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The Decision Making Process



AGRICULTURE 0.0 (before the Industrial Revolution)

e Before mechanization
e Before the Green Revolution

AGRICULTURE 1.0 (Industrial Agriculture)

| » Tractors, Combine harvesters, Machines in general
» QOutsourcing inputs

AGRICULTURE 2.0 (Advanced Mechanization, Precision Agriculture)

« On board technology (guidance, electronic control, VRT, ISOBUS)
« Remote sensing (satellites, aerial, UAV)
e Sensor Networks

AGRICULTURE 3.0 (Digital Agriculture)

<] . g5

« Digital notebook, Decision support systems
 Fleet management

AGRICULTURE 4.0 (Permanent network of information exchange)

e Smart digital ecosystems (system of systems)
« Smart integration of bits and bytes
 Ubiquitous cyberspace (30Mbytes/s in all rural areas by 2020)
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Influence of Farm Structure on Decision
Making SPARKLE
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The Beginnings of Farming Records



Old and New Dilemmas

N 370. o
SEMANARIO
DE AGRICULTURA Y ARTES

DIRIGIDO A LOS PARROCOS

Del Jueves 2 de Febrero de 1804.

Reflexiones sobre la utilidad de los bueyes , y per-
juicios de labrar con mulas.

L Cosa averiguada y llana es que la esterilidad de
Espafa , aunque diversas causas la acrecientan , procede
principalmente de la costa grandisima de las labores , ¥

“ser la forma dellas de manera que la tierra da pocos fru~
tos y estériles siendo capaz para darlos muy colmados co-

'mo del discurso siguiente se verd. *

II. Grande admiracion causa que en tiempos de tan
larga paz, y que los aiios no han sido malos de frutos, y
habiéndose sembrado casi todos los campos de Espada y
acrecentado las labores en cantidad de campos y nuevos ar-

a esterlidad

de pan. Aqui se que aunque se/siembran tantos
campos, se puede hacer cuenta que no se siembra la quar-
ta parte dellos , porque la mitad se ocupa, ¥y de la mejor
tierra, en la cebada que se siembra para el mantenimiento
de las mesmas mulas que los siembran , y que otra quarta
parte se disminuye en la ruin labor que se hace por la poca
fuerza de las mulas, y por ¢l uso de querer por su ligereza

aranar m 0SS CaAlpos COIl Tozos .

y con aradros someros , y que aquella superficie de la tier=
1 Escritas en Madrid , afio de 1599,
TOMO XV. e
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Even the Simplest Records are Crucial SPARLE

5 parcels fertilised
with superphosphates

1 parcel without
. fertilisation
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A / B Comparisons in the Era of Digital
Information



The Concept of Meta-Analysis SPARVLE

* Perform a systematic document search

* Set the criteria to apply a study to your specific situation, they should:

* Have adequate metrics that quantify a response

 Take into account the transistion period, quantifiably, relating the results to both
the periods before and after the transition

 Specify the location
* Extract the data in predefined (standard) units

* Provide three basic values: mean, standard deviation, and the number of data
points, to allow comparison of the effectiveness of the treatment and the control

group



Example of Meta-Analysis SPARKLE
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SCADA Systems and the Data Boom



What is SCADA? L

SPARKLE

(Supervisory Control And Data Acquisition)

Process to be 9
controlled e é
Registration System \

Warning System




SCADA in On-Board Technologies L

SPARKLE

Incomplete SCADA System: only Supervisory Control

Process to be

controlled
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Example: Distance Proportional Flow

Aguirre Experiment, 2015
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Example: Dynamic Control System
Gil Experiment, 2016 DE —

FIGURA 3. Efecto del tipo de boguillac normal [xa) y anti-deriva (darechal, enmodo mancal caudal 1.2 mina 3bar)
m!SOnd(’,ZanT;baL . de manera que & dosks real aplicada fue
de 285 Vha (a dosss inkchaimenie clogida
fue 300 bha)

Caudal pro&pmonal ala
velocidad de avance

El puverizacor G Teleno de 18 m dspone
de un modo de funclonamiento manual
P y oo P

dal proporcional a la velocidad real ce

SPARKLE

avance). Fara elio, dspone de un ssiema
do control que puede doterminar ia valods
dad real {ground speed) bien medanie
Coberturas: 33%, 62%, 64%. 40% una antena GPS o bien mediante un sen-
200 Inductive de rueda (opcion mds baras
). En esie ensayo empleamos k primena
cpdon y vericamos postenormants b cas

ala Forelio, una mids gosera En  dad del segundo.
se susituperon tres boquilas del ramal el ensayo de I o Cuando se trabay
por tiedertva (po  traba)e a una velockiad media 4,27 kmb  Cuaiquier camilo de velooidad del vehicue
wenturd) dol mismo caudal (S0 azu), rea
Azindose todos bos ensayos de campo
o e aworoL
CAMBIO
tramo 1 tramo 2
distancia (m) 6 9 12 15 18 21 24 27 30 33 36
MANUAL velocidad (km/h) 7.30 7.30 7.00 5.90 5.00 4.70 4.50 5.00 5.00 5.00 4.70
cobertura (%)
tramo 1 tramo 2
AUTOMATICO distancia (m) 7 10 13 16 19 22 25 28 31 34 37
velocidad (km/h) 5.0 5.2 4.8 7.1 7.0 6.8 7.2 7.0 8.1 6.6 6.1
cobertura (%) 71.6 71.5 78.3

http://oa.upm.es/41154/



WSN as a SCADA System

Wireless System Networks as Data Acquisition Systems

SPARKLE




Complete SCADA Systems SPARKLE

JDLINK Fleet Management
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Complete SCADA Systems

iGreen Conceptual Fleet Management

SPARKLE

iGreen Server

TN - Temporal Node
. Mule - Data Mule

* The real-time information transmitted via
» WiFi (IEEE 802.11g) has a delay of 0.1 to 3s and a success rate of >90%;

e 3G has a delay of 1to 10s and a success rate of >65%;
. . * When documentation information is transmitted (real time is not required)

the delay is 5 to 85 minutes and the success rate is 100%. (Blank et al. 2013)




Advancements in the Digitalization of

P A

SPARKLE

Information
Worldwide
estimation Year
2000 2007 2013
Analogical 75% 7% 2%
Digital 25% 93%




SPARKLE
The data is starting to be included in company's balance
sheets as corporate assets;

In 1980, 40% of company assets were intangible;

In 2000, this value is considered to have increased to /5%
(e.g. brand, business strategy, talent, and data).



Imperative Measure and Instrumental
Blindness (Distortion) SPARKLE

* Does it really measure the value of interest (the most
relevant aspect) or simply what is easiest to measure?

* Not everything measured is always relevant, nor can
everything that is relevant be measured...
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Geographic Information Systems



Digital Mapping GISs

(e.g. Google maps, SIGPAC PNOA, etc.)

SPARKLE
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Aerial Mapping with Remote
Technologies

Reflectance

04 0.6 0.8 1.0

Wavelength (um)




On-Board Technology Based Mapping
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Data aggregation




Dimensions of the Data SPARKLE

Leafpigments | Cell structure | Water content | Dominant factor

| | =g
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Temporary Data Aggregation

The importance of consistent time units

SPARKLE

Temperature (°C)
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Spatial Data Aggregation

Spatial Interpolation Methods

SPARKLE

Example of varieties detected
through rough sampling
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Spatial Interpolation Results
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Not All lons (Variables) Require the L
Same Sampling Density SPARKLE

Phosphorus Potassium
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Cherubin, 2013



Information Robustness

Electromechanical Sensors

SPARKLE
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Summary of Data Aggregation SPARKLE
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Data Storage

Filtering and /nterpolat/on

|solated Databases . . _
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The Interoperability Concept



The Data Gateways L

SPARKLE

Software Adapter Conception

J GIS2SCADA ] — ]
GetCapabilives
i opc ua | || - Retrieve data from 0GC S0s SOAP | |ms0iEResporsel
OPC Nodes & Valies Server - Provide data by OPC UA XML
Server Requests | [ oo Reaust
UA i OGC
- S0AF RESPONSEY
. Server I SOS
+ _ SCADA2GIS I Server
: e SOAP
Client OPCUA | || - Retrieve data of OPC UA L | e
MNodes & Vawes | Client Server B nsertob
- Save data to OGC SOS
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Data Visualisation




Visualisation

Translating a Mental Image to Something on the Screen
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The Scientific Approach SPAR/LE

Speed (km/h)
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6 20 Transport



Visualising Multiple Parameters SPARKLE

Engine Speed
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EHT=18 . T 1= 19 nm
S48uN Photo No
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Soil Origin 5

$15.2 253 #5.5

ToC
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Example: Soil Characteristics
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Phase Diagrams SPARKLE

To Simplify Temporal Information
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Phase Diagrams

For Event Identification

lempen lare | Ih_l.'l.' |
i

T T L :rE'l:_I

|dentification of hot and cold spots

lespenbe |1, |

SPARKLE

T-r;-ﬁnl_'l'. == b
sldentification of events

Correa et al., 2016; Eckmann et al,, 1985



Management Zones SPARKLE

To Simplify Spatial Information

Fig. 1 EM38 map of sal
varahlity for the Nickels siw
dong with wilsampling stes
for ground truthing desgnated
by the circles
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https://link.springer.com/journal/volumesAndIssues/271

The Importance of Defining
Management Zones SPARKLE

4500 A

4000 -

—— Ea 1 i T ——
3500 - % & & &

3000 +
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EM38 VERIS Irrigation Science, 2011


https://link.springer.com/journal/volumesAndIssues/271
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Multivariate Analysis




Common Multivariate Procedures for L
Pattern Recognition SPARKLE

PCA Cluster Discriminant

Non Non

Supervised Supervised Supervised

Data Grouping Projection that
(Pattern maximises
Recognition) differences

Dimension
Reduction
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Ochoa, 2016



Example: Summarised Spectral
Information

absorbancia

Tabla 8. Longitudes de onda (nm) importantes en cada uno de los 5§ PC

PC_1 PC_2 PC_3 PC_4 PC_5 o
3]
414 414 414 420 506 =
0
483 720 570  650-700 857 §
715 1916 624 1413 1610 ®
2145 965 1924 1805 o
=
1103 2153 2005 H

1394 2153
1413 i

1912

2153 K
B r
o 2 3
£ ﬂf — o E
W -2 £
[y _':1
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(Fuente: Elaboracit

All spectra

Figura 53. Mapa de distribucion del fosforo

B 16.714200
21150575
25,300080
50041125

W 34.483700

(Fuente: Elsboracion propia)

Figura 54. Mapa de distribucion del PC_4
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Santana, 2015



Multivariate process control

Use of T2-Q Parameters

SPARKLE
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“Repensar lo pensado, des-saber lo sabido y dudar
de nuestra propia duda, que es el Unico modo de

empezar a creer en algo”

(“Rethinking what is thought, un-thinking the known, and doubting your own doubt,

is the only way to start believing in something”)

JUAN DE MAIRENA
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