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El Studio - Embedded ML platform (“AutolVIL")

Dataset

Acquire valuable Enrich data and train ML

training data securely algorithms

A
Impulse
pre—_.
Optimized embedded
and edge compute
deployment

Tests

Edge Device

Test impulse with real-
time device data flows

Learn more at http:/edgeimpulse.com

Cifar10

Edge Impulse Studio

Dataset: https://github.com/YoongiKim/CIFAR-10-images

El Studio Public Projects:
https://studio.edgeimpulse.com/public/165504/latest
https://studio.edgeimpulse.com/public/51070/latest
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O B httpsy/studio.edgeimpulse.com/studio/select-project

== EDGE IMPULSE

©2022 Edgelmpulse Inc. All rights reserved

1

4 Create a new project

Enter the name for your new project:

Cifar10 Classification (ReJoaded) - Cats vs. Dogs

Choose your project type:

© Developer

20 min job limit, 4GB or 4 hours of data, limited collaboration.

Enterprise

No job or data size limits, higher performance, custom blocks. Learr

. Create new project
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C @
== EDGE IMPULSE
() Dashboard
§ Devices
7 Datasources
8 Data acquisition
W Impulse design

®  Create impulse

@ EON Tuner
24 Retrain model
7% Live classification
®  Modei testing
P Versioning
@ Deployment

GETTING STARTED

Documentation

QO B ntips:

Creatir

studi edgeimpulse.com/studio/ 165

Cristinel Ababei / Cifar10 Classification (Reloaded) - Cats vs. Dogs

4 Welcome to your new Edge Impulse project!

You're ready to add real intelligence to your edge devices. Let's set up your project. What type of data are you

i

At

dealing with?

Accelerometer data

Analyze movement of your device in real-time to predict machine failure, detect human gestures, or
monitor rotating machines.

Audio

Listen to what's happening around you to create voice interfaces, listen to keywords, detect audible
events, or to hear what's happening around your device.

Images
Add sight to your sensors with image classification or object detection - to detect humans and animals,
monitor production lines o track objects.

Something else

Different sensor? No problem! You can collect and import data from any sensor, from environmental
sensors to radars - and deploy your trained model back to virtually any device.

8% & In @

Your project is private.

¥ oM

public

2 development board or your phone, or Import data you already collected.

Summary
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Retrain mode!

Lve dassification

Mode! wating

versaning

Deployment

e <~ o 1

aerTNG syARTES
3 Documentaton

& Foums

QO B hitpsy/studio.edgeimpulse.com/studio/ 165504 B 7%

Cristinel Ababel / Cifar}0 Clazsfication (eiosded) - Cots vz Doge

# Welcome to your new Edge Impulse project

Cristinel Ababei / Cifd

Classify a single object (image classification)

Classify muitiple objects (object detection)

Your project s privete,

Summary

DEVICES CONNECTED

4 Designanimpulse °
Teach the model o interpest previoudly unseen dsta
aca. Usa this o caegone new dta or 20 fnd anaf DATACOLLECTED
= (.
%
§ ST STARTERN NESPONDIN TO YOUR VOACE
Collaborators (1/4)

B GETTING STARTER ADDNS ST 10 YOUR SENSORS.

@ e
o Deploy

Eackage e comalers

nuioe up, rom sgnel prosessing coce to Uane

Then, Click on “Go to the uploader” button
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Train Machine
Algorithms

m Impulse

Test Data
Flow

Acquire
Training Data

Tests

® Pre-Processing Data
® Design a Model
® Train a Model
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Download Dataset
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CIFAR-10 raw peg images

You ean just elone this repository to use dataset.

https://github.com/YoongiKim/CIFAR-10-images
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O Dashboard
& Devices
7 Datasources
&) Data acquisttion
W Impulse design
@ Creste impuise
@ EONTuner
Ratrain model
71 Live dassification
Model testing
P versioning

@ Deployment

GETTING STARTED
#7  Documentation

& Forums

QO 8 httpsy//studio.edgeimpulse.com/studio/165504/upload

Trainingdata  Test data

Upload existing data

You can upload existing data

Select files
No TTeSected

Upload into category
Automatically splic betwe

© Troining

Testing

Label

Infer from filename @

Leave data unlabeled @

Cristinel Ababei # Cifar10 Classification (Relosded) - Cats vs. Dogs

| Dataexplorer | JINEEERTN Exportdata

0 your profect in the Data Acquisition Format (CBOR_JSON, CSV), or as WAY, JPG, PNG, AVI or MP4 files.

Select All images from:
Path-on-your-computer\CIFAR-10-images-master\train\dog
.and cligk Open

Then click “Begin upload” button below.

Repeat above procedure to
Upload into category and Labels:

© Ercer label:
dogl

>Training, cat

>Test, dog
& >Test, cat
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10,000 items ‘, 83%/17% o

Record new data
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pulse

Cristinel Ababei / C

AN animpulse takes raw data, uses signal processing to extract features, and then uses a learning block to classify new data.

a0%  T¥ & I @

Classification

Image data o Image
Input axes Name
image Image

Image width Image height
Input axes (1)

Name

NN Classifler

Input features

Fit shortest axis v

B imee

with transfer learning
blocks, use a 96x96 or 160x160 image size.

[+) Image

Output features

2 (cat. dog)

Output features

(2]

2(cat. dog)
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Parameters [ITUTTE

Raw data

Raw features

352826, 84192826,

Parameters

Image

jayment Color depth RGE

0/165504/ds|

Cristinel Ababei / Cifar10 Classification (Refo:

Cats v Dogs

All labels v

DSP result

Image

Processed features

. o.1608, 0.1365, 8.14%8, 8.1c08,

On-device performance @

so% 1Y & omo@

4998 (cat) v

8.1569, 0.1450, e.1051, 8.1688,
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e Crems impulse Classes 2(cat. dog)
i
W
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Tuner

Retrain mode

Feature generation output
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Model testing 508 egocns
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@ Deployment 200 cpouns
500 epocns On-device performance @
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7ms. 4KB
% Forums comp:
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Neural Network settings

8 Devces
[ aasource Trairing settings
s Model
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Learming rate @ 00005

= " o 71.2% 9 055
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Confusion matrix (wicasen o
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Data explorer tus rancg o @

On-device performance ®
204 ms. 44.4K 97.5K
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Acquire
Training Data

Edge
Device

On Edge

Dataset

'

Tests

Train Machine
Algorithms

® Pre-Processing Data

Impulse ® Design a Model
® Traina Model

Test Data
Flow
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Data sources
Data acquisition

% Impulse design

dassification

Model testing
B versioning

@ Deployment

& Documentation

®, Forums

Run your impulse directly

o

Run this impulse directly on your mabile phone or computer, no app required.

29
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ication
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& ODeployment

CETTING sTARTED

Q 8 n udio.edgeimpulse.com/st

Run your impulse directly

Run this impulse directly on your mobile phane or computs

Scan this QR code

our impulse on your mobile phene, elick here or scan the

4 Documentation

& Forums

Scan this QR code.

Open link and wait for theMiﬁer to start-up.
0

Use it on images of cats an

Does it work?

gs from the Internet

uncertain
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Neural Network settings

Tesining settings
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Neural nerwork architecture
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Click on Edit block locally.
A .zip file will be download on your computer.
Open on your computer and study it!!!

Data explorer i cainng s @

On-device pesformance ®

234 ms. 44.4K
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®  Cros impuise

. e

® NN Cassite

@ EON Tuner
Revain model

= Leos

B Moo esing

~

Versioning

@ Depiayment

GETTING STARTED

F)

Documentstion

Farums

12002 Edgelmpulse Inc. A rights reserved

O 8 n

ps://studio.edgeimpulse.com/studio/165504/d

6% 1Y & In @ =
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Your devices

These are devices thst are cannecied @ the Edge Impuise remoee managemers AR, or have posted data ta the Ingestion SOK.

# Collect data

COnMEC & ully SUPROTTEY SEVERPMENT oA

ware from a wide range of sicon vendors

Uploan gt

Itegrate with your clowd
e enterprise
your coud pi

22, er by Upinating an exising dsases

= )

jersicn of Edge Impulse integrates directy with the dsta stored

Then'scan the QR code!
It should connect your smart phone to EI.
As shown on next slide.

36
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— Cristinel Ababel | Cifar0 Classification (Reloaded) - Cats vs Dogs
- EDGE IMPULSE
E— Your devices
rI- Devices |
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@ Cooas impuise

# Collect data

®  image ©2022 Edgelmpulse Inc. Allrights reserved

® NN Classifier
@  EONTuner
3 Retrain model

1 Lvedassification ) .
Device phone_laSwluét is now connected
B Model testing

*
P versioning

s\

&

@ Deployment

GETTING STARTED

0% 1Y & In @

1100 ¥ B5%E

REMOTE MA

fa]

= ~rt=@lick on Get started in EI project.

* | On your phone click “Collecting images?”

Take snapshot of images of dogs and cats with phone.

Photos will be added to your dataset within EI project: to label “dog” or “cat”
into category train or test, as you set it within the phone app interface!

As shown on next slide...

@ martphone edgeimpulse.com

+ @

=  Data collection

Connected as phone_laSwlu6t

You can collect data from this device from
the Data acquisition page In the Edge

Impulse studio.

Collecting images? |

w

& Collecting audio? J

{ A Collecting motion? |

37

09:15 %

< Camera

09:15 %

< Camera

09:16 7

< camera

o T - il T -

AA & phone.edgeimpulse.com C AA & phone.edgeimpulse.com C

Data collection ==

©

Connected as phone_|2rkzyb0

You can collect data from this device
from the Data acquisition page in the
Edge Impulse studio.

Permission required

Give access to the camera

G Collecting images?

# Collecting audio?

" Collecting motion?

Label: cat

Category: Training

< > M m © < > M m © < > 0

wT-

AA B¢ @ one.edgeimpulse.com C

Data collection

38
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Credits

A previous edition of this course was developed in collaboration with Dr. Susan C.
Schneider of Marquette University.

We are very grateful and thank all the following professors, researchers, and practitioners
for jump-starting courses on TinyML and for sharing their teaching materials:

Prof. Marcelo Rovai - TinyML - Machine Learning for Embedding Devices, UNIFEI
O https://github.com/Mjrovai/UNIFEI-IESTIO1-TinyML-2022.1
Prof. Vijay Janapa Reddi - CS249r: Tiny Machine Learning, Applied Machine Learning on Embedded loT
Devices, Harvard
O https://sites.google.com/g.harvard.edu/tinyml/home
Prof. Rahul Mangharam — ESE3600: Tiny Machine Learning, Univ. of Pennsylvania
O https://tinyml.seas.upenn.edu/#
Prof. Brian Plancher - Harvard CS249r: Tiny Machine Learning (TinyML), Barnard College, Columbia

University
O https://a2r-lab.org/courses/cs249r_tinyml/
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include:
® Applications & Deploy textbook: “TinyML" by Pete Warden, Daniel Situnayake
O https://www.oreilly.com/library/view/tinym|/9781492052036/
® Deploy textbook “TinyML Cookbook” by Gian Marco lodice
O https://github.com/PacktPublishing/TinyML-Cookbook
® Jason Brownlee
O https://machinelearningmastery.com/
® TinyMLedu
O  https://tinyml.seas.harvard.edu/
® Professional Certificate in Tiny Machine Learning (TinyML) — edX/Harvard
O https://www.edx.org/professional-certificate/harvardx-tiny-machine-learning
® |Introduction to Embedded Machine Learning - Coursera/Edge Impulse
O https://www.coursera.org/learn/introduction-to-embedded-machine-learning
® Computer Vision with Embedded Machine Learning - Coursera/Edge Impulse
O https://www.coursera.org/learn/computer-vision-with-embedded-machine-learning o
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