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Data Analysis for Smart Agriculture
- Introduction to the course -

Prof. Matteo Matteucci — matteo.matteucci@polimi.it
Prof. Filippo Maria Renga — filippo.renga@polimi.it
Eng. Mirko Usuelli — mirko.usuelli@polimi.it



«Me, Myself, and I»

Matteo Matteucci, PhD
Full Professor

Dept. of Electronics, Information &
Bioengineering
Politecnico di Milano

matteo.matteucci@polimi.it

My research interests Courses | teach

* Robotics & Autonomous Systems ¢ Robotics (BS+MS)

* Machine Learning » Cognitive Robotics (MS)

« Pattern Recognition * Machine Learning (MS)

« Computer Vision & Perception * Deep Learning (MS+PhD)

Enable physical and software autonomous systems to perceive, plan, and act
without human intervention in the real world
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«|'m not alone»

Matteo Matteucci, PhD
Full Professor

Dept. of Electronics, Information &
Bioengineering
Politecnico di Milano

matteo.matteucci@polimi.it

Mirko Usuelli
PhD Student

Dept. of Electronics, Information &
Bioengineering
Politecnico di Milano

mirko.usuelli@polimi.it

My research interests Courses | teach Research interests

» Robotics & Autonomous Systems ¢ Robotics (BS+MS) * Robotics & Autonomous Systems
* Machine Learning + Cognitive Robotics (MS) + Digitalization in Agriculture

« Pattern Recognition * Machine Learning (MS) * SLAM and Sensor fusion

« Computer Vision & Perception * Deep Learning (MS+PhD) * Computer Vision & Perception

Enable physical and software autonomous systems to perceive, plan, and act

without human intervention in the real world
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«... and we build robots (and their brains)»
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«My Business Pal»

Filippo Maria Renga, PhD
Researcher

Dept. of Management Engineering
Politecnico di Milano

filippo.renga@polimi.it

My research interests Courses | teach

« Agriculture 4.0 *  Business Economics and

«  Impacts of Blockchain Organization (BSc)

« Data valorization  Data Valorization (Executive
Masters)

Makes data a value
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The Smart AgriFood Observatory, born in
2016 and now In its sixth edition, is the
reference point in European Union
to deeply understand the digital innovations
that are transforming the agricultural and
agrifood supply chain
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Course Objectives

"‘Approach the Agriculture 4.0 data value chain,
from the means to acquire data to the techniqgues for data processing,
presenting how data can be turned into an actionable source of
information which can impact the agri-food value chain.”

:IIIIIIIIIIIIIIIII‘

This is the 3™ edition of this course, there

\ will be lectures you’ll like and lectures you \
\ won’t, there’ll be topics clearly explained \
other not, there will be teaching styles you’ll enjoy while

others will just bore you. Keep with us until the end and \
help us in improving the course so next edition will be
marvelous and unforgettable!

\
.IIIIIIIIIIIIII" .. and | have some

new. ideas to test ...
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What about you?

What is your background?

Why did you chose this course?

What do you expect from this course?
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Course syllabus

Lecture on data value chain in agriculture (Prof. Renga)
* Agri-food value chain
* Data Strategy Want to try
* Impact evaluation tizse fllgped?
Data sources and data processing'zProf. Matteucci)
* Data sources and data representation

= ~10h lectures

J 1

. T =~ ~12h lectures
* Regression and Classification

* Time Series and Spatial Data analysis

Practicals on agricultural data analytics (Eng. Usuelli)
* Python and the Pandas library ., ~12h practicals

* Scikit-learn, statsmodels, and ... Add 26+ hours on
Project Work (in groups)

J1
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Course Evaluation (Tentative)

Grading is based on a practical data analysis project in the agrifood
domain which covers all aspects of the course (November to January):

* Use cases presentation  (November) 2h projects revisions with
*  Data Sources (November) teaChe; ‘1 Z.Zg;iacm”g
*  Processing (November)

*  Processing / Impact (December)

° Impact (December)

* Project presentations (January)

Bring / search you own data!!!
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The Students

Students are expected to:
* Feel confortable with basic statistics and calculus
* Feel confortable with basic programming (python)
* Be ready to act as «guinea pigs» for this kind of course
* Be curious and willing to learn ...

Students are not expected to:
* Know more than what is usually tought in basic engineerig courses
*  Know already about machine learning
*  Be hyper-skilled python hackers
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Lectures Schedule and Timings

It might overlap
We know!
o

Classes (there is no distinction between lecture and exercises):
°  Monday, 16:15 = 18:15, in 25.1.5 (starts at 16:30 end by 18:00)
° Friday, 1415 = 16:15, in 7.1.2 (starts at 14:30 end by 16:00)

A detailed schedule is provided here (will be updated)
https://chrome.deib.polimi.it/index.php?title=Data Analysis for Smart Agriculture

Check the teacher who will be in class on the detailed schedule
* C(Classes are in presence, but lectures will be recorded

* (Connect to proper teacher webex room in case you need to attend remotely
* Use your POLIMI credentials, we will not admit external students
* Interaction is prioritized for in presence room students
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https://chrome.deib.polimi.it/index.php?title=Data_Analysis_for_Smart_Agriculture

Ironing out the kinks ...

Some details have been sorted out, we are working on the rest ...
*  No WeBeep Management
* Detailed schedule of lectures
«  Will be shared in the next days ...
*  Projects:

*  How many people per group (?)
«  Canned use cases (?)
*  How to handle remote revisions (?)

* Exam format, same of last year ...
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Food Security & Climate-Smart Agriculture

End hunger, achieve food security & improved
nutrition, and promote sustainable agriculture ZERU
HUNGER

By 2030, ensure sustainable food production
systems and implement resilient agricultural g g ‘
practices that increase productivity and production,

that help maintain ecosystems, that strengthen

capacity for adaptation to climate change, extreme

weather, drought, flooding and other disasters and
that progressively improve land and soil quality
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Soil Health
& Food

Horizon Europe Missions

DELIVERING SOLUTIONS TO SOME
OF OUR GREATEST GLOBAL CHALLENGES

#EUmissions #HorizonEU

#MissionSoil

2020

O Eurepean



2030 Targets for sustainable food production

PESTICIDES

NUTRIENT LOSSES

ANTIMICROBIALS

50%

S0}

ORGANIC FARMING

Reduce the overall
use and risk of
chemical and
hazardous pesticides

#EUFarm2Fork

Reduce nutrient
losses by 50% whilst
retaining soil fertility,
resulting in 20% less

fertilisers

#EUGreenDeal

Reduce sales of
antimicrobials for
farmed animals and
aquaculture

Increase the
percentage of
organically farmed
land in the EU

European
Commission




Modern Agricultural Revolutions

The green revolution
(2.0 — 1960s)

Precision Agriculture
(3.0 — 19905s)

+“+ 3 M v %
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Precision Agriculture (3.0)

v" Global Positioning System

° Assisted / automatic steering —
CFX-750 or FmX

= winres ooz

-—

Ag25 antenna

AutoSense steering NavController Il

Sensor

Hydraulic manifold | % &
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Precision Agriculture (3.0)

v" Global Positioning System
° Assisted / automatic steering

v Wireless Sensors Networks
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Precision Agriculture (3.0)

v" Global Positioning System
° Assisted / automatic steering

v Wireless Sensors Networks

v" Airborne multispectral &
hyperspectral imagery

Water Deficit
Crop Stress
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Precision Agriculture (3.0)

v" Global Positioning System
° Assisted / automatic steering

v Wireless Sensors Networks

v" Airborne multispectral &
hyperspectral imagery

v" Prescription maps to apply
° The right input
° At the right location
° At the right time

: T e
oy ey
R Y kbl s

(7 7) POLITECNICO MILANO 1863




Precision Agriculture (3.0)

Social

v" Global Positioning System
° Assisted / automatic steering

v" Wireless Sensors Networks Liveable Equitable

v" Airborne multispectral &
hyperspectral imagery

v" Prescription maps to apply
° The right input Viable
° At the right location
° At the right time

v" Enhance production and reduces resources usage

Sustainable

Environment Economic
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Modern Agricultural Revolutions

The green revolution Precision Agriculture
(2.0 — 1960s) (3.0 —1990s)

* &
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Multiple Facets of Agriculture 4.0

The 4.0 revolution in agriculture: a multi-perspective definition

Profitability
&

sustainability

Beyond farm

boundaries

Informed
decision
EL le

Sponchioni G., Vezzoni M., Bacchetti A., Pavesi M., Renga F.

OLITECNICO MILANOC 1863

Precision
Agriculture

Industry 4.0

Digital
technologies




Multiple

The 4.0 revolution in agri

Sponchioni G., Vezzoni MESESS

SURVEY DRONES FLEET OF AGRIBOTS

Aerial drones survey the fields, A herd of specialised agribots tend
mapping weeds, yield and soil to crops, weeding, fertilising and
variation. This enables precise harvesting. Robots capable of
application of inputs, mapping microdot application of fertiliser
spread of pernicious weed reduce fertiliser cost by 99.9%.

blackgrass could increasing
Wheat yields by 2-5%.

FARMING DATA

The farm generates vast quantities
of rich and varied data. This is stored
in the cloud. Data can be used as

digital evidence reducing time spent
completing grant applications or

carrying out farm inspections saving
on average £5,500 per farm per year.

X

TEXTING COWS

Sensors attached to livestock
~' 2 . allowing monitoring of animal

SMART TRACTORS

GPS controlled steering and
optimised route planning
reduces soil erosion,

saving fuel costs by 10%.

health and wellbeing. They can
send texts to alert farmers when

a cow goes into labour or develops
infection increasing herd survival
and increasing milk yields by 10%.

T 1

e
=
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Multiple Facets of Agriculture 4.0

Profitability
&

sustainability

Precision
Agriculture

Beyond farm

boundaries

Informed
decision
making

Digital
technologies

The 4.0 revolution in agriculture: a multi-perspective definition
Sponchioni G., Vezzoni M., Bacchetti A., Pavesi M., Renga F.
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Industry 4.0 Analogy

In the Industry 4.0 the entities of the working environment are linked to
each other in a continuous and effortless way

177
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Industry 4.0 analogy
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Multiple Facets of Agriculture 4.0

The 4.0 revolution in agriculture: a multi-perspective definition

Profitability
&

sustainability

Beyond farm

boundaries

Informed
decision
making

Sponchioni G., Vezzoni M., Bacchetti A., Pavesi M., Renga F.
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Digital technologies

The digital technologies enable the collection, integration and analysis of
data silos unlocking new prospects for the farmer
* |oT allows to collect data from the field, from the surrounding environment

and from the market
°  UGVs /UAVs increase the amount of data collected from farming operations

* All the data are stored in the cloud
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Multiple Facets of Agriculture 4.0

The 4.0 revolution in agriculture: a multi-perspective definition

Profitability
&

sustainability

Beyond farm

boundaries

Informed
decision
making

Sponchioni G., Vezzoni M., Bacchetti A., Pavesi M., Renga F.

OLITECNICO MILANOC 1863

Precision
Agriculture

Industry 4.0

Digital
technologies




Informed decision-making

Farmers make decisions based on their
personal goals, their subjective beliefs

* (ollecting, integrating and analyzing
vast amount of data gives birth to a
Decision Support System

* Agriculture 4.0 makes the farmer’s
decisions more fact-based and math-
based and less intuition-based

ITECNICO MILANO 1863

Crop

Plant,
pests

&
diseases

Weather
&

soil

\ L

environment

AY4

models

J\L

Expert

knowledge

Actions

- Decision-making




Multiple Facets of Agriculture 4.0

The 4.0 revolution in agriculture: a multi-perspective definition

Profitability
&

sustainability

Beyond farm

boundaries

Informed
decision
making

Sponchioni G., Vezzoni M., Bacchetti A., Pavesi M., Renga F.
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Beyond Farm Boundaries

Integration in the farm process of external actors

. . . . oo
Suppliers of seeds, pesticides, nutrients, .
veterinarians, machine vendors, ]
financial service providers, ...

* Agriculture 4.0 allows the coordination ¥
between the different actors involved s YV \\/ =
in the farms process and along i 534
the supply chain —
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@ agrirouter
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Multiple Facets of Agriculture 4.0

The 4.0 revolution in agriculture: a multi-perspective definition

Profitability
&

sustainability

Beyond farm

boundaries

Informed
decision
making

Sponchioni G., Vezzoni M., Bacchetti A., Pavesi M., Renga F.
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Agriculture as a Service (some examples)

CLIMATE

FIEIDVIEW

OGIC FIELD REPORT

| 71.91 Hectare

Insects on the Fleld

3 4]
S se s es 0806 0SNG OSAC  OSA  OS20 OS¢ OSAS 020 OW22
Rain Status Ve

~0
0 -
2 L =
Disease on the Fleld
@ 7 osne  osne  0sne 0sAs 0s70  0SAG  0SAB 0SR20 o2
Fleld Activity Status z

0 o

: © © ©
0O 0000 O O 0000
000 ©
4 0 00 0 0 0
£0.2

Computer vision and deep

eld Health Scouting Yield

Il 20 2

Satellite imaging and machines
connectivity

learning for disease monitoring
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Agriculture as a Service (some examples)

0) FARMSTAR

» Analisi pedologica
(o | D.1 B.1

Resistivita 0-180cm
Resistivita 0-100cm

3%

0"
©

CLIMATE DATA
AND AGRONOMIC MODELS ‘

© Lot
Suolo C.1

Suolo D.1
Institut du végétal Terres

- Inovia

EXPERTISE FROM

AGRONOMIC INSTITUTES

Suolo con scheletro abbondante
Talvolta eccessivamente drenato
Topsoil Franco-Sabbioso-Argilloso

| SuoloB.1

© maceacauismon
S
Suolo con scheletro frequente
Ben drenato
Topsoil Franco-Sabbioso

FIELD APPLICATION

Analisi chimico-fisiche
di laboratorio

Suolo con scheletro scarso
Moderatamente ben drenato
Topsoil Franco-Limoso-Argilloso

Carbonati. Classe |Rapporto’ Calcio Magnesio
sy | ABle | Umo | sebbia o e [ SC | scambisbile | scambiabite

3 % % % - - |mea/100 | mea/1005 | mea/100g | mea/100g | mea/1oog |meastoop | % | dstemtr

Multi-sensor images combined

Soil characterization service : .
with agronomic models
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Multiple Facets of Agriculture 4.0

The 4.0 revolution in agriculture: a multi-perspective definition

Profitability
&

sustainability

Beyond farm

boundaries

Informed
decision
making

Sponchioni G., Vezzoni M., Bacchetti A., Pavesi M., Renga F.
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Precision
Agriculture

Industry 4.0

Digital
technologies




ISSN 1020-4555

Integrated Crop
Management Vol. 24 | 2020

Agriculture 4.0 (FAO) i i

Figure 12. Sustainable AG R Icu I-TU RE 4-0

NO 7ERD DECENT WORK AND Development Goals Agricultural robotics and automated
POVERTY HUNGER ECONOMIC GROWTH}  to which agricultural equipment for sustainable crop production

i || < || 4

INDUSTRY, INNOVAT 1 RESPONSIBLE 15 LIFE
AND INFRASTRUCTUR CONSUMPTION ON LAND
AND PRODUCTIO

=
g
m

“Agriculture 4.0 - Agricultural robotics and automated equipment
for sustainable crop productiori’ published by FAO in 2020
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ISSN 1020-4555

Agriculture 4.0 (FAO)

Integrated Crop
Management Vol. 24 | 2020

W Food and Agriculture
M Organization of the
United Nations

AGRICULTURE 4.0

Agricultural robotics and automated
equipment for sustainable crop production

oQ¥7
L

ROBOTICS SMART FARM
HAND OR ANIMAL POWER } AUTOMATED EQUIPMENT

FARMER EXPERIENCE SATELLITE IMAGE AND POSITIONING

“Agriculture 4.0 - Agricultural robotics and automated equipment
for sustainable crop productiori’ published by FAO in 2020

POLITECNICO MILANO 1863



The value of actionable data ...

155N 1020-4555
/p) Food and Agricuture -
Q;ﬁ Organization of the

United Nations

Implements
AGRICULTURE 4.0

Agricultural robotics and automated
equipment for sustainable crop production

ACTUATION

PLATFORM

10T In = s T
AQrCultiurGems - W)
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]
H 4
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2 mr‘
N oT-

L : ‘ 5 e :
o v sy i
v . | =
é. : ‘ e ’ j l
b . k.
% \ - P Smart Data % o
R . A ;

days minutes
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Challenges Ahead: Big Data

How to effectively exploit the huge amount of data collected by such an
amount of sensors

wan

» Analysis method should be developed T 1006 |-

* Agronomic models should be studied to
understand the benefits of their adoption
sy,

* Prediction and simulation models (e.qg., yield FE
and demand estimation) to be investigated o

* Need of high-throughput screening methods
that offers precise and accurate data

* Need of studies to evaluate the impact of
Big Data and Agriculture 4.0

UK 74526675 Germany 4492 7.22 5546 Singapore 7785 6. 2254
Europe 2 5 47863 N/ : ..; g

‘e
Too much for a
5 CFU course!

P
T

i

i
.

iﬁ
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.. let's build this together.

Implements

AC} UATION

Thanks for your attention!
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