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Executive Summary
The D1.2 deliverable presents the agriculture pilot intermediate report and is the second
WP1’s deliverable after agriculture pilot definition (D1.1). The D1.1 reported on the initial
stage in the agriculture pilots design where use cases were defined, and requirements
described through a collaborative effort involving Big Data Technology (BDT) experts and
other stakeholders and end users. All the deliverables are in line with the objective of WP1
Agriculture pilot which is to demonstrate how the Big data technologies will be implemented
into pilots and validated on practical cases in order to fulfil the end user communities’
expectations.
This D1.2 deliverable reports on the first results from agriculture pilots, mostly from 1-year
(2018) trials -preliminary experimentations were run in 2017 in some annual crops. A total of
15 trials were conducted in 2018 in different countries testing Big Data technologies in four
key areas of interest including arable farming, horticulture, subsidies and insurance, with the
ultimate aim of addressing different challenges facing the EU’s agriculture ecosystems. The
present document offers the intermediate findings of the Tasks 1.2, 1.3 and 1.4. Big Data used
in the pilots were mainly sensor data and EO data; multispectral data and satellite imageryderived markers included vegetation indices (NDVI, etc.) and biophysical parameters such as
fAPAR. Several algorithms (machine learning techniques) were deployed. DataBio platform
technological components were deployed through several applications including the
development of irrigation needs algorithms, in order to obtain full functionality in web
applications based on high frequency, scalable satellite image data at local and national level.
Crop monitoring was carried out in order to fine tune the models to plant growth,
development and performance, and health. The results achieved in the first trials were
satisfactory and we are herein presenting a succinct summary as measured against the preset
objectives.
The pilot A1.1 on precision agriculture in olives, fruits, grapes focused mainly on offering
smart farming advisory services (irrigation, fertilization and pest management) dedicated for
the cultivation of olives, fruits and grapes, based on a set of complementary monitoring and
data management technologies (IoT, EO data, Big Data analytics). Significant KPI results were
obtained in terms of reduction of costs associated with spraying, irrigation and nitrogen input
per hectare, and also in terms of increased yields of about 358 kg/ha.
For the pilot A1.2 on precision agriculture in vegetable seed crops, mixed results were
observed. Crop monitoring with fAPAR data showed high accuracy for all crops but in onions
and cabbages probably due to unstable weather conditions. Increasing the number of
samples in time and space in the second year of trials is expected to provide further
information.
The same monitoring technology was applied in the pilots A1.3 on precision agriculture in
vegetables (potatoes) and B1.3 on cereal and biomass crops. The preliminary results are
visualisation of fAPAR (biomass index) from Sentinel 2 EO data of the area of interest,
presenting new imagery every 5-10 days depending on cloud interference. The number of
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samples are not enough yet for generating the yield prediction information based on the
growth model, and KPIs were not measured in the first trial.
For the pilot B1.3 (mainly biomass sorghum and cardoon crops in Italy), the fAPAR-based
advisory services were accurate as there was a good agreement between big data-driven crop
monitoring output and the empirical data. Significant KPIs were measured in this pilot
including machine learning model accuracy, and reduced costs associated with operational
management of the farm. In sorghum pilot, the observed model accuracy (MAE < 20%,
Pearson’s r = 0,8) is expected to usefully translate into business decision support system.
Overall cost reduction in the sorghum pilot was about 50%, which compares with other crops
used in this pilot.
For the pilot A2.1 on Big Data management in greenhouse eco-systems, the preliminary and
the first-year trials were mostly concerned with setting up the infrastructure and the
technological platform. IoT, phenomic, genomic and biochemical data were collected.
Genomic models were selected but not usefully implemented under real world breeding
settings due to current low size of tomato samples phenotyped; this situation is expected to
improve in the second year of trials.
In the pilot B1.1 on cereals, biomass and fiber crops the focus was on developing accurate
irrigation and vigor maps using EO data and sensors data as inputs, and setting up an
informative and management system for early warning of inhomogeneity. Ultimate aim is to
provide automated irrigation advisory services at a province level in Spain.
Similar smart farming technologies were implemented in the pilot B1.2 on cereals, biomass
and fiber crops, focusing on vast swathes of cotton crop in Greece. The technology was
designed to be affordable to both big and small farms, and the KPI measured in the first trial
showed irrigation savings of about 2 400 dollars per hectare.
In the pilot B1.4 on cereals, biomass and fiber crops the aim was to develop a platform for
mapping of crop vigor using EO data (Landsat, Sentinel) as the support tool for variable rate
application (VRA) of fertilizers and crop protection mainly in the Czech Republic. At this stage,
the KPI focus is on covering as much farm as possible, and trial on was completed with a
coverage of 8 300 ha corresponding to the target value for this trial.
In pilot B2.1 on machinery management the aim was mainly to collect telematic data from
diverse tractors and other farm machinery, and implement appropriate analytics in order to
get comparable solutions to comparable problems.
The pilot C1.1 on insurance was run mainly in Greece using EO and field damage data with
the main focus to evaluate a set of tools and services dedicated for the agriculture insurance
market that aims to eliminate the need for on-the-spot checks for damage assessment and to
promote rapid pay-outs. At the end of the first trials, significant KPI results were achieved in
four crops, including high analytics accuracy (95%) on flooding damages and reduced
assessment time from several weeks to two weeks.
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The pilot C1.2 on farm weather insurance assessment was designed to validate solutions for
agriculture insurance businesses based on the usage of Copernicus satellite data series, also
integrated with meteorological data, and other ground available data and several indices. The
work carried out thus far focused on the analysis of the yearly parcel crop databases covering
the whole Netherland territory from 2009 to 2017, to get insight on crop classification and
parcels metrics. Risk maps were produced and inter-field comparative investigations were
performed.
The pilot C2.1 on CAP support was run in Italy and in Romania, and aims at providing services
to support the national and Local Paying Agencies and the authorized collection offices for a
more accurate and complete farm compliance evaluation-control of the farmers’ declarations
related to the obligation introduced by the current Common Agriculture Policy (CAP). The
technological core competency lies mainly in the implementation of specialized highly
automated techniques for processing big data, particularly multi-temporal series Copernicus
Sentinel 2 data. Meaningful KPI results were achieved improving the ratio (%) of EO checked
farms and EO checked farm sizes greater than 0.5 ha from 5 to 75 and from 5 to 95,
respectively.
The pilot C2.2 on CAP support was run in Greece on 50 000 ha annual crops, focusing mainly
on a set of EO-based services in support to specific needs of the CAP value chain stakeholders.
The provided solutions support integration of IoT infrastructures and EO platforms, the
collection and ingestion of spatiotemporal data, the multidimensional deep data exploration
and modelling, with a significant simplification and improvement of CAP’s effectiveness.
There is no prior information as baseline to KPIs evaluation but, thus far, the pilot evaluated
the technology in 7 crops achieving a high accuracy (85%) in terms of crop type identification.
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Definitions, Acronyms and Abbreviations
Acronym/
Abbreviation
BDVA
BDT
CAP
CEN
EO
ESA
EAGF
EU
FAO
fAPAR
FAS
GAEC
GEOSS
GPRS
GS
HPC
IACS
ICT
IoT
ISO
KPI
LPIS
NDVI
NGS
NUTS
PC
PF
PU
RPAS
RTK
SMEs
TRL
UAV
UI
UVA, UVB
VRA
WP

Title
Big Data Value Association
Big Data Technology
Common Agricultural Policy
European Committee for Standardization
Earth Observation
European Space Agency
European Agricultural Guarantee Fund
European Union
Food and Agriculture Organisation of the United Nations
fraction of Absorbed Photosynthetically Active Radiation
Farm Advisory System
Good Agricultural and Environmental Conditions
Group on Earth Observations
General Packet Radio Service
Genomic Selection
High Performance Computing
Integrated Administration and Control System
Information and Communication Technologies
Internet of Things
International organization for Standardisation
Key Performance Indicator
Land Parcel Identification System
Normalized Difference Vegetation Index
Next-Generation Sequencing
Nomenclature of Territorial Units for Statistics
Personal Computer
Precision Farming
Public
Remotely Piloted Aircraft System
Real Time Kinematic
Small and medium-sized enterprises
Technology Readiness Level
Unmanned Aerial Vehicle
User Interface
(UV) ultraviolet rays, (A) long wave, (B) short wave
Variable Rate Application
Work Package
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Term

Definition

Big Data

Extensive datasets (primarily in the characteristics of volume, variety,
velocity, and/or variability) that require a scalable architecture for
efficient storage, manipulation, and analysis

In situ
measurement

Direct measurement of the measurand in its original place

NDVI

A simple graphical indicator that can be used to analyse remote sensing
measurements

WP (Work
Package)

A building block of the work breakdown structure that allows the project
management to define the steps necessary for completion of the work
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Introduction
1.1 Project Summary
The data intensive target sector selected for the
DataBio project is the Data-Driven Bioeconomy.
DataBio focuses on utilizing Big Data to
contribute to the production of the best possible
raw materials from agriculture, forestry and
fishery/aquaculture for the bioeconomy
industry, in order to output food, energy and
biomaterials, also taking into account various
responsibility and sustainability issues.
DataBio deploys state-of-the-art Big Data, Earth Observation, ICT technologies and existing
partners’ infrastructure and solutions, linked together through the DataBio Platform. DataBio
is driven by the development, use and evaluation of 26 pilots in agriculture, forestry and
fishery, where also associated partners and additional stakeholders are involved. The pilots
selectively utilize numerous platform components, according to their requirements, to
aggregate and intelligently process Big Data in order to offer added-value services in their
domain.
Based on the pilot results and the DataBio Platform, new solutions and new business
opportunities are emerging. DataBio organizes a series of stakeholder events, trainings and
hackathons to support its take-up and to enable developers outside the consortium to design
and develop new tools, services and applications based on and for the DataBio Platform.
The DataBio consortium is listed in Table 1. For more information about the project see
www.databio.eu.
Table 1: The DataBio consortium partners
Number Name

Short name

Country

1 (CO)
2
3
4

INTRASOFT
LESPRO
UWB
Fraunhofer

Belgium
Czech Republic
Czech Republic
Germany

ATOS
SINTEF ICT
SPACEBEL
VITO

Spain
Norway
Belgium
Belgium

5
61
7
8

1

INTRASOFT INTERNATIONAL SA
LESPROJEKT SLUZBY SRO
ZAPADOCESKA UNIVERZITA V PLZNI
FRAUNHOFER GESELLSCHAFT ZUR FOERDERUNG DER
ANGEWANDTEN FORSCHUNG E.V.
ATOS SPAIN SA
STIFTELSEN SINTEF
SPACEBEL SA
VLAAMSE INSTELLING VOOR TECHNOLOGISCH
ONDERZOEK N.V.

Replaced by partner 49 as of 1/1/2018.
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9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39
40
41
42
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INSTYTUT CHEMII BIOORGANICZNEJ POLSKIEJ
AKADEMII NAUK
CIAOTECH Srl
EMPRESA DE TRANSFORMACION AGRARIA SA
INSTITUT FUR ANGEWANDTE INFORMATIK (INFAI) EV
NEUROPUBLIC AE PLIROFORIKIS & EPIKOINONION
Ústav pro hospodářskou úpravu lesů Brandýs nad
Labem
INNOVATION ENGINEERING SRL
Teknologian tutkimuskeskus VTT Oy
SINTEF FISKERI OG HAVBRUK AS
SUOMEN METSAKESKUS-FINLANDS SKOGSCENTRAL
IBM ISRAEL - SCIENCE AND TECHNOLOGY LTD
MHG SYSTEMS OY - MHGS
NB ADVIES BV
CONSIGLIO PER LA RICERCA IN AGRICOLTURA E
L'ANALISI DELL'ECONOMIA AGRARIA
FUNDACION AZTI - AZTI FUNDAZIOA
KINGS BAY AS
EROS AS
ERVIK & SAEVIK AS
LIEGRUPPEN FISKERI AS
E-GEOS SPA
DANMARKS TEKNISKE UNIVERSITET
FEDERUNACOMA SRL UNIPERSONALE
CSEM CENTRE SUISSE D'ELECTRONIQUE ET DE
MICROTECHNIQUE SA - RECHERCHE ET
DEVELOPPEMENT
UNIVERSITAET ST. GALLEN
NORGES SILDESALGSLAG SA
EXUS SOFTWARE LTD
CYBERNETICA AS
GAIA EPICHEIREIN ANONYMI ETAIREIA PSIFIAKON
YPIRESION
SOFTEAM
FUNDACION CITOLIVA, CENTRO DE INNOVACION Y
TECNOLOGIA DEL OLIVAR Y DEL ACEITE
TERRASIGNA SRL
ETHNIKO KENTRO EREVNAS KAI TECHNOLOGIKIS
ANAPTYXIS
METEOROLOGICAL AND ENVIRONMENTAL EARTH
OBSERVATION SRL
ECHEBASTAR FLEET SOCIEDAD LIMITADA
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PSNC

Poland

CiaoT
TRAGSA
INFAI
NP
UHUL FMI

Italy
Spain
Germany
Greece
Czech Republic

InnoE
VTT
SINTEF
Fishery
METSAK
IBM
MHGS
NB Advies
CREA

Italy
Finland
Norway

AZTI
KingsBay
Eros
ESAS
LiegFi
e-geos
DTU
Federu
CSEM

Spain
Norway
Norway
Norway
Norway
Italy
Denmark
Italy
Switzerland

UStG
Sildes
EXUS
CYBER
GAIA

Switzerland
Norway
United
Kingdom
Estonia
Greece

Softeam
CITOLIVA

France
Spain

TerraS
CERTH

Romania
Greece

MEEO

Italy

ECHEBF

Spain

Finland
Israel
Finland
Netherlands
Italy
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46
47
48
49
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NOVAMONT SPA
SENOP OY
UNIVERSIDAD DEL PAIS VASCO/ EUSKAL HERRIKO
UNIBERTSITATEA
OPEN GEOSPATIAL CONSORTIUM (EUROPE) LIMITED
LBG
ZETOR TRACTORS AS
COOPERATIVA AGRICOLA CESENATE SOCIETA
COOPERATIVA AGRICOLA
SINTEF AS

Final – v1.0, 28/1/2019

Novam
Senop
EHU/UPV

Italy
Finland
Spain

OGCE
ZETOR
CAC

United
Kingdom
Czech Republic
Italy

SINTEF

Norway

1.2 Document Scope
Deliverable D1.2 is focused on the results of 13 agriculture pilots after Trial stage 1, including
datasets and DataBio components deployment.

1.3 Document Structure
This document is comprised of the following chapters:
Chapter 1 contains introduction of the project and the deliverable.
Chapters 2 offers overview of individual tasks and pilots.
Chapters 3 to 15 focus on results from individual pilots, as briefly introduced in Chapter 2 and
previously described in deliverable D1.1 Agriculture Pilot Definition. The results include KPIs,
datasets utilisation and components overview.
Chapter 16 provides conclusions.
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Agriculture pilots summary
2.1 Overview
Work Package 1 (WP1) involves 13 agriculture pilots organised into three parallel tasks, T1.2
-Precision Horticulture including vine and olives, T1.3 -Arable Precision Farming, T1.4 Subsidies and insurance. The pilots were described in the deliverable D1.1 within task T1.1.
To enable adapting DataBio tools and services to the pilot needs and reflecting the
experiences from pilots in further development and integration of DataBio services, the time
frame of the project has been divided to several stages.
Preparatory stage is the phase where pilots and their needs were defined and collaboration
between pilot and technical Work Packages of the DataBio project was established. During
this period the first version of DataBio platform was defined, tools and services were adapted
to the needs of pilots for Trial stage 1. During this stage partners involved in pilots also defined
the first version of their business plans.
Trial stage 1 is a period where pilots were focused on their trials, using and testing the DataBio
tools and services, which were developed or adapted to their needs during preparatory stage.
In addition to aiming to various technological or scientific goals, the pilots were also focused
on exploring and increasing their market potential. Deliverable D1.2 covers these first two
periods of the project.
During the stage after the trial 1, results were concluded and experience from Trial Stage 1
serves to update DataBio platform before Trial stage 2.
In Trial stage 2 pilots will use the updated DataBio platform and run the second phase of their
experiments. In this stage there will be need for strong focus on reaching the target markets
in cooperation with the Partners from WP7 (Exploitation and Business Planning)
In final period of the DataBio project pilots should aim to be able to take advantage of their
experience and results from the DataBio project and fully use their market potential.

2.2 Introduction of pilot cases
Table 2: Overview of agriculture pilot cases
Task (topic)

Subtask

Pilot group

Pilot

T1.2 (A) Precision
Horticulture including
vine and olives

T1.2.1

A1: Precision
agriculture in olives,
fruits, grapes and
vegetables

A1.1: Precision agriculture in
olives, fruits, grapes
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A1.3: Precision agriculture in
vegetables -2 (Potatoes)

T1.3 (B) Arable
Precision Farming

T1.2.2

A2: Big Data
management in
greenhouse ecosystems

A2.1: Big Data management
in greenhouse eco-systems

T1.3.1

B1: Cereals and
biomass crops

B1.1: Cereals and biomass
crops
B1.2: Cereals, biomass and
cotton crops 2
B1.3: Cereals and biomass
crops 3
B1.4: Cereals and biomass
crops 4

T1.3.2

T1.4 (C) Subsidies and T1.4.1
insurance

B2: Machinery
management

B2.1: Machinery
management

C1: Insurance

C1.1: Insurance (Greece)
C1.2: Farm Weather
Insurance Assessment

T1.4.2

C2: CAP support

C2.1: CAP Support
C2.2: CAP Support (Greece)

2.2.1 Α1.1 Precision agriculture in olives, fruits and grapes (NP, GAIA, IBM, Fraunhofer)
The Greek pilot focuses on offering smart farming advisory services dedicated for the
cultivation of olives, fruits and grapes, based on a set of complementary monitoring and data
management technologies (IoT, EO data, Big Data analytics). Smart farming services comprise
irrigation, fertilization and pest/disease management advices provided through flexible
mechanisms to the farmers or the agricultural advisors. The pilot is targeting towards
exploiting heterogeneous data, facts and scientific knowledge to facilitate decisions and their
application in the field. It promotes the adoption of big data enabled technologies and will
Dissemination level: PU -Public
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collaborate with certified professionals to better manage the natural resources, optimize the
use of agricultural inputs and lead to increased product quality and yields.

2.2.2 Α1.2 Precision agriculture in vegetable seed crops (CAC, VITO)
The Italian pilot focuses on the assessment of maturity and optimal harvest date for vegetable
seed crops using satellite images. From preliminary trials in 2017 whereby satellite
observations, provided by VITO, were compared with information from the field, recorded by
CAC’s fieldsmen, it was found that the satellite-based greenness index (fAPAR) is well suited
to assess the maturity of sugar beet seeds and to estimate the optimal harvest date. This was
confirmed in 2018 from a more extensive trial whereby over 60 sugar beet fields were
monitored. A model has been set up to assess to estimate the optimal harvest date for sugar
beet seeds directly from the satellite images. From 2019 onwards, this info will be provided
in near real time to CAC via VITO’s WatchITgrow web application. Trials in 2018 for sunflowers
and soybeans were also very promising. More extensive trials will be set up for these crops in
2019. For cabbages and onions, however, the outcome of the 2018 trials was less clear. Large
differences between fields were found. Typical field practices and variety-specific
characteristics seem to be reflected in the greenness curve which complicates the
development of a generic model for satellite-based maturity assessment for these crops.

2.2.3 A1.3 Precision agriculture in potatoes (NB Advies, VITO)
The Dutch pilot is developed by NB Advies in cooperation with VITO (Belgium). In the final
stage of the pilot the focus will be shifted to farmer alerts based on growth model information
and satellite imagery. This service will provide farmers timely and automated identification of
problematic spots in potato fields, where crop growth is substantially lagging behind a certain
benchmark level. With feedback information from field visits the system the DSS could
combine high throughput of field and satellite data with machine learning algorithms.
Eventually, it might be able to autonomously explain the causes of field problems to the
farmers.

2.2.4 A2.1 Big data management in greenhouse eco-system (CREA, CERTH)
The pilot was designed to implement Genomics Prediction Models (GS) as a solution to
technological limitations met with current breeding approaches. Phenotypic breeding and
marker-aided crop improvement have been tandemly implemented but with good results,
but their impact on agricultural progress has reached a plateau. Indeed, both approaches are
seriously impaired by their inability to capture the full package of genetic factors that are at
the basis of plant genetic and performance potential. GS technology demonstrated its
superiority relative to previous techniques through its ability to capture the full information
reflecting the full genomic makeup breeders work on to design technologies for improving
quality and quantity of the agricultural products.
It is out of this context that this pilot A2.1 was designed. The pilot is run by a collaborative
effort between CREA (Italy) and CERTH (Greece). Several genetic models will be implemented.
The main problem modelled is the performance of new and unphenotyped vegetable lines,
integrating quantitative and population genetics, driven by big data streaming from largeDissemination level: PU -Public
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scale high-throughput genomics, metabolomics, and phenomics platforms. The technology is
expected to significantly improve genetic gain by unit of time and cost, allowing farmers to
grow a better variety sooner relative conventional approaches, making more income.

2.2.5 B1.1: Cereals and biomass crops (TRAGSA, TRAGSATEC, ATOS, IBM. Citoliva in
Trial2)
The Spanish pilot developed by TRAGSA and TRAGSATEC with the help of ATOS and IBM Israel,
Citoliva will participate in the final stage, is developing accurate agricultural "irrigation maps"
and "vigor maps" (using EO data and sensors data as inputs) and setting up an informative
and management system for early warning of inhomogeneity. This service is a preventive tool
for farmers and landowners to avoid production losses and will become a powerful system
for big agricultural areas management. The final goal of the pilot is costs saving for farmers
communities due to a better management of water and energy.

2.2.6 B1.2 Cereals, biomass and cotton crops_2 (NP, GAIA, Fraunhofer)
The Greek pilot B1.2 focuses on offering smart farming advisory services dedicated for arable
crops (cotton cultivation), based on a set of complementary monitoring and data
management technologies (IoT, EO data, Big Data analytics). Smart farming services are
offered as irrigation advices through flexible mechanisms to the farmers or the agricultural
advisors. The pilot is targeting towards exploiting heterogeneous data, facts and scientific
knowledge to facilitate decisions and their application in the field. It promotes the adoption
of big data enabled technologies and will collaborate with certified professionals to better
manage the natural resources and specifically the use of fresh water.

2.2.7 B1.3 Cereal and biomass crops_3 (CREA, NOVAMONT, VITO, InfAI)
The pilot B1.3 was designed to implement remote sensing (satellite imagery, fAPAR, NDVI),
IoT farm telemetry, and proximal sensor network-based big data technologies for biomass
crop monitoring, predictions, and management in order to sustainably increase farming
productivity and quality, while at the same time, minimizing farming and environment
associated risks. Biomass crops of interest included biomass sorghum and cardoon which can
be used for several bioeconomy relevant purposes (e.g., biofuel, fiber, and biochemicals). The
IoT farm telemetry technology, implemented in preliminary trials and part of first trials, was
ultimately found ill-adapted to biomass sorghum as the hardware was susceptible to wild
rodents’ damages and the frequent software glitches were harmful to pilot operations. We
are envisaging replacing IoT with VIS-NIR machine in the 2019 trials with similar expected
output in terms of analytics and technological output in support of agricultural farming
operations.
The pilot secured adhesion of private farmers and/or farming cooperatives. In collaboration
with InfAI, CREA was able to extend crop monitoring to foliar diseases. The first results of the
pilot are encouraging as there is a good agreement between satellite data and crop
phenology. The machine learning techniques showed promising inferences with high
predictive accuracy of biomass sorghum yields early on (up to 6 months before harvesting),
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with important business ramifications, particularly in terms of within-season decision support
system to the parties at interest.

2.2.8 B1.4 Cereal, biomass and cotton crops 4 (LESPRO, UWB, PSNC, NB Advies)
The pilot aims to develop a platform for mapping of crop vigor status by using EO data
(Landsat, Sentinel) as the support tool for variable rate application (VRA) of fertilizers and
crop protection. This includes identification of crop status, mapping of spatial variability and
delineation of management zones.
The work was supported by development of platform for automatic downloading of Sentinel
2 data and automatic atmospheric correction. Currently is Lesprojekt ready to offer
commercial services with processing satellite data for any farm in Czech Republic
Other part was focused on transferring Czech LPIS into FOODIE ontology and to developed
effective tools for querying data. This work was done together with PSNC and system is
currently supporting open accessing to anonymous LPIS data through FOODIE ontology and
also secure access to farm data.
The main focus of the pilot is on the monitoring of cereal fields by high resolution satellite
imaging data (Landsat 8, Sentinel 2) and delineation of management zones within the fields
for variable rate application of fertilizers. The main innovation is to offer a solution in form of
web GIS portal for farmers, where users could monitor their fields from EO data based on the
specified time period, select cloudless scenes and use them for further analysis. This analysis
includes unsupervised classification for defined number of classes as identification of main
zones and generating prescription maps for variable rate application of fertilizers or crop
protection products based on the mean doses defined by farmers in web GIS interface.

2.2.9 B2.1 Machinery management (LESPRO, ZETOR, FEDERU, PSNC)
This pilot is focused mainly on collecting telematic data from tractors and other farm
machinery to analyse and compare to other farm data. The main goal is to collect and
integrate data and receive comparable results. A challenge associated with this pilot is that a
farm may have tractors and other machinery from manufacturers that use different telematic
solutions and data ownership/sharing policies.

2.2.10 C1.1 Insurance (Greece) (NP, CSEM, Fraunhofer)
The main focus of the pilot is to evaluate a set of tools and services dedicated for the
agriculture insurance market that aims to eliminate the need for on-the-spot checks for
damage assessment and promote rapid pay-outs. The pilot concentrates on fusing
heterogeneous data (EO data, field data) for the assessment of damages at field level.

2.2.11 C1.2 Farm Weather Insurance Assessment (e-GEOS, NB Advies, MEEO, VITO,
CSEM)
The objective of the pilot is the provision and assessment on a test area of services for
agriculture insurance market, based on the usage of Copernicus satellite data series, also
integrated with meteorological data and other ground available data. For the risk assessment
Dissemination level: PU -Public
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phase, the integrated usage of historical meteorological series and satellite derived indices,
supported by proper modelling, will allow to tune EO based products in support to the risk
estimation phase. For damage assessment, the operational adoption of remotely sensed
data-based services will allow optimization and tuning of new insurance products based on
objective parameters, such as maps and indices, derived from EO data and allowing a strong
reduction of ground surveys, with positive impact on insurances costs and reduction of
premium to be paid by the farmers.
Key stakeholders of the pilot are mainly the Insurance company that want to:
•
•
•
•

determine the regional spreading of risks for different types of bad weather event
(hail, heavy rain), to evaluate their insurance portfolio
determine temporal trend for different types of bad weather event (hail, heavy rain,
drought), to estimate the possible influence of climate change on crop growth.
determine the actual risk per crop on field level to support the pricing of the insurance
package
assess the damage caused by a bad weather event, to ensure non-erroneous
compensation to farmers

Nevertheless, farmers can be considered as secondary users and beneficiaries of the services
because they have the need to view the risk level for heavy rain and drought on field level
(optionally crop specific), to evaluate the business case for prevention measures. The pilot
activities will be performed on the South of Netherlands, in an area of 1.500.000 ha targeting
at high-impact crop types.

2.2.12 C2.1 CAP Support (e-GEOS, TerraS, TRAGSA)
The objective of the pilot is the provision of products and services, based on specialized highly
automated processors processing big data, in support to the CAP and relying on multitemporal series of free and open EO data, with focus on Copernicus Sentinel 2 data. Products
and services will be tuned in order to fulfil requirements from the 2015-20 EU CAP policy.
There will be general information layers and indicators on EU territory with different level of
aggregation and detail up to farm level.
The proposed pilot project has been tailored on the specific needs of two end users, one
operating at National level (Romania Agriculture Ministry), one operating at Regional level
(AVEPA Paying Agency) in one of the most important agricultural regions in Italy. The services
that will be provided in the pilot project will rely on the processing of big amount of data such
those provided by Copernicus Sentinel-1 and Sentinel-2 satellite, collecting SAR and
multispectral image data with a 10-days frequency (that will be increased to 5-days with the
full constellation Sentinel-2A Sentinel-2B Sentinel 1B will be fully available).
The pilot services will demonstrate the implementation of functionalities that could be used
for supporting the subsidy process in verifying specific requests set by the EU CAP. More in
particular, will be addressed services in support to the control of direct payments for the
improvement use of natural resources. In fact, to receive decoupled green payment per ha,
Dissemination level: PU -Public
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farmers must fulfil specific criteria. Through the subsidy collection process, the compliance of
agricultural parcels usage according to the farmers’ declaration must be verified. Therefore,
the services will:
•

•

Identify different crops present inside a single farm when the global size of declared
surface is exceeding 10 ha. This is due to the fact that CAP requires crops
diversification such that farmers should cultivate at least two/three different crops.
The service will be based on the management of optical satellite data together with
farmer declarations information and limited ground measures if any, and will provide
an indication of compliance/not compliance of the farmer vs.
Identify parcels (monitoring objects) over which the declared crop is different from
the one that extracted from the EO models (outliers). The service is based on Sentinel
data and machine learning methods for the description of the crop and analytics
methods for the identification of the outliers. The service will allow the performing of
big data analytics to various crop indicators on parcel level.

2.2.13 C2.2 CAP Support (Greece) (NP, GAIA, CSEM)
This Greek pilot C2.1 is targeting towards the evaluation of a set of EO-based services
designed appropriately to support specific needs of the CAP value chain stakeholders. The
pilot services rely on innovative tools and complementary technologies that will sustain the
interconnection with IoT infrastructures and EO platforms, the collection and ingestion of
spatiotemporal data, the multidimensional deep data exploration and modelling and the
provision of meaningful insights, thus, supporting the simplification and improving the
effectiveness of CAP. The pilot activities aim to support the farmer during the submission of
aid application and more specifically leading to an improved “greening” compliance. The
ambition of the current pilot is to deal effectively with CAP demands for agricultural crop type
identification, systematic observation, tracking and assessment of eligibility conditions over a
period of time fully aligned with the main concepts of the new EU agricultural monitoring
approach.
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Pilot 1 [A1.1] Precision agriculture in olives,
fruits, grapes
3.1 Pilot overview
The main focus of this pilot is to offer smart farming advisory services dedicated for the
cultivation of olives, fruits and grapes, based on a set of complementary monitoring and data
management technologies (IoT, EO data, Big Data analytics). Smart farming services comprise
irrigation, fertilization and pest/disease management advices provided through flexible
mechanisms to the farmers or the agricultural advisors. The pilot is targeting towards
exploiting heterogeneous data, facts and scientific knowledge to facilitate decisions and their
application in the field. It promotes the adoption of big data enabled technologies and
collaborates with certified professionals to better manage the natural resources, optimize the
use of agricultural inputs and lead to increased product quality and yields. NP is leading the
pilot activities with the support of GAIA, IBM and Fraunhofer for the execution of the full lifecycle of the pilot. The pilot activities are being performed in three (3) pilot sites in Greece,
namely Chalkidiki (olive trees) – 600 ha, Stimagka (grapes) – 3000 ha and Veria (peaches) 10000 ha.

Figure 1: Pilot A1.1 high-level overview
In order to support the business expansion of the big-data enabled technologies that are
introduced within the present DataBio pilot, NP and GAIA have already established an
innovative business model that allows a swift market uptake. With no upfront investment
costs and a subscription fee proportionate to a parcel’s size, each smallhold farmer, can now
easily participate and benefit from the provisioned advisory services. Moreover, and as more
than 70 agricultural cooperatives are shareholders of GAIA, it is evident that there is a clear
face to the market and a great liaison with end-user communities for introducing the pilot
innovations and promoting the commercial adoption of the DataBio technologies.

Dissemination level: PU -Public

Page 26

H2020 Contract No. 732064

D1.2 – Agriculture Pilots Intermediate Report

Final – v1.0, 28/1/2019

3.1.1 Overall Pilot summary roadmap
The following roadmap applies for all three (3) pilot sites (cultivation of olives in Chalkidiki,
cultivation of grapes in Stimagka, cultivation of peaches in Veria) of this pilot.

Figure 2: Pilot A1.1 roadmap

3.2 Pilot progress
3.2.1 Preparatory stage
In order to support the aforementioned activities, DataBio contributed
to the expansion and the maturation of the required field-based
infrastructure. More specifically, NP installed already collects and stores
field-sensing data through its a network of telemetric IoT stations, called
GAIAtrons at all three pilot sites and field measurements have been
collected and stored since then. GAIAtrons comprise of two (2) variants,
namely: GAIAtron Atmo and GAIAtron Soil stations that focus on
atmospheric and soil measurements respectively. GAIAtrons offer
configurable data collection and transmission rates. Until now a large
amount of measurements has been collected and stored to NP’s private
cloud infrastructure, GAIA Cloud, that refer to soil temperature, humidity (multi-depth),
ambient temperature, relative humidity, barometric pressure, solar radiation, leaf wetness,
rainfall volume, wind speed and direction from all pilot sites.
Moreover, within the same cloud infrastructure, remote sensing data from the new Sentinel
2 optical products (13 spectral bands) are also being extracted and stored since the beginning
of 2016. The latter, comprise both raw and processed (corrected products, vegetation indices)
data represented in raster formats that are being handled using big data management
methodologies. In respect to data experimentation, the following table summarizes the
preparatory activities performed from the contributing technological partners:
Dissemination level: PU -Public
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Contributor

Preparatory work

NP

NP has collected information regarding standard farming practices
performed at all pilot site. This led to shaping the baseline for the defined
pilot KPIs.
All supporting software and hardware infrastructure for the pilot activities
is in place. This refers to an infrastructure of IoT devices called GAIAtrons,
a set of cloud computing services called GAIA Cloud and Smart Farming
advisory services called GAIA SmartFarm. GAIAtrons are telemetric agroclimate sensing stations which are installed in the field and record
atmospheric and soil parameters continuously. GAIA Cloud combines the
data collected from GAIAtrons with data from other sources (i.e. remote
sensing data, farm logs and observations) and converts them into facts
using advanced data analytic techniques. The embedded Decision Support
System (DSS) comprises of supporting advisory services, called GAIA
SmartFarm, and transforms facts into actionable advices. GAIA SmartFarm
services provide pest/disease management, fertilization and irrigation
advices. The collected data has led to the iterative evolution of the
selected GAIA SmartFarm services through the continuous training and
exploitation of tailored scientific models, so that they are adapted to the
specific characteristics of the selected crop types (olive trees, grapes and
peaches) and microclimate conditions.
In total NP’s SmartFarm services for pest/disease management provide
warning and alerts against 9 diseases and 11 pest breakouts in all crop
types, so that the farmer could take appropriate measures (e.g. spray).
Agro-climate measurements are used as inputs in predictive models that
generate crop-specific pest/disease risk indicators. In case of high risk an
advice is automatically generated and sent to the farmer/advisor urging
for proactive measures (sprays). In addition, and in terms of irrigation, the
upper and lower bounds for soil moisture content have been determined
serving as the baseline for providing irrigation advices. When soil moisture
crosses a critical threshold, an irrigation advice is being generated and sent
to the farmer/agricultural advisor so as to irrigate appropriately (when and
how much to irrigate). Finally, in all three pilot sites and through soil
sampling and analysis, the complete soil profiles (multiparametric model)
have been determined that are necessary in order to generate fertilization
advices.
An important aspect, that should be further elaborated, refers to EO data.
NP through its GAIA Cloud infrastructure performs all the CETL activities
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(connect, extract, transform and load) of the EO data. It has implemented
a pipeline consisting of several pre-processing steps performed directly on
Sentinel-2 products, including:
•
•
•

Automated product acquisition and indexing,
Transformation to higher-level products. Quality enhancement
and noise removal,
Cloud annotation using the Fmask algorithm [REF-01] which is
intended for masking different kinds of clouds and snow according
to a cirrus cloud probability. This step alleviates the problem
caused by the presence of clouds and cloud shadows within the
optical imagery.

Building on top of the generated higher-order (Level-2) Sentinel-2
products, several vegetation indices are extracted and can be used in the
context of the pilot for advice extrapolation.
IBM

A first event driven implementation has been developed with the aim to
monitor and predict disease and pest infection in olives, grapes and
peaches (data for pest/disease management courtesy of NP), and send
alerts/warnings in real-time in case these are found. In order to
accomplish that, data derived from GAIAtron measurements (e.g.
temporal aggregates of raw sensor measurements of agro-climate
parameters) have been provided by NP to IBM.
The first implementation includes an event processing network consisting
of 14 event processing agents that receive historical events from CSV files
(holding the aforementioned data) and process them as if they were
injected in real-time. At a later stage and in order to meet the use case
requirements, PROTON's open source core engine has been extended to
work with the extracted numerical output of GAIA Cloud’s SmartFarm
services that already calculate the risk associated with diseases and pests
breakouts rather than with raw measurements.

Fraunhofer

Pilot requirements expressed as user stories in collaboration with NP.
Parcel and EO-generated data (vegetation indices statistics and time
series) provided by NP have been used to setup a demo instance for onthe-fly data preparation and visualization. 3D visualizations, including
DEMs have been explored that could be helpful in highlighting implications
that might be caused by the parcel’s terrain morphology.
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Figure 3:Fraunhofer's C04.02-04 Demo instance for on-the-fly data
visualization

3.2.2 Trial stage 1
During Trial Stage 1 the following actions have been performed by the partners involved in
the pilot activities:
By M12: the main pilot UIs have been deployed exploiting mainly C13.01 Neurocode (NP)
functionalities. In the management portal, the pilot parcels are organised in groups and are
offered in different views (list, map). Each row and polygon represent an agricultural parcel
and holds vital information for the farmer/agricultural advisor.

Figure 4: Screenshot of the main pilot UI developed using NP's Neurocode functionalities
The management portal supports the creation of reports, for user defined periods (Figure 5),
that:
•

depict the farm profile (info, logs of performed activities like sprays,
irrigation/fertilization timestamps, quantities, etc.).
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depict the spatio-temporal fluctuations of NDVI vegetation index. NDVI
measurements can highlight spatio-temporal “abnormalities” allowing for corrective
actions. Measurements are captioned with the crop’s phenological stage.
allow better pest/disease management and proper fertilization (active ingredients,
quantity).

Figure 5: Reports generated by the user
The user can also access up-to-date information relevant to the agro-climate conditions at
the area. The user can set a period of interest and graphs can be generated that do not only
present data from the telemetry stations (e.g. soil moisture) installed at the pilot sites, but
also complex indicators associated with pest/disease breakouts.

Figure 6: Monitoring of data associated with agro-climate conditions and pest/disease
breakouts
For the pilot activities, another UI (agrimonitor) has been designed and offer a more seamless
monitoring and analysis of critical parameters that relate to crop development. At parcel
level, this UI visualizes valuable inter-year (for highlighting early/late crop development) and
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intra-year (for highlighting the phenological stages and weather parameters) information to
the user. The user can project on top of the parcel clear images of NDVI, thus, allowing their
spatial interpretation and the detection of potential abnormalities. The user is also able to
select areas of interest and to monitor area-related information like crop variety distribution
in different views (thematic maps, pies) along with variety-specific geospatial aggregations of
NDVI for the whole selected area. Finally, thematic maps exhibit which parcels appear to be
early or late in their crop development based on their latest max NDVI measurements (Figure
7).

Figure 7: Agrimonitor UI presenting information and aggregates associated with critical
parameters for crop development
By M14: the development of an early warning system for pest/disease management (using
IBM’s C19.01 Proton temporal reasoning) in olives, peaches and grapes has been realised. The
system relies on agro-climate raw sensor data that is collected, validated, stored and preprocessed (C13.01) for the calculation of crop-specific risk indicators against specific
pest/disease breakouts. IBM’s Proton makes use of the numerical output of NP’s GAIA
SmartFarm services for spilocaea oleaginea and bactocera olea (olives), downy mildew and
lobesia botrana (grapes), grapholita_molesta (peaches) and applies temporal monitoring
rules for even earlier alerting/warning before conditions reach critical states.
By M15: a first definition/exploration of the integration mechanisms needed for the
interconnection of C04.02 Georocket and NP’s GAIA Cloud has been attempted during
DataBio’s 1st Codecamp in Darmstadt, Germany.
By M16: a one-way data/information exchange mechanism from NP’s GAIA Cloud
infrastructure to the IBM’s Proton operating instance has been realized through a RESTfull
interface. A simple dashboard providing information visualization for C19.01 Proton’s realtime operation has been introduced.
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Figure 8: PROTON’s simple dashboard for information visualization about pest/disease
breakouts in all pilot sites
By M18: a back-end system for big data preparation handling, fast querying and spatial
aggregations has been developed and exploits C04.02-04 GeoRocket functionalities
(Fraunhofer). Fast geospatial querying and aggregating can provide valuable insights to an
expert user in order to explore Georocket’s data ingest store and visual analytics capabilities.
The first version of the front-end application for interactive data visualisation allows the user
to navigate in real-time even through challenging datasets (e.g. 500k parcel instances) and to
maintain persistent data filters of any type and perform data-driven colorization. Various
geometrical shapes can also be used to spatially filter the data (see Figure 9). Aggregation
building is another key functionality with and provides aggregation results in various forms
(graphs, pies, bars, etc), aggregated by different properties (see Figure 9). Furthermore,
important optimisations were accomplished, mainly in the processing pipeline creating the
visualisation backend. The components were stabilised, and larger datasets can be processed
reliably. Moreover, the provided interface to request data for visualisation purposes is more
flexible now. Filters, such as time ranges, were processed on backend side as well as only
needed information is transmitted. This increases data transmission performance and allows
to handle more parcels in the web application’s map interface.
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Figure 9: Screenshots from Fraunhofer’s visual analytics application
By M22: all trial stage 1 KPI measurements have been collected by NP and GAIA. The pilot
activities have shown promising results and trial stage 1 end-user feedback is classifying the
pilot as a success [REF-02].
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3.2.3 DataBio component deployment status
Component code
and name

Purpose for pilot

Deployment status

Component
location

C13.01
Neurocode (NP)

Neurocode allows
the creation of the
main pilot UIs in
order to be used
by the end-users
(farmer,
agronomists) and
offer
smart
farming services
for
optimal
decision making

Through Neurocode all
main pilot Interfaces have
been created and can be
used by the end-users
(farmer, agronomists).

NP Servers

• Real-time data
stream
monitoring for
NP’s
GAIAtrons
Infrastructure
installed in all
three (3) pilot
sites

The subcomponent is fully
operational and performs
for all three (3) pilot areas:

NP Servers

C13.03 GAIABus
DataSmart Realtime
streaming
Subcomponent
(NP)

• Real-time
validation of
data

• Real-time data stream
monitoring for NP’s
GAIAtrons
• Real-time validation
of data
• Real-time parsing and
cross-checking

• Real-time
parsing and
cross-checking
C19.01
(IBM)

Proton

Early
warning
system
for
pest/disease
management
using
temporal
reasoning
(PROTON)
for
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• One-way
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olives, grapes and
peaches

C04.02 – C04.04
Georocket,
Geotoolbox,
SmartVis3D
(Fraunhofer)

•

•
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exchange
mechanism
from
NP’s
cloud
infrastructure
to
PROTON has been
deployed
as
a
service. Integration
has been realized
through a RESTfull
interface
• Back-end system for
Big Data preparation,
handling
fast
querying and spatial
aggregations ready

Fraunhofer
Servers

• Front-end
application
for
interactive
data
visualization 2D/3D
in progress
• Integration with NP’s
cloud infrastructure
is under evaluation
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3.2.4 Data assets
Data Type

Dataset

Dataset original
source

Datase
t
locatio
n

Volum
e (GB)

Velocity
(GB/year)

Sensor
measuremen
ts (numerical
data)
and
metadata
(timestamps,
sensor
id,
etc.)

Gaiasense
field. Dataset
composed of
measuremen
ts from NP’s
telemetric
IoT
agroclimate
stations
called
GAIATrons
for the pilot
sites.

NEUROPUBLIC

GAIA
Cloud
(NP’s
servers
)

Severa
l GBs

Configurable
collection and
transmission
rates for all
GAIATrons.
>20
GAIAtrons
fully
operational at
the pilot sites
collecting >
30MBs of data
per year each
with current
configuration
(measuremen
ts every 10
minutes)

EO products
in
raster
format and
metadata

Dataset
comprised of
remote
sensing data
from
the
Sentinel-2
optical
products (5
tiles)

ESA (Copernicus
Data)

GAIA
Cloud
(NP’s
servers
)

>4200

>1900
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3.3 Pilot evaluation
KPI
short
nam
e

KPI
descripti
on

Goal
descript
ion

Base value

Tar
get
valu
e

Measu
red
value

Unit
of
value

Comment

A1.1
_1

Reductio
n in the
average
cost of
spraying
per
hectare
for the
three (3)
crop
types
following
the
advisory
services
at a given
period.

Up to
15% for
the
whole
project
set by
the pilot
leader

250
(Chalkidiki
–
Olive
Trees)

232

71.2

euros
/ha

Up to
3.5% for
the
whole
project
set by
the pilot
leader

990
(Stimagka –
Grapes)

973

935

In
Chalkidiki
there
is
a
considerable
reduction in the
cost
of
spraying, that
exceeded the
expected target
for trial stage 1.
There were two
main
drivers
that guided the
spraying
strategy and led
to
this
reduction. First
of
all,
the
farmer
was
taking
into
account
the
provisioned
advices
that
derived from
DataBio’s
services, thus,
avoiding
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Up to
5% for
the
whole
project
set by
the pilot
leader

A1.1
_2

Reductio
n in the
average
number
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810 (Veria –
Peaches)

790

723

5
(Chalkidiki
–
Olive
Trees)

3

2

unnecessary
and/or
inappropriate
sprays.
However, and
most
importantly,
the
farmer’s
spraying
strategy
was
redefined due
to the biennial
bearing
phenomenon.
In olive trees
every second
year
the
production/rev
enue is lower
than
the
average.
As
revenues
shrank,
the
farmer’s
decisions were
designated
based on a costrevenue logic
that aimed to
keep
production
costs
at
a
minimum.
Numb
er of
spray
s
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of
unnecess
ary
sprays
per farm
for the
three (3)
crop
types
following
the
advisory
services
at a given
period.
A1.1
_3

Reductio
n in the
average
cost of
irrigation
per
hectare
for the
three (3)
crop
types
following
the
advisory
services
at a given
period.

Up to
30% for
all three
crop
types
and for
the
whole
project
set by
the pilot
leader
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4 (Stimagka
– Grapes)

2

1.4

4 (Veria –
Peaches)

2

1.5

330
(Chalkidiki
–
Olive
Trees)

280

222

3030
(Stimagka –
Grapes)

258
0

2331

euros
/ha

In all three pilot
sites,
the
average cost of
irrigation
exhibited
a
drop, further
than the set
trial stage 1
target.
The
farmers
and
agricultural
advisors
showed
a
collaborative
spirit
and
followed
the
advices
that
were generated
by
DataBio.
However, due
to heavy rains
in
Greece
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A1.1
_4

Reductio
n in the
amount
of fresh
water
used per
hectare
following
the
advisory
services
at a given
period

Up to
30% for
all three
crop
types
and for
the
whole
project
set by
the pilot
leader
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870 (Veria –
Peaches)

740

445

817
(Chalkidiki
–
Olive
Trees)

695

556

1868
(Stimagka –
Grapes)

158
8

1554

1703 (Veria
– Peaches)

144
8

1114

during summer
2018, the water
content in the
pilot sites was
often
higher
than previous
years. As there
was no need to
further irrigate,
the expected
targets
were
easily
surpassed. Due
to DataBio, this
deviation was
quantitively
presented to
the farmer and
protected him
from
unnecessary
irrigations,
thus, leading to
significant cost
reduction.
m3/ha

Same
explanation as
above
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A1.1
_5

Reductio
n in the
nitrogen
use
following
the
advisory
services
at a given
period

Up to
9% for
olive
trees,
36%
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230
(Chalkidiki
–
Olive
Trees)

220

168

220 (Veria –
Peaches)

180

79.5

for
peaches
for the
whole
project
set by
the pilot
leader

Dissemination level: PU -Public

kg/ha

As
already
explained, the
farmers
and
agricultural
advisors
showed
a
collaborative
spirit
and
followed
the
advices
that
were generated
by DataBio. This
led
to
a
reduction
of
inputs that is
also
further
obvious
in
Veria. After a
series
of
discussions
with the local
farmers
this
deviation was
explained. The
peach growers
in Veria chose
to
underfertilize
this
year as the
fertilization
advices
are
offered with a
two-to-three
year application
window
and
that leaves a
window
for
taking
corrective
measures. It is
expected that
next year the
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fertilization
strategy
will
take
into
account
this
deviation.

Α1.1
_6

Α1.1
_7

Quantify
%
divergen
ce in the
cost of
the
applied
fertilizati
on
strategy
compare
d to best
practices
per
hectare
(agrono
mist
advice)
Increase
in
producti
on

8% for
the
whole
project
set by
the pilot
leader

Dissemination level: PU -Public

-40 under
fertilization
(Chalkidiki
–
Olive
Trees)

-20

-16.1

+20 (Veria –
Peaches)

+10

-63.3

10375
(Chalkidiki
–
Olive
Trees)

108
93

358

%/ha

Same as above

kg/ha

The rainy 2018
summer
affected
severely
the
production and
led to an easily
observed
reduction in the
harvested
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17117
(Stimagka –
Grapes)

179
72

13037

49825
(Veria
–
Peaches)

523
16

38434

quantity.
However,
DataBio
contributed in
better
managing the
resources, thus,
limiting
the
losses
in
production and
leading
to
better
(in
quality)
agricultural
products.
It should be
noted that the
biennial
bearing
phenomenon in
olive trees in
Chalkidiki, was
the reason that
the reduction is
even
more
significant
in
that pilot site.
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Pilot 2 [A1.2] Precision agriculture in
vegetable seed crops
4.1 Pilot overview
The pilot’s main focus is on monitoring the maturity of seed crops of different species with
satellite imagery to support the decision making of farmers and fieldsmen in assessing
maturity of seed crops and optimal harvesting time in order to achieve maximum quality of
the produce. On site observation of crop development and harvest date will be matched with
information derived from satellite images.

4.1.1 Overall Pilot summary roadmap

Figure 10: Pilot A1.2 roadmap

4.2 Pilot progress
4.2.1 Preparatory stage
In first growing season (2017) the crop monitored was sugar beet for seed production, with
the aim to tune EO with “in situ” crop monitoring and establish a correspondence between
the empiric assessment and the parameters derived from the satellite sensors. In case of
positive feedback, the trial would be expanded to a wider range of seed crops in the next
stage.
In May 2017 five sugar beet fields (14,79 hectares in total) located in the Region Emilia
Romagna were selected by CAC for the purpose of the trial. To monitor the fields under the
scope of the project the web application “WatchITgrow®” was used. This application was
initially developed by VITO for potato monitoring and yield prediction in Belgium and adapted
in DataBio WP5 to be able to monitor other crops (sugar beets in this case) in other regions
(Italy).
An example of a field that was selected to be monitored through EO is shown on the map in
Figure 11 below.
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Figure 11: Field selection by CAC
Crop monitoring was performed with Sentinel-2 satellite images. From Sentinel-2 satellite
data “greenness” maps of the target fields were derived throughout the season.
These “greenness” maps are actually showing the fraction of Absorbed Photosynthetically
Active Radiation (fAPAR), a measure of the crop’s primary productivity. fAPAR is often used
as an indicator of the state and evolution of crop cover. Low fAPAR values indicate that there
is no crop growing on the field (bare soil, fAPAR=0). When the crop emerges, the index will
increase until the crop has reached the maximum growing activity (fAPAR=95-100%). Then
the fAPAR will decrease again until harvest. The idea for the trial was to use this “crop growth
curve” to derive information on phenology and crop development and to test if the right
moment for harvesting could be derived from the fAPAR curve via modelling techniques.

Figure 12: Greenness index for two sugar beet fields and evolution of the index over time
for the left field
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Figure 13: Sugar beet seed crop (left) and visit of the field by CAC, VITO and CREA in July
2017 (right)
The results of the early trials in 2017 were promising:
•
•

Differences in maturity between sugar beet fields and variability within individual
fields were well visible from satellite greenness index maps.
Analysis of the growth curve and discussions with the fieldsmen made CAC and VITO
confident that the greenness index can be used to check when the sugar beet seeds
are ready to be harvested.

Based on these promising results for sugar beets, it was decided to extend the EO and the in
situ monitoring in the growing season 2018 to a larger number of sugar beet seed production
fields and to include new seed crops into the trial.

4.2.2 Trial stage 1
In 2018 the EO and field monitoring was extended to approximately 90 fields of seed crops.
The main part of these fields were sugar beet fields. The scope of the sugar beet monitoring
in 2018 was to confirm the correlation between the fAPAR “greenness” index and seed
maturity which appeared to be rather confident in the preliminary stage in 2017.
Further the observation was extended to several other seed crops to assess if the index could
be used to assess the right maturity stage and consequent harvesting operations instead of
the empiric methods used by farmers or the experience of the fieldsmen.
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Figure 14: Field locations in 2018 monitoring program
The following crops were monitored in 2018:
•
•
•
•
•
•

sugar beets – 61 fields
onion – 5 fields - located in two different Provinces with different environmental
conditions
cabbage – 5 fields - located same as onions
sunflower – 16 fields located in same area as sugar beet
alfa alfa – 3 fields
soybean – 2 fields

In monitoring these fields, specially onion and cabbage, which are early maturing, we
encountered some problems due to the unstable weather conditions we had in the
production areas in late spring and early summer. The high number of cloudy days prevented
the fieldsmen to have access to the images during their field checks. So, their reports and
checks were not influenced by the satellite data.
4.2.2.1 Results for savoy cabbage
On cabbage the greenness index (shown in Figure 15) is much more difficult to match with
the harvesting dates decided by the fieldsmen. The curve gets its peak during the winter and
decreases till starting of blooming in spring. Then it keeps stable till the elimination of male
lines at the end of flowering.
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Besides, we got different curves from different fields and different areas. Probably the index
is affected by plant density – which are recommended different according different varieties
– and by different ratio between female and male lines, which are destroyed after the
flowering is finished.

Figure 15: Satellite based Greenness index for a savoy cabbage field (growth curve for
2018 in green, the arrows indicate the individual satellite observations) and growing
stages and harvest date determined by the fieldsmen of CAC
The pictures below show the Savoy cabbage field at two different moments during the
growing season and illustrates what is seen by the satellite in the course of the growing
season.

Figure 16: Savoy cabbage, pictures from the field (7 and 24 May 2018) and the satellite
(greenness index from May - July 2018)
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4.2.2.2 Results for borecole cabbage
Male lines are destroyed after the flowering is finished. The effect of different ratio between
female and male leave low plant population on the field. This is also visible from the satellite
images. In Figure 17 the growing stages and harvest date determined by the fieldsmen of CAC.
The available satellite images are shown below the graph.

Figure 17: Satellite based Greenness index for a borecole cabbage field (growth curve for
2018 in green, the arrows indicate the individual satellite observations)

Figure 18: Pictures of the borecole field at three different moments during the growing
season
4.2.2.3 Findings for cabbages in general
In the following graph the greenness curves of the 5 cabbage fields that were monitored in
2018 are compared. The respective harvesting dates are indicated with a star. Quite large
differences are found between fields which complicates the development of a satellite-based
model for maturity assessment.
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Figure 19: Greenness index curves for the different cabbage fields monitored in 2018. The
actual harvest date is indicated with a star.
4.2.2.4 Results for onions
In the onion fields we had the same problems as in cabbages: high heterogeneity of the
greenness curves with respect to the harvesting dates decided by fieldsmen.
Onion for seed production is planted in rows at a distance of 80 – 90 cm from each other in
order to allow cultivation during the season to remove the weeds and to earth up the plants
when they are bolting to prevent lodging of the stalks. The reduced covering provided by the
onion plants during their growth in the late spring and summer results in a rather flat curve
which make difficult to establish a correlation between the fAPAR index and the maturity of
the crop.
The following graph shows the evolution of the index during growth till the harvest of one of
the monitored fields. The picture reports the status of the crop at different growing stages
from the spring till very close to harvest date.

Figure 20: Satellite based Greenness index for an onion field (growth curve for 2018 in
green, the arrows indicate the individual satellite observations) and harvest date
determined by the fieldsmen of CAC
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Figure 21: Pictures of an onion field at four different moments during the growing season
and corresponding satellite greenness image (if available)
The graph below provides an overview of the fAPAR index in the 5 onion fields monitored and
the respective harvest dates. Quite some variability between fields is found which may
complicate the development of a satellite-based model for maturity assessment.

Figure 22: Greenness index curves for the different onion fields monitored in 2018. The
actual harvest date is indicated with a star.
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4.2.2.5 Results for sunflower
The greenness curves resulting from the monitoring of the sunflower fields look more reliable.
The index is following closely the growth of the plants and the tendency is replicated in all the
fields monitored. These results offer good opportunities for the development of satellitebased maturity models.
Harvesting of sunflower seeds is generally postponed few days after the greenness index
reaches its minimum end of August - September (decreasing part of the graph). This
corresponds to the actual field practices: for sunflowers harvesting operations are carried out
after the seed maturity. The reason is that the plants are left to dry in the field before to get
in the combine in order to ease the threshing operations and to separate easily the seed from
the heads.

Figure 23: Satellite based Greenness index for a sunflower field (growth curve for 2018 in
green, the arrows indicate the individual satellite observations) and planting and harvest
date determined by the fieldsmen of CAC

Figure 24: Picture of a sunflower field (taken on 4 July 2018) and two satellite greenness
images of the field (from 8 and 28 July 2018)
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In the following graph the fAPAR curves of some of the monitored sunflower fields are shown
with the respective harvesting dates. It shows how in all the fields the threshing operations
are delayed.

Figure 25: Greenness index curves for the different sunflower fields monitored in 2018. The
actual harvest date is indicated with a star.
4.2.2.6 Results for soybeans
Just two fields of soybean were introduced in the monitoring, as they were close to the
monitored fields of sugar beet and sunflower. The resulting fAPAR curves however are quite
reliable and it is worth to introduce larger monitoring trials for modelling harvesting dates
according to the index.
The main production of soybean is located far away from head office so remote monitoring
of maturity would be of great advantage in terms of optimization of time and fuel
consumption for harvest assessment by CAC’s fieldsmen during harvesting time.
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Figure 26: Satellite based Greenness index for a soybean field (growth curve for 2018 in
green, the arrows indicate the individual satellite observations) and planting and harvest
date determined by the fieldsmen of CAC

Figure 27: Greenness index curves for the different soybean fields monitored in 2018. The
actual harvest date is indicated with a star.
4.2.2.7 Results for sugar beets
Sugar beet has been the trial crop where the monitoring of fAPAR index has been tested in
2017 and the results are here reported in the preliminary stage above.
61 fields of sugar beet were monitored in 2018. From the comparison of the fAPAR curves
and the harvesting dates assessed by fieldsmen, it was found that the average fAPAR value at
harvest was 0,39.
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As on field assessment had been carried without controlling the index, not all the fields were
harvested at the exact index value. In the following stage the germination rate of the seed
lots harvested will be compared with the harvesting date to check if harvesting at lower or
higher fAPAR value – especially for those lots harvested in advance – is correlated with a
difference in germination. The results of the germination tests of the harvested seed lots will
be available in January 2019.

Figure 28: Estimated harvest date from satellite greenness vs. actual harvest date for the
61 sugar beet fields monitored in 2018

4.2.3 DataBio component deployment status
Component
and name
C08.02
MEP)

code Purpose for pilot

Deployment status

Component location

(Proba-V Sentinel-2
Adapted according to Proba-V MEP at VITO
processing,
the needs of pilot
dashboards, services A1.2
for viewing and time
series extraction
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4.2.4 Data assets
Data Type

Dataset

Dataset
original
source

EO data

Sentinel-2
ESA
processed
data
(raw
data
->
fAPAR)

Dataset
location

Volume (GB)

Proba-V MEP 2630 GB
at VITO

Velocity
(GB/year)

1850 GB

4.3 Pilot evaluation
KPIs at this stage cannot be evaluated.
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Pilot 3 [A1.3] Precision agriculture in
vegetables_2 (Potatoes)
5.1 Pilot overview
The Dutch pilot is developed by NB Advies in cooperation with VITO (Belgium). In the final
stage of the pilot the focus will be shifted to farmer alerts based on growth model information
and satellite imagery. This service will provide farmers timely and automated identification of
problematic spots in potato fields, where crop growth is substantially lagging behind a certain
benchmark level. With feedback information from field visits the system the DSS could
combine high throughput of field and satellite data with machine learning algorithms.
Eventually, it might be able to autonomously explain the causes of field problems to the
farmers.

5.1.1 Overall Pilot summary roadmap

Figure 29: Pilot A1.3 roadmap

5.2 Pilot progress
5.2.1 Preparatory stage
The requirements for the first stage were defined by the developers and the stakeholders
were interviewed about their priorities for the first trial.
In first growing season a group of 8 farmers united in a study group for growing starch
potatoes, in the North of the Netherlands, defined their fields to be studied. Based on these
fields EO data was collected for crop monitoring and establish a correspondence between the
yield samples taken in the field and the parameters derived from the satellite information
from Sentinel-2 satellite images.
About 110-150 ha was chosen for this pilot. The monitoring was focused on the production
of potatoes for the starch industry.
To monitor the fields under the scope of the project was used the web application
“WatchITgrow®” developed by VITO for potato monitoring and yield prediction in Belgium.
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For the first growing season the data was presented in a report, because the WatchItGrow
application still needed to be prepared for the farmers access.
From Sentinel-2 satellite data “greenness” maps of the target-fields were derived throughout
the season. These “greenness” maps are actually showing the fraction of Absorbed
Photosynthetically Active Radiation (fAPAR), a measure of the crop’s primary productivity.
fAPAR is often used as an indicator of the state and evolution of crop cover. Low fAPAR values
indicate that there is no crop growing on the field (bare soil, fAPAR=0). When the crop
emerges, the index will increase until the crop has reached the maximum growing activity
(fAPAR=95-100%). Then the fAPAR will decrease again until harvest. From this “crop growth
curve” information on phenology and crop development can be retrieved and a model can be
designed to predict the yield in an early stage of the growing season (July).

5.2.2 Trial stage 1
For the trial stage 1 in 2018 the Sentinel data is being processed systematically for
visualisation in the app. There is ongoing work on the improvement of the cloud coverage
issues (smoothing, data fusion) in WP5.
It was intended that daily weather updates from KNMI (Dutch weather services) would be
added for aggregated visualisation in the app. Unfortunately, this service stopped providing
data in February 2018.
A group of 10 farmers were selected for the first trial, supplying details about their crops like
potato variety, plant date and their mid- and end season yield data.
In the app parcel information from the LPIS system is implemented for data entry by the
farmers. The app was available in approximately May 2018 for testing and for usage by the
farmers.

Figure 30: Selecting parcels information from LPIS
The preliminary results are visualisation of fAPAR (biomass index) from Sentinel 2 EO data of
the area of interest, presenting new imagery every 5-10 days (if cloud coverage permits). The
WatchItGrow app can be used for the farmers for data entry of parcel information like crop
variety, plant date etc.
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Graphics of fAPAR development over time per parcel and compared to similar parcels in the
surrounding area.

Figure 31: Processed Sentinel data into Greenness; available for the growing season

Figure 32: Greenness graph during growing season
Added to the interface are weather information graphics of weather data sequence, stating
temperature and precipitation (stopped February). The number of samples are not sufficient
yet for generating the yield prediction information based on the growth model.
The data was also used in several demonstrations, like about the impact of the drought in
Summer 2018 and the impact of irrigation (centre plot) for mitigating the drought.
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Figure 33: Image demonstrating drought in Summer 2018 from Sentinel data
The data was also used in a preliminary study on the impact of greenland management on
the resilience of the grassland against climatic change impacts like drought and intense
rainfall.

Figure 34: Analysis of greenland management based on the greenness from Sentinel data
Based on the trial 1 results we can conclude that the pilot is promising for further
development. In this trial we made a setup. The focus for the trail 2 will be more on the
usability for farmers.

5.2.3 DataBio component deployment status
Component
and name
C08.02
MEP)

code Purpose for pilot

Deployment status

Component location

(Proba-V Sentinel-2
Tested during trial Proba-V MEP at VITO
processing,
stage 1
dashboards, services
for viewing and time
series extraction
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5.2.4 Data assets
Data Type

Dataset

Dataset
original
source

EO data

Sentinel-2
ESA
processed
data
(raw
data
->
fAPAR)

Dataset
location

Volume (GB)

Proba-V MEP 2630 GB
at VITO

Velocity
(GB/year)

1850 GB

5.3 Pilot evaluation
KPI group

KPI
name

Business
goals
farmer

Business
goals
processing
industry

short

KPI description

Goal description

Base
value

Targe
t
value

Unit of
value

Yield increase

Starch per ha

Realising the 20-15-10
goals

13.7

15

tons
ha

Cost
reduction

Variable costs per 100 kg
starch

Realising the 20-15-10
goals

12,5

10

€ / 100
kg
starch

Data quality

More reliable yield data

Currently the yield
predictions are based
on sampling in July
and
September.
Increasing
the
accurateness of the
prediction based on
the
Big
Data
implementation will be
a benefit for the sales
team.

< 5%

< 4%

%
deviati
on from
total
realise
d yield

Quality
deviation

Starch content

The starch content of
the potatoes is an
indicator
for
the
quality. Although the
starch content may
vary
from
potato
varieties, the average
starch content should
be around 20%

?

20%

%
starch
content
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Pilot 4 [A2.1] Big data management in
greenhouse eco-system
6.1 Pilot overview
The pilot A2.1 was designed to implement Genomics Prediction Models (GS) as a solution to
technological limitations met with current breeding approaches. Indeed, under historical
slant, phenotypic selection (PS) and marker-aided breeding (MAS) represent present-time
main approaches upon which world agriculture relies heavily. Although PS allowed early
green revolution in the mid-twentieth century, it is by now recognized that its contribution
reached a plateau. On the other hand, thousands of marker-trait associations uncovered in
the MAS process have not been routinely exploited due mainly intrinsic limitations of this
technology. It is out of this context that this pilot A2.1 was designed. The pilot is run by a
collaborative effort between CREA (Italy) and CERTH (Greece). GS is a new paradigm in
agriculture and showed superior results relative to other approaches implemented thus far.
Different assumptions of the distribution of marker effects are accommodated in order to
account for different models of genetic variation including but not limited to: (1) the
infinitesimal model, (2) finite loci model, (3) algorithms extending Fisher’s infinitesimal model
of genetic variation to account for non-additive genetic effects.
The main problem modelled is the performance of new and unphenotyped vegetable lines,
integrating quantitative and population genetics, driven by big data streaming from largescale high-throughput genomics, metabolomics, and phenomics platforms. This technology is
expected to significantly improve genetic gain by unit of time and cost, allowing farmers to
grow a better variety sooner relative conventional approaches, making more income.

6.1.1 Overall Pilot summary roadmap
The pilot roadmap was determined during the kick-off meeting held in Thessaloniki late
October 2017. The pilot is articulated in three major areas in the process of cultivar
development implementing GS technology. The three technological segments include, in
order, from project start to finish, the development and works on training population,
breeding population, and new cultivars and germplasm. During this process, tomato lines
including parental lines and advanced recombinant lines were raised, phenotyped and
genotyped at CERTH. The ad Big data-driven genomic selection and prediction analytics will
be implemented in greenhouse tomato ecosystem using high-density genetic marker and big
data (IoT)-aided glasshouse management information to predict the performance (traits) of
tomato individuals (lines). The predicted performance is then used in place of direct
phenotyping to evaluate and select among individuals. In virtue of the above, the selection is
no longer constrained by time required to phenotypically develop a tomato cultivar. Big datadriven genomic selection and prediction technology is expected to result in significantly
increased genetic gain (productivity) by unit time and cost. The analytical and process work
breakdown are represented in the below diagrams.
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Figure 35: GS pipeline work breakdown

Figure 36: Genomic prediction and selection process roadmap
In the below table and diagram are summarized, respectively, the overall original description
of the activities (action plan) for the trial stages 1 and 2, and the coarse roadmap and
milestones for the A2.1 pilot.
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Table 3: Pilot A2.1 action plan
Step
ID

Step description (include Time
period Location
(include
sizing parameters)
(month/year)
geolocation where relevant)

1

Kick-off meeting

10/2017

Thessaloniki (Greece)

2

Training population

02/2019-08/2019

CREA/CERTH

2.1

Genotyping

12/2017-05/2019

CERTH

2.2

Phenotyping

12/2017-07/2019

CERTH

2.3

Training equations

01/2018-04/2019

CREA

3

Breeding populations

12/2017-08/2019

CERTH/CREA

3.2

Trait prediction

02/2019-08/2019

CREA

3.3

Selection candidates

06/2019

CREA/CERTH

3.4

Crossing

12/2017-08/2019

CERTH

4

Elite lines

02/2019-08/2019

CREA/CERTH

4.1

Multilocational trials

01-12/2010

CERTH

4.2

Cultivar candidates

10-12/2010

CERTH/CREA

5

Reporting

08-12/2018;
12/2019

08- CREA, CERTH

Figure 37: Coarse Roadmap and Milestones for Agriculture pilot 4 [A2.1]
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6.2 Pilot progress
6.2.1 Preparatory stage
During the preparatory stage in 2017, CREA prepared the predictive analytics part of the pilot.
This consisted mainly in the development of prediction and selection models anticipating that
parental lines and advanced inbred tomato lines (genotyped and phenotyped with high
density markers) will form a training population:
𝒀𝒊 = ∑𝑿𝒊𝒋 𝜷𝒋 + 𝜺𝒊
𝒀𝒊 = breeding value for individual i (preferably BLUP data)
𝑿𝒊𝒋 = genotypic value for SNP marker j of individual i
𝜷𝒋 = effect of SNP marker j

𝜀𝒊 = residual (unknown) effects
The predictive model was designed to be implemented in the process of predicting the
genetic merit 𝒀𝒊 of a large set of new, unphenotyped tomato breeding lines. Candidates
(unphenotyped individuals) for selection are selected based on their predicted trait values
(𝒀𝒊) alone, skipping phenotyping which is considered as a bottleneck in breeding as it is time
and resource consuming. It becomes possible to attempt high intensities of selection and
rapid cycle time as large populations can be screened in short time, giving rise to increased
genetic gain by unit time and cost.
CERTH readied the infrastructure and platform (phenotyping, sequencing and genotyping),
prepared plant materials, and carried out initial phenotyping works. Plants were managed
and phenotyped in glasshouses.
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Figure 38: Stacks pipeline analysis

6.2.2 Trial stage 1
The first stage of the trials started in 2018. In this year, the CREA’s platform for Genomic
prediction and selection was detailed to accommodate CERTH’s requirements (see diagram
below). CERTH, on the other hand, collected more data from several data sources including:
(1) Biochemical LC/MS/MS, GS/MS, HPLC to collect metabolomics data; (2) Genomic: Next
Generation Sequencing protocols to generate genomic, transcriptomic, genotypic dataset; (3)
Environmental indoor: Air temperature, Air relative humidity, Solar radiation, Crop leaf
temperature (remotely and in contact), Soil/substrate water content; (4) Environmental
outdoor: Wind speed and direction, Evaporation, Rain, UVA, UVB; (5) Farm Data: In-Situ
measurements: Soil nutritional status testing; Farm logs (work calendar, technical practices
at farm level, irrigation information,); Farm profile (Static farm information, such as size, crop
type, etc.). Biochemical, genomic and phenomic data were collected in tomato (landraces and
several recombinants lines in diverse filial progeny stages) raised in glasshouses (see Figure
39 below).
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Figure 39: Tomato accessions in glasshouse under breeding settings
CERTH also produced the initial molecular data through NGS sequencing technology based on
Double Digest RADseq approach and performed the initial analysis and validation based on
the STACKS pipeline (See above STACKS diagram). Up to current time, 40 tomato lines were
phenotyped and whole-genome genotyped using 2200 SNPs. The size of the SNP marker
matrix is enough to start running the model, but the number of genotyped individuals is still
low to be usefully used to run the predictive models. More data, particularly increasing the
size of tomato population genotyped with whole-genome marker (SNPs) information is
needed and expected in the third year (2019) of the project. In the meantime, CREA set up
and anticipated a GS platform for accommodating the upcoming genomic and
phenomic/phenotypic data from CERTH’s tomato breeding.
The DataBio algorithms that were implemented as described in the below BDVA reference
model diagram, all of which is referred to as C22.03 (genomic models) component designed
and deployed by CREA. To achieve the predictive analytics run in 2018, available public
datasets were used and the outcome was encouraging. The analytics anticipated a single and
several environments to mimic single or several glasshouses. In a single environment we
implemented standard genomic modelling predicting performance of unphenotyped plant
materials. On the other hand, div n experiments were run under multiple environments
scenarios. CV1 reflected prediction of tomato lines that have not been evaluated in any
glasshouse trials. CV2 reflected prediction of tomato lines that have been evaluated in some
but NOT all target environments (glasshouses). The rationale being prediction of nonDissemination level: PU -Public
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evaluated lines benefits from borrowing information from lines that were evaluated in other
environments (glasshouses). This is critical in cutting costs for varietal adaptability trials of
large number of lines in several target environments.

Figure 40: Alternative GS modelling in A2.1 pilot (C22.03)
BRR, GBLUP, LASSO, and Bayes B were implemented in this first trial. Under several
environments, these algorithms were factorially combined with environments to generate
further predictive analytics. For each algorithm, predictive analytics were run on a single
environment basis, across environments, marker x environment, and the approach reaction
norm model. In this report, the computational power of multiple environments and reaction
norms was illustrated using GBLUP algorithm. Our findings in this 2018 trial show that
genomic models perform comparably under single environments. On the other hand, under
multiple environments, CV2 was superior to CV1. Under CV2 settings, single-environment
model performed poorly. The as of equal marker effects across glasshouses worked well
relative to the single-environment model. Accounting for marker information x environment
or implementing the reaction norm model performed comparably and produced superior
results.
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Figure 41: Assessment of Alternative Genomic Models relevant for Tomato breeding: (I)
Single environment

Figure 42: Cross validation experiment for alternative genomic models relevant for
Tomato breeding under multiple environments
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Figure 43: Assessment of Alternative Genomic Models relevant for Tomato breeding: (II)
Multiple environments

6.2.3 DataBio component deployment status
Component
and name
C22.03
models)

code Purpose for pilot

(Genomic Genomic prediction
and selection in
CERTH’s
tomato
crops
grown
in
glasshouses

Deployment status

Component location

Component detailed, CREA
trained,
and
validated in cereals
and
solanaceae;
waiting
for
meaningful tomato
data from CERTH.

6.2.4 Data assets
Data Type

Dataset

Phenomics, DS-40.01
metabolomic
s, genomics
and
environment
al datasets

Dataset
original
source

Dataset
location

Volume (GB)

Velocity
(GB/year)

CERTH

CERTH

4000

2000

6.3 Pilot evaluation
The relevant key performance indices relative to the first series of trials were included in the
table below:
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KPI
short
name

KPI
description

Goal
description

A2.1-KPI- GS
model Increase
01
accuracy
prediction
even when accuracy
testing and
training sets
are
genetically
distant.

D1.2 – Agriculture Pilots Intermediate Report

Final – v1.0, 28/1/2019

Base
value

Target Measure
value
d value

Unit of
value

Commen
t

0.4

0.4-0.7 -

Pearson’s Meaningf
r
ul
training
populatio
n
(tomato)
yet to be
formed,
and
breeding
lines yet
to
be
produced
.

A2.1-KPI- Selection
02
cycle length

Reduce the 2
selection
cycle length

0.5

-

Year

As above

A2.1-KPI- Genetic gain
03

Increase
genetic gain

>5

-

t/ha

As above

20

-

Index

As above

<5

A2.1-KPI- Cultivar
Reduce
100
04
development cultivar
costs
development
costs
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Pilot 5 [B1.1] Cereals and biomass crop
7.1 Pilot overview
The Spanish pilot developed by TRAGSA and TRAGSATEC with the help of ATOS and IBM Israel
is developing accurate "irrigation maps" and "vigor maps" (using EO data and sensors data as
inputs) which allows mapping different areas in Spain - Castilla and Andalusia - and setting up
an informative and management system for early warning of inhomogeneity.
Therefore, those new services are dedicated to the analytical and accurate finding of
heterogeneities in crops related to irregular irrigation, mechanical problems affecting
irrigation systems, incorrect distribution of fertilizers or any other sources of inhomogeneity
that could explain crops growing differences. This Service is a very good preventive tool for
general farmers and landowners in order to avoid production losses and will become, in this
final year, a powerful tool for big agricultural areas management.
The final service will provide information for precision agriculture, mainly based on time series
of high resolution (Sentinel-2 type) satellite images, complemented with IoT sensor data and,
in some specific cases defined by profitability, with RPAS data. The final costs saving for
farmers communities due to a better-quality management in agricultural zones, especially
focused on irrigated crops, will be quantified and analysed in the final period of the project.
Those savings will be produced, mainly, by a water and energy better management. Besides
this, fertilizers control and monitoring can produce, eventually, a prominent economic saving
per year and hectare. This better management of hydric and energetic resources is also
related to Green-house effect gases reduction, directly linked to better environmental
conditions in agriculture.

7.1.1 Overall Pilot summary roadmap

Figure 44: Pilot B1.1 roadmap
As a summary, the following image highlights the current state of the pilot development:

Dissemination level: PU -Public

Page 73

H2020 Contract No. 732064

•
•

•
•

•

D1.2 – Agriculture Pilots Intermediate Report

Final – v1.0, 28/1/2019

First iteration of data acquisition + field work carried out on time.
RPAS and field data acquisition and processing have required a bigger effort than
expected. General monitoring based on satellite images has consequently decided to
be improved in 2019, although some images are already available and pre-processed.
Data processing periods have taken place after each field campaign, and are still ongoing
The first implementation of these services as part of DataBio platform was expected
to be performed in M18-M28 and, currently, there is a first version not including GIS
capacities yet. Although this is a bit delayed, we are working on it and expect to have
it ready for M28.
KPIs were proposed to be measured in M12 (baseline) and M35 (final). In M12 it was
still too early to evaluate KPIs, so it was postponed, and an evaluation is included in
this document.

7.2 Pilot progress
7.2.1 Preparatory stage
Once the use case was defined, a first description of the required input data was decided.
Massive and rapidly updated data, bioagronomic data, sensor data, terrestrial observation
data and geographic data from different sources were used, specifically:
•
•
•
•
•

SENTINEL-2: are terrestrial observation data owned by the ESA (European Space
Agency).
Ortophotos: terrestrial observation data in image format obtained from the National
Geographic Institute of Spain.
RPAS: are terrestrial observation data obtained by thermal and multispectral sensors,
owned by TRAGSA.
SigPAC: Spatial data in the ESRI Shapefile format which identify the parcels, owned by
Junta de Castilla y León.
Alphanumeric data from surveys and field visits, owned by TRAGSA.

In regard to Big Data processing, the used remote sensing data such as Sentinel-2B have an
average TB size per year, the Spanish LPIS system has a size of hundreds of GBs, in the same
way as the Spanish orthophotos project (PNOA). In terms of speed, Sentinel-2 has the highest
update rate, within the information sources considered, this being five days. All external
sources have an annual update rate. The variety of formats will include images and terrestrial
models and the variability of the agricultural information, typically depending on the seasons
of the year.
Some research has been carried out on the acquisition of own data through sensors or IoT
devices, but this sup-pilot is still in an early stage of development.
After the capture and initial collection of data, they have been stored in Mongo DB Databases
and the tasks of processing Big Data with R for the creation of models of inhomogeneities
begun. The output of the processing of this data are output raster images (images formed by
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an array of cells (or pixels) organized in rows and columns in which each cell contains a value
representing a value of a given information) and spatial databases.

7.2.2 Trial stage 1
As a first step, the assessment of the required satellite images and cloud processing service
platforms, part of DataBio platform, has been carried out. This evaluation has been made
through its application to the development of irrigation needs algorithms, in order to obtain
full functionality in web applications based on high frequency, scalable satellite image data at
national level.
For this pilot, the following data flow has been defined:

Figure 45: Data flow diagram of the model for the implementation of precision agriculture
techniques in the olive tree, especially focused on the identification of water needs
(MAPAMA is the Spanish Ministry of Agriculture)
The necessary tasks for the construction of the algorithms on the input data that result in the
vigor and irrigation maps defined in the description of the use case will be implemented on
this diagram. As a first step, work is being done to improve the radiometry of aerial
orthophotos (PNOA), in order to increase their homogeneity and their subsequent
possibilities of use, both for agrarian and environmental (or also in TRAGSA-TRAGSATEC
Forestry Pilots) purposes, in automatic processes of image analysis together with images from
satellite (radiometric intercalibration). For this, several algorithms are being developed that
allow radiometry to improve and visual interpretation of orthophotos (adjustment of colours
and levels). It is also developing a software ("Image Enhancer Framework") that allows
applying these processes to large amounts of aerial images (blocks).

Dissemination level: PU -Public

Page 75

H2020 Contract No. 732064

D1.2 – Agriculture Pilots Intermediate Report

Final – v1.0, 28/1/2019

Figure 46: Definition of histograms. Result of homogenization of images. Results of
DataBio Component C11.03
Within this use case, during 2017 and 2018 an operational methodology was designed for the
generation of a layer of ground cover and changes, using remote sensing, Big Data and GIS
techniques, methodology that has been proved been functional for updating crop maps and
crop health status maps. An automatic sorting algorithm of machine learning type has been
tested that combines the temporal series of Sentinel-2 images with reference data from
different sources (PAC Declarations, SIGPAC, Forest Map, etc.). With this objective four
thematic layers have been designed:
•
•
•

Large-scale data set: this set of raster data identifies the major land uses: agricultural,
forestry, pasture, unproductive, water and urban.
Change data set: The changes observed are grouped into 3 classes: change, doubt and
no change.
Crop data set and soil cover: this raster data set is generated on the agricultural land
mask of LPIS. It supposes the maximum level of disaggregation of coverages / crops /
land uses to be achieved in each zone, according to the reference data used.
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Data set of discrepancies between the CAP declarations and the crop data set
obtained by remote sensing.

The algorithm C5.0 (R language) has been used for the automatic classification of soil cover,
which allows the generation of decision trees combining data of different types (cartography,
images, BD, etc.). It must be taking into account that these will vary according to the zones
according to their availability and quality. The classification algorithm has needed to start
from samples of the different uses and coverages to be identified. The sample data are
divided into two groups, in this way 80% of the samples are used in the construction of the
model. Once the decision tree is generated, it is validated with 20% of remaining samples, not
used in its construction.
The algorithm would be considered valid if it must meet two criteria: firstly, the overall
accuracy of the crops classification must be greater than 80%. On the other hand, Cohen's
Kappa statistic is calculated to rule out that the results obtained are due to chance. The values
of kappa oscillate between 0 and 1, where 1 would indicate a perfect correspondence
between the model and the classes. The decision tree is considered valid if the Kappa statistic
is greater than 0.75.
Using samples from all land uses, a tree is generated from which a classification of large LPIS
uses is obtained. Using only the agricultural samples, another tree is generated, from which
a classification of agricultural crops is obtained. The combination of both classifications will
result in the crop layer and soil cover.
The generation phase of the sample is the most laborious process of classification and
requires a prior analysis of the data to be used. The sample is introduced at the pixel level, so
that the number of pixels of the sample in each class is proportional to the surface occupied
by it. The pixels are selected randomly and stratified.
After this technical description of the algorithms, it is necessary to emphasize that they have
(in the current phase) the following limitations:
•
•

In LPIS there is no differences between arable crops, so it is not possible to verify if the
crop identified by remote sensing coincides with the one existing in the field.
The spatial resolution of Sentinel-2 does not allow the correct identification of woody
crops, since it is limited to the response of the crop and / or the plant coverings under
it.

The results will collect:
•
•
•

Null match: agricultural use in LPIS. Classified as non-agricultural.
Average coincidence: when both in LPIS and in the layer generated, the use is
agricultural.
High coincidence: when both in LPIS and in the layer generated, the crop is of the same
type (in both cases it is a woody crop, or both are herbaceous).
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Perfect match: when the crop is the same in both LPIS and the layer generated by
remote sensing.

The cause of the discrepancies should be analysed with the supervision of photo interpreters,
with Sentinel-2 images being an important aid for this.
Once defined the kind of crop, the developed methodology allows, using temporal series of
Sentinel data, the definition of Kc parameter and, using it, the irrigation needs of the specific
crop.

Figure 47: High-Scale vigour map
Although currently there are precise images of the state of plots (vigour status higher, equal
or inferior to the expected), the pilot has the aim to obtain the temporal evolution of a specific
plot. Therefore, in this first period, the agricultural pilot of DataBio has completed a first
iteration of remote sensing data capture as well as its processing to determine both water
needs and vigour maps.
Finally, a methodology for the calculation of water needs has been developed and applied to
the Genil-Cabra (Andalusia) pilot zone. The farmers’ association involved in the pilot has
provided it with data on irrigated plots and crops from 2017. Also, the pilot has used Sentinel
images, also from 2017. Using those datasets as initial data sources, a classification process
has been developed to obtain the NDVI (Normalized Difference Vegetation Index). This
biological index is the basis for the calculation of water needs. In the final period of this cycle
(M18-M24) an integration data process has been carried out to harmonize and unify the
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different datasets. The following image highlights how using all the previously explained
processes is possible to classify the plots accordingly to irrigation needs:

Figure 48: Crops classification and irrigation needs
The development of the management application has been also started. This tool will allow
the aforementioned Big Data sources to be used in a useful way both by the managers of the
irrigation communities and by the farmers themselves. The following image shows the current
status and general appearance of the web management application:
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Figure 49: Web management application
In the next final period, a general service will be developed (with irrigation communities as
customer) to allow the publication of vigour maps and water needs of all the plots of
provincial areas. It has been also started the analysis of the utilization of conventional sensors,
IoT sensors and tools by ATOS and IBM Israel (integrated in the DataBio platform) besides
with the publication of the processed and generated information generated through viewers
and simple apps for end users.

7.2.3 DataBio component deployment status
Component
and name
C11.01

code Purpose for pilot

Deployment status

Component location

Visualization Service Data
sources TRAGSA-TRAGSATEC
on irrigation and gathered
and
vigour status:
processed.
Processing
This service aims to
Algorithms
provide information
developed.
for
precision
agriculture, mainly First version of the
based on time series management tool.
of high resolution
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(Sentinel-2
type) It
could
be
satellite
images, considered
complemented with completed at 65%
UAV images, and
sensor data. The
information can be
used as input for farm
management
(operational
decisions,
tactical
decisions).
Information
layers
may
include:
Vegetation indexes
(NDVI, Normalized
green red difference
index) and derived
anomaly maps.
This service will offer
cost
saving
for
farmers communities
due to a betterquality management
in agricultural zones,
especially focused on
irrigated
crops.
Monitoring
and
managing irrigation
policies
and
agricultural practices
will offer meaningful
water and energy
saving. Besides this,
fertilizers control and
monitoring
can
produce, eventually,
a
prominent
economic saving per
year and hectare.
This
better
management
of
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hydric and energetic
resources is also
related to Greenhouse effect gases
reduction,
directly
linked to better
environmental
conditions
in
agriculture.
C11.03

Radiometric
improvement
of
Orthophotos
provided by the
National Geographic
Institute.
This
improvement
and
physical
features
harmonization
(colour, intensity…)
allows this data
source to be used
with similar accuracy
than Satellite Images.

Almost completed. TRAGSA-TRAGSATEC
Final developments
and tests. It could be
considered
completed at 80%.

C05.02

IoT
Hub
is
a
middleware
component
to
support continuous
data collection from
IoT based resources.
B1.1 Pilot will collect
field Data using IoT
sensors
which
information will be
gathered by IoT Hub.

IoT sensors will be ATOS
installed next January
and, then, IoT data
gathering will start.

C19.01

Complex
event After setting up of IBM
processing engine for C05.02. M28.
event
stream
processing.
The
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information
centralized by C05.02
will be input for this
component
which
will store the rules
defined by the final
users of TRAGSATRAGSATEC

7.2.4 Data assets
Data Type

Dataset

Dataset
original
source

Dataset
location

Volume (GB)

Velocity
(GB/year)

Raster

SENTINEL-2

ESA.
European
Space
Agency.

https://senti
nel.esa.int/w
eb/sentinel/
missions/sen
tinel-2/dataproducts

~ TB

~ TB/year

Raster

PNOA
IGN. National
(Spanish
Geographical
National Plan Institute.
of
Ortophotos)

Raster

RPAS - UAV

Vectorial
(Shapes)

LPIS - SIGPAC Autonomous http://www.i ~ MB
Communities decyl.jcyl.es/
.
geonetwork/
srv/spa/catal
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http://centro ~ GB
dedescargas.
cnig.es/Centr
oDescargas/b
uscadorCatal
ogo.do?codF
amilia=02211

Developed by N/A
TRAGSA with
its
own
drones’ fleet

~ GB

Updating
frequency ~ 5
year

On demand

Updating
frequency ~
2/3 year
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og.search#/h
ome
Alphanumeri
c

IoT Sensors

TRAGSA

IoT Fiware

Small

Low

7.3 Pilot evaluation
KPI short KPI
name
descripti
on

Goal
descripti
on

Base
value

Surface
Processe
d

Maps
At
the 24270
Generate end of
d Surface the
project
B1.1
should
offer a
project
covering
several
Irrigation
Commun
ities with
a surface
close to
Provincia
l level

Field
visits
saved

Number
of plots
managed
remotely

Irrigation
should
be
controlle
d
remotely
without
direct
presence
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value

Provincial
Level

Measure
d value

Unit of Commen
value
t

Ha

To
be
evaluate
d in the
final
period
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Improve energy,
ments
fertilizers
… saved

Evaluatio
n
of
economi
c
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Pilot 6 [B1.2] Cereals, biomass and cotton
crops_2
8.1 Pilot overview
The main focus of this pilot is to offer smart farming advisory services dedicated for arable
crops, based on a set of complementary monitoring and data management technologies (IoT,
EO data, Big Data analytics). Smart farming services are offered as irrigation advices through
flexible mechanisms to the farmers or the agricultural advisors. The pilot is targeting towards
exploiting heterogeneous data, facts and scientific knowledge to facilitate decisions and their
application in the field. It promotes the adoption of big data enabled technologies and
collaborates with certified professionals to better manage the natural resources and
specifically the use of fresh water. NP is leading the pilot activities with the support of GAIA
and Fraunhofer for the execution of the full life-cycle of the pilot. The pilot activities are being
performed at Kileler, Greece in an area covering 5000ha and the targeted arable crop is
cotton.

Figure 50: Pilot B1.2 high-level overview
In order to support the business expansion of the big-data enabled technologies that are
introduced within the present DataBio pilot, NP and GAIA have already established an
innovative business model that allows a swift market uptake. With no upfront investment
costs and a subscription fee proportionate to a parcel’s size, each smallhold farmer, can now
easily participate and benefit from the provisioned advisory services. Moreover, and as more
than 70 agricultural cooperatives are shareholders of GAIA, it is evident that there is a clear
face to the market and a great liaison with end-user communities for introducing the pilot
innovations and promoting the commercial adoption of the DataBio’s technologies.
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8.1.1 Overall Pilot summary roadmap
The following timeline applies for the pilot activities.

Figure 51: Pilot B1.2 roadmap

8.2 Pilot progress
8.2.1 Preparatory stage
In order to support the aforementioned activities, DataBio contributed to
the expansion and the maturation of the required field-based
infrastructure. More specifically, NP installed a network of telemetric IoT
stations, called GAIAtrons at the pilot site and field measurements have
been collected and stored since then. GAIAtrons comprise of two (2)
variants, namely: GAIAtron Atmo and GAIAtron Soil stations that focus on
atmospheric and soil measurements respectively. GAIAtrons offer
configurable data collection and transmission rates. Until now a large
amount of measurements has been collected and stored to NP’s private
cloud infrastructure, GAIA Cloud, that refer to soil temperature, humidity (multi-depth),
ambient temperature, relative humidity, barometric pressure, solar radiation, leaf wetness,
rainfall volume, wind speed and direction from all pilot sites.
Moreover, within the same cloud infrastructure, remote sensing data from the new Sentinel
2 optical products (13 spectral bands) are also being extracted and stored since the beginning
of 2016. The latter, comprise both raw and processed (corrected products, vegetation indices)
data represented in raster formats that are being handled using big data management
methodologies. In respect to data experimentation, the following table summarizes the
preparatory activities performed from the contributing technological partners:
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Contributor

Preparatory work

NP

NP has collected information regarding standard irrigation practices
performed at the pilot site. This led to shaping the baseline for the
defined pilot KPIs.
All supporting software and hardware infrastructure for the pilot
activities is in place. This refers to an infrastructure of IoT devices
called GAIAtrons, a set of cloud computing services called GAIA
Cloud and Smart Farming advisory services called GAIA SmartFarm.
GAIAtrons are telemetric agro-climate sensing stations which are
installed in the field and record atmospheric and soil parameters
continuously. GAIA Cloud combines the data collected from
GAIAtrons with data from other sources (i.e. remote sensing data,
farm logs and observations) and converts them into facts using
advanced data analytic techniques. The embedded Decision Support
System (DSS) comprises of supporting advisory services, called GAIA
SmartFarm, and transforms facts into actionable advices.
The collected data has led to the iterative evolution of the selected
GAIA SmartFarm services through the continuous training and
exploitation of tailored scientific models, so that they are adapted
to the specific characteristics of the selected crop type (cotton) and
microclimate conditions. More specifically, in terms of irrigation, the
upper and lower bounds for soil moisture content have been
determined serving as the baseline for providing irrigation advices.
When soil moisture crosses a critical threshold, an irrigation advice
is being generated and sent to the farmer/agricultural advisor so as
to irrigate appropriately (when and how much to irrigate).
An important aspect that should be further elaborated refers to EO
data. NP through its GAIA Cloud infrastructure performs all the CETL
activities (connect, extract, transform and load) of the EO data. It
has implemented a pipeline consisting of several pre-processing
steps performed directly on Sentinel-2 products, including:
•
•
•
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the problem caused by the presence of clouds and cloud
shadows within the optical imagery.
This pilot emphasizes on the role of the EO products and the
monitoring of evapotranspiration. In fact, building on top of the EO
products, the system is able to optimize the spatial extrapolation
process for irrigation advice generation. This process is critical in
order to offer support for parcels that do not have the full set of data
acquisition infrastructure installed within them. Evapotranspiration
offers the means for effectively monitoring the soil moisture
reduction rate of a given parcel. Combined with soft facts derived
from the farmer itself (e.g. date of irrigation, amount of water used,
etc.), the system is able to create irrigation advices without the need
of a vast density of hardware infrastructure, thus leading to
economies of scale and spectrum.
Fraunhofer

Pilot requirements expressed as user stories in collaboration with
NP. Parcel and EO-generated data (vegetation indices statistics and
time series) provided by NP have been used to setup a demo
instance for on-the-fly data preparation and visualization. 3D
visualizations, including DEMs have been explored that could be
helpful in highlighting implications that might be caused by the
parcel’s terrain morphology.

Figure 52: Fraunhofer's C04.02-04 Demo instance for on-the-fly
data visualization
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8.3 Trial stage 1
Prior to presenting the progress of the pilot in trial stage 1, it is important to summarize some
changes that were conducted in the context of this pilot that were fully aligned with DataBio’s
change control process and were communicated, as required, to all involved stakeholder (e.g.
PO, PC, TPM, QAM, WPL, TL). As pilot leader in pilot B1.2, NP took certain corrective measures
concerning the planned pilot activities in T1.3. These measures were mostly driven by
identified collaboration issues with the local farmers in the initial pilot site (Elassona, Greece),
which questioned the viability of the pilot and by the fact that the cultivated crop type (Maize)
was going to change by the second year of the project’s trials, a fact that jeopardized the
pilot’s smooth execution and introduced difficulties in evaluating properly the offered tools
and services. As shifting from one crop type to another in successive years is a common
practice among farmers that cultivate annual crops, the pilot leader chose to propose another
arable farming pilot that secured that is going to run without such risks throughout both the
pilot trials. The pilot site is in Kileler, Greece, in an area covering 5000ha approximately under
cotton cultivation. This change introduced no deviations to the project’s and pilot’s goals as
it is still under the scope of arable farming, data density remains the same and in overall the
same technological components/solutions and smart farming services are being offered. It
should be noted that, the new pilot doesn’t affect the task’s timeline as well, since
preparatory work had already taken place, including gathering of KPI baseline information,
sensor installation and initial data collection (IoT, EO) and experimentation. No effort or
budget deviations are planned either.
Taking all these into account, during Trial Stage 1 the following actions have been performed
by the partners involved in the pilot activities:
By M12: the main pilot UIs have been deployed exploiting mainly C13.01 Neurocode (NP)
functionalities. In the management portal, the pilot parcels are organised in groups and are
offered in different views (list, map). Each row and polygon represent an agricultural parcel
and holds vital information for the farmer/agricultural advisor (Figure 53).
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Figure 53: Screenshot of the main pilot UI developed using NP's Neurocode functionalities
The management portal supports the creation of reports, for user defined periods (Figure 54),
that:
•
•

depict the farm profile (info, logs of performed activities like irrigation timestamps,
quantities, etc.).
depict the spatio-temporal fluctuations of NDVI vegetation index. NDVI
measurements can highlight spatio-temporal “abnormalities” allowing for corrective
actions. Measurements are captioned with the crop’s phenological stage.

Figure 54: Reports generated by the user
The user can also access up-to-date information relevant to the agro-climate conditions at
the area. The user can set a period of interest and graphs can be generated that do not only
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present data from the telemetry stations (e.g. soil moisture in multiple depths) installed at
the pilot site (Figure 55), but also associate them with cultivation practices (e.g. performed
irrigation activities) and thus, gain increased situation awareness.

Figure 55: Monitoring of data associated with agro-climate conditions (soil moisture, rain
date/volume and irrigation activities (when and how much fresh water has been used)
For the pilot activities, another UI (agrimonitor) has been designed and offer a more seamless
monitoring and analysis of critical parameters that relate to crop development. At parcel
level, this UI visualizes valuable inter-year (for highlighting early/late crop development) and
intra-year (for highlighting the phenological stages and weather parameters) information to
the user. The user can project on top of the parcel clear images of NDVI, thus, allowing their
spatial interpretation and the detection of potential abnormalities. The user is also able to
select areas of interest and to monitor area-related information like crop variety distribution
in different views (thematic maps, pies) along with variety-specific geospatial aggregations of
NDVI for the whole selected area. Finally, thematic maps exhibit which parcels appear to be
early or late in their crop development based on their latest max NDVI measurements (Figure
56).
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Figure 56: Agrimonitor UI presenting information and aggregates associated with critical
parameters for crop development
By M15: a first definition/exploration of the integration mechanisms needed for the
interconnection of C04.02 Georocket and NP’s GAIA Cloud has been attempted during
DataBio’s 1st Codecamp in Darmstadt, Germany.
By M18: a back-end system for big data preparation handling, fast querying and spatial
aggregations has been developed and exploits C04.02-04 GeoRocket functionalities
(Fraunhofer). Fast geospatial querying and aggregating can provide valuable insights to an
expert user in order to explore Georocket’s data ingest store and visual analytics capabilities.
The first version of the front-end application for interactive data visualisation allows the user
to navigate in real-time even through challenging datasets (e.g. 500k parcel instances) and to
maintain persistent data filters of any type and perform data-driven colorization. Various
geometrical shapes can also be used to spatially filter the data (see Figure 57). Aggregation
building is another key functionality with and provides aggregation results in various forms
(graphs, pies, bars, etc), aggregated by different properties (see Figure 57). Furthermore,
important optimisations were accomplished, mainly in the processing pipeline creating the
visualisation backend. The components were stabilised and larger datasets can be processed
reliably. Moreover, the provided interface to request data for visualisation purposes is more
flexible now. Filters, such as time ranges, were processed on backend side as well as only
needed information is transmitted. This increases data transmission performance and allows
to handle more parcels in the web application’s map interface.
By M22: all trial stage 1 KPI measurements have been collected by NP and GAIA.
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Figure 57: Screenshots from Fraunhofer’s visual analytics application

8.3.1 DataBio component deployment status
Component code
and name

Purpose for pilot

Deployment status

Component
location

C13.01 Neurocode
(NP)

Neurocode allows
the creation of the
main pilot UIs in
order to be used by
the
end-users
(farmer,
agronomists) and
offer smart farming

Through
Neurocode all main
pilot
Interfaces
have been created
and can be used by
the
end-users
(farmer,
agronomists).

NP Servers
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services for optimal
decision making

C13.03
GAIABus
DataSmart Realtime
streaming
Subcomponent
(NP)

• Real-time data
stream
monitoring for
NP’s GAIAtrons
Infrastructure
installed
• Real-time
validation of
data
• Real-time
parsing and
cross-checking

C04.02 – C04.04
Georocket,
Geotoolbox,
SmartVis3D
(Fraunhofer)

• Back-end
system for Big
Data
preparation,
handling fast
querying and
spatial
aggregations
(data courtesy
of NP)
• Front-end
application for
interactive
data
visualization

The subcomponent
is fully operational
and performs:

NP Servers

• Real-time data
stream
monitoring for
NP’s
GAIAtrons
• Real-time
validation
data

of

• Real-time
parsing and
cross-checking
• Back-end
system for Big
Data
preparation,
handling fast
querying and
spatial
aggregations
ready

Fraunhofer
Servers

• Front-end
application for
interactive
data
visualization
2D/3D
in
progress
• Integration
with
NP’s
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cloud
infrastructure
is
under
evaluation

8.3.2 Data assets
Data Type

Dataset

Dataset original
source

Datase
t
locatio
n

Volum
e (GB)

Velocity
(GB/year)

Sensor
measuremen
ts (numerical
data)
and
metadata
(timestamps,
sensor
id,
etc.)

Gaiasense
field. Dataset
composed of
measuremen
ts from NP’s
telemetric
IoT
agroclimate
stations
called
GAIATrons
for the pilot
site.

NEUROPUBLIC

GAIA
Cloud
(NP’s
servers
)

Severa
l GBs

Configurable
collection and
transmission
rates for all
GAIATrons. 4
GAIAtrons
fully
operational at
the pilot sites
collecting >
30MBs of data
per year each
with current
configuration
(measuremen
ts every 10
minutes)

EO products
in
raster
format and
metadata

Dataset
comprised of
remote
sensing data
from
the
Sentinel-2
optical
products (1
tile)

ESA (Copernicus
Data)

GAIA
Cloud
(NP’s
servers
)

>750

>350
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8.4 Pilot evaluation
KPI
short
name

KPI
descriptio
n

Goal
descriptio
n

Base value

Targ
et
valu
e

Measur
ed value

Unit of
value

B1.2_
1

Reductio
n in the
average
cost
of
irrigation
per
hectare
following
the
advisory
services
at a given
period.

Up to 30%
for
the
whole
project
set by the
pilot
leader

2670

2269

2379

euros/
ha

B1.2_
2

Decrease
in inputs
focused
on
irrigation
(amount
of water
used)

Up to 30%
for
the
whole
project
set by the
pilot
leader

2670

2269

2379

m3/ha
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Pilot 7 [B1.3] Cereal and biomass crops_3
9.1 Pilot overview
This pilot was designed to implement remote sensing, IoT farm telemetry, and proximal
sensor network-based big data technologies for biomass crop monitoring, predictions, and
management in order to sustainably increase farming productivity and quality, while at the
same time, minimizing farming and environment associated risks. Biomass crops of interest
include biomass sorghum and cardoon which can be used for several purposes including,
respectively, biofuel, fiber, and biochemicals, with a high macroeconomic impact. Fiber hemp
was anticipated but, due to unexpected farmers aversion, this crop was not included in pilots.
The aversion was particularly triggered by a complicated market of the produce. Similarly, the
IoT farm telemetry technology was used in year one for a preliminary observation but, this
technology revealed itself ill adapted to biomass sorghum as the hardware, particularly the
cables, were frequently damaged by rodents. IoT was therefore removed from the trial
settings as frequent repairs were becoming a burden. The offered smart farming services
include Biomass crop monitoring using proximal sensors to derive vegetation indices, and
crop growth and yield modelling using fAPAR derived from satellite (Sentinel 2A and 2B)
imagery and appropriate machine learning techniques. The pilot secured adhesion of private
farmers and/or farming cooperatives. During the 2017 and 2018 cropping seasons, 43
sorghum pilots were run covering 240 hectares. The work on this pilot was distributed
between CREA, Novamont, and VITO. CREA worked on sorghum, and Novamont on cardoon.
VITO supported remote sensing technologies, while CREA supported proximal sensor
technology.
During 2018 an additional field of cardoon was included in the monitoring in Umbria Region
beyond the one already included in the previous reports in Sardinia, in order to give an
example of different cultivation area and cover some of the main areas where cardoon can
be cultivated.
In collaboration with InfAI, CREA able to extend crop monitoring to foliar diseases in one of
the pilot field (T1_Anzola; refer to the table below) in Anzola. The goal was to evaluate to
possibilities of crop disease detection from Earth Observation products. In detail, the goal was
to train an R-CNN - a Regional Convolutional Neural Network for detection.

9.1.1 Overall Pilot summary roadmap
Pilots were established in 2017 for preliminary observations. First official trials were
established in the spring of 2018 and will be replicated in time once in 2019. CREA and
Novamont lead their respective pilot sites, while VITO provides crop monitoring data, mainly
fAPAR derived from Sentinel 2A and 2B. The original overall description of the activities for
the Trial stages 1 and 2 is summarized in the below table and in the Critical Path Method/PERT
network. The task i, j, and k were discontinued for technical reasons, but the timeline
remained unchanged.
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Table 4: Pilot B1-3: Yearly recurring activities from 2017 to 2019
Tasks

Immediate
predecessor

Time (starting 1
January)

Who Does

a

Recruit Framers/Cooperatives

-

60

CREA

b

Identify pilot sites

a

30

CREA

c

Sign collaboration contracts

b

15

CREA

d

Plant pilot sites

c

45

CREA

e

Monitor pilot sites

d

150

CREA

f

Collect satellite data

d

150

VITO/CREA

g

Collect phenotypic data

d

150

CREA

h

Collect proximal sensor data

d

150

CREA

i

Install/configure IoT system

d

2

CREA

j

Collect IoT data

d, i

150

CREA

k

Event processing (Proton)

d, i

150

IBM/CREA

l

Data processing

f, g, h, j

60

CREA

m

Reporting

L

30

CREA

Figure 58: Pilot B1-3: Complete network (CPM/PERT). Numbers represent the earliest
occurrence time. Dashed arc stands for a dummy activity.
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For the large-scale sorghum disease monitoring, the overall process can be described in the
diagram below. In a nutshell: The Regions of Interests (ROIs) had been annotating and set. In
further steps, Sentinel data had been downloaded and prepared with the goal to create a
training set. After that, the R-CNN has been trained and tested.

Figure 59: Sorghum Foliar Diseases Detection Process
For cardoon monitoring, VITO was collecting the satellite images of the fields, while
Novamont monitored the fields following the development of the crops during the season.
The fields monitored in 2018 were located in North Sardinia and in Umbria as reported in
Figure 60 and Figure 61.
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Figure 60: Cardoon Field in North Sardinia

Figure 61: Cardoon Field in Umbria
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Below is the coarse roadmap of the entire pilot with milestones and internal pilot-relevant
deliverables.

Figure 62: Pilot B1.3 roadmap

9.2 Pilot progress
Forty-three pilot biomass sorghum trials were run by CREA over two cropping seasons in 2017
and 2018 as represented in the below Figure 63. The biomass sorghum pilot trials were mainly
established in private farms and co-run by CREA and private farmers and private farming
cooperatives operating in the northern Italian communes of Nonantola, Mirandola, and
Conselice. Only eight pilots were run in CREA’s experimental station of Cà Rossa (Anzola
dell’Emilia) in both 2017 and 2018 cropping seasons. During the 2018 cropping season,
sorghum was monitored for phenology, yields, and foliar diseases.
Two cardoon fields were monitored in 2018, one located in the North of Sardinia, as
continuation of 2017 work, this field cardoon was established in 2014. The other field is
located in Umbria, which represents a quite new area for the cardoon and where breeding
activity is also carried out by Novamont. In the last cultivation period (2017-18) in Umbria the
phonological phases were monitored together with the agronomical operations.
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Figure 63: Industrial-scale Biomass harvesting in CREA’s Pilots in CAB Massari Farmers’
Cooperatives. Pilots Run in Private Farms and Farmers’ Cooperatives in 2017 and 2018.

9.2.1 Preparatory stage
The preparatory stage for biomass sorghum trials started in tandem and almost overlapped
with the co-innovative preparations. This fast-tracking was possible particularly because plant
materials, necessary infrastructures, knowhow, and a network of extension services were
available since the outset. A total of twenty-four biomass sorghum pilots were run with full
CREA’s and VITO’s technological support in 2017 alone.
In the below table are the pilots run in 2017 including their names, locations, and sizes.
Table 5: B1.3 pilot in 2017
SN

Field/pilot
Name

Area (ha) Location
Name

7

Sagrate

50.00

Conselice

8

Prato_Mensa

3.29

Conselice

9

Comuna

27.86

Conselice

10

Gamberina_1

7.60

Conselice

11

Botte

5.33

Conselice

12

Carafolo_G

2.00

Nonantola

13

Cavriani_S

2.00

Nonantola

14

Ferrari_R

1.00

Nonantola
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15

Mattioli_R

1.00

Nonantola

16

Serafini_G

2.00

Nonantola

17

Zavatti_E

0.89

Mirandola

18

Grandi_Magonza

0.80

Mirandola

19

Grandi_Ponte

1.20

Mirandola

20

Zini_L

2.50

Mirandola

26

Molon_A

5.00

Mirandola

27

T1_Anzola

0.74

Anzola

28

T2_Anzola

0.71

Anzola

29

T3_Anzola

0.71

Anzola

30

T4_Anzola

0.70

Anzola

31

T5_Anzola

0.70

Anzola

37

15R17

0.06

Anzola

38

16R17

0.15

Anzola

39

17IT_mat

0.17

Anzola

40

17US_mat

0.15

Anzola

9.2.2 Trial stage 1
The pilots run in 2018 are summarized in the table below.
Table 6: B1.3 pilot in 2018
SN

Field/pilot
Name

Area (ha) Location
Name

1

Botte 1

9.00

Conselice

2

Saracca 5

6.50

Conselice

3

V. serrata

44.87

Conselice

4

Magnana

32.05

Conselice
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5

Cà bianca

3.72

Conselice

6

Gamberina 3

7.86

Conselice

21

Villa_verdetta

1.00

Mirandola

22

Cama_grande

4.40

Mirandola

23

Cama_piccolo

4.00

Mirandola

24

Golinelli_Raimondo

2.02

Mirandola

25

Barozzi_Lidia

3.00

Mirandola

32

T1_Anzola

0.74

Anzola

33

T2_Anzola

0.71

Anzola

34

T3_Anzola

0.71

Anzola

35

T4_Anzola

0.70

Anzola

36

T5_Anzola

0.70

Anzola

41

16R18

0.15

Anzola

42

15R18

0.06

Anzola

43

17R18

0.15

Anzola

The results obtained over the two years of experimentation are encouraging. Using satellite
data and machine learning techniques in sorghum pilots, we were able to predict biomass
yields with high precision 6 months ahead of harvesting as shown in Figure 64.
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Figure 64: Sorghum biomass early predictive modelling described: layout, algorithms and
relative equations

Figure 65: Satellite data advantage described: production predicted 2 to six months ahead
of harvesting
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As for the Cardoon pilot, below are reported the main agronomical operations for cardoon
cultivations in the two areas and the progression of the crop in time, as monitored by
Novamont’s agronomists.
9.2.2.1 Field in Sardinia
Field in Sardinia: divided in three sub-fields, according to when the cardoon was first
established starting from 2014 (sub-field 1), to 2015 (sub-field 2) and finally in 2018 (sub-field
3).

Figure 66: Field in Sardinia
SUB-FIELD 1:
•
•
•
•
•
•
•
•
•
•
•

Seeding cardoon: third decade December 2014
Pre-emergence herbicide treatment: third decade December 2014
Mowing, swathing and baling: June-July 2015
Fertilization: Autumn 2015
Insecticide treatment: one in March 2016, one at the end of May 2016 and one at the
end of June 2016
Harvesting both seeds and biomass: first days of August 2016
Fertilization: Autumn 2016
Insecticide treatments: first decade November 2016, February 2017, end of May 2017,
AND June 2017
Harvesting seeds and biomass: beginning of August 2017
Fertilization: end of November 2017
Insecticide treatments: on 14/03/2018, on 29/05/2018 and on 04/07/2018
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Harvesting: 07/08/2018
Biomass harvesting: end of September- beginning October 2018
Fertilization and harrowing: 20/10/2018

SUB-FIELD 2:
•
•
•
•
•
•
•
•
•
•

Seeding cardoon: autumn 2015
Pre-emergency treatment: autumn 2015
Mowing, swathing and baling: June-July 2016
fertilization: autumn 2016
Insecticide treatments: first decade November 2016, February 2017, end May 2017,
end June 2017
Harvesting seeds and biomass: Beginning August 2017
Fertilization: end November 2017
Insecticide treatments: on 14/03/2018, on 29/05/2018 and on 04/07/2018
Baling biomass: end September – beginning October 2018
Fertilization and harrowing: 20/10/2018

SUB-FIELD 3:
•
•
•
•
•

Previous crop Marian Thistle
Seeding cardoon: beginning January 2018
Pre-emergency herbicide treatment: beginning January 2018
Harvesting Biomass: end September – beginning October 2018
Fertilization: 20/10/2018

The figures below report the cardoon cultivation in different phonological stage along the
cultivation year 2018.

Figure 67: Field in Sardinia, February 2018
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Figure 68: Field in Sardinia, March 2018

Figure 69: Field in Sardinia, September 2018

Figure 70: Field in Sardinia, October 2018
Cardoon in Sardinia benefits from the rain in the autumn and winter period to re-germinate
and rapidly grow. After the harvesting of the crop and bailing of biomass the cardoon starts
to re-grow from September.
In the period 2017-2018 the accumulated rainfall in the period between October and April
was around 347 mm, higher the average rainfall for the same periods in the last 3 years, but
however below the average of the last 70 years (413 mm). Despite the extreme drought
condition in the area, biomass and seed productivity were good and respectively equally to
around 10 and 0,8 ton/ha.
VITO has collected and elaborated the satellite images for the field, reporting the greeness
index during the crop season. The images show a reliable correlation between the effective
growth of the plant on the field and the elaborated photo interpretation.
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Figure 71: Greeness index of Sardinian field from September 2017 to October 2018
In the following satellite pictures, the greeness index helps in differentiate the sub-fields. The
sub-field 3, where the cardoon was established in 2018 show a lower greeness index, due to
the reduced development of first year crop. The other two sub-fields, where the cardoon was
established in 2014 and 2015 showed a similar level of greeness.
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Figure 72: Images of greeness index for Sardinian field
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9.2.2.2 Umbria field
In Table 7 the agronomical operations from the first establishment of cardoon (2016) are
reported.
Table 7: Agronomical operations in the Umbria field from 2016 to 2018
Agronomical operations

2016

2017

Ploughing

01/10/2016

10/09/2017

Harrowing

15/10/2016

15/09/2017

Milling

ott-18

Fertilization

15/10/2016

15/09/2017

Transplanting

09/11/2016

27/09/2017

Seeding

20/10/2016

Fertilization/milling

mar-17

Harvesting

2018

mar-18

ott-18

1 qli/ha urea slow release

ago-18

The output of cardoon in Umbria is similar to the one obtained in Sardinia.
The phenological stages of cardoon were monitored according to S.V. Archontoulis et al 2010,
“Phenological growth stages of C. cardunculus”, in the cultivating period starting from
February 2018 to beginning of August 2018.
In detail:
•
•
•

•

From February to March 2018: Stage 4- development of harvestable vegetative plant
part code from 45 to 49 (from 50% to 90% of the maximum leaf mass reached);
April 2018: Stage 5- 501 beginning of stem elongation; main inflorescence buds visible
between the newly formed leaves. No branching yet;
From the middle April to end of May: Stage 5 from 53 to 59: inflorescence emergence
and development from the beginning of the stem elongation to stage of main stem
fully elongated, corymb reaches 90% of final volume;
From June to first half of July: stage from 60 to 69 Flowering and capitula formation;
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From middle July to first decade August: stage from 71 to 89 Development of
capitulum and seed ripening.

In terms of global sorghum crop disease monitoring, five training and test fields for crop
disease detection had been identified by CREA. Within this diseased field, CREA delimited a
most diseased area of about 1000 square meters (~232 m of perimeter) within which leaf
disease occurred in about 60 to 70% of the plants. Two foliar diseases were observed, i.e.,
Anthracnose (most prevalent) and Bacterial stripe. InfAI was responsible for the analytics
technology. The primary hypothesis is that most crop diseases highly correlate with the
chlorophyll content of the crop. Moreover, the chlorophyll content can be measured by
multispectral images. Therefore, the NDVI (Normalized Difference Vegetation Index) has been
used.
In the first run, excellent results had been developed. The network works as it should and
detected the fields (Figure 73). The network was even able to detect the disease and
distinguish it from surrounding areas (Figure 74).

Figure 73: Sorghum Foliar Diseases Detected area with the reliability of 0,925

Figure 74: Sorghum Foliar Diseases Detected area with the reliability of 0,861
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The set was very small. Overall there were six training sets and two for validation, so the
results were limited.
The main problem of small datasets is the overfitting – which means that the models are
trained too well, precisely to the set of data. In order to overcome overfitting, we are working
on the following issues:
•
•
•

Expand the database (contact to Saxonia local agricultural government, more will
follow)
Augmentation (Expand the database by manipulation)
Regulation

Up to now, we created 1000 test cases out of our starting point. The success rate is still high.

9.2.3 DataBio component deployment status
The components deployed for satellite data use were included in the diagram below and was
contributed by VITO. The purpose of this pilot was to derive and process Sentinel 2A and 2B
fAPAR data for monitoring biomass sorghum phenology and aboveground biomass yields. The
components were implemented during the preliminary trials in 2017 and during the first
official trials in 2018. Proximal sensors for measuring NDVI and Chlorophyll indices were also
used.

Figure 75: Components for pilot B1.3
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Deployment status

Detect crop diseases, Initial set up
Tested during trail
stage 1

Component location

InfAI
Server

[Germany]

https://www.databio
hub.eu/registry/#ser
vice-view/EO4SDD

(Proba-V Sentinel-2
Adapted according to Proba-V MEP at VITO
processing,
the needs of pilot
dashboards, services B1.3
for viewing and time
series extraction

9.2.4 Data assets
Data Type

Dataset

Dataset
original
source

Dataset
location

Volume (GB)

Velocity
(GB/year)

Phenotypic
data

Sorghum
Biomass.CRE
A

CREA

CREA

0.3x10^-3

0.15x10^-3

Geospatial
data

Sentinel.sorg
hum.CREA

VITO

VITO

2850

2140

Handheld
optical
sensor data

Handheld.op CREA
tical.sensor.d
ata

CREA

3x10^-3

3x10^-3
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9.3 Pilot evaluation
CREA’s sorghum pilots KPIs:
KPI short KPI
name
descripti
on

Goal
descripti
on

Base
value

CREA-B1- Number
3-KPI-01 of pilot
sites
visits
during
cropping
season

Reduce
12
the
number
of pilot
sites
visits

Target
value

Measure
d value

Unit of Commen
value
t

4

6

Pilot sites Measured
visits
value >
target
value due
to in situ
optical
data
collection

100

33

50

Percenta Same as
ge
above

CREA-B1- Prediction
3-KPI-04 accuracy

Not
available

> 0.5

0.8

Pearson’s
r

CREA-B1- Prediction
3-KPI-05 accuracy

Not
available

< 20

19.8

MAE (%)

CREA-B1- Resources Reduce
3-KPI-02 spent on the
crop
monitorin
g

resources
spent on
crop
monitorin
g

Increased
validated
of
crop prediction
phenology accuracy
and yields
to
anticipate
marketing
Increased
validated
of
crop prediction
phenology accuracy
and yields
to
anticipate
marketing
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Pilot 8 [B1.4] Cereals and biomass crops_4
10.1 Pilot overview
The pilot aims to develop a platform for mapping of crop vigor status by using EO data
(Landsat, Sentinel) as the support tool for variable rate application (VRA) of fertilizers and
crop protection. This includes identification of crop status, mapping of spatial variability and
delineation of management zones. Development of platform is realized on the cooperative
8300 ha farm in Czech Republic, however basic data sets are already prepared for all Czech
Republic. So current status of pilot support utilisation of solution on any farm in Czech
Republic.
The pilot farm Rostenice a.s. with 8.300 ha of arable land represents a bigger enterprise
established by aggregating several farms in past 20 years. Main production is focused on the
cereals (winter wheat, spring barley, grain maize), oilseed rape and silage maize for biogas
power station. Crop cultivation is under standard practices, partly conservation practices is
treated on the sloped fields threatened by soil erosion. Over 1600 ha is mapped since 2006
by high density soil sampling (1 sample per 3 ha) as the input information for variable
application of base fertilizers (P, K, Mg, Ca). Farm machines are equipped by RTK guidance
with 2-4 cm accuracy. Farm agronomists don’t use any strategy for VRA of nitrogen fertilizers
and crop protection because of lack of reliable solutions in CZ.
The work was supported by development of platform for automatic downloading of Sentinel
2 data and automatic atmospheric correction. Currently is Lesprojekt ready to offer
commercial services with processing satellite data for any farm in Czech Republic
Other part was focused on transferring Czech LPIS into FOODIE ontology and to developed
effective tools for querying data. This work was done together with PSNC and system is
currently supporting open accessing to anonymous LPIS data through FOODIE ontology and
also secure access to farm data.
The main focus of the pilot is on the monitoring of cereal fields by high resolution satellite
imaging data (Landsat 8, Sentinel 2) and delineation of management zones within the fields
for variable rate application of fertilizers. The main innovation is to offer a solution in form of
web GIS portal for farmers, where users could monitor their fields from EO data based on the
specified time period, select cloudless scenes and use them for further analysis. This analysis
includes unsupervised classification for defined number of classes as identification of main
zones and generating prescription maps for variable rate application of fertilizers or crop
protection products based on the mean doses defined by farmers in web GIS interface.
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10.1.1 Overall Pilot summary roadmap

Figure 76: B1.4 overall pilot roadmap

10.2 Pilot progress
10.2.1 Preparatory stage
Preparatory stage was focused on the monitoring of fields by earth observation products and
gathering of farm records related to the crop production in 2018 (crop plan, yield maps, crop
treatment records).
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Figure 77: Map of crop species over Czech pilot farm in 2018
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Figure 78: Graph of crop development of spring barley in the period April-June 2018
represented as NDVI curve from Sentinel-2. Decreased peaks indicate cloudy scene. Source:
Google Earth Engine.
Besides monitoring of actual crop status by Sentinel-2 imagery, the calculation of yield
potential maps from 8-years’ time-series of Landsat data was updated to consider latest
cropping season.
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Figure 79: Map of yield potential calculated for whole area of Rostenice farm from 8-years
series of Landsat data
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Figure 80: Detail of yield potential maps from southern part of Czech pilot farm Rostenice
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10.2.2 Trial stage 1
10.2.2.1 Data analytics
As the result of trial stage 1, spatial data about crop yields from harvester were recorded in
the period from June to September. From the total acreage of pilot farm 8.300 ha, more than
3350 ha of arable land was covered by yield mapping in the cropping season 2018. Especially
crop yields were recorded grain cereals (winter wheat, spring barley, winter barley), oilseed
rape and also grain maize. Data was later processed for outlier analysis and by spatial
interpolation techniques to obtain final crop yield map in absolute [t.ha -1] and relative [%]
measure.

Figure 81: Yield maps represented as relative values to the average crop yield of each field
(harvest 2018)
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During the 2018 vegetation period, field experiment was established for testing variable rate
application of nitrogen fertilizer based on the yield potential maps computed from Landsat
time-series imagery and digital elevation model (DEM). Testing was carried out on three fields
with total acreage of 133 ha. The main reason was to tailor nitrogen rates for spring barley
according to the site-specific yield productivity and to avoid the crop lodging risk in the water
accumulation areas. Plant nutrition of spring barley for malt production is more difficult than
other cereals because of limits for maximal N content in grain. Thus, balancing of N rates to
reach highest yield and simultaneously not to exceed N content in grain is crucial for
successive production of spring barley.
For definition of yield productivity zones, 8-year time-series of Landsat imagery data was
processed with the results of relative crop variability. Final map is represented as percentage
of the yield to the mean value of each plot, later multiplied by expected yield [t.ha -1] as the
numeric variable for each field and crop species. Values of yield potential were reclassified
into three categories – high, middle and low-yielded areas – nitrogen rate was increased in
the high expected yield areas.

Figure 82: Map of three categories of expected yield productivity
To avoid the risk of barley lodging in the areas with water accumulation and thus better
nitrogen utilization, a Topographic Wetness Index was calculated from Digital Elevation
Model and classified into two categories (high risk, low risk area) based on the experience and
field survey of agronomist. The main principle of the correction of N application was to
decrease the N rate in the risk areas.

Dissemination level: PU -Public

Page 124

H2020 Contract No. 732064

D1.2 – Agriculture Pilots Intermediate Report

Final – v1.0, 28/1/2019

Figure 83: Calculation of Topographic Wetness Index (TWI) as flow accumulation function
in ESRI ArcGIS

Figure 84: Classification of TWI index into high (blue) and low (orange) risk areas of
barley lodging based on the agronomist experience
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Figure 85: Final map for variable application of nitrogen fertilizers for spring barley with
limited nitrogen rates in high crop lodging areas
10.2.2.2 System implementation - yield potential server
To guarantee access for farmers and testing of yield potential we calculate yield potential for
2017 season on basic level for all Czech Republic and data are now available as Open on
Lesprojekt server for all Czech Republic. Farmers can test this basic data for their purpose for
free.

Figure 86: Yield potential server: Transformation and publication of Czech data as Linked
data with prototype system for visualising
PSNC contributed to this pilot with the transformation and publication of Czech data as Linked
data in order to provide an integrated view over different and heterogeneous data sources.
This work has been carried out by applying the pipeline described in D4.i2 Section 6.4.1 (as
an update), taking as input data from the pilot partners (farm data) as well as different open
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Czech datasets, and by transforming them into Linked Data using FOODIE ontology (described
in D4.i1 Section A.15) as the underlying model. In particular, the following datasets were
transformed:
● Farm data:
○ Rostenice pilot farm data, including information about each field names with
the associated cereal crop classifications arranged by year.
○ Data about the field boundaries and crop map and yield potential of most of
the fields in Rostenice pilot farm.
○ Yield records from two fields (Pivovarka, Predni) harvested in 2017.
● Open data:
○ Czech LPIS data showing the actual field boundaries.
○ Czech erosion zones (strongly/SEO and moderately / MEO erosion-endangered
soil zones).
○ Restricted area near to water bodies (example of 25m buffer according to the
nitrate directive) from Czech.
○ The data about soil types from all over Czech.
These datasets were transformed into RDF format and published as linked data. The resulting
datasets (farm and open) are available as Linked Data in PSNC Virtuoso endpoint. In particular,
this work involved the following steps:
● Data modelling was one of the main tasks required to transform the input datasets
into RDF and to align them with the INSPIRE-based FOODIE data model (covering
farming and geospatial data). For this step, we took FOODIE ontology, which is based
on INSPIRE schema and the ISO 19100 series standards, as our base vocabulary and
created a Czech extension in order to represent all the farm and open data from the
input datasets. In particular the extension includes data elements and relations from
the input datasets that were not covered by the main FOODIE ontology and that were
specific to Czech partners needs
● Generation of the RDF data required a mapping file that specifies how to map the
contents of a dataset to RDF triples, matching the source dataset schema to FOODIE
ontology and extensions. This mapping file is generally an RDF document itself, written
in R2RML/RML, and includes information about the data source, its format and
connection details. Generating this mapping file is also not a trivial task, as most of the
available tools require manual editing of the R2RML[REF-03]/RML[REF-04] definitions.
The tool used to execute the transformation usually also depends on the type of
source data. As in this experiment, both farm and open data were in the form of
shapefiles, we used GeoTriples [REF-07] tool in order to execute the mapping and
generate RDF dumps from the source shapefiles.
● The RDF datasets that were generated were then loaded into Virtuoso triplestore. A
Sparql endpoint and a faceted search endpoint are available for querying and
exploiting the Linked Data in the Virtuoso instance within PSNC infrastructure.
● Our next task was to show the integrated view over the original datasets. We could
have used linked data discovery tools like SILK [REF-06] and geoLIMES to generate
links, but as open datasets are particularly large, and the connections are not of
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equivalence, we decided it would be better to use queries to access the integrated
data as needed. Hence, as part of this experimentation we did cross querying within
these datasets in Virtuoso SPARQL endpoint for eight use cases to establish the
possible links from the Czech farm and open datasets.
○ Use Case 1 - The input datasets were the buffer zones around water bodies
and Czech LPIS dataset which were exploited by SPARQL query to get the
possible commonalities in the data graphs. The query in the virtuoso SPARQL
endpoint was optimized to check only those plots intersecting the selected
polygon used for water buffer zones.
○ Use Case 2 - A query had been made in Virtuoso [REF-05] SPARQL endpoint by
selection of farm/fields based on the ID_UZ attribute from public LPIS dataset
and searching EO data over all fields from Sentinel-2 imagery catalogue.
○ Use Case 3 - This use case was subdivided into three parts.
■ One query to show the farm/field data with the type of crops produced
over a period of time (3 years) for all fields in the whole Rostenice
region. Here the input attribute was the field code to identify the fields
in the whole region along with the crop types.
■ Another query to show the farm/field data with the type of crops
produced over a for the fields in a selected region. Here the input
attribute was the field code and the Polygon within which it’s needed
to identify the fields with the crop types.
■ In the third query run by selecting farm data from given Czech LPIS farm
id ( id_uz), i.e., all plots for that farm and the crop per year.
○ Use case 4 - To select fields with different soil types form Czech open data. A
query had been made in the virtuoso SPARQL endpoint to get the fields from
LPIS data (polygon coordinates) with specific soil types (e.g. Cambisols,
Stagnosols, Gleysols, Fluvisols etc.)
○ Use case 5 - A query to select all fields from the Rostenice region with certain
crop type within a maximum distance from a certain point (for purposes like
logistics, distribution of biomass etc.)
○ Use case 6 - In this use case the main idea was to select the erosion zones
(including NEO/MEO/SEO) from the LPIS dataset identified by two attributes.
■ Query to select the erosion zone from Czech LPIS data within a specific
farm identified with farm id (ID_UZ).
■ More optimised query to select the erosion zone from Czech LPIS data
for a specific plot identified with plot id (CTVDPB) within a LPIS farm.
Exploitation of the Linked Data can be done in the following ways:
● Querying can be done through the Virtuoso triple store via Sparql and faceted search
endpoints:
○ Sparql endpoint: https://www.foodie-cloud.org/sparql
○ Faceted search endpoint: https://www.foodie-cloud.org/fct
● To visualize and explore the Linked Data in a map the following application/system
prototype is available:
○ Map visualisation: http://app.hslayers.org/project-databio/land/
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Figure 87: Visualisation of linked data

10.2.3 DataBio component deployment status
Component
and name
C09.12:
Virtuoso

code Purpose for pilot

Deployment status

OpenLink Publishing he Czech operational
farm and open data
as Linked Data and
allowing querying of
the datasets via
SPARQL endpoint.

Component location

PSNC infrastructures.

C02.01 UWB/SensLog Service,
for
the testing
collection, processing
and publication of
sensor data.

Lesprojekt serves

C02.03
LESPRO/HSLayers,

Lesprojekt servers

Visualisation of data
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C02.06 LESPRO/Data Integration of various operational
model for PA
farm data and data
from other sources

Lesprojekt servers

10.2.4 Data assets
Data Type

Dataset

Dataset
original
source

Dataset
location

EO Data

Landsat
https://earth https://earth 0,25
Collection 1 explorer.usgs explorer.usgs (sr_evi)
Level-2
.gov/
.gov/
Surface
Reflectance

Sensor data

Yield maps - grain
shp
point harvester
data

LESPRO
server

Volume (GB)

GB

2,5 GB (2018) 2,5 GB/year

Czech farm Farm
RDF data
oriented
Linked Data
(field
and
crops, field
boundaries
in a farm,
Yield mass
data
for
some fields)
in N-triples
format

Shape files
provided by
Czech
partners to
PSNC

Virtuoso
~ 1.5 GB
server within
PSNC
infrastructur
e

Czech Open Linked Open
RDF data
Data (Czech
LPIS,
Soil
maps,
erosion
zones, water
buffers) in N-

Shape files
provided by
Czech
partners to
PSNC

Virtuoso
~11 GB
server within
PSNC
infrastructur
e
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triples
format
DEM

DMR4G

DMR4G
CUZK

arcgis online

0,1 GB

10.3 Pilot evaluation
KPI short KPI
name
descripti
on

Goal
descripti
on

Base
value

EO
Area of Covering 1500
processin processe the
g area
d EO data maximu
m of pilot
farm area
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Pilot 9 [B2.1] Machinery management
11.1 Pilot overview
This pilot is focused mainly on collecting telematic data from tractors and other farm
machinery to analyse and compare to other farm data. The main goal is to collect and
integrate data and receive comparable results. A challenge associated with this pilot is that a
farm may have tractors and other machinery from manufacturers that use different telematic
solutions and data ownership/sharing policies.

11.1.1 Overall Pilot summary roadmap

Figure 88: B2.1 overall pilot roadmap

11.2 Pilot progress
11.2.1 Preparatory stage
During preparatory stage the activities of Lesprojekt were focused on upgrading
FarmTelemetry system and getting familiar with software, hardware and tractors used by
Zetor.
Zetor took a several steps in direction, which aim to expand the capabilities Zetor tractors to
precision agriculture services.
The starting point of Zetor tractors on the way to precision agriculture services was solution
used by Zetor mainly for the purposes of monitoring reliability of different tractor
components. This monitoring is carried out in Zetor's testing area and mainly on third-party
farms in real operation, when the farmers gave their consent to data collection. Zetor is
extending telematics solution in two ways, customer care with predictive maintenance
planning and precision agriculture.
Although the technological principle of collecting data for this type of monitoring and
monitoring for the purposes of precision farming and the assessment of economic efficiency
is the same, it differs in the settings of various parameters and in the way of working with the
data.
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Another condition that is required for some operations in precision agriculture is automatic
guidance of tractors. Zetor was testing compatibility of terminals and steering systems with
selected models of Zetor tractors.
Federu was exploring additional agriculture machinery ISOBUS compatible monitoring units
which could be involved into tests in later stages of the project.

11.2.2 Trial stage 1
During Trial Stage 1 number of monitored Zetor tractors increased to 50. The datasets on
LESPROJEKTS servers contains current or historical data from 21 tractors of various brands
and models.

Figure 89: Tractor trajectory and work log
Unlike most other DataBio agricultural pilots that target a particular field, farm, or wider
Territory in Task 1.4, the pilot B2.1 collects mainly data from tractors wherever they are
working, so farm data are available only for part of the farms, where the tractors are in
operation.
However, even in cases where data directly provided from the farm are missing, the data from
tractors can be combined and analysed at least in context with data on the farmer’s blocks
across the whole Czech Republic because the boundaries of farmer’s blocks are part of
publicly available LPIS (Land Parcel Identification System). More detailed farm information is
available only for some farms where tractors are used.
Analysis of data from Zetor tractors during trial stage 1 and comparing them to data from
other tractors collected before DataBio project or during DataBio project led to several
findings.
The technical solution of the data collection process from tractors of different brands and
models is the easier part. The greater challenge is to ensure the comparability of the
information contained in the data for the purposes of various analyses, for example fuel
consumption in various parts of farmer’s blocks. In addition to GPS accuracy a key role is
played by the frequency of data collection, the interval between data transmissions, and data
processing between data acquisition and data transmission.
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Some tractor models with some monitoring units are able to send only current values and do
not take into account the values between data transmission, others are able to measure
values more often and send aggregated values. In the first case, the results are rough
estimates, in the latter case they are values that are closer to relatively reality. Although the
data flows through CAN bus and ISOBUS are based on standards, these standards include both
mandatory and customizable parts and implementation differs in different brand of tractors.
Although it is generally known that correction of GPS signals is required for the purpose of
automatic guidance of tractors, accuracy without corrections is sufficient for some types of
analysis. In this case, the frequency of data collection is important. Too long intervals between
position recording cause the trajectory to be very inaccurate, especially in places where the
tractor is turning. Setting the position record frequency is a compromise between the
trajectory accuracy and the amount of data transferred. According to LEPSRO’s finding, it is
hard to set the ideal recording frequency for both the purpose of diagnostics and tractor
maintenance planning, as well as analgises for precision farming and getting inputs for
economic analysis, if the user wants to optimize the amount of data transferred. Apart from
the fact that different variables are a subject of interest of interest in these cases, diagnostic
purposes do not require such frequent GPS position collecting as analysis for precision
farming and economic analysis. It is therefore appropriate to use different data collection
frequencies, depending on what services the customer wants to use.
11.2.2.1 Generating Linked Data from sensors on the fly
PSNC took the initiative to perform an experimentation associated with the Pilot 9 [B2.1]
Machinery management where sensor data from the SensLog service (used by
FarmTelemeter service) has been transformed to Linked Data on the fly. SensLog performs
collection and processing of vital sensor data that served as the input for the transformation
and publication of sensor data as Linked Data.
For this Linked Data publication pipeline, the input dataset is in a relational database, i.e., the
relational database used by Senslog component from LESPRO. In order to access this database
PSNC received from LESPRO the required connection details and access credentials. However,
instead of generating RDF dumps from the sensor data, the idea was to provide access in real
time to such data, particularly because this data is updating quite frequently. Hence, we map
the source sensor data to some semantic vocabularies on the fly and make it accessible as
linked data (e.g., via Sparql queries). In particular, this task involved the following steps:
● Data modelling was one of the key tasks performed to transform the sensor data. After
an extensive analysis of available vocabularies and ontologies to represent sensor data
and measurement, we selected the following:
○ SSN or Semantic Sensor Network is an ontology for describing sensors and their
observations, the involved procedures, the studied features of interest, the
samples used to do so, and the observed properties. A lightweight but selfcontained core ontology called SOSA (Sensor, Observation, Sample, and
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Actuator) was actually used in this case to align the SensLog data. Link to the
ontology is https://www.w3.org/ns/sosa/.
○ Data Cube Vocabulary [REF-08] and its SDMX ISO standard extensions were
effective in aligning multidimensional survey data like in SensLog. The Data
Cube encompasses well known RDF vocabularies (SKOS, SCOVO, VoiD, FOAF,
Dublin Core).
● As mentioned before, the generation of the RDF data requires a mapping file that
specifies how to map the contents of a dataset into RDF triples, and includes
information about the data source, its format and connection details. The tool used to
execute the transformation usually also depends on the type of source data. In case
of SensLog data the source was a relational database, and thus we used D2RQ, a wellknown platform for accessing relational databases as Virtual RDF Graphs. The process
of creating the mapping file was particularly challenging as many pre-processing and
on-the-fly assumptions had to be considered to re-engineer an alignment between
the SensLog database and the ontologies/vocabularies. Once the mapping file was
generated (manually), the RDF Data of the dataset was published using D2RQ server.
The server enables accessing relational database sources as Linked Data on the fly,
and thus is quite suitable to sensor data being dynamic in nature. Requests from the
Web (e.g., SPARQL) are rewritten by the server into SQL queries via the mapping. This
on-the-fly translation allows publishing of RDF from large and/or live databases and
eliminates the need for replicating the data into a dedicated RDF triple store.
● The Linked Data from the sensor data from SensLog (version 1) was published in the
PSNC infrastructure in a D2RQ [REF-09] server (having SPARQL endpoint to query)
available at http://senslogrdf.foodie-cloud.org/.

Figure 90: B2.1 data publishing
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● Querying can be done through the Virtuoso triple store via Sparql and faceted search
endpoint http://senslogrdf.foodie-cloud.org/snorql/ .

Figure 91: B2.1 querying

11.2.3 DataBio component deployment status
Component
and name
C02.01
UWB/SensLog,

code Purpose for pilot

Deployment status

Component location

Service,
for
the operational
collection,
processing
and
publication of sensor
data. Senslog is
required
by
FarmTelemeter
service.

Lesprojekt servers

C02.05
Extension of SensLog operational
LESPRO/FarmTeleme for
processing,
try
analysis
and
publication of data
from mobile sensor
units. Tractors are
considered to be a
mobile sensor unit.

Lesprojekt servers
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C02.03
LESPRO/HSLayers

Visualisation of data operational
from tractors and
other farm data.

Lesprojekt servers

D2RQ Server

Transformation
of operational
the Linked Data from
the mapping file of
SensLog data and
publishing the data
on the fly

PSNC infrastructures

C02.06 LESPRO/Data Linking data from operational
model for PA
tracts with other
farm data.

Lesprojekt servers

11.2.4 Data assets
Data Type

Dataset

Dataset
original
source

Dataset
location

Farm data

LPIS

Ministry of Lesprojekt
Agriculture
servers

Volume (GB)

Velocity
(GB/year)

~4 GB

~4 GB

http://eagri.c
z
Machinery
data.

Tractors data
in
FarmTelemet
ry
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Collecting
Lesprojekt
from Tractors servers
by
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and
Lesprojekt

Depends on Several
what
is GB/year
considered as
part
of
dataset. Raw
positions +
other
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GB.
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Basic
data
Including
indexes and
various
processed
data ~ 100 GB
Machinery
data

Original data Data
Servers
of Several GB
from Zetor collected by Zetor’s third
Tractors
Zetor
party service
provider.

Several
GB/year

Sensor Data

Original
Collection of
sensor data Sensor data
from SensLog by Lesprojekt
into
relational
Databases of
SensLog

~10 MB

D2RQ server ~ 10 MB
within PSNC
infrastructur
e

11.3 Pilot evaluation
KPI short KPI
name
description

Goal
descri
ption

Tractors
totals

Includ 0
e as
much
tracto
rs as
possib
le

Number
s
of
tractors
and
agricultu
ral
machine
ry using
DataBio
solution
s.
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Unit of Commen
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30
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number

21
on
LESPRO
servers
50
on
Zetor
servers
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Pilot 10 [C1.1] Insurance (Greece)
12.1 Pilot overview
The main focus of the pilot is to evaluate a set of tools and services dedicated for the
agriculture insurance market that aims to eliminate the need for on-the-spot checks for
damage assessment and promote rapid pay-outs. The pilot concentrates on fusing
heterogeneous data (EO data, field data) for the assessment of damages at field level. NP will
lead the activities for the execution of the full life-cycle of the pilot with the technical support
of Fraunhofer and CSEM. Moreover, a major Greek insurance company, Interamerican, is
actively engaged in the pilot activities, bringing critical insights and its long-standing expertise
into fine-tuning and shaping the technological tools to be offered to the agriculture insurance
market. The methodology of the pilot activities involves the integration of high-power
computing and EO-based geospatial data analytics for conducting damage assessment with
data from IoT agro-climate stations for field-level condition monitoring. The convergence of
the aforementioned technologies in a single dedicated framework is expected to deal
effectively with insurance market demands which require a smooth transition from
traditional insurance policies (expensive, require human experts for damage assessment) to
more flexible index-based insurances. Index-based insurance provides transparency and
reduces bureaucracy since it is based on objective predefined thresholds. It has low
operational costs requiring minimal human intervention. On the top of that, this new type of
insurance can eliminate field loss assessment, adverse selection and moral hazards since the
whole process is fully automated, meaning that the point where the pay-out starts (trigger)
and the point where the maximum pay-out is reached (exit) are based on a prespecified fixed
model per crop. Key stakeholders of the pilot are the farmers, which wish to insure their crops
against weather-related systemic perils (e.g. floods, high/low temperatures, and drought) and
Interamerican, as a major Greek insurance company, with increased interest in agricultural
insurance products. The pilot activities are performed at Northern Greece targeting at highimpact annual crops (e.g. tomato, maize, cotton, etc.).

12.1.1 Overall Pilot summary roadmap
The following timeline applies for the pilot activities:
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Figure 92: Pilot C1.1 roadmap

12.2 Pilot progress
12.2.1 Preparatory stage
In order to support the aforementioned activities, DataBio contributed to the expansion and
the maturation of the required field-based infrastructure. More specifically, NP installed a
network of telemetric IoT stations, called GAIAtrons at several agricultural areas in Greece
and field measurements have been collected and stored since then. GAIAtrons comprise of
two (2) variants, namely: GAIAtron Atmo and GAIAtron Soil stations that focus on atmospheric
and soil measurements respectively. GAIAtrons offer configurable data collection and
transmission rates. Until now, a large amount of measurements has been collected and stored
to NP’s private cloud infrastructure, GAIA Cloud, that refer to soil temperature, humidity
(multi-depth), ambient temperature, relative humidity, barometric pressure, solar radiation,
leaf wetness, rainfall volume, wind speed and direction from various agricultural areas of
Northern Greece. Moreover, within the same cloud infrastructure, remote sensing data from
the new Sentinel 2 optical products (13 spectral bands) are also being extracted and stored
since the beginning of 2016. The latter, comprise both raw and processed (corrected
products, vegetation indices) data represented in raster formats that are being handled using
big data management methodologies. In respect to data experimentation, the following table
summarizes the preparatory activities already performed:
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Contributor

Preparatory work

NP

All supporting software and hardware infrastructure for the pilot
activities is in place. This refers to an infrastructure of IoT devices
called GAIAtrons and a set of cloud computing services called GAIA
Cloud. GAIAtrons are telemetric environment sensing stations, which
are installed in the field and record atmospheric and soil parameters.
GAIA Cloud combines the data collected from GAIAtrons with data
from other sources (i.e. satellites images) and converts them into
facts using advanced data analytic techniques.
NP through its GAIA Cloud infrastructure performs all the CETL
activities (connect, extract, transform and load) of the EO data. It has
implemented a pipeline consisting of several pre-processing steps
performed directly on Sentinel-2 products, including:
•
•
•

Automated product acquisition and indexing
Transformation
to
higher-level
products.
Quality
enhancement and noise removal.
Cloud annotation using the Fmask algorithm [REF-01], which
is intended for masking different kinds of clouds and snow
according to a cirrus cloud probability. This step alleviates the
problem caused by the presence of clouds and cloud shadows
within the optical imagery.

Building on top of the generated higher-order (Level-2) Sentinel-2
products, several indices are extracted and are used in the pilot
(NDVI, NDWI). Additionally, NP has implemented a land cover
classification methodology [REF-10] using indices (C13.02) that is
used as a baseline within this pilot. The methodology is designed to
operate at parcel level and targets towards effectively estimating the
parcel’s crop type. Parcels that have trough time significant
variations, compared to the trained models of their declared crops,
are flagged as outliers. For the development of the crop classification
models, the GAIABus DataSmart Machine Learning Subcomponent
makes use of agricultural indicators as features (e.g. NDVI indices),
taking into account multiple statistics, and directly associates their
temporal variations, with stages of the phenological cycle of the crop,
thus, bridging the gap among expert knowledge and data-driven
machine learning models. Preliminary work focused on wheat, stone
fruits, legumes, maize, forest trees, fallow and pasture with
accuracies in crop type identification reaching >80% in certain cases.
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Figure 93: C13.02 preliminary study area covering a total
282.600ha (53.580ha agricultural area). The image highlights
correctly (green coloured parcels) and incorrectly (red coloured
parcels) identified parcels.

CSEM

A crop specific Deep Neural Network framework has already been
built. A preliminary study has been performed on peaches (static
model) exploiting a dataset consisting of 27k parcels x 16 time points
(single tile) offered by NP. Using simple statistics, outliers were
removed from the training data set. A deep neural network was
trained for a time point on this data set and its performance was
measured using a previously unseen data set in various conditions,
same crop and subtype, same crop and different subtype and
completely different crop. The high variation of natural images will
benefit from further optimization in terms of data cleaning and
outlier removal.

Figure 94: C31.01 preliminary study on peaches. The image
highlights peach fields used for training (yellow coloured), peach
fields used for testing (green coloured, true positive samples) and
wheat fields used for testing (red coloured, true negative samples)
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Pilot requirements expressed as user stories in collaboration with NP.
Parcel (27k) and EO-generated data (vegetation indices statistics and
time series) provided by NP have been used to setup a demo
instance, fully exploiting Georocket’s (C04.02-C04-04) advanced data
handling functionalities (Elasticsearch) for data preparation, on-thefly spatial aggregation and visualization.

Figure 95: C04.02-04 Demo instance for on-the-fly data
visualization

12.2.2 Trial stage 1
By M15: a complete list of use cases has been drafted together with Interamerican. The
provided tools and services can be exploited by the insurance companies in three (3)
specified use case scenarios:
● Scenario 1 (basic scenario): Damage assessment targeting towards a faster and more
objective claims monitoring approach just after the disaster,
● Scenario 2: Supporting tool for the adverse selection problem. Through the use of
high-quality data, it will be possible to identify the underlying risks associated with a
given agricultural parcel, thus, supporting the everyday work of an underwriter,
● Scenario 3: Large scale insurance product/risk monitoring, that will allow the insurer
to assess/monitor the risk at which the insurance company is exposed to from a higher
level.
By M15: a first definition/exploration of the integration mechanisms needed for the
interconnection of C04.02 Georocket and NP’s GAIA Cloud has been attempted during
DataBio’s 1st Codecamp in Darmstadt, Germany,
By M16: an EO-based crop modelling, monitoring and health assessment methodology
against weather related perils has been drafted and offered as a service. The methodology
focuses on statistical methods for crop modelling. More specifically, crop type and area
tailored crop models have been created that make use of specific vegetation indices that have
proven to be suitable for identifying plant health and yield estimation. In total, four (4) major
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crops (cotton, maize, tomato, rice) of the region of Thessaly (the most significant agricultural
area in Greece) have been modelled using NDVI parcel time-series from the 2016 cultivating
period. These models were then used as a baseline for the identification of statistically
significant deviations that could indicate catastrophic incidents at parcel level. The
effectiveness of the methodology was tested against a heat-wave event (1/7/2017) that
affected all major crop types in the region and led to significant compensations. The scenario
that has been followed constitutes of two distinct steps:
●

Initially, GAIAtron measurements, confirmed that heat-wave conditions (as defined
by ELGA - the Greek Agricultural Insurance Organisation) were present (>40oC) for
several consecutive days. This proves that the region might have been affected by the
systemic risk and should be more thoroughly examined,
● This triggered, an EO-based crop condition monitoring approach that captures the
impact of the peril to crop’s health. The approach monitors multiple features such as:
a) NDVI’s area under the curve before and after the catastrophic event, and b) the
consecutive number of NDVI measurements (after the catastrophic event) with
statistically significant differences compared to the respective crop model. Inter and
intra-year results cross-examined with placed compensation claims have validated the
initial hypothesis that the heat-wave indeed affected the region’s crop health and
consequently proves that the established methodology can be a powerful tool for:
a) early identification of potentially affected/damaged parcels, crop types and
areas
b) prioritization and evaluation of the necessity for field inspections
Figure 96 shows an NDVI time-series for a tomato parcel in Thessaly. The green solid line
exhibits a severe reduction in NDVI parcel measurements just after the beginning of July 2017.
Compared to 2016 measurements (dashed line) it is clear that the heat wave affected greatly
the health of the crops and consequently the expected yield.
Figure 97 show a statistical analysis for all tomato parcels in Thessaly. The area under the
curve of each parcel is compared with the one of the 2016 model and the differences are
offered as %change. It is obvious that although there was initially a positive trend (blue
colour), after the event the situation altered and negative changes were recorded (orange
colour), indicating potential damages and yield reduction.
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Figure 96: NDVI time-series for a tomato parcel in Thessaly

Figure 97: Statistical analysis for all tomato parcels in Thessaly for the period before the
heat-wave event (blue colour) and after (orange colour)
Finally, a RESTfull service has been developed that counts the number that a parcel’s NDVI
measurements are outside the “normal” distribution within a cultivating period.
By M18: a back-end system for big data preparation handling, fast querying and spatial
aggregations has been developed and exploits C04.02-04 GeoRocket functionalities
(Fraunhofer). Fast geospatial querying and aggregating can provide valuable insights to an
expert user in order to explore Georocket’s data ingest store and visual analytics capabilities.
The first version of the front-end application for interactive data visualisation allows the user
to navigate in real-time even through challenging datasets (e.g. 500k parcel instances) and to
maintain persistent data filters of any type and perform data-driven colorization. Various
geometrical shapes can also be used to spatially filter the data (see Figure 98). Aggregation
building is another key functionality with and provides aggregation results in various forms
(graphs, pies, bars, etc), aggregated by different properties (see Figure 98). Furthermore,
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important optimisations were accomplished, mainly in the processing pipeline creating the
visualisation backend. The components were stabilised, and larger datasets can be processed
reliably. Moreover, the provided interface to request data for visualisation purposes is more
flexible now. Filters, such as time ranges, were processed on backend side as well as only
needed information is transmitted. This increases data transmission performance and allows
to handle more parcels in the web application’s map interface.

Figure 98: Screenshots from Fraunhofer’s visual analytics application
By M22: NP has extended its methodological framework and also conducted evaluation
activities for the designed tools and services. A separate analysis was performed in the region
of Evros (North-east Greece). More analytically, the analysis focused on reported floods, i.e.
to challenge a huge need of insurance companies, assessment of damage due to flood events
in cultivated areas. To this end, NP used its current infrastructure to automatically download
and process Copernicus Sentinel-2 images. By defining the spatial and temporal extent, the
system downloaded, atmospherically corrected and calculated the NDWI (Normalized
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Difference Water Index) for all the available images of the region within the specified time
range (01/02/2018 - 30/04/2018). The Normalized Difference Water Index (NDWI) is an
indicator that was developed to delineate open water features and enhance their presence
in remotely sensed digital imagery. The NDWI makes use of reflected near-infrared radiation
and visible green light to enhance the presence of such features while eliminating the
presence of soil and terrestrial vegetation features. It is suggested that the NDWI may also
provide turbidity estimations of water bodies using remotely sensed digital data. By
thresholding the NDWI images, the water-covered areas are extracted. The next step of the
process is to stack all the water-covered areas and count their temporal frequency. Thus, we
result to a thematic map that reveals for each single pixel (10 meters) the number of times it
was flooded. Aggregating this information with the parcel's shape, we calculate the
percentage of damage due to flood. Note that at the current stage of development, each time
a pixel is flooded the algorithm considers it as damage, i.e. the percentage of damage of the
parcel is calculated by dividing the number of flooded pixels by the total number of pixels of
the parcel.
What is of utmost importance is the integration of the outcomes of the aforementioned
analysis with the agronomical knowledge (crop type and phenological stage during which the
peril appeared). This step is critical for the loose correlation of NDWI-generated assumptions
and potential damages. Additionally, it serves as a guide for data-driven field inspection
prioritization, a procedure that until now was absent or was tailored using inconclusive
information, thus, leading to increased expenses and loss of time for the insurance company.
A preliminary study for the region of Evros showed that among the most cultivated regional
crops, cotton, wheat, maize is more susceptible to weather-related perils especially when
these are affecting the crops close to the harvesting period (end of summer – beginning of
autumn). A mapping among crop types, phenological stages and different weather-related
perils has been initiated and will be integrated in the pilot’s pipelines during trial stage 2.
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Figure 99: Screenshot from the analysis performed in Evros for floods
By M23: pilot KPI measurements have been collected.
By M23: CSEM’s experimentation on EO data provided by NP reached promising results. It
should be noted that initially, CSEM’s data experimentation, for the development of a deep
neural network crop classification service (DataBio’s C31.01), didn’t lead to the expected
outcomes. The preliminary study in peaches showed that static (in the temporal domain)
models are not effective since they don’t capture the temporal phenological dependencies
that differentiate various crop types. Thereby, the milestone MS1 “Service ready for Pilot 1”
wasn’t reached in M16 as expected in the DoA for that particular component. However, CSEM
took all the necessary corrective measures to speed up the data experimentation process and
focused in creating multi-temporal crop models of annual crops (e.g. wheat and maize) that
present a more uniform planting continuity (spatially). The experimentation led to a complete
pipeline, where special attention was paid in cleaning data using minimal supervision and
subsequently, creating a crop specific pixel-level classification model. Instead of using
traditional methods based on data specific heuristics and hand-crafted filters to identify
outliers, a neural network was trained to remove the unreliable data. An RNN-based
autoencoder model, motivated from the research by Mou et al and Russwurm et al, was
trained for each crop type. The spectro-temporal features are obtained for the input data and
analysed by means of k-means clustering. The clusters in the feature space separate reliable
data from the potential outliers. An expert can further refine these data groups by annotating
boundary cases. In this manner, the effort of the expert is optimized by focusing in targeted
areas. Having selected the appropriate data, a single variety pixel-level classifier model
(similar to Mou et al.), was trained and used for detecting whether an area contains a specific
crop type or not. Experiments on different crop types have shown excellent results in
identifying the crop variety while reducing the time and effort required for model creation.
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Figure 100: Steps of the crop modelling methodology used by CSEM
Within the pilot’s roadmap is to offer the aforementioned solution as a service, where each
parcel will be compared against its crop model for crop’s health condition monitoring.
For M24: further collaboration with CSEM was investigated. A remote interface, which will be
provided by CSEM, will gain access to their neural network processes and will be integrated
by Fraunhofer into the GeoRocket web application. This should make it possible to double
check already classified parcels crop types by applying CSEM’s classification algorithm on
demand.

12.2.3 DataBio component deployment status
Component code
and name

Purpose for pilot

Deployment status

Component
location

C13.01 Neurocode
(NP)

Neurocode allows
the creation of the
main pilot UIs in
order to be used by
the
end-users
(insurance
company, farmers)
and
offering
insights regarding
weather-related
perils

Neurocode handles
newly introduced
pilot
data
and
visualizes them in
highly informative
UIs.
Its
TRL9
highlights
its
maturity and its
ability to create
flexible UIs ondemand
for
addressing
endusers needs

NP Servers

C13.02 GAIABus
DataSmart
Machine Learning
Subcomponent
(NP)

• Supports EO
data
preparation
and handling
functionalities

• All
CETL
activities for EO
and
EOgenerated
products are
fully
operational

NP Servers

• Supports multitemporal
object-based
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monitoring and
modelling for
damage
assessment

C13.03 GAIABus
DataSmart Realtime
streaming
Subcomponent
(NP)

• Real-time data
stream
monitoring for
NP’s GAIAtrons
Infrastructure
installed
• Real-time
validation of
data
• Real-time
parsing and
cross-checking

C04.02 – C04.04
Georocket,
Geotoolbox,
SmartVis3D
(Fraunhofer)

• Back-end
system for Big
Data
preparation,
handling fast
querying and
spatial
aggregations
• Front-end
application for
interactive
data
visualization
that would
facilitate the
work of an
expert user
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•
Methodologic
al framework
for
damage
assessment
against
weather perils
available
The subcomponent
is fully operational
and performs:

NP Servers

• Real-time data
stream
monitoring for
NP’s GAIAtrons
• Real-time
validation
data

of

• Real-time
parsing
and
cross-checking
• Back-end system
for Big Data
preparation,
handling
fast
querying
and
spatial
aggregations
ready
(data
courtesy of NP)

Fraunhofer
Servers

• Front-end
application for
interactive
data
visualization
2D/3D in
progress
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(use case
scenario 3 of
the pilot)

• Integration with
NP’s
cloud
infrastructure
is
under
evaluation

Delivery of an
accurate machine
learning
crop
identification
system to be used
for the detection of
crop discrepancies
that might derive
from
reported
weather-related
catastrophic events

• RNN
based
approach for
reliably
classifying land
usage
from
satellite
imagery ready
(using singletile 2016 data
courtesy of NP
and focusing on
annual crops
like maize and
wheat)
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12.2.4 Data assets
Data Type

Dataset

Dataset original
source

Datase
t
locatio
n

Volum
e (GB)

Velocity
(GB/year)

EO products
in
raster
format and
metadata

Dataset
comprised of
remote
sensing data
from
the
Sentinel-2
optical
products (55
tiles for the
whole area
of Greece)

ESA (Copernicus
Data)

GAIA
Cloud
(NP’s
servers
)

>4000
0

>18800

Sensor
measuremen
ts (numerical
data)
and
metadata
(timestamps,
sensor
id,
etc.)

Gaiasense
field. Dataset
composed of
measuremen
ts from NP’s
telemetric
IoT
agroclimate
stations
called
GAIATrons
for the whole
Greek area.

NEUROPUBLIC

GAIA
Cloud
(NP’s
servers
)

Severa
l GBs

Configurable
collection and
transmission
rates for all
GAIATrons.
>100
GAIAtrons
fully
operational at
several
agricultural
areas
of
Greece
collecting >
30MBs of data
per year each
with current
configuration
(measuremen
ts every 10
minutes)
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Parcel
Geometries
(WKT),
alphanumeri
c
parcelrelated data
and
metadata
(e.g.
timestamps)

Dataset
comprised of
agricultural
parcel
positions
expressed in
vectors
along with
several
attributes
and
extracted
multitemporal
vegetation
indices
associated
with them.
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GAIA
Cloud
(NP’s
servers
)

Severa
l GBs

1 GB/year
The update
frequency
depends on
the velocity of
the incoming
EO
data
streams and
the
assignment of
vegetation
indices
statistics to
each parcel.
Currently,
new Sentinel2 products are
available
every 5 days
approximatel
y and the
dataset
is
updated
in
regular
intervals
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12.3 Pilot evaluation
KPI
short
nam
e

KPI
descripti
on

C1.1_
1

C1.1_
2

Goal
descripti
on

Base value

Targe
t
value

Measured
value

Unit
of
value

Comme
nt

Accuracy
in
damage
assessm
ent

No
prior
information
available

>80

~95

%

Accurac
y was
measur
ed for
the
floodin
g
scenari
o
in
Evros,
using
groundtruth
data
from
flooded
and
nonflooded
areas

Decrease
in
the
required
time for
conducti
ng
an
assessm
ent

Several
months

Sever
al
days

Within
2
weeks
approximat
ely

Days,
week
s,
mont
hs
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C1.1_
3

Number
of crop
types
covered
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7

4 modelled
crop types
in Thessaly.
In Evros, the
flooding
scenario
didn’t
require any
modelling,
but 9 crop
types have
been
assessed

plain
numb
er
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Pilot 11 [C1.2] Farm Weather Insurance
Assessment
13.1 Pilot overview
The objective of proposed pilot is the provision and assessment on a test area of services for
agriculture insurance market, based on the usage of Copernicus satellite data series, also
integrated with meteorological data, and other ground available data.
Among the needs of the insurances operating in agriculture, one of the most promising in
terms of fulfilment with Earth Observation data is the evaluation of risk assessment and
damages estimation down to parcel level.
For the risk assessment phase, the integrated usage of historical meteorological series and
satellite derived indices, supported by proper modelling, will allow to tune EO based products
in support to the risk estimation phase.
For damage assessment, the operational adoption of remotely sensed data-based services
will allow optimization and tuning of new insurance products based on objective parameters,
such as maps and indices, derived from EO data and allowing a strong reduction of ground
surveys, with positive impact on insurances costs and reduction of premium to be paid by the
farmers.
In the initial stage of the pilot activities, a set of services has been planned, including:
1. Historical medium resolution Risk Map: historical risk maps, based on long time series
of vegetation indices estimated form medium resolution satellite images (number of
critical events for each area).
2. Field crop growth vs. similar crop (inter-field anomalies): Indicator on crop behaviour
(average, worst, better) during current season comparing the single parcel behaviour
and the average in the area.
3. Intra-field Anomalies: information about single parcel situation to detect the growth
homogeneity and evidencing irregular areas in the parcel.
4. Correlation among weather historical data and critical events: specific indexes
supporting the introduction of parametric insurance products, obtained by using
machine learning methods that consider, as inputs:
• meteorological relevant data
• spectral specific indexes
• field characteristic (e.g. soil type)
• loss data from Insurance

13.1.1 Overall Pilot summary roadmap
The following timeline applies for the pilot activities:
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Figure 101: Pilot C1.2 roadmap

13.2 Pilot progress
13.2.1 Preparatory stage
Here following a description of the preparatory work performed:
Contributor

Preparatory work

e-GEOS

The first part of preparatory work has been focused on the analysis of
the yearly parcel crop databases, available for the whole Netherland
territory from 2009 to 2017, to better understand crop classification,
percentage distribution of crop type, mean size and shape of the parcels
(Figure 102).

Figure 102: Zoom on part of 2017 crop parcels database
The mean crop parcel size and shape are parameters to be taken in
account, considering that the vegetation indexes will be extracted from
medium satellite image resolution (10 m for Sentinel-2). One of the
results expected from the experimentation phase is the evaluation of
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minimum threshold to be applied to the size of the parcel and\or of
minimum buffer to be applied to take in account only pixels belonging
to the field, avoiding border effects, to obtain reliable results.
The analysis on parcel crop databases has been carried out in particular
on those related to 2016 and 2017 years, since Sentinel-2 data
availability starts from late 2015.
To perform preliminary test of the services that will be set up for the
Pilot, e-GEOS has collected about 1 year of Sentinel-2 data (from August
2016 to September 2017, 25 images), related to the frame T31UFT,
covering about the 50% of the demonstration area (Figure 103).

Figure 103: Sentinel-2 frame T31UFT
e-GEOS has implemented a pipeline consisting of several pre-processing
steps performed directly on Sentinel-2 and Landsat-8 products,
including:
•
•
•

Automated product downloading and archiving
Pre-processing: atmospheric correction and cloud, snow and
shadow masking
Vegetation index extraction (NDVI, NDMI, EVI, etc.)

Some of the pilot services will be developed for specific crops, as corn,
wheat, barley, etc. still to be defined.
e-GEOS, to perform preliminary test, in particular for service 2 (Field
crop growth vs. similar crop to analyse), starting from the S2 multitemporal series has analysed the NDVI behaviour for 2017 winter wheat
parcels, in order to:
•

Dissemination level: PU -Public

Extract NDVI behaviour for each wheat parcel on the whole
period of Sentinel-2 data (08/2016 – 09/2017) (Figure 104 – left
plot)
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Extract automatically the period of the winter wheat crop
(01/2017-09/2017) and the mean NDVI behaviour for that crop
(Figure 104- right plot)
Detect parcels with potentially lower productivity (lower
maximum NDVI with respect to the mean maximum value,
according to a certain thresholds (Figure 105 - left plot) or parcels
exceeding the mean NDVI, as outlier (e.g. parcels having
different crop type) (Figure 105 – right plot).

Figure 104: Winter-wheat parcels NDVI curves for all the period
analysed (left plot) and all and mean NDVI curve extracted for the
crop period (right plot, blue line)

Figure 105: Winter-wheat parcels having NDVI curves lower w.r.t the
mean curve (left figure) and for all the period analysed and winterwheat parcels having outlier NDVI curves w.r.t the mean curve (right
plot)
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Figure 106: Parcels with anomalous NDVI (lower than mean NDVI
value). It is evident the presence of field parts where the crop is not
homogeneous.

Figure 107: Parcels detected as outlier. It is evident the presence that
the parcel is not cultivated with a unique crop type

CSEM

NB Advies

Deep Learning techniques to detect crop damage to be compared with
traditional methods. Activity planned for Trial Stage 2
•
•
•
•

Dissemination level: PU -Public

Pilot requirements expressed as services in collaboration with eGEOS.
Definition of areas of interest and crops typologies to be
considered for the pilot purpose.
Sharing of the databases available in terms of parcel historical
and current data and Insurance data.
Activities related to interfacing the Insurance Final User.
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The preparatory work has been finalized to:
•

analyse the data (EO data, local weather stations data, etc.) that
have been considered useful for supporting the insurances in the
damage assessment analysis as:
o Meteo climate data from local weather stations (Figure
108)
o Other data as soil map, elevation map, CAP registration
from 2009, etc. (Figure 109)
o Copernicus Global Land Services Data as FAPAR, LAI, etc.
(Figure 110)
o EO Data Service MEA as Land Surface Temperature (LST,
Soil Moisture, etc. (Figure 111)
Some layout examples are provided in the figures below.

•

•
•
•

predict the amount of space needed to eventually store the data
into an external environment (e.g. EXUS) for a time range subset
of 1 year and for the Netherlands area
ingest the meteo-climate datasets from local weather stations
into the MEEO endpoint EODataservice MEA
review further EO precipitation data (IMERG) from Precipitation
Measurement Missions by NASA
start analysing the list of locations related to the damage report
of 2016 provided by the insurance company (Figure 114 and
Figure 115), in order to extract the parameters of interest for the
pilot and to find the correlation between weather data and
damages.

Figure 108: Meteo climate data from local weather stations
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Figure 109: Other data

Figure 110: Copernicus Global Land Services Data

Figure 111: Data from EO Data Service MEA
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Figure 112: FAPAR layer from Copernicus Global Land Services Data
overlapping with the Netherlands elevation map provided by LimeTri

Figure 113: Hydro Estimator Daily layer from EO Data Service MEA
overlapping with the Netherlands elevation map provided by LimeTri
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Figure 114: Selected localities with crops’ damages information
recorded in 2016

Figure 115: Attribute table of the point shapefile representing
damages of 2016 for some locations in Netherlands

EXUS

In case of availability of relevant, in terms of number, information on
damages it will be tested an approach based on machine learning
techniques in the Trial Stage 2
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13.2.2 Trial stage 1
According to overall objectives of the pilot, expressed in Section 13.1, the services that have
been set up in the Trial Stage 1 are briefly described here after and first results are presented.
13.2.2.1 Historical medium resolution Risk Map
The scope of the service is to provide historical risk maps, based on long time series of
vegetation indices estimated form medium resolution satellite images providing, as output, a
risk maps per crop (number of critical events for each area).
The historical risk map refers to the occurrence of “damage” in the past. The map is based on
an index derived from time series of low-medium resolution satellite images. The index is
assumed to be correlated with crop yield.
“Damages” are mapped for each year in the time series by calculating on pixel basis the
difference between the actual index value and the long-term average. When the difference
exceeds a certain threshold, we assume there is damage. Ideally, the damage threshold is
defined based on reference data such as actual losses reported on the field. Geo-localized
crop loss data will be made available by the insurance company for the period 2012-2018 but
have not been received yet.
The above approach is useful to retrieve information on the occurrence of big catastrophes
but is less suited for mapping small, local losses as this requires the use of higher resolution
satellite data.
To generate the “historical risk map” the number of years with damage is counted for each
pixel. The risk map allows to detect zones with a higher damage frequency in the past. This
information could be useful (i) for farmers, to inform them about the risks and motivate them
to take insurance or other mitigation measures and (ii) for an insurance company, to adapt
insurance premiums regionally.
The risk map does not provide information on the underlying causes of the low index values
(weather related, other causes) but it could be the basis for further analysis, e.g. trying to link
with similar weather-based risk maps, to see if certain patterns can be explained, or to further
zoom in on areas with a high damage frequency.
To generate crop-specific damage and risk maps crop type information from the Dutch
government (from farmers’ declarations) can be used. These data are publicly available since
2009. For the first trial it was decided to focus on potatoes.
In a first phase, a risk map was generated based on SPOT-VGT/Proba-V 1km fAPAR data from
2000 to 2017. The index was defined as the sum of fAPAR over the growing season. Start and
end of the growing season were detected automatically from the time series of satellite
images. Due to the lack of information on actual crop losses a fixed damage threshold was
used whereby damage was assumed to occur when the seasonal fAPAR sum was at least 20%
lower than average. Analysis of the damage occurrence for the years 2000-2017 resulted in a
first risk map as illustrated in Figure 116 below.
Dissemination level: PU -Public
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Figure 116: Map classifying the Netherlands territory in terms of number of years with
damages
In Trial stage 2 this risk map will be further refined. A specific map will be generated for
potatoes and the damage threshold will be fine-tuned with information on crop losses
received from the insurance company.
13.2.2.2 Weather based risk map
A weather-based risk map is going to complement the historical risk map calculated by VITO
to detect the occurrence of “damages” in the past. Such damages are in fact not explicitly
correlated to weather events. The risk map is intended to show the occurrence of extreme
weather events in the past. It is then going to show a reliable correlation between damages
occurred to the crops and extreme weather events, heavy rains in particular, to better define
certain damage patterns or to further zoom in on areas with a high damage frequency.
To create the risk map:
•

Precipitation data from the KNMI (Koninklijk Nederlands Meteorologisch Instituut)
have been extracted over the area of interest with respect to the following thresholds
of precipitation values and time range, as indicated by the insurance company:
o 50/71 mm in 24h (depending on the agreement between farmers and
insurance company)
o 84 mm in 48 h
o 100 mm in 96 h
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The number of times the precipitation values have exceeded the abovementioned
thresholds over the years 2016 and 2017 (more years are going to be examined as
well) have been identified
A classification of the precipitation map based on the number of occurrences is going
to be performed. This last step must be based on the analysis of the occurrences.

At the end, 8 different risk maps are expected: 1 per threshold per year. The risk map will be
available as a raster image, in geotiff format (Trial stage 2).
Moreover, starting from the list of dates related to damage claims and provided by the
insurance companies for the years 2015-2018, the extraction of precipitation values (with the
respective location coordinates) has been performed, in order to find further locations (in
addition to those provided by the insurance company) where heavy rain events have occurred
(see Figure 117 below).

mm
Figure 117: Map of precipitation extracted from KNMI dataset on date 30/08/2015.
Yellow points: locations provided by the insurance company – Blue points: further
locations whit 24-hours precipitation values above the 50 mm threshold
Finding new locations showing heavy rain events should help in finding changes in the
vegetation index. Over the coming trial, further meteo-climate variables could be taken into
account, such as temperature.
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13.2.2.3 Field crop growth vs. similar crop (inter-field analysis)

The scope of the service is to represent the status of the crop during the current season and
to use it, in case of critical weather events (flood, drought), to provide evidence that the
potential damages are really depending on the event or that the parcel was already in a critical
situation in terms of production capacity. The output of the service aims to provide and
indicator on crop behaviour (average, worst, better) during current season.
Starting from a shapefile grouping same crop fields in the area of interest, the developed tool
applies an inner buffer to each parcel and extracts the temporal profiles. Subject to data
availability, it interpolates data and runs a clustering algorithm. For each parcels the tool
calculates:
•
•
•

the distance from the centroid of the cluster;
the percentage difference between the maximum value of the parcel and the
maximum value of the centroid of the cluster;
the percentage difference between the area under the temporal parcel profile and the
area under the centroid of the cluster.

Based on the analysis of the above-mentioned data, the tool assign a degree of anomaly and
it provides a level of reliability (an indicator based on the number of missing observations).
The following figures show some results produced by the analysis. We tested the process on
winter wheat, onions and potatoes considering S2 data from 2018-01-01 to 2018-11-15. In
particular, account areas affected by drought and frost have been taken in account and the
results reveals significant differences between temporal profiles of parcels impacted, with a
high level of anomaly (assigned by the tool), and parcels not impacted with a “normal”
behaviour.
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Figure 118: NDVI profiles of winter wheat parcels impacted by an event occurred in the
months of 2018 (green line) and not impacted (blue line)

Figure 119: NDVI profiles of potato parcels
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Figure 120: NDVI profiles of winter onion parcels
13.2.2.4 Intra-field anomalies

The scope of the service is to analyse single parcel situation to detect the growth homogeneity
and evidencing irregular areas in the parcel, providing an indicator of field anomalies. The
vegetation variability within a parcel is mainly due to soil characteristics such as texture and
depth with consequences on water consumption and irregular growth but it is also affected
by extreme weather events (e.g. drought, excess of rain, frost and heat).
Starting from the temporal spectral profile of a parcel, the developed tool identifies the
period of maximum growth of the crop (if the parcel is the cultivated) and calculates mean
and deviation that are effective instruments for detecting anomalies.
A brief description of the intra-field analysis follows:
•
•
•

•

Creation of an inner buffer within the parcel polygon in order to avoid border effects.
Extraction of the parcel temporal profile by calculating the mean value for each
observation.
Identification of the observation that corresponds to the maximum growth stage of
the crop. Some filters are applied in order to exclude parcels that are not cultivated or
areas with no available images in the period of interest due to cloud cover.
Calculation of mean value and classification of pixels within the parcel based on
thresholds.
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Figure 121: Intra-field analysis based on NDVI spectral index with S2A and S2B data (tile
T31UET - year 2018) -13.2.3 DataBio Component deployment status
For Stage 1 trial, the initial set of services have been reviewed and reconfigured after the
analysis of available datasets. Some of the initially planned services (in particular the
correlation among weather historical data and critical events) were based on the assumption
to have and historical dataset of losses occurred long enough to set the threshold values and
train, when necessary, the machine learning tools. The available datasets provided by the
Insurance Company involved was not sufficient to implement these approaches (as it is
described in the section 13.2.4).
Considering the described constraints, the services that have been developed in the Trial
Stage 1 have been lightly modified to face the situation considering the available datasets and
maintaining the main goals expressed by user requirements for this specific market as
described in the paragraph above. During the next project phase, the machine learning
techniques will be tested using additional datasets in order to find the existent correlation
among weather status and probability of loss.
Moreover, the planned damage assessment after Flood critical events impacting the crops in
the region will be postponed in the second phase of the trial considering that no critical events
occurred in the time window of the Trial 1 stage. If the same will take place in the next project
phase, the team will consider another region (for example in Italy) to test and demonstrate
the methodology and developed tools.
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13.2.3 DataBio component deployment status
Component code
and name

Purpose for pilot

Deployment status

Component
location

C08.02
MEP)

EO
data
historical
mapping

for
risk

used in trial stage 1

Proba-V MEP at
VITO

C41.01 (MEA WCS)

Extraction of meteo
data for weatherbased risk map
(precipitation
values)

The component is
fully operational
and it has been
already used in trial
stage 1

MEEO server

C41.02 (MEA GUI)

Extraction of meteo
data for weatherbased risk map
(precipitation
values)

The component is
fully operational
and it has been
already used in trial
stage 1

MEEO server

C28.01
(e-geos
processors)

DataCube

The component is
operational and it
is already used in
the Trial Stage 1

e-GEOS Server

(Proba-V

Management and
pre-processing of
input EO data for
their operational
usage
EO processing
Processing chain for
multitemporal
indices
computation from
EO data
Interfield
and
intrafield analysis

Dissemination level: PU -Public

Page 172

H2020 Contract No. 732064

D1.2 – Agriculture Pilots Intermediate Report

Final – v1.0, 28/1/2019

13.2.4 Data assets
Data
Type

Datas
et

Data
set
origi
nal
sour
ce

Dataset location

Vol
um
e
(GB
)

SPOTVGT/Pr
oba-V
satellit
e data

10day
fAPAR

Vector
data

Proba
-V
MEP

Proba-V MEP at VITO

5.2

N/A

Nethe
rlands
field
declar
ations
(2017
and
2018)

Nethe
rlands
Payin
g
Agenc
y

WFS

2

1

NDVI
data in
raster
format
and
metada
ta
(2017
and
2018)

Remot
e
sensin
g data
from
Sentin
el-2
optica
l
satelli
te for
two
years
on 2
tiles

ESA
(Cope
rnicus
Data)

140

210
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Service

Vel
ocit
y
(GB
/ye
ar)

https://geodata.nationaalgeoregister.nl/brpge
waspercelen/wfs?&request=GetCapabilities&s
ervice=WFS

Copernicus Scihub
https://scihub.copernicus.eu/
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(20172018)

Meteoclimate
data
from
local
weathe
r
station
s

24hour
precip
itation
accum
ulatio
ns
from
radar
and
rain
gauge
s
(2010
and
from
2015
to
prese
nt)

KNMI
Konin
klijk
Neder
lands
Mete
orolo
gisch
Institu
ut

MEEO server

0.4
1

0.18

13.3 Pilot evaluation
Different relevant KPIs have been identified so far related to three main KPI typology:
Accuracy of the information provided, Time reduction for the collection of valuable
information related to risk and damage assessment and impact on information costs. More
analytically, the KPIs of the present pilot are the following:
KPI
short
name

KPI
descripti
on

Goal
descriptio
n
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Base
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Target
value

Measure
d value

Uni
t of
val
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Comment
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C1.2_1

Improved
Damage
assessment
success
ratio2

C1.2_2

Improved
Risk
assessment
success
ratio

Accuracy

C1.2_3

2

Improved
damage
assessment
(service)
compared
to historical
assessment
data
(in
term
of
effected
area and
payment)
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-

TBD

>70

TBD

50

TBD

%

damage
assessment
will
be
demonstrat
ed in the
trial 2 stage

%

expressed
as
the
ratio
among
measured
risk areas
and
damage
occurred
at the end
of
the
season

%
are
a;

damage
assessmen
t will be
demo
stated in
the trial 2
stage

€

Having an acceptable error rate when tested on historic data that it was not trained on.
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C1.2_4

Time
reductio
n

C1.2_5

C1.2_7

Decrease in
the
required
time
for
conducting
a damage
assessment
with
respect to
in
field
controls
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TBD

Decrease in
required
time
to
reach
informatio
n for risk
assessment
on target
areas with
respect to
traditional
procedures

Costs

Cost
of
informatio
n for risk
assessment
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TBD

50

TBD

TBD

40

ho
urs

damage
assessmen
t will be
demo
stated in
the trial 2
stage

%

Days

%

Informatio
n
about
current
costs
of
insurance
are
not
available
at
this
stage and
will
be
evaluated
in
the
second
phase of
the trial.
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C1.2_8

Cost
reduction
for damage
assessment
with
respect of
in
field
controls
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TBD

TBD

%

damage
assessmen
t will be
demo
stated in
the trial 2
stage
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Pilot 12 [C2.1] CAP Support
14.1 Pilot overview
In the framework of EU Common Agricultural Policy (CAP), farmers can have access to
subsidies from the European Union, that are provided through Paying Agencies operating at
national or regional level. For the provision of the subsidies, Paying Agencies must operate
several controls in order to verify the compliance of the cultivation with EU regulations. At
present, the majority of the compliance controls are limited to a sample of the whole amount
of farmers’ declarations due to the increased costs of acquiring high and very-high resolution
satellite imagery. Moreover, they are often focused on a specific time window, not covering
the whole lifecycle of the agriculture land plots during the year.
The free and open availability of Earth Observation data is bringing land monitoring to a
completely new level, offering a wide range of opportunities, particularly suited for
agricultural purposes, from local to regional and global scale, in order to enhance the
implementation of Common Agricultural Policy (CAP). Nowadays, satellite image time series
are increasingly used to characterize the status and dynamics of crops cultivated in different
agricultural regions across the globe.
Pilot C2.1 CAP Support provides products and services, based on specialized highly automated
techniques for processing big data, in support to the CAP and relying on multi-temporal series
of free and open EO data, with focus on Copernicus Sentinel 2 data.
The main goal of the approach is to provide services in support to the National and Local
Paying Agencies and the authorized collection offices for a more accurate and complete farm
compliance evaluation - control of the farmers’ declarations related to the obligation
introduced by the current Common Agriculture Policy (CAP).

14.1.1 Overall Pilot summary roadmap
The following timeline applies for the pilot activities:

Figure 122: Pilot C2.1 roadmap
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14.2 Pilot progress
14.2.1 Preparatory stage
EU Regulation No. 746 of 18 May 2018 introduces the option for Member States, starting
from the 2018 campaign, to use an alternative methodology to that of field controls using
information from Copernicus Sentinel satellites, possibly supplemented by those of EGNOS /
Galileo. This approach requires the collection and processing of large amounts of Earth
Observation (EO) data, in order to efficiently turn images into information that can be
embedded into Paying Agencies workflows. EO Big Data are theoretically accessible through
multiple platform and interfaces, but a potential obstacle to their full exploitation is in the
technological barrier between raw data and pre-processed and consistent datasets, especially
for not fully experienced users. For supporting Paying Agencies in the implementation of this
alternative methodology (that is going to become mandatory after 2020), a technical solution
for supporting Single Scheme Payments, based on the computation on markers related to
agricultural practices detection, has been implemented for the trial. Methodology is based on
the processing of time series of optical Sentinel-2 satellite data. This trial operates with slight
differences versus original design and has been tuned because Paying Agencies need to be
supported in the extraction of information that can be used as input to workflows for farmers
applications compliance verification starting from the Single Scheme Payments that requires
the check of farmers activities on their agricultural parcels.

Contributor

Preparatory work

e-GEOS

The first part of preparatory work has been focused on a preliminary
collection, pre-processing and analysis of the data needed for the
running of the North Italy pilot: Sentinel-2 time series and crop database
(LPIS) available on the area of interest (provinces of Verona, Vicenza,
Trento, Brescia and Mantova) for 2016 (Figure 123).
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Figure 123: Area of Interest of North Italy Pilot (Veneto)
One of the 2 main objectives of the pilot is to automatically identify
parcels over which the declared crop is potentially different from the
one included in the LPIS, using Sentinel-2 data.
As aforementioned, considering geometric and thematic accuracy of
LPIS, that foresees a detailed legend based on hundreds of crop type,
requiring 0,5 m resolution imagery for delineation and measurement of
parcels, Sentinel-2 can therefore not completely replace the ComputerAssisted Photo-Interpretation (CAPI) based on aerial imagery or satellite
Very High Resolution. Anyway, Sentinel-2 data can support the
identification of incongruences, with respect to the declaration,
according to a higher-level legend aggregating LPIS crop type in more
generic classes (e.g. corn, wheat, grasslands, vegetables, cereals, etc.).
For this reason, e-GEOS has collected on the AOI, up to now:
•

Dissemination level: PU -Public

Sentinel-2 data (from December 2016 to September 2017, 20
images practically cloud free), related to the frame T32TPR
(Figure 124). The Sentinel-2 time series collected has been
processed for the extraction of NDVI for the next phase of
methodology development.
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Figure 124: Sentinel-2 images available on the AOI (July 2017)
•

the LPIS related to 2016 over the province of Verona, covering
about the 60% of the AOI (Figure 125) and analysed the legend
in order to select and aggregate, in macro classes, the crop types
suitable for the automatic detection of anomalies (Figure 126),
based on the Sentinel-2 time series.

Figure 125: LPIS 2016 available on the Verona province
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Figure 126: LPIS legend with crop type aggregation in macro classes
(table and GIS view)
The objective of this component of the pilot is to develop a methodology
able of providing a classified alert, as a sort of quality label (e.g. green,
yellow or red) depending of degree of compatibility with the culture
declared in the LPIS.
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The preparatory work has been focused on a preliminary collection, preprocessing and analysis of the data needed for running the pilot in
Romania.
The preparatory stage for Pilot C2.1 CAP Support consisted in three main
stages:
a) the selection of the area of interest (AOI);
b) data collection;
c) data preparation.
(a) The selection of the 10.000 km2 area of interest (AOI) was done by
performing a multicriteria analysis based on the following features:
•
•
•

plots’ size - the land parcels should be as large as possible with a
minimum degree of land fragmentation, if possible;
crops’ diversity - the selected area should contain as many
different types of crop types as possible;
accessibility - any point or parcel within the area should be easily
accessed during field campaigns / field observations and should
be situated relatively close to Bucharest.

The final 10.000 km2 area of interest (AOI) is situated both in the
eastern and western part of Bucharest, inside the counties of Ilfov,
Dambovita, Prahova, Buzau, Braila, Ialomita and Calarasi and overlaps
two Sentinel-2 granules: 35 TMK and 35 TNK.
It includes more than 64 000 plots larger than 1,5 hectares, summarizing
more than 672.000 hectares, with an average area of approximately
10,5 hectares.
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Figure 127: The Area of Interest (AOI), approx. 10.000 km2
(b) Data collection involved:
•
•
•

downloading and storing the EO data – Sentinel 2, Landsat 8 for
the chosen AOI;
collecting in-situ / field data regarding crop types through a
series of field campaigns;
collecting the plots representing farmers’ declarations regarding
crop types and areas covered, that have been delivered by APIA
(Agency for Payments and Intervention in Agriculture), the
Romanian National Paying Agency.

Figure 128 below illustrates a snapshot of the arable land plots overlaid
on a Sentinel 2 natural colours composite. The area is located in Ialomita
county.
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Figure 128: Detail of the area of interest and the arable land plots
used in the analysis
(c) Data preparation involved two stages:
•

•

Dissemination level: PU -Public

EO data pre-processing - achieved through the use of
components C39.01 - Mosaic Cloud Free Background Service and
C39.03 - S2 Clouds, Shadows and Snow Mask Tool. This stage also
included deriving different EO products – e.g.: vegetation
indices, band combinations.
Reclassifying crop types into crop families. Considering the
similarities between the various types of crops, the initial LPIS
crop types were aggregated into several “crop family codes”
based on their similar phenology and/or spectral behaviour. The
result is a generic legend, made up of 10 major crop families,
from which only 5 were included in our analysis. These five main
classes (crop families) were chosen based on the natural features
of the area of interest: wheatlike crops, maizelike crops,
sunflower and related crops, rapeseed and related crops,
grassland, pastures and meadows (Table 8 below).
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Table 8: Reclassified values regarding crop families
Initial crop codes, according to LPIS

Crop
family
code

101, 102, 103, 104, 105, 106, 107, 111, 1
112, 113, 114, 1010, 1020, 2050,
1060, 1070, 1117

Wheatlike cereals
(wheat, oat, barley,
rye etc.)

108, 109, 110, 115, 116, 117, 118, 119, 2
120, 131, 9541, 9550

Maizelike cereals
(maize,
sorghum
etc.)

123, 124, 125, 126, 201, 204, 206, 207, 3
217, 218, 2207

Sunflower
related crops

and

202, 2020

Rapeseed
related crops

and

4

450, 500, 501, 550, 551, 603, 604, 605, 5
606, 607, 608, 970, 971
TRAGSA

Crop family

Grasslands,
pastures, meadows

TRAGSA will support the testing of the developed system in Spain

14.2.2 Trial stage 1
14.2.2.1 Trial stage in Italy
For the trial, markers are computed in relation to predefined scenarios in terms of crop type
and reference periods during which agricultural practices must take place. The methodology
is working at parcel level, therefore computing several markers for each parcel depending on
the specific crop type.
The workflow is based on the following steps:
•
•
•

Download of Sentinel-1 and Sentinel-2 satellite data from repositories. Images
collected in 2017 and 2018 have been
Pre-processing of Sentinel-2 data in order to mask clouds and related shadows
Generation of spectral indices from pre-processed Sentinel-2 satellite data, also by
composing data from different images, to be used for markers computation
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Intersection of Sentinel-2 spectral indices and pre-processed Sentinel-1 data with
parcels to be monitored
Computation of markers at parcel level

Markers are then fed to the internal workflow of the Paying Agencies for supporting the
analysis and computation of the compliance vs administrative regulations of farmers
applications for subsidies at parcel and farm level.
The whole workflow must address several issues and in particular:
•
•
•
•
•

The collection and efficient storage of satellite
The processing of huge amount of data both in time and space
The proper definition of markers computation workflow
The need for scalability
The interface with the Paying Agencies data and workflow

For the first two points, has been considered the usage of the DataCube technique, allowing
the generation of time series of satellite data independently of resolution. The usage of
DataCube drastically reduces the time needed for data downloading and preparation for
making them available for operational processing finalized at information extraction. Of
course, the full optimization can be achieved when also operating in a cloud environment,
therefore allowing a full scalability of the processing both on larger timeframes as well as on
a wider area.

Figure 129: NDVI temporal trend with identification of relevant periods
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For the definition of markers, it must be considered that each of them must be defined
according to the geographic location, and specific algorithm and related parameters must be
identified, therefore requiring a proper tuning by leveraging on time series analysis. This
operation is supported by the analysis, for each crop, of its spectral behaviour along time, in
order to identify from a mathematic point of view, markers related to specific activities.
In Figure 129has been reported for example, for a generic crop, the identification of the two
periods in which a ploughing (in blue) or a harvesting (in pink) event are expected. The event
must be detected from a proper algorithm operating on time series and is identified by a
marker. If the marker is negative, it means that the event has not been detected and this
information must be handled by the Paying Agency for the farmer payment.
In Figure 130 and in Figure 131 have been reported two examples of evidence of activities
(removal and harvesting) identified by specific markers.

Figure 130: Example of vineyards removal detected with a specific removal detection
marker. On the left: Sentinel-2 image (summer 2017). In the centre: Sentinel-2 image
(summer 2018). On the right: 2016 orthophoto
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Figure 131: Example of positive harvesting detection marker. The sunflower field has been
correctly identified as ploughed in the expected reference period.
Scalability has been considered by designing a processing environment that can be easily
ported to a cloud infrastructure, therefore removing processing and storage limitations that
could be a strong barrier for enlarging at regional or national level or more.
Other relevant issue that has been taken into consideration is the exchange of input and
output data with the Paying Agency. This interaction involves, apart from privacy issues,
requires the masking of several data mainly related to property, a clear definition of output
products in terms of specifications that can properly fit the compliance verification process.
In fact, regulations for the same crop type can be different according to the location and the
adopted application schema.
The methodology has been tested over a wide area in South Italy for its tuning and will be
applied for the project in Veneto.
14.2.2.2 Trial stage in Romania
The general methodology for Trial 1 was based on the comparison between real crop
behaviour and the expected trends for each crop typology. It involves image processing, data
mining and machine learning techniques and is based on different categories of input data:
Sentinel-2 and Landsat-8 SITS covering the time period of interest, farmers’ declarations of
intention with respect to crops types, as well as in-situ / field data.
The processing chain involves a series of well-defined steps:
•
•
•
•

image pre-processing (numerical enhancements for Sentinel-2 and Landsat-8 scenes,
ingestion of external data, clouds and shadows masking);
individual scene classification;
the use of unsupervised machine learning techniques in order to obtain the crop
probability maps at scene level.
In the end, time series analysis allows the generation of overall crop probability maps
and derived products.
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The system produces three main types of results, all provided at a 10-meters spatial
resolution:
•
•
•

Crop Mask Maps, which are pixel level maps, identifying some of the most important
crop types;
Parcel Use Maps, which are object-based maps, showing the most probable type of
crop at plot level;
Crop Inadvertencies Maps, which can be both pixel-based and object-based maps,
revealing the areas for which the declared type of crop included in the LPIS appears to
be different from the identified one. The pixel-based analysis states whether pixel
values correspond or are different from typical spectral values of the declared crop
types, whereas the object-based analysis reveals the plots for which the declared type
of crop appears to be different from the one identified based on satellite imagery,
based on a specific threshold. The parcel-based analysis involves a relative pixel count
within the parcel boundary, in order to determine whether the parcel corresponds or
not to the declared crop type. The objective of this type of analysis was to provide a
qualitative scale, ranging from high level of disagreement to high level of
correspondence to the declared crops included in the LPIS.

Figure 132: Crop families detection using Sentinel 2 temporal series
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Figure 133: Pixel-based results of the analysis regarding potential incongruences with
respect to farmers’ declarations stating crop types and areas covered

Figure 134: Plot-based results of the analysis regarding potential incongruences with
respect to farmers’ declarations stating crop types and areas covered
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Following the results of Trial 1 stage, we can conclude that:
•
•

•

•

There are well visible differences in declared crops versus crops identified through
unsupervised machine learning algorithms.
The validation of the preliminary results against independent sources (in-situ data,
high or very high-resolution imagery) revealed promising results, with an accuracy
higher than 90% for all the selected crop families.
There is a need for further trials, for more areas of interest, in order to compare the
results and refine parameter settings in algorithm design. Also, during Trial 2 stage
crop types will be used instead of crop families.
The highly-automated proposed approach allows the performing of big data analytics
to various crop indicators, being reliable, cost- and time-saving and allowing a more
complete and efficient management of EU subsidies, strongly enhancing their
procedure for combating non-compliant behaviours. The developed technique is
replicable at any scale level and can be implemented for any other area of interest.

14.2.3 DataBio component deployment status
Component code
and name

Purpose for pilot

Deployment
status

Component
location

C04.02:
GeoRocket

Data access – Data
storage

Java Application

Owner: Fraunhofer

GeoRocket
consists of two
components: the
server and the
command-line
interface (CLI).

Visibility: public

Java Application,
Cloud Services

Owner: Fraunhofer

C04.03:
GeoToolbox

Data curation –
Geospatial
data
processing

The services can
be executed as
command
line
applications
or
deployed as web
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https://georocket.io

Visibility: visible to
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services
cloud.

C07.01: FedEO
Gateway

Data Management
(Collection,
Curation, Access) –
EO
Collection
Discovery,
EO
Product Discovery,
Catalog, Metadata

to

the

Java application

Owner: Spacebel

Can be made
available
as
software to be
deployed
elsewhere or can
be provided as a
service (hosted by
Spacebel).

Visibility: visible to
project

Can be made
available
as
software to be
deployed alone or
in
combination
with
FedEO
Gateway
component
(to
access
remote
catalogs) and Data
Manager
(to
retrieve external
data/metadata).
C31.01: Neural
Network
Suite
for
Image
Processing

Descriptive
analytics – image
classification,
pattern detection crop identification
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Windows
Application

Owner: CSEM

Visibility: visible to
project
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C39.01: Mosaic
Cloud
Free
Background
Service

Data management
and Data curation keeping an up to
date
collage
(mosaic)
of
Sentinel-2
and
Landsat-8 images,
covering the area
of interest (AOI)
with the latest,
cloud free satellite
scenes;
the fusion and
harmonization
between images
are made only at
RGB level, mainly
for eye inspection,
but also for other
possible advanced
processing;
the
whole
process
chain
is
independent and
self-content,
based on cloud
and shadows mask
extraction,
histogram
matching
procedures and,
finally, a pixelbased analysis.
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The component is
deployed on an
application server
and provides a
remote
sensing
monitoring service
developed
inhouse
by
Terrasigna.

Terrasigna’s servers

The service can
run
on
Linux
server, delivering
results via WMTS.

Backgrounds are
updated
automatically,
soon after a new
raw
scene
is
available.
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C39.02: EO Crop
Monitoring
Service

Descriptive
analytics – EO data
processing.
The
component is able
to assess the
agriculture parcels
from satellite data
and
farmers’
declarations
in
order to create a
series of products
like, Crop masks,
Parcels used maps
and
Crop
inadvertencies
maps, based on
SITS - Satellite
Image Time Series.

Service hosted by
Terrasigna.
The
component
is
running on a Linux
server.

Terrasigna’s servers

C39.03:
S2
Clouds, Shadows
and Snow Mask
Tool

Data curation - EO
data
preprocessing.
The
tool
produces
Sentinel-2 Clouds,
Shadows
and
Snow
Masks,
based only on raw
data,
improving
the results of the
genuine
quality
assessment band.
The results are
raster
maps
(GeoTiff) with 4
label codes: 0 – for
no data, 1 – for
uncontaminated/
free pixels, 2 – for
snow, 3 – for
shadows and 4 –
for clouds.

The
processing
chain
was
developed
for
Sentinel
2
imagery, based on
an
in-house
formula.
The
algorithm
was
intensely tested
on
many
S2
scenes, in all
seasons and in
various
geographical
situations. Internal
benchmarking
shown
better
performances
than other known
solution
(e.g.
fMask or the
genuine
S2
algorithm).
A

Terrasigna’s servers
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stand-alone
executable file was
prepared for Linux
environment.
C28.01 (e-geos
processor)

DataCube
Management and
pre-processing of
input EO data for
their operational
usage

The component is
operational and it
is already used in
the Trial Stage 1

e-GEOS Server

EO processing
Processing chain
for multitemporal
indices
computation from
EO data
Markers
engine
Computation
of
markers
at
agricultural parcel
level

14.2.4 Data assets
Data Type

Dataset

Dataset
original
source

Dataset
location

Volume
(GB)

Velocity
(GB/year)

Optical
satellite
imagery

Landsat-8
OLI

NASA
USGS (U.S.
Geological
Survey)

Terrasigna’
s servers
(local
storage)

until
present
(Trial
1):
approximat
ely 60 GB

approximat
ely
35
GB/year

- 2017 2019
(estimated
Dissemination level: PU -Public

(the
pilot
area
is
covered by
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for Trial 1 +
Trial
2):
approximat
ely 100 GB

3 Landsat-8
tiles
181/29,
182/29,
183-29,
with a 16days revisit
time;
approximat
ely
40
Landsat-8
scenes used
for
each
agricultural
season;
each
archive
containing
185 km X
170 km tiles
is about 900
MB)

Optical
satellite
imagery /
Copernicu
s
Sentinel

Sentinel-2
MSI - both
Sentinel2A
and
Sentinel2B

Dissemination level: PU -Public

ESA
(Copernicu
s Data), via
Copernicus
Open
Access Hub

Terrasigna’
s servers
(local
storage)

until
present
(Trial
1):
approximat
ely 140 GB
- 2017 2019
(estimated
for Trial 1 +
Trial
2):
approximat
ely 240 GB

approximat
ely
85
GB/year
considering
the
full
constellatio
n (Sentinel2A
+
Sentinel2B)

(the
pilot
area
is
covered by
2 Sentinel-2
tiles
35TMK and
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35TNK, with
a
5-days
revisit time;
more than
120
Sentinel-2
scenes used
for
each
agricultural
season;
each
archive
containing
100 km X
100 km tiles
is about 700
MB)
In-situ
data

In-situ
data

Field data

Terrasigna’
s servers
(local
storage)

until
present
(Trial
1):
tens of MB
(60 - 70 MB)

tens
of
MB/year

- 2017 2019
(estimated
for Trial 1 +
Trial
2):
approximat
ely 100 MB
Farm
profile
data

Farm
profile
data
farmers'
declaratio
ns
regarding
crop types
and area
covered,
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APIA
(Agency
for
Payments
and
Interventio
n
in
Agriculture
)
Romanian

Terrasigna’
s servers
(local
storage)

until
present
(Trial
1):
approximat
ely 150 MB
(farmers'
declaration
s for 2017
and 2018)

<
100
MB/year
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for each
agricultura
l season

National
Paying
Agency

Paying
Agency
GSAA, with
different
releases
along the
year

Italian
Paying
Agency

Italian
Paying
Agency

5

25C

Remote
sensing
data from
Sentinel-2
optical
satellite
for three
years
(20172019)

ESA
(Copernicu
s Data)

ESA
(Copernicu
s Data), via
Copernicu
s Open

630

210

1

5

Activity
markers
for
agricultura
l
fields,
with
different
releases
along the
year
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- 2017 2019
(estimated
for Trial 1 +
Trial
2):
approximat
ely 250 MB

Access
Hub
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14.3 Pilot evaluation
KPI
short
name

KPI
descripti
on

Goal
descripti
on

Base
value

Targ
et
valu
e

Measur
ed
value

Unit of
value

Comm
ent

C2.1_1

Percenta
ge
of
checked
farms
only
with EO
data vs
total
number
of farms

With EO
time
series it
is
possible
to move
from the
past 5%
checked
farm to a
wider
percenta
ge

5%

75%

75%

EO
checke
d farms
vs all
farms

It
really
depend
s on the
precisio
n
of
declare
d
parcels
availabl
e

C2.1_2

Percenta
ge
of
parcels >
0.5 ha
that are
checked

All the
parcels
having
size > 0.5
ha could
be
checked.
Several
indicator
s could
not be
compute
d
in
absence
of valid
images in
the
referenc
e period

5%

95%

100%

Parcels
> 0.5 ha
checke
d s for
all
related
indicat
ors
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C2.1_3

Days
from last
EO
acquisiti
on after
which all
markers
are
provide
d to the
Paying
Agency

Paying
Agency
needs
fresh
informati
on
for
farms
analysis.
Markers
should
be
provided
within
few days
from
satellite
data
collectio
n
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5

5

Days
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Pilot 13 [C.2.2] CAP Support (Greece)
15.1 Pilot overview
NEUROPUBLIC and GAIA have launched a highly ambitious pilot in Northern Greece in an area
covering 50000ha, targeting towards the evaluation of a set of EO-based services designed
appropriately to support specific needs of the CAP value chain stakeholders. The pilot services
rely on innovative tools and complementary technologies that will sustain the
interconnection with IoT infrastructures and EO platforms, the collection and ingestion of
spatiotemporal data, the multidimensional deep data exploration and modelling and the
provision of meaningful insights, thus, supporting the simplification and improving the
effectiveness of CAP.
The pilot activities aim at providing EO-based products and services designed to support key
business processes including the farmer decision-making actions during the submission of aid
application and more specifically leading to an improved “greening” compliance. The
ambition of the current pilot is to deal effectively with CAP demands for agricultural crop type
identification, systematic observation, tracking and assessment of eligibility conditions over a
period of time. The pilot activities are fully aligned with the main concepts of the new
agricultural monitoring approach which will effectively lead to fewer controls, will facilitate
and expand the adoption of technology to the farmer communities, will promote the
penetration of EO deeper into the CAP line of business and raise the awareness of the farmers,
agronomists, agricultural advisors, farmer cooperatives and organizations (e.g. groups of
producers), national paying agencies (e.g. OPEKEPE) on how new technological tools could
facilitate the crop declaration process.
The pilot will mainly focus on annual crops with an important footprint in the Greek
agricultural sector (rice, wheat, cotton, maize, etc.). The main stakeholders of the pilot
activities are the farmers from the engaged agricultural cooperatives in the pilot area and
GAIA that has a supporting role in the farmers’ declaration process. CSEM is also involved in
the pilot providing its long-standing expertise in the technological development activities.

15.1.1 Overall Pilot summary roadmap
The following timeline applies for the pilot activities:
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Figure 135: Pilot C2.2. roadmap

15.2 Pilot progress
15.2.1 Preparatory stage
In order to support the aforementioned activities, DataBio contributed to the expansion and
the maturation of the required field-based infrastructure. More specifically, NP installed a
network of telemetric IoT stations, called GAIAtrons at several agricultural areas in Greece
and field measurements have been collected and stored since then. GAIAtrons comprise of
two (2) variants, namely: GAIAtron Atmo and GAIAtron Soil stations that focus on atmospheric
and soil measurements respectively. GAIAtrons offer configurable data collection and
transmission rates. Until now, a large amount of measurements has been collected and stored
to NP’s private cloud infrastructure, GAIA Cloud, that refer to soil temperature, humidity
(multi-depth), ambient temperature, relative humidity, barometric pressure, solar radiation,
leaf wetness, rainfall volume, wind speed and direction from various agricultural areas of
Northern Greece. Moreover, within the same cloud infrastructure, remote sensing data from
the new Sentinel 2 optical products (13 spectral bands) are also being extracted and stored
since the beginning of 2016. The latter, comprise both raw and processed (corrected
products, vegetation indices) data represented in raster formats that are being handled using
big data management methodologies. In respect to data experimentation, the following table
summarizes the preparatory activities already performed:
Contributor

Preparatory work

NP

All supporting software and hardware infrastructure for the pilot
activities is in place. This refers to an infrastructure of IoT devices
called GAIAtrons and a set of cloud computing services called GAIA
Cloud. GAIAtrons are telemetric environment sensing stations which
are installed in the field and record atmospheric and soil parameters.
GAIA Cloud combines the data collected from GAIAtrons with data
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from other sources (i.e. satellites images) and converts them into
facts using advanced data analytic techniques.
NP through its GAIA Cloud infrastructure performs all the CETL
activities (connect, extract, transform and load) of the EO data. It has
implemented a pipeline consisting of several pre-processing steps
performed directly on Sentinel-2 products, including:
•
•
•

Automated product acquisition and indexing
Transformation
to
higher-level
products.
Quality
enhancement and noise removal.
Cloud annotation using the Fmask algorithm [REF-01], which
is intended for masking different kinds of clouds and snow
according to a cirrus cloud probability. This step alleviates the
problem caused by the presence of clouds and cloud shadows
within the optical imagery.

Building on top of the generated higher-order (Level-2) Sentinel-2
products, several indices are extracted and can be used for the pilot
(NDVI, NDWI).
Additionally, NP has implemented a land cover classification
methodology [REF-10] using indices (C13.02) that is used as a
baseline within this pilot. The methodology is designed to operate at
parcel level and targets towards effectively estimating the parcel’s
crop type. Parcels that have trough time significant variations,
compared to the trained models of their declared crops, are flagged
as outliers. For the development of the crop classification models, the
GAIABus DataSmart Machine Learning Subcomponent makes use of
agricultural indicators as features (e.g. NDVI indices), taking into
account multiple statistics, and directly associates their temporal
variations, with stages of the phenological cycle of the crop, thus,
bridging the gap among expert knowledge and data-driven machine
learning models. Preliminary work focused on wheat, stone fruits,
legumes, maize, forest trees, fallow and pasture. with accuracies in
crop type identification reaching >80% in certain cases.
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Figure 136: C13.02 preliminary study area covering a total
282.600ha (53.580ha agricultural area). The image highlights
correctly (green coloured parcels) and incorrectly (red coloured
parcels) identified parcels.

CSEM

A crop specific Deep Neural Network framework has already been
built. A preliminary study has been performed on peaches (static
model) exploiting a dataset consisting of 27k parcels x 16 time points
(single tile) offered by NP. Using simple statistics, outliers were
removed from the training data set. A deep neural network was
trained for a time point on this data set and its performance was
measured using a previously unseen data set in various conditions,
same crop and subtype, same crop and different subtype and
completely different crop. The high variation of natural images will
benefit from further optimization in terms of data cleaning and
outlier removal.

Figure 137: CSEM's C31.01 preliminary study on peaches. The
image highlights peach fields used for training (yellow coloured),
peach fields used for testing (green coloured, true positive
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samples) and wheat fields used for testing (red coloured, true
negative samp

15.2.2 Trial stage 1
By M16: an EO-based crop classification methodology, offered as a service, has been
implemented, thus, evolving NP’s GAIABus DataSmart Machine Learning Subcomponent
(C13.02). The methodological framework uses a set of automatically generated and updated
markers (parcel-related features that refer to a temporal snapshot of land’s use) and signals
(time-series of the features) using statistical operations at parcel level (mean, median, max
and standard deviation) for the creation of data-driven crop type models. The parcel signals
are “data aggregates” that can be related to the physical properties of the land cover (and
thus its crop type). The basic assumption in order to derive meaningful information from the
EO and EO-generated data (NDVI) is that the declared parcel contains a significant number of
pixels. Various machine-learning methodologies (SVM, NNs, Random Forest) are exploited,
where appropriate, for the development of crop classification models. The targeted region
was the greater area of Thessaloniki, Greece (for offering to the Farmer Support Center of
Thessaloniki a valuable error checking tool for assessing “greening” compliance after the aid
application period closes and usually in early Autumn) and the crop types that have been
modelled were all major regional crops and more specifically: rice, wheat, cotton, maize,
tobacco, sugar beet and fallow (~20% of the total cultivated area). The farmers that could
benefit from the methodology are the ones holding parcels of >10ha that are eligible for
checks for greening requirements related to crop diversification.

Figure 138: Geographical distribution of the parcels that take part to the pilot activities
Using 2016 and 2017 EO-generated data (NDVI time-series of parcels used as features) for
training and testing, Random Forest exhibited the best overall accuracy (~90%) in addition to
providing the fastest response. A basic service has been developed that finds for each
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cartographic background its NDVI time series and uses it for classifying it against the seven
(7) trained crop types. In order to offer the results to the farmers, a traffic light system is used,
fully compliant with evaluating “greening” requirements. The described procedure provides
the means for regular and systematic observation of the fulfilment of eligibility conditions and
can be used to protect the farmer during his aid application.

Figure 139: A traffic light approach is used for offering the results
By M18: the design of the main pilot UIs has started using NP’s Neurocode functionalities,
By M18: pilot KPI measurements have been collected.
By M23: CSEM’s experimentation on EO data provided by NP reached promising results. It
should be noted that initially, CSEM’s data experimentation, for the development of a deep
neural network crop classification service (DataBio’s C31.01), didn’t lead to the expected
outcomes. The preliminary study in peaches showed that static (in the temporal domain)
models are not effective since they don’t capture the temporal phenological dependencies
that differentiate various crop types. Thereby, the milestone MS1 “Service ready for Pilot 1”
wasn’t reached in M16 as expected in the DoA for that particular component. However, CSEM
took all the necessary corrective measures to speed up the data experimentation process and
focused in creating multi-temporal crop models of annual crops (e.g. wheat and maize) that
present a more uniform planting continuity (spatially). The experimentation led to a complete
pipeline, where special attention was paid in cleaning data using minimal supervision and
subsequently, creating a crop specific pixel-level classification model. Instead of using
traditional methods based on data specific heuristics and hand-crafted filters to identify
outliers, a neural network was trained to remove the unreliable data. An RNN-based
autoencoder model, motivated from the research by Mou et al [REF-11] and Russwurm et al
[REF-12], was trained for each crop type. The spectro-temporal features are obtained for the
input data and analysed by means of k-means clustering. The clusters in the feature space
separate reliable data from the potential outliers. An expert can further refine these data
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groups by annotating boundary cases. In this manner, the effort of the expert is optimized by
focusing in targeted areas. Having selected the appropriate data, a single variety pixel-level
classifier model (similar to Mou et al.), was trained and used for detecting whether an area
contains a specific crop type or not. Experiments on different crop types have shown excellent
results in identifying the crop variety while reducing the time and effort required for model
creation.

Figure 140: Steps of the crop modelling methodology used by CSEM
Within the pilot’s roadmap is to offer the aforementioned solution as a service, where each
parcel will be compared against its crop model for crop type identification.

15.2.3 DataBio component deployment status
Component code
and name

Purpose for pilot

Deployment status

Component
location

C13.01 Neurocode
(NP)

Neurocode allows
the creation of the
main pilot UIs in
order to be used by
the end-users (GAIA
Epicheirein,
farmers)
and
offering
insights
regarding greening
compliance

Neurocode handles
newly introduced
pilot
data
and
visualizes them in
highly informative
UIs.
Its
TRL9
highlights
its
maturity and its
ability to create
flexible UIs ondemand
for
addressing
endusers needs

NP Servers
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C13.02 GAIABus
DataSmart
Machine Learning
Subcomponent
(NP)

• Supports EO
data
preparation
and handling
functionalities
• Supports multitemporal
object-based
monitoring and
crop type
identification

C13.03 GAIABus
DataSmart Realtime
streaming
Subcomponent
(NP)

• Real-time data
stream
monitoring for
NP’s GAIAtrons
Infrastructure
installed
• Real-time
validation of
data
• Real-time
parsing and
cross-checking

C31.01
Neural
Network Suite

Delivery of an
accurate machine
learning
crop
identification
system to be used
for the detection of
crop discrepancies

Dissemination level: PU -Public

D1.2 – Agriculture Pilots Intermediate Report

Final – v1.0, 28/1/2019

• All CETL
activities for
EO and EOgenerated
products are
fully
operational

NP Servers

• Methodological
framework for
crop
type
identification
using machinelearning
methodologies
available
The subcomponent
is fully operational
and performs:

NP Servers

• Real-time data
stream
monitoring for
NP’s GAIAtrons
• Real-time
validation
data

of

• Real-time
parsing
and
cross-checking
RNN
based
approach for reliably
classifying
land
usage from satellite
imagery ready (using
single-tile 2016 data
courtesy of NP and
focusing on annual

CSEM’s Servers
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crops like maize and
wheat)

15.2.4 Data assets
Data Type

Dataset

Dataset original
source

Datase
t
locatio
n

Volum
e (GB)

Velocity
(GB/year)

EO products
in
raster
format and
metadata

Dataset
comprised of
remote
sensing data
from
the
Sentinel-2
optical
products (2
tiles)

ESA (Copernicus
Data)

GAIA
Cloud
(NP’s
server
s)

>1900

>850

Sensor
measuremen
ts (numerical
data)
and
metadata
(timestamps,
sensor
id,
etc.)

Gaiasense
field. Dataset
composed of
measuremen
ts from NP’s
telemetric
IoT
agroclimate
stations
called
GAIATrons
for the pilot
area.

NEUROPUBLIC

GAIA
Cloud
(NP’s
server
s)

Dissemination level: PU -Public

Severa
l GBs

Configurable
collection and
transmission
rates for all
GAIATrons.
>20
GAIAtrons
fully
operational at
the
area
collecting >
30MBs
of
data per year
each
with
current
configuration
(measuremen
ts every 10
minutes)
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Parcel
Geometries
(WKT),
alphanumeri
c
parcelrelated data
and
metadata
(e.g.
timestamps)

Dataset
comprised of
agricultural
parcel
positions
expressed in
vectors
along with
several
attributes
and
extracted
multitemporal
vegetation
indices
associated
with them.
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NEUROPUBLIC

GAIA
Cloud
(NP’s
server
s)

Severa
l GBs

1 GB/year
The update
frequency
depends on
the velocity of
the incoming
EO
data
streams and
the
assignment of
vegetation
indices
statistics to
each parcel.
Currently,
new Sentinel2
products
are available
every 5 days
approximatel
y and the
dataset
is
updated
in
regular
intervals

15.3 Pilot evaluation
KPI
short
name

KPI
descripti
on

C2.2_1

Decrease
in false
crop type
declarati
ons
following
the

Goal Base
descri valu
ption e
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10

Targe Measur Unit
t
ed
of
value value
valu
e

Comment

8

In 2016 data an average of
only ~10% of the parcel
declarations were identified
as
“problematic”
(and
potentially
declared
incorrectly by the farmer) for
crops like wheat, maize,

--

%

Page 211

H2020 Contract No. 732064

supportin
g services
vs what
would be
expected
based on
historical
data
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legumes based on the
followed methodology. This
highly encouraging validation
performance in terms of
accurately classifying crop
types at parcel level and
detecting
outliers
in
declarations, led to the
implementation of services
aspiring to bring insights in
new and unseen data
referring to 2018 cultivating
period and crop type
declarations (acquired as
planned with the help of GAIA
and the FSC of Thessaloniki
that hosts the pilot activities
and collected the declarations
properly). The application of
the crop models in pilot
“testing” data of 2018
revealed limitations and a
>~70% agreement among the
predicted and declared crop
type classes. By following a
systematic and exhausting
data
screening
parallel
activity all this time, we
identified
that
this
performance is due to the fact
that many crops exhibit interyear changes in their
cultivating period (begin, end,
peak, length) originating from
climate changes, regulatory
and
market
conditions,
regional characteristics etc.,
thus, making the classification
problem in new and unseen
data particularly challenging.
For this reason, this KPI was
not properly measured in trial
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stage 1 as it would lead to
inconclusive results (the
precision
of
the
misclassifications (type II
errors) would be low and the
false declarations would be a
minority set rather than the
vast majority). However,
lessons-learnt
and
an
identified
over
70%
agreement
among
the
predicted and declared crop
types from the trial stage 1
period are valuable and are
considered a critical asset for
delivering more accurate
results. They serve as a new
baseline for the pilot that led
the pilot partners to take
corrective measures for trial
stage 2. Thereby, new data,
features and classification
methodologies are already
being examined taking into
account these inter-year
changes in crop cultivation
periods.
C2.2_
2

Accurac
y in crop
type
identific
ation

No
prio
r
info
rma
tion

>80

~85

%

C2.3_
3

Number
of crop
types
covered

Initi
ally
no
cro
ps
wer

7

7 crop
types
suppor
ted in
the
greate

plai
n
nu
mb
er
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Both C13.02 and C31.01
offered accuracies at that
level
during
data
experimentation and in
certain annual crops (e.g.
wheat, cotton, maize)
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region
of
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Conclusions
The document D1.2 describes the current status of agriculture pilots and concludes the Trial
stage 1, including some KPIs relevant for the pilots. The KPIs in D1.2 are only a subset of pilot’s
KPIs and more KPIs will be evaluated at the end of the project. The status of pilots also
includes the utilisation of datasets and implementation status of DataBio
components/services defined in WP4 and WP5.
Intermediate results of 13 pilots, where some of the pilots takes place in multiple different
test locations, are presented in this document.
Individual pilots reached various level of maturity which reflects the different initial states of
services and technologies and different level of services integration before the start of Trial
stage 1 as well as differently wide territorial and thematic scope of the pilots.
The results of the Trial stage 1 will serve as one of the inputs for updated platform definition
and development. The updated version of the platform which includes various DataBio
components and services will be used by pilots during Trial stage 2, which will be concluded
in D1.3 report (M36).
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