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SEEEEEEEE Tinyl\/l L,What iS |t’?

TinyML is a branch of machine learning and embedded systems
research that looks into the types of models that can be run on
small, low-power devices like microcontrollers

Small devices Low-power devices Resour ce constrained devices



TinyML

Part 3
Part 2

Part 1 Deploying TinyML

Applications of TinyML
Fundamentals of TinyML
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Some cool TinyML MCUs
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TinyML project flow
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- Edge Impulse

:w__. EDGE IMPULSE Product v Solutions ~ Developers ~ Pricing Company * Blog Login Get started

Al for Any
Edge Device

Build datasets, train models, and optimize libraries to run directly
on device,; from the smallest microcontrollers to gateways with
the latest neural accelerators (and anything in between).

Use No Code

| Schedule a Demo g o _ g edase Of
Optimize

development




Application with TinyML In Soybeans

The key to a more efficient, sustainable, and profitable agriculture.

Diseases in soybean crops and that appear on
the leaves

*Asian Soybean Rust;

* Target spot;

* Potassium deficiency;

*Frog eye leaf spot;




Development team

This project was developed by students Carolina Barusso and Leonardo

Knoeller, iIn a course completion work for the Control and Automation

Engineering course at the Federal Institute of Sao Paulo - Cubatao

Campus and presented in June.

He was guided by me and professor Dr. Arnaldo de Carvalho Junior




Dataset for Neural Network

+ DRYAD

Pictures of diseased soybean leaves by category
captured in field and with controlled backgrounds:
Auburn soybean disease image dataset (ASDID)

Bevers, Noah, Auburn University, ©© https://orcid.org/0000-0002-0683-3658

Sikora, Edward J., Auburn University
Hardy, Nate B., Auburn University

nzb0054@auburn.edu, sikorej@auburn.edu, nbh0006@auburn.edu
Published Nov 08, 2022 on Dryad. https://doi.org/10.5061/dryad.41ns1rnj3
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Computers and Electronics in Agriculture

% 4
Volume 203, December 2022, 107449

ELSEVIER

Soybean disease 1dentification using original
fleld images and transter learning with
convolutional neural networks

Noah Bevers 2 &, Edward]. Sikora &, Nate B. Hardy &=




Projetc with Edge Impulse
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Results of the first Neural Network

PERDA

2,18

PRECISAO

71.1%

Problems with
frog eye (olho
de ra) and

Matriz de confusao (conjunto de validacao)

DEFICIENCIA DE P FERRUGEM ASIAT OLHO DE RA SAUDAVEL -
potassium
DEFICIENCIA DE | 27.9% 0% 0%

deficiency

FERRUGEM ASIAT 2.0% 0% 0% Classes
OLHO DE RA 9.3% 25.6% 14.0%
SAUDAVEL 5.3% 14.0% 0% 80.7% |

F1 SCORE 0.76 0.70 0.41 0.84



Proposed adjustments to improve the

accuracy of the Neural Network

In order to Improve the network, some modifications were

made as:

* Increasing the number of images for training, from 1221 to

2003

* Also increasing the number of training cycles.




Results after proposed changes

Ultimo desempenho de treinamento (conjunto de validacao)

PERDA

0,36

PRECISAO

87,7%

Matriz de confusao (conjunto de validacao) Explorador de dados (conjunto de treinamento completo) @

) ) - Mancha-Alvo - incorrect
SAUDAVEL 0% 0% 0% | 4% ”.“

PONTUACAO F1 0,86 0.84 0,91 0,78 0.96

Olho de ra - incorrect

DEFICIENCIA FERRUGEM / MANCHA-AL OLHO DE RA SAUDAVEL @ Deficiéncia de Potassio - correct
DEFICIENCIA D 1 6.0% 3,0% 3,0% 0% @ Ferrugem Asidtica - correct
» ® Mancha-Alvo - correct
FERRUGEM ASI/ 8,2% 30,39 99 4,9% 1.6% ® Olhodera-correct
Saudavel - correct

MANCHA-ALVO 1,6% 4,7% 0 @ : :

@® Deficiéncia de Potassio - incorrect
OLHO DE RA 11,3% 75,5% 7.5% @ Ferrugem Asidtica - incorrect

&
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Saudavel - incorrect
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//www.youtube.com/watch?v=znPjoXWZ0eM

B htips


https://www.youtube.com/watch?v=znPjoXWZ0eM

How to use the prototype

 The farmer collects data from multiple locations on the farm

 As the proposed project was for small properties, this collection will

be manual

e This data Is recorded on alocal SD Card, with GPS coordinates, date
and time and the image of the leaf and status (healthy or sick, in which

case the onboard Al already informs the disease)

 The collected data is "downloaded" onto a computer at the farm's

headquarters and analyzed by management software developed In

Power Bl.



AGRL VISION

Sistema inteligente para identiticacdo de doencas foliares na cultura de soja

DASHBUARD

LARTILHAS

RELATORID
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Microsoft Bin - SR A <7 "
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09/06/2024 18:04:00
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LARTILHAS

As cartilhas oferecem uma visao geral de cada doenca listada de forma simplificada, incluindo informacies
fundamentais, tais como:

«,ondigdes propicias para o surgimento da doenca.

Medidas de controle / insumos para sua gestéao.

«Sintomas caracteristicos que auxiliam na identificacao e diagnastico.

MANGHA-ALVL DEFICIENCIA DE POTASSIO

FERRUGEM ASIATICA (LHO DE RA

[ ¥ N
MBS S NNRD AT AXTER S Fonte: Embrapa




Booklet with information about diseases in soybean leaves

www.agrolink.com.br

The website contains
Information such as:

* Description of the

disease,
 Symptoms,

 Photos,

 Control methods,

PRODUTOS INDICADOS
¢ R mmended duct
eco enaed proaucts
Absoluto FIX Across/Zarco Adante XTRA Aderis
ta lharabras ts Adama ta Syngenta ta Ouro Fino . .
& Clorotalonil & Azoxistrobina, Clorotalonil, & Azoxistrobina, & Clorotalonil t h | t t
. Difenoconazol Ciproconazol, Tiametoxam : W I S u I er C O n aC
Ver mais detalhes - . | Ver mais detalhes »
Ver mais detalhes - Ver mais detalhes -

detalls.



EMBRAPA booklet with information on diseases In

soybean leaves

Colecdo ¢ 500 Perguntas ¢ 500 Respostas

Embrapa's book of 500
guestions and answers,
which covers most

diseases.
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/BX_) Results
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* A network with 87.7% accuracy capable of classifying soybean leaf
Images among 4 diseases and classifying healthy ones;

* A prototype hardware that displays the current latitude and longitude
of the person collecting the images, storing them on an SD card;

A dashboard capable of aggregating all information and providing
data for actions to be taken.




%) Future Projects

Field trials on a farm in the state of Parana, Brazil

Use of drones with embedded Al for data collection and cloud storage.
Expansion to larger farms.
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