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Definitions
• Artificial Intelligence (AI): The broad discipline of creating machines capable of performing 

tasks that typically require human intelligence, including learning, reasoning, and 
problem-solving.

• Machine Learning (ML): A subset of AI focused on building systems that learn from data, 
allowing computers to improve their performance on tasks without being explicitly 
programmed for each task.

• Deep Learning (DL): An advanced subset of machine learning involving neural networks 
with multiple layers (deep networks), enabling powerful data modeling and decision-making 
based on vast amounts of data.

• Edge AI: The practice of processing AI algorithms on local devices near the data source, 
reducing latency and bandwidth use while enhancing privacy and speed in applications like 
real-time analytics and local data processing.

• TinyML: The field of machine learning focused on developing low-power models that can 
operate directly on small devices like microcontrollers, extending AI capabilities to edge 
devices.
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Power

Wio
ESP32S3

(AI)
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Software

TinyMLEdgeAI
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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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Nicla Vision

XIAO ESP32S3

https://harvard-edge.github.io/cs249r_book/contents/labs/arduino/nicla_vision/object_detection/object_detection.html
https://harvard-edge.github.io/cs249r_book/contents/labs/seeed/xiao_esp32s3/object_detection/object_detection.html
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FOMO
Object Detection model
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File > Examples > ESP32 > 
Camera > CameraWebServer.ino

Dataset
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Labeling
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Labeling
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Labeling
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(96 x 96 ) / 8

Model: FOMO

/2 /4 /8

MobiliNetV2
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Inference Test
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SenseCraft

(XIAO)

(Nicla)

Deploy

https://seeed-studio.github.io/SenseCraft-Web-Toolkit/#/setup/process
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Deploy
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microNPU
a neural network unit for TinyML
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TOPS (Tera Operations per Second) 

ML- optimized Solutions
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Computer Vision at the 
Edge with Grove Vision AI 
Module V2

Exploring Computer Vision 
applications such as Image 
Classification, Object 
Detection, and Pose 
estimation.

https://www.hackster.io/mjrobot/computer-vision-at-the-edge-with-grove-vision-ai-module-v2-0003c7
https://www.hackster.io/mjrobot/computer-vision-at-the-edge-with-grove-vision-ai-module-v2-0003c7
https://www.hackster.io/mjrobot/computer-vision-at-the-edge-with-grove-vision-ai-module-v2-0003c7
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YOLO
Object Detection model
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Ultralytics YOLO  (You Only Look Once) 

Real-time object detection systems that identify and classify many objects very fast in a single image pass.

Computer Vision tasks
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BuzzTech: Machine 
Learning at the Edge

Deploying YOLOv8 on 
Raspberry Pi Zero 2W 
for Real-Time Bee 
Counting at the Hive 
Entrance.

https://www.hackster.io/518000/buzztech-machine-learning-at-the-edge-07c951
https://www.hackster.io/518000/buzztech-machine-learning-at-the-edge-07c951
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Goal: Estimate the number of bees 
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Raw 
Dataset

Dataset
Labeling

(Roboflow)

Model 
Training

Ultralytics
(PyTorch)

Model Inference
Ultralytics - 

NCNN
(Rasp)
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LSTM
Long Short-Term Model

LSTM model is a type of recurrent neural network (RNN) that is well-suited for 
sequence prediction problems by effectively capturing long-term dependencies 
in data sequences.
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Deep Learning models (or artificial neural networks)

 
Fully Connected Neural Networks (FCNNs): Networks where 
each neuron in one layer is connected to every neuron in the 
following layer, useful for complex pattern recognition across 
diverse datasets.

Convolutional Neural Networks 
(CNNs): Specialized for grid-like 
data such as images, using 
convolutional layers to detect 
and learn spatial hierarchies of 
features.
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Deep Learning models (or artificial neural networks)

 Recurrent Neural Networks (RNNs): Designed for sequential data like time 
series or text, these networks use their internal state (memory) to process 
sequences of inputs.
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Machado de Assis Bot with RNN - GRU

The robot writer model is a Recurrent Neural network (RNN —GRU). 
To obtain the final AI model, 3.5 million parameters were trained 
with a 120-letter sequence from seven of his books: Memorias 
Posthumas de Braz Cubas, Dom Casmurro, Quincas Borba, Papeis 
Avulsos, A Mão e a Luva, Esaú e Jacob, and Memorial de Ayres.

https://github.com/Mjrovai/MachadoAssisBot
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A LUVA DE CASMURRO II
A missa do coupé e um presente e o governo devia cazar logo no papel, a morte 
do autor, e todos os seus considerados de alegria. Era um espirito de vinte e 
cinco annos, e eu não estou alguns passos no cerebro, como de outra cousa. 
Deus me disse:

--Não digo que não. Se eu tivesse a intenção de um probosito. Palha acudiu a 
mulher, não havia nada. A noite vinha tambem para o seminario, tinha o 
aspecto do partido recto e de restaurar a minha mãe e do pae, pela primeira 
vez, a menor destinada a dispensar o chapéo, esperou que não vinhas com as 
suas mãos de creanças. A manhã della chegasse a baroneza e a maneira desta 
divida. Parece que é casada.

--Está bom, perdoa-lhe de todos os lados, a vida de que o comprar para o meu quarto de hora, e contavam com 
o fim de a anterior, e, a parede pouco tempo a alma de pessoas que definitivamente lhe interessam a menos 
para mim. De quando em quando, esses dous annos de conversação para o fim de deixar nenhuma pessoa que 
se dispersasse; mas não falo de uma cousa nem lhe pedia com a mão tremula, como se ella quizesse. Eu, 
apertando-lhe a mão, aliás o principio do governo, a proposito disso, com a desattenção de Estevão, e eu 
começou a aborrecel-o, e a solidão podia ser melhor, e a sympathia colloca da mãe, e não se sabe calar o 
enterro no meio do lagem, o que iam-se apanhados no chão, e para a mulher, não tendo visto, nem a mesma 
cousa.
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Deep Learning models (or artificial neural networks)

 Long Short-Term Memory (LSTM): A type of RNN that can learn over long 
sequences without losing information, effectively managing long-term 
dependencies.
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Temperature Prediction 
using an LSTM model

The trained LSTM model will 
be converted with 
TFLite-Micro and Edge 
Impulse Python SDK and 
deployed on an XIAO 
ESP32S3.

https://www.hackster.io/mjrobot/temperature-prediction-using-a-tinyml-lstm-model-264029
https://www.hackster.io/mjrobot/temperature-prediction-using-a-tinyml-lstm-model-264029
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Time-Series 
Dataset

Feature 
Extraction

Model 
Training

(TensorFlow)

Model 
Conversion

(TFLite)
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Edge Impulse Python SDK 

converted_model.tflite EI Python SDK lstm_float32_model.zip

TFLite Micro

https://docs.edgeimpulse.com/docs/tools/edge-impulse-python-sdk
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LLM / SLM
Large Language Model / Small Language Models

LLMs are specialized deep learning models designed to understand and generate 
human language, used for tasks like translation, summarization, and generating 
human-like text responses. SLMs are the same, but use a simpler, less 
resource-intensive approach (smaller in size).
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Deep Learning models (or artificial neural networks)

 • Autoencoders: Used primarily for unsupervised learning 
tasks such as dimensionality reduction and feature 
extraction, autoencoders learn to compress data from the 
input layer into a shorter code and then reconstruct the 
output from this representation.

• Transformer Models: Highly effective in handling sequences, transformers use mechanisms like 
self-attention to weigh the importance of different words in a sentence, regardless of their position. 
The Transformer architecture, while innovative, can be seen as a derivative of earlier deep learning 
models, particularly those based on the concept of sequence modeling. However, the most direct 
lineage can be traced to the sequence-to-sequence (seq2seq) models that utilize encoder-decoder 
architectures. These earlier seq2seq models were often built using recurrent neural networks 
(RNNs) or their more advanced variants like LSTMs (Long Short-Term Memory Networks) or GRUs 
(Gated Recurrent Units).
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Large Language Models (LLMs) and SLMs are 
advanced neural networks based on the 
Transformer architecture that excel in 
understanding and generating human language. 
They represent a significant evolution from earlier 
sequence-based models like LSTMs, which surpass 
them in handling long-range dependencies and 
parallel processing efficiency.

LLM/SLM – Large /Small Language Model 
 

Prof. Jesus's Presentation about IA: 

https://www.200ok.ai/blog/slm-vs-llm-understanding-the-differences-in-language-modeling/
https://youtu.be/zwzZR2i5eYI?si=utvIN1QYEKrb_efu
https://tinyml.seas.harvard.edu/SciTinyML-24/assets/slides/jesus_slides.pdf
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Transformers to LLMs and SLMs
 

LlaMa Gemini GPT ClaudeMixtralPhi

Open Closed

2017
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Running Large Language 
Models on Raspberry Pi at 
the Edge

Transform a Raspberry Pi 
into a powerful AI hub, 
running SLMs for real-time, 
on-site data analysis and 
insights using Ollama and 
Python.

https://www.hackster.io/mjrobot/running-large-language-models-on-raspberry-pi-at-the-edge-63bb11
https://www.hackster.io/mjrobot/running-large-language-models-on-raspberry-pi-at-the-edge-63bb11
https://www.hackster.io/mjrobot/running-large-language-models-on-raspberry-pi-at-the-edge-63bb11
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SLM Model: LlaVa – Phi3
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llava-phi-3 is a LLaVA model  (Large Language and Vision Assistant) 
fine-tuned from Microsoft Phi-3 mini

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

~ 350 pages

~ 300 words/page

1 word = ~ 1.4 token

** 22.5 Million books - 17% of 
all books written in the world 

* 2.4 GB

https://llava-vl.github.io/
https://huggingface.co/microsoft/Phi-3-mini-4k-instruct
https://isbndb.com/blog/how-many-books-are-in-the-world/
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Ollama

llava-phi-3 (2.9 GB)

(13 seconds) (4 minutes)

https://ollama.com/
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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/
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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 for TinyML” by a collaborative effort
Projects Repository
Edge Impulse Expert Network

https://tinyml.seas.harvard.edu/courses/
https://sites.google.com/g.harvard.edu/tinyml/home
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-2023.1
https://wesmckinney.com/book/
https://www.manning.com/books/deep-learning-with-python
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://www.oreilly.com/library/view/ai-at-the/9781098120191/
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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Thanks


