DESARROLLO DE HERRAMIENTAS
DIGITALES EN AGRICULTURA

UNIVERSITAT s

BARCELONA

Professor Shawn C. Kefauver

'-;::. "l"l"| ::.__:; L_ q
sckefauver@ub.edu, sckefauver.com, @doctorxkefauver G_?IYB' @mr‘




RATIONALE RESEARCH AIMS AND GOALS

Improve data quality and quantity Improve data collection for
consistency and efficiency



ARTIFICIAL INTELLIGENCE OVERVIEW

~ — — — — ARTIFICIAL INTELLIGENCE

- A technique which enables machines
-~ to mimic human behaviour

0O

Artificial Intelligence -~

MACHINE LEARNING

Subset of Al technique which use
statistical methods to enable machines
to improve with experience

™~ - DEEP LEARNING

mmmmmm Subset of ML which make the
computation of multi-layer neural
network feasible

https:/ /medium.com/@alanb_73111 /artificial-intelligence-vs-machine-learning-vs-deep-learning-ai-vs-ml-vs-dl-e6afb7 177436



DEEP LEARNING EMPOWERS ARTIFICIAL INTELLIGENCE
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ARTIFICIAL INTELLIGENCE OVERVIEW AND WORKFLOW

What is artificial intelligence (Al)?

* Is it Unsupervised Learning?

“ Is it Supervised Learning?

“ Is it Reinforced Learning? IntelliPac
9 ntelliPa

. . [ 2
Is it Deep Learning? « Has labeled data that acts as a supervisor

Supervised : » Learns according to the given labeled data

Learning » Predicts the output
= Resolves classification and regression problems

https:/ /medium.com/@alanb_73111 /artificial-intelligence-vs-machine-learning-vs-deep-learning-ai-vs-ml-vs-dl-e6afb7177436



DEEP LEARNING EMPOWERS ARTIFICIAL INTELLIGENCE
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FIGURE 1: Simple model of ANN.

https: //medium.com/@alanb_73111 /artificial-intelligence-vs-machine-learning-vs-deep-learning-ai-vs-ml-vs-dl-e6afb7177436



WHAT ABOUT THOSE HIDDEN LAYERS IN DEEP LEARNING?
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ARTIFICIAL INTELLIGENCE OVERVIEW AND WORKFLOW

What is artificial intelligence (Al)2

. . . ARTIFICIAL
Is it Machine Learning? INTELLIGENCE

Is it Deep Learning? MACHINE
Is it Big Data? LEARNING

&  DEEP
o, Qﬂ LEARNING

YES,
Al NEEDS BIG DATA.

1950's 1960's 1970's 1980's 1990s 2000s 2010

https:/ /medium.com/@alanb_73111 /artificial-intelligence-vs-machine-learning-vs-deep-learning-ai-vs-ml-vs-dl-e6afb7177436



HOW CAN WE MAKE BIG DATA (HINT: TOGETHER)
WHAT IS OPEN DATA KIT (ODK)?

ODK is free and open-source software that helps millions of The ODK-X suite supports complex workflows via JavaScript
people collect data quickly, accurately, offline, and at scale. The customization and features non-sequential navigation, bi-
software is in active use in every country in the world and is directional synchronization, and on-device data management.

supported by a large and helpful community.

odk-x.org
getodk.org



Collect data
anywhere

ODK lets you build powerful offline forms to

collect the data you need wherever it is.

From disease surveillance to election
monitoring, ODK makes the world better
through data.

ODK is open source. We provide cloud hosting

and consulting services for thase who want to
go faster.

HTTPS://GETODK.ORG/
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OPEN DATA KIT (ODK.ORG) | Real-Time

Database GPS
PLATFORM INTEGRATION | pamm— He:;:ap

Visualitzations
Mobile-Enabled Webside

Mobile phone to —
cloud integration —

4=~ Mobile Image Data Cloud
<27 Based Processing Server:
- RGB Crop Vigor, Yield

M
U
A ~
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ODK AGGREGATE FUSIONTABLE s o6 st ot

with ODK Aggregate,
Google Spreadsheets, _ |
Google Maps, Google . o

0DK COLLECT el | = : Image and GIS Spatial Analyses:

- Time Series Anomaly and

E ari h E n g | ne (0 r s Sensr St (V5 :'h’k:‘f:?m" e

- Environmental Co-factors.

other servers, apps).

Araus and Kefauver, Current Opinions in Plant Biology, 2018.



Proof of concept for Mobile Phones, Unmanned Aerial
Vehicle (UAV) and satellite remote sensing for Fall
Armyworm monitoring and early warning systems

Adrican Continent e Global platform: FAW Monitoring & Early Warning System (FAMEWS)
TG HllI
5 \ , i+
< ’%‘ UNIVERSITAT i
P L/ N, BARCELONA
oUW KA ST General Data SounEY 5146
£ T g3 T - Number of Surveys
r {21/ 5 i Coleoe “‘" . FAW Presence (at least 1000 plants checked in the last 3 months)
%a -~ ES marzo 21, 2019
y 3 | - "J’I ] ! ! I Most Recent Survey
rgsr V7 \ Y
e 3.Kenya b Field Scoutings Pheromone Traps
& ' 6785 6186
Mumber of Scoutings Traps Checked
é:g Sentinel 2 a+b 73189 3500
‘_'.!_“' ) Hectares Checked Traps with moths
PR 355740 92538
1 2|mbabwe |‘,',',]\"‘;:,|t\r \’l P|anet Scope Plants Checked FAW Confirmed
' : v 100749 13110
Plants with FAW FAW Suspected
== Drone Phanton4
. Open Detailed Report
2 Tanzania l‘,_.] | Multispectral
— Agrosensors Download Comma Delimited File

Infestation Level <25% ®26-50%

P~
'@, Fisheye adapter

*Fisheye lens adapter attached to mobile phone and image captured using ODK,
processed using https://wwwé.paca.inrae.fr /can-eye /CAN-EYE-Home /Welcome

Buchaillot et al., Multi-Scale Remote Sensing for Fall Armyworm Monitoring and Early
Warning Systems. DOI: 10.1109/IGARSS39084.2020.9323181



https://doi.org/10.1109/IGARSS39084.2020.9323181
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With Deep Learning comes Big Data. ? <
big Data needs data management and \ / \ / \ /
Quality Control.
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ODK DOWNLOADER, ODK DATABASE SUPPORT
SOFTWARE BY THE UNIVERSITY OF BARCELONA

:50 Starting process

:51 Shest ID: 1ZyRnBotr-GlYpaSHIGLLhEgwt1 SEVEMGTbELULEQUIEY 1UB Doctor X I1ICBA

+18 Storing new filename structure
8:30:18 Storing new directory structure

_ 5" ODK Downloader i 1 SEttiI"IgS
] - Sheet 1D
ee
‘N Image 50 : -
o e [zyRnBgtr-GIYpa6HisLLh9gwt16EVEMG1bEUUaQUIE
1“. 52 J:Wn\oadlgng mﬁxE 1of 48
18:30.52 Recorgs o 45, Sheet Name
1 Rows: [2, 50]
1 :51 Sheet Mame: UB Doctor X ICBA
1
1
1
1

Directory Structure

Process all records in table

maincrop \ pestspeciest \ \
Row Range 2 i g
Filename Structure
Col Value image2 -
Date Range i metainstanceid - abioticnote - bioticnote - today
14

Image columns to download - comma separated

N imagel,image2,image3,image4,imaged.images

Save Cancel
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ODK DOWNLOADER, ODK DATABASE SUPPORT
SOFTWARE BY THE UNIVERSITY OF BARCELONA

https:/ /gitlab.com /alexiakl /odk-downloader

"' ODK Downloader -

"' ODK Downloader

Logs Row 3, image3

50 Downloading - Row:
Downloading - Row:

Column: image3
Column: image2

2 Downloading - Row: 3, Column: image1 E E |
0 Progress: 1/ 49

'8 Downloading - Row: 2. Column: imagef
3 Downloading - Row: 2, Column: images
0 Downlcading - Row: 2, Column: imaged |
17 Downloading - Row: 2, Column: image3
4 Downloading - Row: 2, Column: image2
-08 Downloading - Row: 2, Column: image1

Row Range

Col Value

Date Range

Column: image4 I

Tm It

Logs Row 22, image4

17:21:23 Downloading - Row: 22. Column: images
17:21:20 Downloading - Row: 22, Column: image4
17:21:14 Downloading - Row: 22, Column: image3

1:08 Downloading - Row: 22, Column: image2 E
1 Downloading - Row: 22, Column: image1

8 Downloading - Row: 21, Column: imaged
5 Downloading - Row: 21, Column: image5
3 Downloading - Row: 21, Column: image4
17 0 Downloading - Row: 21, Column: image3
17:20:48 Downloading - Row: 21, Column: image2

Row Range
Col Value

Date Range




ODK DOWNLOADER QUALITY CONTROL

https://gitlab.com /alexiakl /odk-downloader
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IMAGE CLASSIFICATION + ML FOR PLANT DISEASE RECOGNITION

3} ==
(1) Image acquisition >>> Database
acquisition ODK
o | | | | . 3 UNIVERSITAT
Image classification using machine learning techniques: from database to plant disease recognition =[] U ot
il BARCELONA




IMAGE CLASSIFICATION + ML FOR PLANT DISEASE RECOGNITION

o] mm H
(2+3) | Features extraction + Classification >>> quantify + recognize
Feature extraction
'gﬂ @ & - healty
i i | disease 1
Classification m " 1 disease 2
Feature extraction + Classification O 0 disease N
Convolutional Neural Networks (CNN)
Image classification using machine learning techniques: from database to plant disease recognition &S UNIVERSITAT o
—+=|l11]
it BARCELONA




| ALGORITHMS IN PRACTICE

Python + libraries + open source and collaborative software

T e o

TensorFlow OpenCV

®
_
Jjupyter
@ I

| lassification usi hine learning technigues: from database to plant di it iof UNIVERSITATo:
maaqe ciassiticarion vsing macnine tearning recnnigques: rrom aaranase 10 piant aisease recoqanition
’ ; g fecind P g BARCELONA




HTTPS://DRNABAT.BIOSALINE.ORG/

) ﬁ U 'Q Dr. Nabat Upload New Image Common Diseases
I ) 1C N IV E R S I TAT " assi ommon Diseasas nsect Pasts

Select a crop

CIP AR
>

Cheose a file or drag it here.

Common Diseases & Insect Pests Image Classification

International Center for Biosaline Agriculture

sommoen Diseases & Insect Pesls Image Classificalion

nternational Center for Biosaline Agriculture
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COMMON DISEASES & INSECT
PESTS IMAGE CLASSIFICATION

Dr. Nabat

Upload New Image

List of supported Diseases

Cucumber

Potassium
Deficiency
Potassium

Symptoms

Conditlons & Geo

Aegration deficit, compaction, high

soil pH {espacially with plants
adapted to acidic =oil).

All Tunisia, UAE and Egypt

Centrol

= Growth is stunted, intarnodes
remain short and leaves small.

+ Leaves are bronzed and
discolered yellowish green at
the margins; the main veins
ara sunkan.

Chemical Control

« 1. Adjust the nutrient

solution via reducing Ca and

Mg concentrations and

increasing K concentrations

by:

A Increase potassium

nitrate (KNO3}

concentration,

+ B. Add potassium sulfate
(K2504); or

Cucumber

Bacteria wilt
Bacterla Diseases
Erwinia trachelphlla or Curtobacterium flaccumfaciens pv. flaccumfaciens

Confidence: 99%

Conditions & Geo

In hot, wet weather and wilting is
wvery guick

Tunisia and Egypl

» CIf sodium chloride (NaCl) -

Cu Cumber Conditions & Geo

Wet, heavy or compact ground

aaiid

Leaves first appear dull
graen, wilt during the day
and recover at night.
Leaves eventually yellow
and brown at the margins,
completely wither and die
The zpesd of wilting varies

.che mical Control

+ Pesticides will not cure a
cucurbit plant infected with
bacterial disease

= Dusl plants with inseclicide
in the spring before the
cucumber bectles have a




ALSO AVAILABLE AS AN ANDROID APP:
PLAY.GOOGLE.COM/STORE/APPS/DETAILS?ID=0RG.DRNABAT
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