;;;;;;;;;;; /
(CTP) Intemational Centre ) Fm {{
for Theoretical Physics ULV -2024

FURTHER INFORMATION:
=

E-mail: smr3961@ictp.it
Web: https://indico.ictp.it/event/10499/

@ 22-26 July 2024
@ S&o Paulo, Brazil

Deadline:
6 May 2024

re encouraged to apply.

Prof. Marcelo J. Rovai
rovai@unifei.edu.br

UNIFEI - Federal University of Itajuba, Brazil
TinyML4D Academic Network Co-Chair
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2023 Gartner Emerging Technologies
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Q
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@ Smart Space
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<
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"/q (Al Avatars) \)0"
@ 06
o
gartner.com
Gartner.

Edge Computer Vision has a
high impact potential, and it
is for now!

"Visual recognition has
undergone the largest
changes and fastest
development in the last
decade, due in part to the
availability of much larger
labeled datasets as well as
breakthroughs in deep
learning."”

Computer Vision: Algorithms and Applications. 2nd ed.



http://cv2.csie.ntu.edu.tw/CV2/2023/textbook.pdf

Computer Vision Recognition Tasks

Image Classification Object Detection
(Multi-Class Classification) Multi-Label Classification + Object Localization

Cat: 70% Dog: 80%




Computer Vision Recognition Tasks

Instance Segmentation Pose Estimation
Each pixel in an image IS CLASSIFIED into a Key points (or landmarks) on the object, such
predefined category. as joints on a human body are detect




Computer Vision Recognition Tasks

Image Classification
(Multi-Class Classification)

Cat: 70% Dog: 80%




Embedded Machine Learning
(TinyML) Workflow Review



Machine Learning Workflow

Collect Preprocess Design a Train a Evaluate Make
Data Data Model Model Optimize Inferences




Tiny Machine Learning Workflow (“What”)

Convert Deploy

Model Model
Collect Preprocess Design a Train a Evaluate
Data Data Model Model Optimize

Make
Inferences



(“Where”)

Collect Preprocess Design a Train a Evaluate Convert Deploy Make
Data Data Model Model Optimize Model Model Inferences




(IIHOWII)

Lo

Collect
Data

Preprocess
Data

Make
Inferences

Convert
Model

Evaluate
Optimize

Train a
Model

Design a
Model

T b ®

TensorFlow TensorFlow Lite TensorFlow Lite Micro

10 10



Collect
Data

(IIHOWII)

Preprocess
Data

Design a Train a
Model Model

TensorFlow

Evaluate Convert
Optimize Model

®

TensorFlow Lite

Make
Inferences

®

TensorFlow Lite \icro

11
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(IIHOWII)

GE , 3

| |
Collect Preprocess Design a Train a Evaluate Convert Deploy Make
Data Data Model Model Optimize Model Model Inferences
d ® ®
TensorFlow TensorFlow Lite TensorFlow

<¢——————— =" EDGE IMPULSE ————————p>

12
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CoIIect

Data

Preprocess Evaluate Convert
DETF] Optimize Model
) — — L
Inferences

Dataset Impulse Test Deploy

13
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El Studio - Embedded ML platform ("AutoML"

Dataset =

= Edge Impulse x  +

& edgeimpulse.com b % @

Introducing our new Python SDK: Optimi ined models to embedded C++ i

Enrich data and train ML
algorithms

Acquire valuable

E_ EDGE IMPULSE Product ~ Solutions ~ Developers ~ Pricing Company ~ Blog Login

training data securely

Optimize Al for
Impulse the edge

Edge Impulse is the edge Al platform for enterprise teams
building innovative products. Optimize your models and
deploy to any edge device with ease. Accelerate product
development while minimizing risks with a platform designed
to handle real-world sensor data.

Schedule a demo

fo==——x=2X
Edge Device
—

Optimized embedded
and edge compute

Test impulse with real-
time device data flows

deployment

Tests

Learn more at http://edgeimpulse.com

2023 SciTinyML Workshop - Edge Impulse Overview by Shawn Hymel



https://youtu.be/Asebo9TkJuk

Image Classification Project
Edge Impulse Studio

=
=

https://studio.edgeimpulse.com/public/353482/live



https://studio.edgeimpulse.com/public/353482/live

[{

[ NN = Edge Impulse X +

é

—_———~~

C & : edgeimpulse.com ) 1

Webinar November 9th: 'Fast Track Al to the Edge with NVIDIA and Edge Impulse’

Company ~

:’:___ EDGE IMPULSE Product ~ Solutions ~ Developers Pricing

Build. Train.
Optimize.
Al for the edge.

Build datasets, train models, and optimize libraries to run on
any edge device, from extremely low-power MCUs to efficient
Linux CPU targets and GPUs.

Vibration
Get Started Schedule a demo A Motion anomaly
A
LSV

Register here

Blog

L ~~

-
( .
Login Get started
< 9

~

-

—
_e— e e =

Sleep analysis

7h 32 min

>
/

16



@ ® == Sign up - Edge Impulse X + v

&« CcC 0O & studio.edgeimpulse.com/signup

= EDGE IMPULSE

Sign up

Marcelo Jose Rovai

® mijrovai o
(X
9 rovai@unifei.edu.br o
a(!)o Professor start bUiIding embedded

Py machine learning models
| accept the Privacy Policy, Terms of Service, and tOday-

Responsible Al License

Already have an account? Log in

© 2023 Edgelmpulse Inc. All rights reserved




é

== Login - Edge Impulse X +

CcC 0O # studio.edgeimpulse.com/login

.
S

A

EDGE IMPULSE

Login

[ £ rovai@unifei.edu.br

Forgot your password?

Don't have an account? Sign up

o
[

[ —

Start building embedded
machine learning models

today.

© 2023 Edgelmpulse Inc. All rights reserved

18



D @ == Profile - Projects - Edge Imp. X + o

& cC 0O # studio.edgeimpulse.com/studio/profile/projects Q M W

=- EDGE IMPULSE

m Custom ML blocks

Projecs

4 Create a new project

Enter the name for your new project:

MJRoBot
(Marcelo Rovai)

Cifar10_Image_Classification

Choose your project type:

Organizations © Developer H
20 min job limit, 4GB or 4 hours of data, limited collaboration.
Enterprise
EIE No job or data size limits, higher performance, custom blocks.
Create under organization: | Edge Impulse Experts v
Create new project
' P Cedooie U8

@ MJRoBot (Marcelo Roval) / video_tinyml|_raw

@ MJRoBot (Marcelo Rovai) / Pico_Motion_Detection  rusuc

S VI N V! Ia Dayiail £ al savde base 110




Decide a Goal

e Classes:

* background

* periquito
* robot

/

\

20



Dataset

Train Machine
Algorithms

Acquire
Training Data

== * Pre-Processing Data
Impulse * Design a Model
e e Train a Model

Test Data
Flow

Embed
On Edge
Tests

21
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TrEEFELS

<
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[ grninges

& Sensors

22

Microphone



L N B moge Demt NCLA -Datas x4

=N

« + C 0O "\!';mwumnwn:quwuwm:mym-1

SIS0, edgempulse.com wants to connect 10 a senal port
= EDGE IM| r
i

0o BLetoom-ncoming-Port - Pared

N Vison [cuvabroden IO - Pared z TS Wizard

A @ O¢ :gl

- . .
’ ' '

A0dvg wme data
e node
at O Cancal

A ol te
P versioer
o ployrme

CETHVNG STARTHD

R VO S00RTTEUNS oMU T T 12 INALQAMBONNeng Toage « 10

MjRolot (Marcelo Rowa) /

vagw

ik NCLA

§ Connecl s Seecs 16 Sar Bulding your SMtiet

23



Dataset
Acquire = Train Machine
Training Data T Algorithms

Ed i _ * Pre-Processing Data
ge I - = |mpu|se * Design a Model
Device = « Train a Model
Embed & Test Data
On Edge Flow

Tests

24



<

— EDGE IMPULSE

L] = Image_Class_NICLA-Da' @@ X + v

c O

Data acquisition

# studio.edgeimpulse.com/studiof277328/acquisition/testing?page=1 a 6 %« » & O@

MJRoBot (Marcelo Rovai) / Image Class NICLA g

m Data explorer Data sources | CSV Wizard

TRAIN / TEST SPLIT Collect data

0% /100% @

Device @

Dataset X & B

51:0C:39:31:35:32 i
Training Test T ]

Label Camera feed
APLE ! ABE ADDED

camera

camera.4bobcggn camera Today, 18:22:44
\ Sensor

camera.4bobbdak camera Today, 18:21:59

Camera (320x240) e
camera.4bob85un MU Today, 18:20:22
camera.4bobiflv camera Today, 18:16:43

: ° :
RAW DATA

camera.4bobcgqn

Metadata ? +°

25
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q———

& - C @& studio.edgeimpulse.com/studio/51070/upload

=" EDGE IMPULSE

0

Dashboard

pulse design
®  Create impulse
® Image
® NN Classifier
@ EON Tuner
Retrain model
A  Live classification
2 Model testing
P Versioning

W Deployment

GETTING STARTED
@ Documentation

% Forums

S

UPLOAD DATA (CIFAR10_IMAGE_CLASSIFICATION) i+ MJRoBot (Marcelo Rovai)

Upload existing data

You can upload existing data to your project in the Data Acquisition Format (CBOR, JSON,
CSV), or as WAV, JPG or PNG files.

Select files

Choose Files | No file chosen

Upload into category

Automatically split between training and testing @

© Training

Testing

Label

Infer from filename @

© center label:

robot

Begin upload

© 2021 Edgelmpulse Inc. All rights reserved

27



[ NON ] == Periquito vs Robot - Img Clas X + o

<« - C m °s https://studio.edgeimpulse.com/studio/353482/acquisition/training?page=4 f{) ) R2 ‘) :

=
: EDGE IMPULSE

Dashboard

P Devices

Data acquisition
4\ Impulse design

® Createimpulse
O Image

® Transfer learning
#) EON Tuner
Retrain model
Live classification
Model testing
¥ Versioning

W Deployment

GETTING STARTED
 Documentation

¥ Forums

Data explorer Data sources |  csv wizard

DATA COLLECTED

162 items

TRAIN / TEST SPLIT

78% /22% @

Collect data

i Connect a device to start building your dataset.

Dataset

RAW DATA

periquito.50nsp64i

Training (277 Test (39) % Y £

LABEL: periguito

LABEL: periquito

00038

Metadata ? +

LABEL: periguito LABEL: periquito

No metadata.

00031

28



Dataset

Train Machine
Algorithms

Acquire
Training Data

N

i
g :
‘ '-f; , o
e R

* Pre-Processing Data

Impulse |+ Design a Model
e Train a Model

Edge
Device

Embed
On Edge

Test Data
Flow

Tests

29



) ® = Periquito vs Robot - Img Clas X  +

<« = C m 25 https://studio.edgeimpulse.com/studio/353482/create-impulse

— - EDGE IMPULSE

G

M- Animpulse takes raw data, uses signal processing to extract features, and then uses a learning block to classify new data.

] Dashboard
I Devices
—

Data acquisition Image data e

4\ Impulse design

Input axes
®  Create impulse

® Image Image width Image height

R —— CHlN ECEN

@ EON Tuner Resize mode

—
A-A
Retrain model
73 Live classification
@  Model testing

¥ Versioning

8¢ Deployment

GETTING STARTED
1 Documentation

¥ Forums

Image o

Name

Image

Input axes (1)

image

Add a processing block

Transfer Learning e
(Images)
Name

Transfer learning

Input features

Image

Output features

3 (background, periquito, robot)

Add a learning block

Output features °

3 (background, periquito, robot)

Save Impulse

30



ImageNet Fully connected ~ Predicted
dataset b layers layers ~ / labels

Predicted
Convolution Fully connected labels

layers layers



® ® == Periquito vs Robot - Img Clas X o v

C Mm °s https://studio.edgeimpulse.com/studio/353482/dsp/image/3 ;‘() b} R2 ‘) :

— - EDGE IMPULSE

Dashboard

# Devices

Data acquisition

A Impulse design

Create impulse

Image

Transfer learning

Raw data

Raw features

0x2a241f, 0x2e2422, 0x302423, @0x312727,

0x30282a, 0x322a29, 0x3b2e28, 0.

periquito.50nsp64i (periqu v

W All [abels v

DSP result

Image

EON Tuner
96x96x3
o . Parameters
Retrain model _ 27 648
- y
Live classification Image

Model testing
P Versioning

W Deployment

GETTING STARTED
& Documentation

% Forums

Color depth ®

https://studio.edgeimpulse.com/studio/353482/dsp/image/3#

RGB

Copy 27648 features to clipboard

Processed features

0.1647, 0.1412, 0.1216, 0.1804, @.1412, 0.1333, ©.1882, 9.1412, 0.1373,..

On-device performance @

PROCESSING TIME PEAK RAM USAGE
1 ms. 4 KB

32



[ XoN ] == Periquito vs Robot - Img Clas X +

<« = C m 25 https://studio.edgeimpulse.com/studio/353482/dsp/image/3/generate-features ﬁ) 3} R2 @ :
U U I SR IS YR 71 Ui Vo NODUE G Gos 1 ersune @

o

— - EDGE IMPULSE

#1 v Click to set a description for this version

Dashboard Parameters Generate features

O
I Devices
Training set Feature explorer
€ Data acquisition
4 Impulse design Data in training set 127 items @® background
@ periquito
i b
¥ Geatsimpolse Classes 3 (background, periquito, robot) ® bt o @ °
-’
®  Image e ~. e o® o Q
@
()
. ‘ ® [ ] [ ) ' ’ ® ®
® Transfer learning o © o ®
Generate features 0® ©0 L) ®
® [ ] .. ® O O
g ® @) ‘ % ® U
@ EON Tuner . ..‘ ® 8 .&
e®, ® ) e0
* ) [ J [ ] ® o .. ®
Retrain model . e ®
Feature generation output R (0) - < ¢ . &".
®
#¢  Live classification L ]

& Model testing
¥ Versioning

8¢ Deployment

GETTING STARTED On-device performance ®

 Documentation
PROCESSING TIME PEAK RAM USAGE
® Forums 1 ms. 4 KB e




[ NON ] == Periquito vs Robot - Img Clas X  +

<« > C m https://studio.edgeimpulse.com/studio/353482/learning/keras-transfer-image/5

Qaw)D @

Training settings

o—
o=. EDGE IMPULSE

Model Model version: ® [ Quantized (int8) ~
Number of training cycles ® 20 ————=
5 bashboard Use learned optimizer @ Last training performance (validation set)
ACCURACY LOSS
¥ Devices Learning rate @ 0.0005
92.0% 0.19
S Data acquisition Training processor @ CPU v
Confusion matrix (validation set)
A Impulse design Data augmentation ®
BACKGROUND PERIQUITO ROBOT
® Createimpulse BACKGROUND “ 222% 0%
Advanced training settings - PERIQUITO % 100% o
Validation set size @ 20 % FiiSCORE 0.88 0589 100
& Transfer learning
Split train/validation set on metadata key @ e s
& EON Tuner Metrics (validation set) L
= Batch size @ 32 METRIC VALUE
Retrain model
Area under ROC Curve @ 1.00
_ _— Auto-weight classes @ B
73 Live dlassification Weighted average Precision @ 0.94
Profile int8 model v
Model testing ® . Weighted average Recall @ 0.92
P Versioni Weighted average F1 score ® 0.92
ersioning Neural network architecture
W Deployment Data explorer (ful training set) @
Input layer (27,648 features)
© background - correct e
GETTING STARTED @ pericuito - correct %o @ &
@ robor - correct ® o
( @ background - incorres 2 oo ¢ .. ®
7 Documentation ackground -incorrect [ X') .. ‘ ..
@ robot-incorrect e
e ® % ¢ ’ L] % °
® Forums MobileNetV2 96x96 0.1 (final layer: 8 neurons, 0.1 dropout) ® ® e 6
e ¢
@ o Cpo ® @ )
@g
Choose a different model e® ¢ ® ® ®o (1Y L
@ © ® ®e ® g
© a .' L ®
° Vel o
®go04 ©
Output layer (3 classes) Estimate for Arduino Nicla Vision ® .. ’ ..
(Cortex-M7 480MHz), compiled with ee e .

Start trai

Edge Impulse EON™ compiler

On-device performance @

INFERENCING TIME
76 ms.

©

PEAK RAM USAGE
280.9K

Engine: @ (EON"‘ Compiler

O

FLASH USAGE
212.0K

34



Dataset

Train Machine
Algorithms

Acquire
Training Data

* Pre-Processing Data

Impulse - DesignaModel
e Train a Model

Embed
On Edge

Test Data
Flow

Tests
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®  ® = PeriquitovsRobot-ImgClas X  + =

<« > C m 2% https://studio.edgeimpulse.com/studio/353482/validation

o
%

./
(3
é

o=
= EDGE IMPULSE ,
Test data o Model testing output R (0) v
] Dashboard Set the 'expected outcome' for each sample to the desire automatically score ) .
the impulse. Results Model version: @ L Unoptimized (float32) -J
# Devices 7
SAMPLE NAME EXPECTED OUTCO.. LENGTH ACCURACY RESULT
€ Data acquisition ACCURACY
testing.48m7... periquito 0Os 0% 1 uncertain H 97.14%
A\ Impulse design
A 00000 background Os 100% 1 background H Metrics for Transfer learning S
@® Createimpulse
METRIC VALUE
® Image 00005 background Os 100% 1 background ]
Area under ROC Curve @ 1.00
®  Transfer learning 00009 background 0s 100% 1 background i Weighted average Precision ® 0.97
@ EONTuner 00015 background 0s 100% 1 background H Weighted average Recall @ 0.97
~ . Weighted average F1 score 0.97
Retrain model 00017 background 0Os 100% 1 background H
73 Live classification Confusion matrix
00026 background Os 100% 1 background H
1 Model testing BACKGROUND PERIQUITO ROBOT UNCERTAIN
00028 background 0s 100% 1 background H BACKGROUND “ 0% 0% 0%
¥ Versioning PERIQUITO 0% m 0% 83%
00033 background 0Os 100% 1 background H ROBOT 0% 0% 100% o%
=
% Deployment F1 SCORE 1.00 0.96 1.00
00044 background Os 100% 1 background :
GETTING STARTED keature explorer ®
00049 background 0s 100% 1 background H
& Documentation @  background - correct il ® 22
© periquito - correct @ )
® Forums @ robot - correct @ © ® ® e ®
@ periquito - incorrect ® Q@ @ e e
- 0® [} ®




Dataset

Train Machine
Algorithms

Acquire
Training Data

== * Pre-Processing Data
Impulse * Design a Model
e e Train a Model

Test Data
Flow

Embed
On Edge
Tests
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®  ® = PeriquitovsRobot-ImgClas X  +

<« =2 C m (%=

https://studio.edgeimpulse.com/studio/353482/deployment

=" EDGE IMPULSE

G

] Dashboard
& Devices
& Data acquisition

“\  Impulse design
@® Createimpulse
® Image
@®  Transfer learning
& EON Tuner
Retrain model
74 Live classification
© Model testing
P, Versioning
(1]

Deployment

GETTING STARTED
@ Documentation

® Forums

Configure your deployment

You can deploy your impulse to any device. This makes the model run without an internet connection, minimizes latency, and
runs with minimal power consumption. Read more.

Q Arduino library X

SELECTED DEPLOYMENT

Arduino library
ARDUINO o X .
An Arduino library with examples that runs on most Arm-based Arduino development boards.

MODEL OPTIMIZATIONS

Model optimizations can increase on-device performance but may reduce accuracy.

EON™ Compiler
Same accuracy, 17% less RAM, 26% less ROM.

Quantized (int8) IMAGE TRANSFER LEARNING TOTAL
LATENCY * ms. 76 ms. 77 ms.

RAM 4.0k 280.9K 280.9K

FLASH E 2120k s

Unoptimized (float32) IMAGE TRANSFER LEARNING TOTAL
(select | LATENCY “ms 159 ms 160 ms.
h : RAM 40K 893.8K 893.8K
FLASH . 401.1K -
ACCURACY 97.14%
Change target

(- h

\ ACCURACY 94.29% ‘

Latest build

v28 (Arduino library)
arDUINO Today, 17:00:14

Build output

Creating job... OK (ID: 22412220)

Scheduling job in cluster...
Container image pulled!

Job started

Writing templates...

Viriting templates OK

Viriting templates...
Scheduling job in cluster...
Container image pulled!

Job started

Copying Edge Impulse SDK...
Copying Edge Impulse SDK 0K

Cempiling EON model...
Cempiling EON model OK

Removing clutter and updating headers...
Removing clutter and updating headers 0K

Creating archive...
Creating archive 0K

Job completed (success)




[\ ELG
Inferences

/

Predictions (DSP: 1 ms., Classification: 86 ms) Predictions (DSP: 1 ms., Classification: 86 ms.) Predictions (DSP: 1 ms., Classification: 86 ms)
background: ©.992187 background: 0.015625 background: ©.000000
periquito: 0.007813 periquito: ©.210937 periquito: 0.992187
robot: 0.000000 robot: 0.773437 \ robot: 0.007813 \

https://youtu.be/bZPZZJblU-07si=grsv/1cER-clvsSd



https://youtu.be/bZPZZJblU-o?si=grsv71cER-cIvsSd

Post-Processing with LEDs:

Obtains an input
A

Pre-Process

A

o= Emm Emm o

(

| Digital Camera

RGB565 / QVGA
[320, 240, 3]

\

Resize
(Squash)

\‘ér

Output: Image
[96, 96, 3]

Post-processing

[

Runs model

4

g EEm EE EEE B S S S S B S S,

Output Dim [1, 3]
Prob ‘background’
Prob ‘periquito’
Prob ‘robot’

f
|
I
|
|

Check the
highest
probability
Take actions

Make things
happen

Led Green On:
Periquito > 0.8

40



b:ckground
1 00“ P
‘g

‘\f

Serial Terminal 1 & Serial Terminal G Serial Terminal

LA A L A L L Ll

Serial Terminal

LA L L L Ll

LA 2 2 2 22 kL2
LA LA L L L LR}

Prediction:

uncertain with a prob of 0.76

FPS: 7.42 fps ==> latency: 135 ms

Prgdtct}o:: e Prediction:
robot with a probo of ©. background with a prob of 1.00

FPS: 7.37 fps ==> latency: 136 ms FPS: 7.34 fps ==> latency: FPS: 7.34 fps ==> latency: 136 ms

Prediction:
periquito with a prob of 0.99




Computer Vision Recognition Tasks

Object Detection
Multi-Label Classification + Object Localization

42



Nicla Vision > Object Detection

Object Detection

Nicla Vision

XIAO ESP32S3 > Object Detection

Object Detection

Machine Learning Systems |
with TinyML

XIAQ ESP32S3

Written, edsted and curated by
Prof. Vigay Janapa Reddi

Harvard University

Witk vl thasks & e commmamity Sov therr contribadoms and sapport

43


https://harvard-edge.github.io/cs249r_book/contents/labs/arduino/nicla_vision/object_detection/object_detection.html
https://harvard-edge.github.io/cs249r_book/contents/labs/seeed/xiao_esp32s3/object_detection/object_detection.html

FOMO

Object Detection model



Labeling

@ = XIAO-ESP3253-Sense-Objec X  + -

=" EDGE IMPULSE

Dashboard
{ | Devices
2 Data acquisition
M mpulse des
1] Create impulse
td EON Tuner
R\":‘x’} n "'w."d(‘
Live ciassification
Model testing
IJ ersic g

GETTING STARTED

@ Docum

¢ 5 C M % studio.edgeimpulse.com/studio/315759/acquisition/training?page=1 Q W o3 S O @

MJRoBot (Marcelo Rovai) / XIAO-ESP

Data sources = | Labeling queue (47)

DATA COLLECTED TRAIN / TEST SPLIT

47 items -

Collect data

2 to start building your dataset.

Dataset

RAW DATA

20231128151645

Training «n  Test y £ 0

MPL DEC E
20231128151645 - Today, 15:27:09
20231128150613 - Today, 15:27:09
20231128150604 - Today, 15:27:0¢
20231128150833 - Today, 15:27:09
20231128150600 - Today, 15:27:09
Metadata ¢ *
20231128150855 . Today, 15:27:09
20231128150458 - Today, 15:27:09 - H No metadata

20231128150713 - Today, 15:27.09

20231128150908 Today, 15:27:09 § o

45



Labeling
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Labeling
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® e = XIAD-ESP32S3-Sense-Objec X + "

¢« 9 C [ 2 studio.edgeimpulse.com/studio/315759/create-impulse Q &3 g O @

MJReBot (Marcelo Rovai) / XIAQ-ESP3253-Sense-Object_Detection @

—_ EDGE IMPULSE

Dashboard
4\ Animpulse takes raw data, uses signal processing to extract features, and then uses a learning block to classify new data.

Devices

& Data acquisition
A Impulse design

Image data Image Object Detection Output features
® Create impulse
(Images)

® Image Input axes Name Name 2 (bug, fruit)

Image Object detection
Image width Image height

Retrain model image v | Image

; image
® Object detection g

Resize mode

% Live classificatio
S A-A

& Model testing

Output features

2 (bug, fruit)

A |
P Versioning

© For object detection use a
square image size, e.g. 96x96,
160x160 or 320x320. L]

W Deployment

GETTING STARTED
7 Documentation ’ i A

®, Forums i 3
Add a processing block ! i Add a learning block




. \

464%&(

| 33% dog
[ i w"l

0 1% spoon
MobiliNetV2
ImageNet Database Convolution layers Full connectionlayers  Predicted labels
Trained Weights Transfer Train from scratch
v v

N | 64% Normal
+ 33% Benign

| 0.1% Malignant

Convolution layers Full connection layers Predicted labels

49



Model: FOMO

64% cat

: 1 0.1% spoon
Convolution layers Full connectionlayers  Predicted labels
Trained Weights Transfer Train from scratch

/2

Convolution layers Full connectionlayers  Predicted labels

|
MobiliNetV2

|

Grid (12 x 12)
“block of pixels”

(96 x 96 )/ 8

k Object Centroid
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Inference Test

16:25 HHRo 73

AA Bt @ hone.edgeimpulse.com &

=  MJRoBot (Marcelo Ro...

fruit (0.97) S
fruit (0.99) - T
‘ fruit (0.89) m

fruit (1.00) ‘

me per
$ ()
@ edgeimpulse.com X &

EMA VIDEO FOTO RETRATO P

o @ -

Switch to data collection mode

< > M m ©

16:24 HUEC 74

AA B¢« & hone.edgeimpulse.com C

C—

3 MJRoBot (Marcelo Ro...

fruit (1.00) fruit (1.00) &

bug (0.75) ;
bug (0.81) |

)

Switch to data collection mode

m O

< > M

16:27 HUB—N 728

AA Bt § hone.edgeimpulse.com )

==  MJRoBot (Marcelo Ro...

Switch to data collection mode

m O

< > 1
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Deploy

] °
A0 ESPEZSS '

@ esp32_camera | Arduino IDE 2.2.1

esp32_camera.ino

18
19
20
21
22
23

nclude <XIAO-ESP32S3-Sense-Object_Detection_inferencing.h>
clude "edge-impulse-sdk/dsp/image/image.hpp"

#include "esp_camera.h"

#define PWDN_GPIO_NUM -1
#define RESET_GPIO_NUM -1
#define XCLK_GPIO_NUM 10
#define SIOD_GPIO_NUM 40
#define STOC GPTN _NIM 20

Serial Monitor x  Output

frui

Predicti

No

Predict

fruit (0.582031) [ x: 48, y: 32, width: 8,

fr

Predicti

Predict

fruit

(0.566406) [ x: heigh

ms., Anomaly: 0 ms.):

obj

ions (DSP: 4 ms., Classification: 143 ms., Anomaly: 0 ms.):

it (0.773438) [ x: 80, y: 32, wid

s (DSP: 4 ms., Classification: 143 m:
(0.550781) [ x:
5., Classificati.

: 0 ms.):

y: 16, width: 8, height: 8 ]

io: 143 ms., Anomaly: 0 ms.):

x: 64, y: 16, width: 8, height: 8

Col 29 XIAO_ESP32S3 on /dev/cu.usbmoder

Both NL & CR

\

LI O O o

Serial Terminal

) §
-7

=
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Detecting Objects using TinyML (FOMO)

W 7Y Ww

MicroPython

—- EDGE IMPULSE
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https://www.youtube.com/watch?v=MYuc3QISquw

microNPU

a neural network unit for TinyML
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ML- optimized Solutions

Ethos-U55
Performance
(At 1 GHz) 64 to 512 GOP/s
MACs (8x8) 32, 64, 128, 256

TOPS (Tera Operations per Second)

Cortex-M today

’ :
AN
»

Vibration
detection

Ethos-Ué5 Ethos-U85
&
512GOP/sto 1 256 GOPS/s to 4 Cortex-A, Mali and
TOP/s TOP/s Ethos-N
128, 256, 512,
2ath e 1024, 2048

Cortex-M and
Ethos-US55

Cortex-M55

Mg |

T

Ll

Keyword
detection

f—@j
ki)
Gesture
gdetection

f'®'l

| o]

Object
detection

Jawareness

Data throughput

TOP/s



Computer Vision at the
Edge with Grove Vision Al
Module V2

Exploring Computer Vision
applications such as Image
Classification, Object
Detection, and Pose
estimation.

56


https://www.hackster.io/mjrobot/computer-vision-at-the-edge-with-grove-vision-ai-module-v2-0003c7
https://www.hackster.io/mjrobot/computer-vision-at-the-edge-with-grove-vision-ai-module-v2-0003c7
https://www.hackster.io/mjrobot/computer-vision-at-the-edge-with-grove-vision-ai-module-v2-0003c7

Camera

OV5647 Camera

More cameras will be
supported scon

Iy

Grove Vision Al v2

Cortex-M55
Processor(Big)

Cortex-M55
Processor(Little)

Ethos-US5 :
microNPU =L
Himax 6538
PDM Microphone SD Card Slot

W UOISIA = JA0JY

CA

20
D
o3

<

IIC
UART
SPI

Master Controller

XIAO
Arduino
Raspberry Pi
Beagleboard
ESP32

and other mainstream

controllers
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Person Classification Face Detection Person Detection Human Pose Detection
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Define a

Goal

Post-
process

I

-~ EDGE IMPULSE

[

G o _
int8

Pu—— Deploy | «=—

model vela.tflite |e— Mdf—
int8
Y

CO
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Classification: 687 ms C(Classification: 142 ms Classification: 86 ms Classification: 83 ms (lassification: 6 ms

1.5 FPS 7.0 FPS ‘ 11.6 FPS | 12.0 FPS 167 FPS |

Grove Vision Al V2

Sing” am ESP - CAM XIAO ESP32S3 Nicla-Vision B Portenta H7 ARM Ethus.U55
f‘f- Xtensa LX6 > Xtensa LX7 ARM M7 ARM M7 400 MHz
s~ 240 MHz 240 MHz 480 MHz 480 MHz
450mW 9590mW 350mW
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YOLO

Object Detection Model for Bee Counting



Ultralytics YOLO (You Only Look Once)

Classify Segment Track

Computer Vision tasks

Real-time object detection systems that identify and classify many objects very fast in a single image pass.
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BuzzTech: Machine
Learning at the Edge

Deploying YOLOVS on
Raspberry Pi Zero 2W
for Real-Time Bee
Counting at the Hive
Entrance.

63


https://www.hackster.io/518000/buzztech-machine-learning-at-the-edge-07c951
https://www.hackster.io/518000/buzztech-machine-learning-at-the-edge-07c951

Goal: Estimate the number of bees

Nunber of objects: 15 bees Nunber of objects: 3% bees Number of objects: 28 bees
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Air Temperature and
Relative humidity

Local
Database

sampleFreq = 10 s
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® 0® @ Ccreate Project x 4+

“

2 C @

@ roboflow

23 https://app.roboflow.com/marcelo-rovai-riila/create

Let's create your project.

Marcelo Rovai > @ New Public Project

Project Name

Bees_on_Hive_landing_boards

Annotation Group @

License @

cCBY 4.0

( bees

Project Type

defect 98%

’ orange tangerine

Object Detection Classification Instance Segmentation

Identify objects and their positions Assign labels to the entire image. Detect multiple objects and their

with bounding boxes. actual shape.

Classification Type
Multi-Label Single-Label
Best For Best For Best For
# Counting 2z Tracking ¥V Filtering v Content Moderation & Measurements o8 Odd Shapes
\ .
Show More

Cancel Create Public Project

Keypoint Detection
Identify keypoints ("skeletons") to
subjects.

Best For
# Pose Estimation
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[ ] ® @ Bees_on_Hive_landing_boz X

< C M 2% https://app.roboflow.com/marcelo-rovai-riila/bees_on_hive_landing_boards/images/34IC4TuHjkc5VtUNSKxC?queryText=&pageSize=50&startingindex=0&browseQuer... ¢ D ‘)

BEES_ON_HIVE_LANDING_BOARL ANNOTATE
20230711b6510. jpg
Annotations

Group: bees-4uet

CLASSES

Attributes ® bee

D

Comments

)
History

<>

RENVAEE]

No Tags Applied

C

+ Add Tag

-+

Annotation Editor

Ibea

|

& o+

‘ Save (Enter) l

RESET

ol n 45"




[ ] ® @ Bees_on_Hive_landing_boa X

< C M 2% https://app.roboflow.com/marcelo-rovai-riila/bees_on_hive_landing_boards/images/34IC4TuHjkc5VtUNSKxC?queryText=&pageSize=50&startingindex=0&browseQuer... ¢ [} ‘)

- IVE

BEES_ON_HIVE_LANDING_BOARDS ANNOTATE
20230711b6510. jpg

o Annotations

Group: bees-4uet

CLASSES

Attributes ® bee

D

Comments

0]
History

<>

RENVAEE]

No Tags Applied

tt vt

+ Add Tag

-+

A

+

RESET




ece

€« 2 C A =

{x}

<>

& yolov8_bees_on_hive_landing_board.ipynb +r

File Edit View

Files
D C B W
v B content

~ [ datasets

€O yolovB_bees_on_hive_landin X +

0O X

v [ Bees_on_Hive_landing_b..

v B test
» BB images
» [ labels
~ BB train
» [ images
» BB labels
~ @ valid
» BB images
» BB labels

B README dataset.txt

B README roboflow.txt

. data.yaml
» BB datalab
» BB dev
» BB etc

. o
Disk m——

46.44 GB available

https://colab.research.google.com/drive/1JjlaCjofVeXVxok3gtorpRK4hF1CbECU#scroliTo=BSd93ZJzZ ZK1t

Insert Runtime Tools Help All changes saved

+ Code + Text v T4 e Y

[1]

@ vr &} @  Finishupdate :

B Comment 2, Share £

4+ Gemini A

1 from ultralytics import YOLO
2
3 from IPython.display import display, Image

v Dataset

[ >]

()

"N eoB S QD
1 !mkdir {HOME}/datasets Ih
2 %cd {HOME}/datasets
3
4 !'pip install roboflow --quiet
5

6 from roboflow import Roboflow
7 rf = Roboflow(api_key="YOUR KEY HERE")

8 project = rf.workspace("marcelo-rovai-riila").project("bees_on_hive_landing_boards")
9 version = project.version(1)
10 dataset = version.download("yolovg")
11
/content/datasets
75.5/75.5 kB 3.6 MB/s eta 0:00:00
158.3/158.3 kB 7.7 MB/s eta 0:00:00
178.7/178.7 kB 8.3 MB/s eta 0:00:00
58.8/58.8 kB 6.9 MB/s eta 0:00:00
49.1/49.1 MB 16.7 MB/s eta 0:00:00
54.5/54.5 kB 7.1 MB/s eta 0:00:00

loading Roboflow workspace...

loading Roboflow project...

Dependency ultralytics==8.0.196 is required but found version=8.2.23, to fix: ‘pip install ultralytics==8.0.196"
Downloading Dataset Version Zip in Bees_on_Hive_landing_boards-1 to yolov8:: 100% || 1597328/1597328 (00

Extracting Dataset Version Zip to Bees_on_Hive_landing_boards-1 in yolov8:: 100% | 32468/32468 [00:09<0

v 50s completed at 8:46 AM ® X
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Raw
Dataset

Dataset
Labeling
(Roboflow)

Model
Training

(PyTorch)

Model Inference

(Rasp)

Load

Uptim

coocooo0co0coo0o0O0O0O0O

6
3
2
5
5
2
1
3
1
4
1
1
F

coocoo0oo0O0O0O000O

/sbin/init

/lib/systemd/
/lib/systemd/
/lib/systemd/

avahi-daemon:
/usr/sbin/cro
/usr/bin/dbus
/usr/lib/polk
/lib/systemd/
avahi-daemon:
/usr/sbin/thd
F10
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