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Agenda

1. Internet of Things to Intelligence of Things

2. Embedded Machine Learning & Challenges

3. Real World Applications

4. Generative AI at the Edge

5. The future

6. TinyML4D and EAIP – Academic & Industry Partnership
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Marcelo Rovai is an educator and professional in the field of 

engineering and technology, holding the title of Professor Honoris 

Causa from the Federal University of Itajubá, Brazil. His 

educational background includes an Engineering degree from 

UNIFEI and a specialization from the Polytechnic School of São 

Paulo University (POLI/USP). Further enhancing his expertise, he 

earned an MBA from IBMEC (INSPER) and a Master’s in Data 

Science from the Universidad del Desarrollo (UDD) in Chile.

With a career spanning several high-profile technology 

companies such as AVIBRAS Airspace, AT&T, NCR, and IGT, where 

he served as Vice President for Latin America, he brings a wealth 

of industry experience to his academic endeavors. He is a prolific 

writer on electronics-related topics and shares his knowledge 

through open platforms like Hackster.io.

In addition to his professional pursuits, he is dedicated to educational outreach, serving as a volunteer professor 

at the IESTI (UNIFEI) and engaging with the TinyML4D group  and the EDGE AIP – the Academia-Industry Partnership of 

EDGEAI Foundation as a Co-Chair, promoting EdgeAI education in developing countries. His work underscores a 

commitment to leveraging technology for societal advancement.

https://github.com/Mjrovai
https://www.hackster.io/mjrobot
https://tinyml.seas.harvard.edu/team
https://www.edgeaifoundation.org/posts/announcing-the-tinyml-foundation-industry-academia-partnership
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Itajubá, 
Minas Gerais, 
Brazil
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Internet of Things (IoT)



7

Microcontroller

COMM  Error 
Alarm

WAN

Cloud

%

Pump Relay & 
LED

Lamp Relay & 
LED

Typical IoT Project 

Comm 
Device

Actuators *
(Output) 

Sensors *
(Input) 

* “Things”



8

Microcontroller

COMM  Error 
Alarm

WAN

Cloud

%

Pump Relay & 
LED

Lamp Relay & 
LED

Typical IoT Project 

Comm 
Device

Actuators 
(Output) 

Sensors 
(Input) 

5 Quintillion
bytes of data produced 

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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Source: ABI Research: TinyML
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TinyML

EdgeML

CloudML

Machine Learning (ML)
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Embedded ML 
EdgeAI & TinyML



15

What is Tiny Machine Learning (TinyML)?

TinyML
Fastest-growing field of ML

15

Algorithms, hardware, software

On-device sensor analytics

Low power consumption
Battery-operated

Always-on ML
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Hardware

Software

TinyML ?

TinyML
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Challenges
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250 Billion
MCUs today

21
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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 (Development 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
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https://media.digikey.com/Resources/Maker/the-original-guide-to-boards-2021.pdf
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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


27https://huggingface.co/blog/large-language-models https://arxiv.org/abs/2303.08774

GPT-4

(100T) ?

(1T) ?

https://huggingface.co/blog/large-language-models
https://arxiv.org/abs/2303.08774
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Data Model Device

ML Deployment Pipeline
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Unstructured Data
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Vibration 
Analysis 

Image 
Classification

Text 
Generation

Image 
Generation

Large Language 
Models- LLMs 

Neural Network Architectures 

MLP - Deep Neural Network CNN - Convolutional NN RNN - Recurrent NN (GRU/LSTM) GAN - Generative Adversarial N. AN - Attention (Transformers)
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     Datasets                     Quantization                          Resource
Preprocessing           Pruning, Distillation                 constraints

Sound

Vision

Vibration

End-to-end TinyML/EdgeAI Application
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Raspberry Pi AI Kit

13 - 25 TOPS

microNPU NN Inference Accelerator

NPU: Hailo8L

Alif E3

OpenMV AE3

0.5 TOPS 0.25 TOPS

350mW 150mW 30 W
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 * Note: Hailo-10H for LLMs is planned for future release

NPU: Hailo8L*

GPU: NVIDIA Ampere
100 TOPS
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600 mW525 mW 420 mW1,500 mW300 mW
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Real-World Applications
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41https://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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Coffee Disease Classification

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

   
  
  
  
  
  
  
  
 

João Vitor Yukio Bordin 
Yamashita
Mestre -  UNIFEI

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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José Anderson Reis
UNIFEI Master's Student

Guilherme Fernandes
UNIFEI Grad Student

Bee Counting
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Ant Detection 

FURG UTEC UNRaf

Juan Camilo Abedala
PRIA

https://github.com/juanabedala/DeteccionDeHormigas
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Atrial Fibrillation Detection on ECG using TinyML 
Silva et al. UNIFEI 2021

AD8232 - Single Lead Heart Rate Monitor

Guilherme Silva
Matheus Lima
Engenheiros - UNIFEI

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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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://youtu.be/NzxCZh8b4To
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Surface electromyography 

Mateus F. Delangélica e 
Renato M. Neto, UNIFEI
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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.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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Vibration – 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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Keystroke Sound Detection

IESTI01 2021.2 – Final Group Project Key Stroke Detection

Renam Castro
Professor IFESP

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
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Measure rainfall using sound detection 

Bruno V. Batista , Felipe S. Fernandes,  Rodrigo N. Pereira - UNIFEI
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Generative AI at the Edge
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Generative AI is an artificial intelligence system capable of 
creating new, original content across various mediums such as 
text, images, audio, and video. These systems learn patterns 
from existing data and use that knowledge to generate novel 
outputs that didn't previously exist. 

When used for generative tasks, Large Language Models 
(LLMs), Small Language Models (SLMs), and Visual-Language 
Models (VLMs) can all be considered types of GenAI.

Generative AI (GenAI)
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Language Models 
 

https://platform.openai.com/tokenizer

https://platform.openai.com/tokenizer
https://platform.openai.com/tokenizer
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Large Language Model (LLM) Training 
Pretraining

Post-Training
Supervised
Finetuning

Post-Training
Reinforcement
Learning

Deep Dive into LLMs like ChatGPTChatGPT

https://youtu.be/7xTGNNLPyMI?si=1rtoQztKvRBjru0U
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Small Language Models (SLMs) 

Llama 1B/3B

Pruning

Destilation

Quantization

LLM

SLM
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A 4-bit quantized 3.8 billion 
parameter* language model trained 
on 3.3 trillion tokens**, whose overall 
performance, as measured by both 
academic benchmarks and internal 
testing, rivals that of models such as 
Mixtral 8x7B and GPT-3.5

** Equivalent to 22.5 million 
books - 17% of all books 
written in the world 

* Needs 2.4 GB of RAM

 = 147K tokens

Microsoft Phi-3

1 word = ~ 1.4 token

~ 300 words/page

~ 350 pages

https://isbndb.com/blog/how-many-books-are-in-the-world/
https://isbndb.com/blog/how-many-books-are-in-the-world/
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Transformers to LLMs and SLMs
 

2025 DeepSeekDDeepDQwen DeepSeek DDeepDGrok
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Small Models
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Ollama

llava-phi-3 (2.9 GB)

(13 seconds) (4 minutes)

https://ollama.com/
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LLMs: Optimization Techniques
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Fundamentals: Optimizing Prompting Strategies
• Chain-of-Thought Prompting
• Few-Shot Learning
• Task Decomposition

Intermediate: Building Intelligence Systems
• Building Agents with SLMs
• General Knowledge Router
• Function Calling
• Response Validation

Advanced: Extending Knowledge and Specialization
• Retrieval-Augmented Generation (RAG)
• Fine-Tuning for Domain Specialization

Techniques for Enhancing SLM at the Edge

Integration: 

Combining Techniques for 

Optimal Performance
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The correct answer 🡺 123,456 x 123,456 = 15,241,383,936WRONG!!!!!
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Agents
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It is correct 🡺 123,456 x 123,456 = 15,241,383,936



73

SLM Model: LlaVa – Phi3

Function Calling
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Retrieval-Augmented Generation (RAG)

“A method created by the FAIR team at Meta to enhance the 
accuracy of Large Language Models (LLMs) and reduce false 
information or “hallucinations.”
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Usual Prompt
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With RAG
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RAG: Simple Query
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VLM
Vision Language Models
Vision Language Models (VLMs) are artificial intelligence systems integrating computer 
vision and natural language processing capabilities. This fusion enables them to process, 
understand, and generate both visual (images, videos) and textual data, allowing for a 
wide range of multimodal tasks that require joint reasoning across these domains.
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Florence-2 stands out for its zero-shot performance, 
compactness, and ability to handle multiple vision-language 
tasks without extensive fine-tuning. It is particularly well-suited 
for scenarios where rapid deployment and efficiency are crucial, 
such as edge devices or when a unified model is preferred.

PaliGemma (especially PaliGemma 2) is designed for flexibility 
and scalability, excelling when fine-tuned for specific tasks or 
domains. It supports a broader range of languages and 
higher-resolution images, making it a strong choice for complex, 
custom, or multilingual applications.
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Florence-2 
Advancing a Unified 
Representation for a 
Variety of Vision Tasks

Paper: https://arxiv.org/abs/2311.06242

https://arxiv.org/abs/2311.06242
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{'<MORE_DETAILED_CAPTION>': 'The 
image shows a wooden table with a 
wooden tray on it. On the tray, there 
are various fruits such as grapes, 
oranges, apples, and grapes. There is 
also a bottle of red wine on the table. 
The background shows a garden with 
trees and a house. The overall mood 
of the image is peaceful and serene.'}

Caption

{'<DETAILED_CAPTION>': 'The image shows a 
street with cars and people walking down it, 
surrounded by buildings with windows, 
railings, and balconies. There is a tree in the 
foreground and a clock tower in the 
background. The sky is filled with clouds and 
there is a watermark on the image.'}

{'<CAPTION>': 'A group of dogs and 
cats sitting in a garden.'}
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Object Detection
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Dense Region Caption
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Segmentation
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OCR
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Fine-Tunning
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The Future…
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Generative AI is rapidly transitioning from centralized cloud environments to edge 
computing, transforming how data is processed and utilized across industries. This 
shift is gaining significant momentum, with Gartner projecting that GenAI will be 
featured in 60% of edge computing deployments by 2029, up from just 5% in 2023. 
The Edge AI market is expected to reach $269.82 billion by 2032, growing at a 
compound annual rate of 33.3%.

Edge-based GenAI is enabling transformative applications across multiple sectors:
• Autonomous Vehicles: Real-time sensor analysis and decision-making
• Healthcare: On-device diagnostics and privacy-preserving patient monitoring
• Retail: Voice-assisted shopping and interactive customer service
• Industrial IoT: Predictive maintenance and anomaly detection
• Smart Devices: Real-time translation and augmented reality experiences

The Future of Generative AI at the Edge
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bitnet.cpp

Bitnet.cpp employs one-bit quantization, representing values with a 
ternary system (+1, -1, 0). This approach simplifies calculations by 
replacing complex multiplications with additions and subtractions, 
eliminating the need for GPUs. 
• Speedups range from 1.37x to 6.1x on various CPUs.
• Power consumption reductions between 55.4% and 82.2% compared to 

traditional GPU-based inference.

https://github.com/microsoft/BitNet
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EdgeAI Engineering

https://mjrovai.github.io/EdgeML_Made_Ease_ebook/
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TinyML4D Academic Network

Edge AIP Academic Industry Partnership
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TinyML4D, an initiative to make TinyML education available to everyone globally.

TinyML4D Academic Network

https://tinyml.seas.harvard.edu/4D/
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More than 
2,000 

people 
trained!
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IESTI01 - Course Structure

• Weekly video-recorded lectures (15 weeks)
• Slides 
• Hands-on coding (by teacher & students) 

• Weekly Additional Readings 

• Assignments 
• Quizzes (Weekly)
• Notebooks with codes (4)
• Hands-on lab reports   (4)

• Final Project (Groups of 3 students)
• Report
• Presentation 

https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML

https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML
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TinyML Arduino Kit Wio Terminal Kit 

XIAO ESP32S3 Kit

(Principal) (Optional)

(Optional)

Thanks to: 
Thanks to: 
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https://mlsysbook.ai/

https://mlsysbook.ai/
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https://mlsysbook.ai/contents/labs/overview.html

Nicla Vision
Cortex-M4/M7

Grove Vision AI V2
Cortex-M55/U55

Raspberry Pi
Cortex-A53/A76

XIAO ML Kit
Xtensa LX7
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To learn more …

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.

Online Courses
Harvard School of Engineering and Applied Sciences - CS249r: Tiny Machine Learning
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
UNIFEI-IESTI01 TinyML: “Machine Learning for Embedding Devices”
Books
“Python for Data Analysis” by Wes McKinney
“Deep Learning with Python” by François Chollet - GitHub Notebooks
“TinyML” by Pete Warden and Daniel Situnayake
“TinyML Cookbook 2nd Edition” by Gian Marco Iodice
“Technical Strategy for AI Engineers, In the Era of Deep Learning” by Andrew Ng
“AI at the Edge” book by Daniel Situnayake and Jenny Plunkett
“XIAO: Big Power, Small Board” by Lei Feng and Marcelo Rovai
“Machine Learning Systems” by Vijay Janapa Reddi
"Tiny Machine Learning Quickstart" by Simone Salerno
Projects Repository
Edge Impulse Expert Network

https://tinyml.seas.harvard.edu/courses/
https://sites.google.com/g.harvard.edu/cs249-tinyml-2023
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://github.com/Mjrovai/UNIFEI-IESTI01-TinyML
https://wesmckinney.com/book/
https://www.manning.com/books/deep-learning-with-python-third-edition
https://github.com/fchollet/deep-learning-with-python-notebooks
https://www.oreilly.com/library/view/tinyml/9781492052036/
https://github.com/PacktPublishing/TinyML-Cookbook_2E
https://github.com/ajaymache/machine-learning-yearning/blob/master/full%20book/machine-learning-yearning.pdf
https://edgeimpulse.com/edge-ebook
https://mjrovai.github.io/XIAO_Big_Power_Small_Board-ebook/
https://harvard-edge.github.io/cs249r_book/
https://docs.edgeimpulse.com/experts/
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TinyML: Why the Future of Machine Learning is Tiny and Bright 

Shvetank Prakash, Emil Njor, Colby Banbury, Matthew Stewart, Vijay Janapa Reddi

https://www.sigarch.org/tiny-machine-learning-the-future-of-ml-is-tiny-and-bright/


110https://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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Vijay Janapa Reddi, Ph. D. | Associate Professor |
John A. Paulson School of Engineering and Applied Sciences | Harvard University | 
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Questions?
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www.embarcados.com.br

linkedin.com/embarcados

@portalembarcados

youtube/Embarcados TV

OBRIGADO!


