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Distributed infrastructure for TinyML apps
Decoupling intelligence

HOTG is building the distributed infrastructure to pave the way 
for AI enabled edge applications

Develop at warp speed Device orchestrationAutomate deployments



















Submissions accepted until August 20th, 2021
Winners announced on September 1, 2021 ($6k value)

Sponsorships available: sponsorships@tinyML.org
https://www.hackster.io/contests/tinyml-vision

collaboration with

Focus on: 
(i) developing new use cases/apps for tinyML vision; and (ii) promoting tinyML tech & companies in the developer community

Open now



Successful tinyML EMEA 2021
• Videos are available on www.youtube.com/tinyML

• 4 days of tinyML excitement 
– 2 tutorials

– 5 keynotes

– 15 tinyTalks 

– 7 lightning talks 

– 3 panel discussions & networking

– 16 papers in the Student Forum

– 4 partner sessions

– 16 sponsoring companies

• 58 speakers, 1687 registered attendees! 250 videos with 121k views 
as of July 10, 2021

http://www.youtube.com/tinyML


Next tinyML Talks
Date Presenter Topic / Title
Tuesday,
August 3

Vikram Shrivastava, 
Sr. Director, IoT Marketing, 
Knowles Corporate 

Dedicated Audio Processors at the Edge are 
the Future of AI

Webcast start time is 8 am Pacific time

Please contact talks@tinyml.org if you are interested in presenting

mailto:talks@tinyml.org


Local Committee in India
Chetan Singh Thakur, PhD
Assistant Professor at the Indian Institute of Science 
(IISc), Bangalore. He is a Ph.D. in neuromorphic 
engineering. Dr. Thakur's research interest spans VLSI 
Design, Edge Computing, Neuromorphic Engineering.

Abhishek Nair
Abhishek is a PhD student at IISc Neuronics lab. 
His research area includes exploring low power ML 
algorithms for digital hardware implementation.

Sandipan Chatterjee
Sandipan is Lead Data scientist at DXC Technology where 
he develops and implements vision-based automation in 
manufacturing, automotive and healthcare. He has a 
background in image and statistical analysis.

Anup Rajput
Co-founder at Envir AI, trying to bring ML into the 
real world. Anup has a background in semiconductor 
design and applied ML from edge to cloud.

Follow us for more updates at: 
https://www.linkedin.com/company/tinyml-india

Arijit Das
Arijit is a 15-year-old high-schooler. He is the youngest 
Ambassador for Edge Impulse and has been in the AIoT 
field since 2017. His interests include Edge Computing, 
EdgeAI, and Low-Power Wide Area Networks.

https://www.linkedin.com/company/tinyml-india


Reminders

youtube.com/tinyml

Slides & Videos will be posted tomorrow

tinyml.org/forums

Please use the Q&A window for your questions



Amit Roy

Dr. Amit Roy received his undergraduate degree in 
E&C from Delhi College of Engineering and his 
master's and doctoral degrees from the University 
of California-Berkeley. He spent over 17 years in a 
chip design business before founding AigenEdge, 
a start-up focused on developing technologies for 
the tiniest, lowest power, fastest DNN with built-
in explainability. He has been awarded sixteen 
patents by USPTO.
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AI is booming
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AI-ML:The rise of data-based AI, advances in deep learning, and the necessity for 
robotic autonomy to remain competitive in a global market are predicted to 
accelerate AI adoption

CAGR-39.7%USD 58.3 billion
Y’21

USD 309.6 billion
Y’26

Source: https://www.marketsandmarkets.com/Market-Reports/artificial-intelligence-market-74851580.html
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AI is Everywhere but NOT Anywhere
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Energy Feedstock & 
Utilities

o Power Usage 
Analytics

o Seismic Data 
Processing 

o Smart Grid 
Management

o Energy Demand & 
Supply Optimization

Financial 
Services

o Risk Analytics & 
Regulation

o Customer Segmentation

o Credit Worthiness 
Evaluation

Travel & 
Hospitality

o Aircraft Scheduling

o Dynamic Pricing

o Traffic Patterns & 
Congestion 
Management

Manufacturing

o Predictive 
Maintenance or 
Condition Monitoring

o Demand Forecasting

o Process Optimization

o Telematics

Retail

o Predictive Inventory 
Planning

o Recommendation 
Engines

o Your Text Here

o Customer ROI & 
Lifetime Value

Healthcare & 
Life Sciences

o Alerts & Diagnostics 
from Real-time 
Patient Data

o Predictive Health 
Management

o Healthcare Provider 
Sentiment Analysis
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Manufacturing Industry is Adopting AI Fast and Furious
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Advantage of AI in Industries
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Operation expenditure can be reduced >20%

With reduction of OPEx , workforce can be in 
crease resulting in 70% more output

To put the value of predictive maintenance in context, SAP 
estimates globally that a two per cent saving in maintenance 
costs across the top 40 miners would yield a AUD $18 billion 
(USD $13.4 billion) saving to the mining sector.

Source: https://www.cio.com/article/3625829/how-tinyml-is-powering-big-ideas-across-critical-industries.html
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Rise of Industry 4.0
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The key to Industry 4.0 is adoption of AI-ML

CAGR-16.4%USD 101 billion
Y’20. 

USD 337 billion
Y’26. 

Source: https://www.marketsandmarkets.com/Market-Reports/artificial-intelligence-market-74851580.html
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Top Two AI driven Use-Cases
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o Sound/Vibration .. sensor based early 

o Supervised/Unsupervised Leaning

o Retrofit: Non intrusive

o OEM: Integrated intelligent maintenance 
feature

o >90% accuracy even in domain shift 

o Extreme low cost solution

o Image based

o Supervised/Unsupervised learning

o Low latency

o >90% accuracy even in domain shift

o Extremely low cost solution

Intelligent
Maintenance

Product Quality 
Control

~USD 150 billion
@CAGR 40%

Industry 4.0: ~50% of Industry4.0 revenue is expected to come from the 
application with the lowest hanging fruit. 

Source: https://www.capgemini.com/gb-en/wp-content/uploads/sites/3/2019/12/Report-%E2%80%93-AI-in-MfG-Ops.pdf
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Rise of AI Market due to Industry 4.0
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AI Market: The key to unlocking a AI multi-billion dollar market is being able 
to deploy machine learning applications at the edge for manufacturing

Source: https://www.capgemini.com/gb-en/wp-content/uploads/sites/3/2019/12/Report-%E2%80%93-AI-in-MfG-Ops.pdf

CAGR-39.7%

USD 1 
billion in 

Y’19. 

USD 27 
billion in 

Y’27. 

Intelligent Maintenance and Quality Inspection: 
90%( USD 25 billion) of AI in manufacturing will be captured by 
this segment
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Component of AI and Its Share
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o 32bit MCU accounts of 40% of global 
MCU sell.

o 2.5 billion low cost AI chip will be shipped 
by 2030

o Requirement: Low latency, Low Power

o Spec: Upto 256KB RAM, <200MHz CPU, 
No external memory with extremely well 
fed compute unit using intelligent data 
pipeline

o Preferred DL due to high accuracy

o Extremely low false alarm rate

o Should work under domain shift

o Low compute and memory requirement 
without sacrificing accuracy

o Homogeneous data for efficient compute

o Unsupervised learning preferred due to 
lack of anomalous data

Hardware Software

~USD 25 billion 

Industry 4.0: ~50% of Industry4.0 revenue is expected to come from the 
application with the lowest hanging fruit. 

Source: https://www.capgemini.com/gb-en/wp-content/uploads/sites/3/2019/12/Report-%E2%80%93-AI-in-MfG-Ops.pdf

Intelligent Main/
Qual. Inspection
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Rise of Mighty TinyML
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o 32bit MCU accounts of 40% of global 
MCU sell.

o 2.5 billion low cost AI chip will be shipped 
by 2030

o Requirement: Low latency, Low Power

o Spec: Upto 256KB RAM, <200MHz CPU, 
No external memory with extremely well 
fed compute unit using intelligent data 
pipeline

o Preferred DL due to high accuracy

o Extremely low false alarm rate

o Should work under domain shift

o Low compute and memory requirement 
without sacrificing accuracy

o Homogeneous data for efficient compute

o Unsupervised learning preferred due to 
lack of anomalous data

Hardware Software

TinyML, the science and art of machine learning, is seeing significant growth as 
edge devices begin to harness ML models that are both cheap and accurate. 
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Endless Application of TinyML
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IMU Sensors

CMOS Cameras

Optical Sensors

Temperature Sensors IR Camera

Chemical Sensors Audio/Acoustic Sensors

Environment Sensors
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Challenges of TinyML in fields deployment
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o Skill set and Infrastructure
1. Lack of domain expertise
2. Turn around time for 

deployment/maintenance 
should be low

3. Lack of dataset. Specifically 
anomalous dataset

o Robustness/Reliable
1. Extremely low false alarm rate
2. Robust across domain shift/data shift

o Hardware
1. Low cost <USD 1-USD 2
2. Low Power
3. High throughput
4. Reusability

o Algorithm
1. Low compute Low Ram
2. High Accuracy
3. Low latency
4. Supervised and/or 

Unsupervised
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On-Field Challenges
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Intelligent Maintenance and Quality Inspection: 
USD 25 Billion Potential Revenue
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Challenges of field deployment
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Robust/Relaible AI 
application

Lack of DatasetEase of Use

1. DNN has structural defect
2. Fails miserably and silently in 

domain/data shift
3. This makes high false alarm 

rate
4. Need a system where DNN 

can distinguish domain/data 
shift 

5. Acceptability will be high with 
this system

1. Anomaly dataset are rare 
events and can come at any 
shape and size

2. Unsupervised learning 
without anomaly data for 
intelligent maintenance and 
quality inspection

1. Mass User don’t have the 
required skill set to tackle 
machine learning problems

2. An end to end flow need to 
be deployed
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Challenge#1:
The demand for End to End, Easily Deployable and Custom DL solution
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Too much of complexity in creating AI based applications. Which algorithm 
to use, which framework, DL vs ML, training, overfitting …

Dedicated team of AI experts is required. Factory owners are reluctant to 
create the AI team

Creating a hand-crafted model to fit in constrained hardware is extremely 
time consuming job and the model  created is not generic, reusable, and 
scalable. Every new application requires similar efforts

The industries owner calls for solutions that are scalable and reusable, 
preferably on-premises and built around inexpensive off-the-shelf 
infrastructure, such as a basic i7-based desktop with simply a push button 
end-to-end application oriented model 
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Modelling
Candidate & Final

Robust/Trustworthy

Data

Solution# 1: Ease of Use
AigenEdge’s Iota-NAS: Push Button NO GPU AutoML

39

Data 
Cleaning

Selecting 
Right Algorithms

Building 
Model & Finalising

Hardware
Deploymet

AigenEdge

i-NAS

IMU
Sensors

CMOS 
Cameras

IR Camera

Audio
Sensors

Environment
Sensors

Chemical
Sensors

No-AI-Expertise, Application 
oriented, scalable and 
reusable AutoML framework

Smallest, fastest, lowest 
power yet highly accurate, 
robust/reliable /trustworthy 
Deep Learning based 
application adhering to the 
hardware specifications 
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Challenge# 2:
Unreliable/Untrustworthy- Supervised Classification based Quality Inspection
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Erroneous 
Results

High False alarms
DNN

I learned

Closed World

What-if data shown
is not inside the training set

Deep Neural Network assume closed world

Works exceedingly well in this assumption

But in reality this assumption is wrong

The world is open world
In open world DNN fails silently and confidently

This makes the real-life usage of DNN limited
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Challenge# 2:
Unreliable/Untrustworthy- Supervised Classification based Acoustic Intelligent Maintenance
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Erroneous 
Results

High False Alarms
DNN

I learned

Closed World

What-if data shown
is not inside the training set
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Challenge# 2: Solution
AigenEdge Reliable and Trustworthy DNN
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Data not seen before

X
Y
I don’t 
know

AutoIDK can take any neural network and automatically converts the DNN 
with “I don’t know” addition label

AutoIDK don’t require any additional dataset

i-NAS

DNN



AigenEdge

Reliable and Trustworthy DNN for Quality Inspection 
under 1$ MCU
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I learned

• AigenEdge IDK(I Don’t Know) output makes DNN 
robust/trustworthy with much lesser false alarm rate

Closed World

What-if data shown
is not inside the training set

MACC Peak 
Memory(INT8)

Parameter(INT8) Accuracy(INT8)

1M 55KB 17KB 98%

Good

Defective

I don’t 
know

i-NAS
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Reliable/Trustworthy DNN: Audio based Intelligent Maintenance
under 1$ MCU
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I learned

Closed World

What-if data shown
is not inside the training set

Good

Need 
Maintenance

I don’t know• AigenEdge IDK(I Don’t Know) output makes 
DNN robust/trustworthy with much lesser 
false alarm rate

MACC Peak 
Memory

(INT8)

Parameter
(INT8)

Accuracy
(INT8)

1M 55KB 17KB 98%

i-NAS
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Challenge# 3: 
Lack of Dataset for Quality Inspection and Intelligent Maintenance

Anomalous Data are rare event and like finding needle in haystack
Don’t expect industries to provide these rare data, it doesn’t exist

Good Data

Good Data
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Challenge# 3: 
Lack of Dataset for Quality Inspection and Intelligent Maintenance

In absence of Anomalous Data, the job is still to detect anomaly

Good Data

Good Data

Anomaly
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Challenge# 3: Solution
Good Data based Unsupervised Deep Learning Solutions
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DNN

Learn with only 
good data Unsupervised

DL

Good
Anomaly

• AigenEdge TinyNAS based AutoML generates state-of-art Usupervised Deep Learning network
• Highly resilient towards domain shift and data shift

Data not seen before

i-NAS



AigenEdge

Audio/Acoustic based Quality Inspection under 1$ MCU:
Only Good Dataset

48

MACC Peak Memory(INT8) Parameter(INT8) Accuracy(INT8)

5M 200KB 50KB 95%

Robust towards domain/data shift such as 
sudden changes in factory environment, 
noise …

i-NAS
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Image based Quality Inspection under 1$ MCU: Only Good 
Dataset
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MACC Peak Memory(INT8) Parameter(INT8) Accuracy(INT8)

5M 200KB 50KB 95% i-NAS
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Advantages

AigenEdge-iota-NAS
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Hardware and Application Oriented AutoNAS with NO GPU search time max 12hrs

Search and Generate DL applications 5x smaller than the State-Of-Art DL network such as 
MobileNetV2/3, Efficientnet, FDMobilenet … without losing any accuracy from baseline

User need to provide just raw data and choose the hardware specification. Rest leave it to 
our AutoNAS

Can generate both supervised and unsupervised DL applications. In case of unsupervised 
algorithm only good data is needed.

In supervised DL application

AigenEdge

Automatic Neural Architecture Search for DNN based AI 
application Everywhere and Anywhere

i-NAS
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Advantages of AigenEdge’s Iota-NAS Platform
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supervised

Images Other sensors(Audio)

• VWW/Person-No 
Person

• Quality Inspection
• Fire/Smoke detection
• Digital Pathology
• Medical diagnostic
• Driver Monitoring
• Digital cockpit

• Audio based intelligent 
maintenance

• Vibration based 
intelligent maintenance

• Activity recognition

Images

• Anomaly detection 
such as quality 
inspection

• Sound and vibration 
based intelligent 
maintenance

Unsupervised

All the application is DL based with more than 90% accuracy, on sub $ 1 MCU
with real time performance

Other sensors(Audio)

i-NAS
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Use-Case under 1$ device: Image Based Classification-
Supervised

Model MACC Peak Memory(INT8) Parameter(INT8) Accuracy(INT8)

Model#1 3.3M 55KB 40KB 85%

Model#2 4.2M 95KB 38KB 87%

Model#3 5.8M 118KB 90KB 88.3%

Model MACC Peak Memory(INT8) Parameter(INT8) Accuracy(INT8)

Model
5M 226K 17K 98%

Visual Wake Word- Person-No Person classification

Driver Distraction Monitoring System
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Summary of AigenEdge-Iota-NAS Platform
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Fast Response

Easy to Develop and 
Modify the System

Low Cost Robust/Reliable 
System

DL model: 
High accuracy

Data Warehousing

AigenEdge

i-NAS
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Post It Notes

54

Booming AI

One of the fastest growth rate. 

AI Assisted Industry 4.0

Industry 4.0 only possible with AI

TinyML Enabler

AigenEdge’s Iota-NAS is well poised 
to enable this  AI-ML market
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First level : info@aigenedge.com

Second Level : aroy@aigenedge.com

https://www.aigenedge.com/

We collaborate with ambitious brands and people;
let’s build something great together.
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