
Vijay Janapa Reddi, Ph. D. | Associate Professor |
John A. Paulson School of Engineering and Applied Sciences | Harvard University |
Web: http://scholar.harvard.edu/vijay-janapa-reddi

African Regional Workshop on SciTinyML: Scientific Use of Machine Learning on Low-Power Devices

TinyML: 
The Future of Machine 
Learning is Tiny and Bright

1

 

http://scholar.harvard.edu/vijay-janapa-reddi
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Cloud Mobile
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Mobile

Google Assistant
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IoT 1.0: Internet of Things
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IoT 2.0: Intelligence on Things

Google Assistant
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Bandwidth
Reliability
Latency
Privacy
Energy

IoT 2.0: Intelligence on Things
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What Is TinyML
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Kicking

Penalty kicking

Passing

Dribbling
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Wildlife Conservation

http://www.youtube.com/watch?v=9kXMOyJVCNA


Risk 
Monitoring

“Know when an elephant is moving into a high-risk area and 
send real-time notifications to park rangers.”

Conflict 
Monitoring

“Sense and alert when an elephant is heading into an area 
where farmers live.”

Activity 
Monitoring

“Classify the general behavior of the elephant, such 
as when it is drinking, eating, sleeping, etc.”

Communication 
Monitoring

“Listen for vocal communications between 
elephants via the onboard microphone.”

ElephantEdge

22



23

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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Source: https://www.forbes.com/sites/sap/2021/11/08/meet-tinyml-the-latest-machine-learning-tech-having-an-outsize-business-impact/



Market Forecast
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Source: ABI Research: TinyML



Motion Sensors
Gyroscope, radar, 

magnetometer, accelerator 

Environmental Sensors
Temperature, Humidity, 

Pressure, IR, etc.

Touchscreen Sensors
Capacitive, IR

Image Sensors
Thermal, Image

Biometric Sensors
Fingerprint, Heart rate, etc.

TinyML Is All About Sensor Data Intelligence

Rotation Sensors
Encoders

Force Sensors
Pressure, Strain

Acoustic Sensors
Ultrasonic, Microphones, 
Geophones, Vibrometers

...
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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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TinyML Challenges



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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TF MicroChallenges

33



TF Micro

SoftwareHardware

Challenges

CPU

GPU DSP

NPU Memory Power

Heterogeneity Resource Constraints

malloc ...

Missing Library 
Features

Limited Operating 
System Support
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TF Micro

SoftwareHardware

Micro

CPU

GPU DSP

NPU Memory Power

Heterogeneity Resource Constraints

malloc ...

Missing Library 
Features

Limited Operating 
System Support



Micro

Himax
WE-I Plus EVB

SparkFun
Edge 2

Espressif
EYE

Arduino
BLE Sense 33

...

...
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Keyword 
Spotting

Visual Wake 
Words

Anomaly 
Detection

Image 
Classification
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Scaling TinyML
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Source: Brookings Tech Stream

AI Investments

https://www.brookings.edu/techstream/what-investment-trends-reveal-about-the-global-ai-landscape/
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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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ML 
Development

ML Training

Continuous 
Training

Model 
Deployment

Prediction 
Serving

Continuous 
Monitoring

Data, Model 
Management

Code & 
Config

Training 
Pipeline

Serving 
Logs

Convert 
Model

Tensor 
Flow Lite 
Model

Serving 
Package

Registered 
Model
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ML 
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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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Deployment Expertise

BASIC

ML Engineer

ML Researcher

Data Scientist

Data Engineer

Software Engineer

DevOps

Business 
Analyst

EXPERT
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ML 
Engineer

ML 
Researcher

Data 
Scientist

Data 
Engineer

Software 
Engineer

DevOps Business 
Analyst

“Applied ML 
Xpertise”
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Source: ABI Research: TinyML
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Massive Potential for Impact
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Source: ABI Research: TinyML



Promising Social Applications of TinyML

Wildlife conservation

Agriculture
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The Future of ML is 
Tiny and Bright

Conclusion


