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Quick Disclaimer: 
Today will be both too fast 

 and too slow!
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What Is Embedded ML? 
(TinyML)
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What Is ML?
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Artificial Intelligence

Machine Learning
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ML RULES

ML works by 
Training a model

LABELSINPUTS
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DOG
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Model
RULES

After it’s learned…

NEW UNLABELED

INPUTS
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Model
RULES

After it’s learned you can make predictions:

NEW UNLABELED

INPUTS

NEW

ANSWERS (LABELS)
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What Is Embedded ML? 
(TinyML)
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Fastest-growing field of ML
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Ba ery-operated
Putting ML on embedded devices! 
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Kicking

Penalty kicking

Passing

Dribbling

...
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Promising Social Applications of TinyML
Wildlife conservation

Agriculture
May be able to reduce agrichemical use to 0.1% 
of conventional blanket spraying
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And many more!

https://arxiv.org/pdf/2205.05748.pdf

https://arxiv.org/pdf/2205.05748.pdf
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TinyRL: Autonomous Navigation on Nano Drone

[ICRA’21] [IROS’21]

http://www.youtube.com/watch?v=wmVKbX7MOnU
http://www.youtube.com/watch?v=hj_SBSpK5qg
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Why Tiny?
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Google Assistant

nestIoT 1.0: 
Internet

of Things

IoT 2.0: 
Intelligence 
on Things
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5 Quintillion
bytes of data produced 

every day by IoT

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

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

No Good Data Left Behind
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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
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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IoT 1.0: 
Internet

of Things

IoT 2.0: 
Intelligence 
on Things

B
L
E
R
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IoT 1.0: 
Internet

of Things

IoT 2.0: 
Intelligence 
on Things

Bandwidth
Latency
Energy
Reliability
Privacy

Side Note: I’ve also seen 
the E represent Economics
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IoT 1.0: 
Internet

of Things

IoT 2.0: 
Intelligence 
on Things

Bandwidth
Latency
Energy
Reliability
Privacy Battery Life is 

only O(months) 
and only sends 

GPS signal
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IoT 1.0: 
Internet

of Things

IoT 2.0: 
Intelligence 
on Things

Bandwidth
Latency
Energy
Reliability
Privacy

TinyML to 
the rescue!
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Market Forecast
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Source: ABI Research: TinyML
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TinyML Challenges
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TF Micro

SoftwareHardware

Challenges

CPU

GPU DSP

NPU Memory

Heterogeneity Resource Constraints

malloc ...

Missing Library 
Features

Limited Operating 
System Support
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Compute
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250 Billion
MCUs today
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Board MCU / ASIC Clock Memory Sensors Radio

Himax
WE-I Plus EVB

HX6537-A
32-bit EM9D DSP 400 MHz 2MB flash

2MB RAM
Accelerometer, Mic, 

Camera None

Arduino
Nano 33 BLE Sense

32-bit
nRF52840 64 MHz 1MB flash

256kB RAM

Mic, IMU, Temp, 
Humidity, Gesture, 
Pressure, Proximity, 

Brightness, Color
BLE

SparkFun
Edge 2

32-bit
ArtemisV1 48 MHz 1MB flash

384kB RAM
Accelerometer, Mic, 

Camera BLE

Espressif
EYE

32-bit
ESP32-D0WD 240 MHz 4MB flash

520kB RAM Mic, Camera WiFi, BLE
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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
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https://arxiv.org/pdf/1910.01108.pdf
https://towardsdatascience.com/neural-network-architectures-156e5bad51ba
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Himax
WE-I Plus EVB

SparkFun
Edge 2

Espressif
EYE

Arduino
BLE Sense 33

...

...
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malloc ...

Missing Library 
Features

Limited Operating 
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Scaling TinyML
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Source: https://blogs.gartner.com/andrew_white/2019/01/03/our-top-data-and-analytics-predicts-for-2019/
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  MLCode

Training 
formalization

Experimentation & prototyping
Data 

Engineering

Dataset & 
feature 

repository

Problem 
Definition

Model 
registry

ML metadata 
& artifact 

repository

Version 
Control

Model 
Validation

Model 
Prototyping

Data Selection

Data 
Exploration

Feature 
Engineering

Implement 
training pipeline

Training 
operationalization

Code & 
Config

<\>
Dataset

<\>

Parameters, 
metrics, 

annotations

<\>
Trained 
Model

<\>

Practitioners guide to MLOps: A framework for continuous
delivery and automation of machine learning

Model 
Evaluation
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https://services.google.com/fh/files/misc/practitioners_guide_to_mlops_whitepaper.pdf
https://services.google.com/fh/files/misc/practitioners_guide_to_mlops_whitepaper.pdf
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Serving 
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Serving 
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Model
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ML Expertise

BASIC EXPERT

ML Engineer

ML Researcher

Data Scientist

Data Engineer

Software Engineer

DevOps

Business 
Analyst
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ML Sensors
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https://arxiv.org/pdf/2206.03266.pdf
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IoT 1.0: 
Internet

of Things

IoT 2.0: 
Intelligence 
on Things

Bandwidth
Latency
Energy
Reliability
Privacy

https://arxiv.org/pdf/2206.03266.pdf

TinyML

https://arxiv.org/pdf/2206.03266.pdf
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https://mlsensors.org/
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How can you learn more?
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