFEI-IESTIOS-EDGE_Al/ https://mjrovai.github.io/ARDUINO-UNO-Q/ EdgeAl Engineering
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https://mjrovai.github.io/UNIFEI-IESTI05-EDGE_AI/
https://mjrovai.github.io/UNIFEI-IESTI05-EDGE_AI/
https://mjrovai.github.io/UNIFEI-IESTI05-EDGE_AI/
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https://mjrovai.github.io/EdgeML_Made_Ease_ebook/
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Real Projects. Real Impact.

Students & researchers solving local problems with global tools
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=Bogota iR - Accra o -
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"WITS - Johannesburg

tnaaiomaraison  emm EDGE OO ) }}{ ' EDGEA

and Applied Sciences @ues. IMPULSE ARDUINO seeed FOUNDATION

mmasm;'n ' C h 11
International Centre
(CTP> for Theoretical Physics '
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https://mlsysbook.ai/kits/

Nicla Vision
Cortex-M4/M7

XIAO ML Kit
Xtensa LX7

Grove Vision Al V2

Introduction to Cortex-M55/U55

Machine Learning
Systems

Vijay i
Janapa Reddi Raspberry Pi

Cortex-A53/A76

TinyML Made Easy
Hands-On with the Nicla Vision

Hands-On w

1@\; Marcelo Rovai

UNIFEI elechihane S

TinyML Made Easy
Hands-On with the Seeed Studio Devices

ices
IAOMLKit, Grove Vision Alv2and  \( )J



https://mlsysbook.ai/kits/
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African Regional Workshop
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Scientific Use of
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Low-Power Devices
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Latin American Regional
Workshop on SciTinyML: ICTP,
Scientific Use of Machine )

Leaming on Low-Power
Devices
VN8 bty 202

An ICTP Vetsol Meenog
Tieste Moty

g e 8 e Ny
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=1
VA

vy '\‘/7 Zombs, Matawi
and conservation. TewML is also a great educational took
a5 it explores topics from across the computer scence and

practical
applications of TinyWi. in addressing global challenges that are
particularty relevant to African researchers and we wil provde
hands-an training on commercialy avaable hardware.
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Deadine:
L 25 sanuary 2025
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Workshop on Scientific Use of
Machine Leaming on (CTP
Low-Power Devices:

Applications and Advanced

Topics

17-21 April 2023

An ICTP Virtual Meeting

Trieste, Haly

TiyML s @ sublold of Machine Learming focused on Directors:
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time, low-power, and low-cost ombedded devices. This Shem————
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an 2000
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TinyML Made Easy

Hands-On with the Nicla Vision

@ Marcelo Rovai

UNIFEI Professor Honoris Causa
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TinyML Made Easy

Hands-On with the Nicla Vision

@ Marcelo Rovai
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University Courses Books Workshops & Lectures

Full semester courses on TinyML Open, hands-on e-books spanning Global workshops and talks — ICTP,

[
E d e AI & I I n M I and Edge Al systems engineering. ML systems to hardware. WALC, and universities worldwide.
View courses = View books = View workshops -

A personal hub for my lectures, books, workshops, and
tutorials — part of my work with the AIEng4D academic
network, bringing Edge Al & TinyML education across the
Global South.

MARCELO ROVAI PROFESSOR, UNIFEI

04 05 06
Academic Papers Tutorials About Me

Peer-reviewed research on TinyML Step-by-step guides for boards Marcelo Rovai — educator,
and edge machine learning. from XIAO to Raspberry Pi. professor, and co-chair of the

AIEng4D network.
View papers - View tutorials -
AIEng4D network 2 Read more -

UNIVERSIDADE FEDERAL DE ITAJUBA

University Courses

e UNIFEI-IESTIO1: TinyML - Machine Learning for Embedded Devices
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LUNTDF - Ushuaia UNIFEI XIAO: Big Power, Small Board - Mastering Arduino and TinyML
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TinyML Made Easy: Hands-On with Seeed Studio Devices
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places with unreliable networks and no data-center
infrastructure, smaller is better The US. Nuclear Plant Fleet s

Leaning Into Al

BY DAVID BERREBY @6 JUL 2026 | 6 MIN READ | []

NEWS

Europe’s Circuit4EU Initiative Targets
Rare Earths From E-Waste

NEWS

Attempts to Keep Humans in the Al
Loop May Actually Push Them Out

IEEE Spectrum WILEY

Your Pathway to

PCle 6.0 Success

From Simulation to Protocol

White Paper
PCl Express® Test Overview

|

Jose Alberto Ferreira, a researcher at the Patient Simulator Lab at the University of Itajuba, in Brazil, tests a TinyML (Tiny
Machine Learning) model that generates electrocardiograms. MARCELO ROVAI
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Questions?

Prof. Marcelo J. Rovai

rovai@unifei.edu.br

UNIFEI - Federal University of Itajuba, Brazil
TinyML4D - Academic Network Co-Chair
EdgeAlP - Academia-Industry Partnership Co-Chair
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