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What is Tiny Machine Learning (TinyML)?

TinyML
Fastest-growing field of ML

Algorithms, hardware, software

Low power consumption

On-device sensor analytics

Always-on ML

Battery-operated
3
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Hardware

Software
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Raspberry Pico (W) Arduino Nano 
Sense

Espressif ESP 32 Seeed XIAO 
ESP32S3 Sense

Arduino Pro

32Bits CPU Dual-core Arm 
Cortex-M0+

Arm Cortex-M4F Xtensa LX6 Dual Core Xtensa LX7 Dual Core Dual Core Arm Cortex 
M7/M4

CLOCK 133MHz 64MHz 240MHz 240MHz 480/240MHz

RAM 264KB 256KB 520KB (part available) 8MB (PSRAM) 1MB

ROM 2MB 1MB 2MB 8MB 2MB

Radio (Yes for W) BLE BLE / WiFi BLE / WiFi BLE / WiFi

Sensors No Yes No Yes Yes (Nicla)

Bat. Power Manag. No No No Yes Yes

Price $ $$$ $ $$ $$$$$

Hardware (Dev. 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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Power

Wio
ESP32S3
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Software
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How to Train a ML Model?
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Machine Learning Workflow
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EI Studio - Embedded ML platform

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
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Personal Assistant 

KWS
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Digital Mic 
“UNIFEI”
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Obtains an input Pre-Process Runs model postprocesses

Make things 
happen

16KHz / 16 bits
  Sample: [1s]

Output: Image
     [13, 50, 1]

Output Dim [1, 3]
- Prob ‘iesti’
- Prob ‘unifei’
- Prob ‘silence’

Check the 
highest 

probability 
Take actions

KeyWord Spotting (KWS) - Inference 

UNIFEI

IESTI

https://youtu.be/XnFYz-RSNe8

https://youtu.be/XnFYz-RSNe8
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Mechanical Stresses in Transport

Roll

Yaw

Pitch

Terrestrial 

Maritime Rail 
Fork-Lift 

Idle 
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Raw Data 
from sensor

300 Raw Features

• RMS
• SKEW
• KURT
• FFT 
• PSD 

Spectral 
Analysis

Features Classes

NN 
Classifier

Sliding Window: 200 ms

Manual Feature
Extraction

• Lift
• Terrestrial
• Maritime
• Idle

TinyML under the 
hood: Spectral 
Analysis
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Preprocess
Data

units = 63

63 Features Classes

Input 
Layer

• Lift
• Terrestrial
• Maritime
• Idle

Hidden 
Layer 1

Hidden 
Layer 2

Output 
Layer

(63x20)

• RMS
• SKEW
• KURT
• FFT 
• PSD 
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Maritime

Lift

Anomaly Detection – K-Means
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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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Computer Vision Main Types
Image Classification 
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Object Detection 
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• Possible Images:
• Medicine
• background

Image Classification Project
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ESP - CAM 
Xtensa LX6  
240 MHz

171 ms

ARDUINO Pro 
ARM H7 
480 MHz

45 ms

XIAO ESP32S3 
Xtensa LX7  
240 MHz

135 ms

https://www.hackster.io/mjrobot/tinyml-made-easy-image-classification-cb42ae
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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://youtu.be/jOZKxO3KnIA

https://youtu.be/jOZKxO3KnIA
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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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The Future of the 
EdgeAI/ML
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USD 10 -> https://www.sparkfun.com/products/21231

The Person Sensor has 
built in facial recognition 
and determines how 
many people there are, 
as well as their relative 
position.

https://www.sparkfun.com/products/21231
https://usefulsensors.com/
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Bosch BME688 - Environmental sensing with AI 

https://www.bosch-sensortec.com/products/environmental-sensors/gas-sensors/bme688/

https://www.bosch-sensortec.com/products/environmental-sensors/gas-sensors/bme688/
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mlsensors.org
https://github.com/harvard-edge/ML-Sensors
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Edge AI has a 
very high impact 
potential, and it 
is for now!
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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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Responsible AI
Suzan Kennedy, Ph.D.

SciTinyML Seminar - Slides

SciTinyML Seminar - Video

https://tinyml.seas.harvard.edu/SciTinyML/assets/slides/ResponsibleAI.pdf
https://youtu.be/DDA3lb7iVqg
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To learn more …
● IESTI01 TinyML - Machine Learning for Embedding Devices (Videos: Pt)
● WALC 22 – Applied AI - TinyML (Videos in Spanish)
● 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
● "Deep Learning with Python" book by François Chollet
● "TinyML" book by Pete Warden, Daniel Situnayake
● "TinyML Cookbook" by Gian Marco Iodice
● "AI at the Edge" book by Daniel Situnayake, Jenny Plunkett

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.

https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML-2022.1
https://github.com/Mjrovai/WALC_2022-Applied_AI
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://www.manning.com/books/deep-learning-with-python
https://www.oreilly.com/library/view/tinyml/9781492052036/
https://www.amazon.com/TinyML-Cookbook-artificial-intelligence-ultra-low-power-ebook-dp-B09R4TKVX4/dp/B09R4TKVX4/ref=mt_other?_encoding=UTF8&me=&qid=
https://www.oreilly.com/library/view/ai-at-the/9781098120191/
https://tinyml.seas.harvard.edu/courses/
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Thanks


