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Motivation

• Farm management context
• Multiple activities and stakeholders

• Multiple applications, tools and devices

• Multiple data sources, data types and 
data formats

• Challenge
• To combine/integrate those different 

and heterogeneous data sources in 
order to make economically and
environmentally sound decisions
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Data Integration in relevant projects (context)

• Data integration challenges have been the focus of relevant projects

EU FP7, ICT CIP, 2014- 2017
EU FP7, ICT CIP, 2014- 2017

FOODIE aimed at building an open 
and interoperable cloud-based 
platform addressing among others the 
integration of data relevant to 
farming production including their 
geo-spatial dimension, as well as their 
publication as Linked data.

SDI4Apps aimed at building a cloud-
based framework with open API for 
data integration focusing on the 
development of six pilot apps, drawing 
along the lines of INSPIRE, Copernicus
and GEOSS

DataBio aims at showcasing the benefits of Big 
Data technologies in the raw material production 

from agriculture & others for the bioeconomy
industry; deploying an interoperable platform on 

top of the existing partners’ infrastructure.

DataBio aims at delivering solutions for big data 
mgmt., including i) the storage and querying of 

various big data sources; ii) 
the harmonization and integration of a large 

variety of data from many sources, using linked 
data as a federated layer
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Linked data publication in agriculture

• LD is increasingly becoming a popular method for publishing data on the Web
• Improves data accessibility by both humans and machines, e.g., for finding, reuse and integration

• Enables to discover more useful data through the links, and to exploit data with semantic queries

• Growing number of datasets in the LOD cloud 
• > 1100 by 22nd August 2017

• Coverage of the LOD cloud
• Large cross-domain datasets (dbpedia, freebase, etc.)

• Domain coverage varies (e.g., large number of datasets in
Geography, Government, BioInformatics)

• What about Agriculture?
• Only few examples (AGRIS biblio records, 

AGROVOC thesaurus + other thesaurus like NALT)

• Farming data?

http://lod-cloud.net/

http://lod-cloud.net/
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Linked data publication process overview

• Simple set of principles & technologies
• URI, HTTP, RDF, SPARQL 

• Involves a set of tasks

Datasets identification

Model specification

RDF data generation

Linking
Hyland et al.

Hausenblas et al.

Villazón-Terrazas et al.

Reference Linked data publication pipelines

Exploiting
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Linked data publication technologies overview

• Used technologies:
• D2RQ for transforming Relational Databases as 

Virtual RDF Graphs

• RDF for the representation of data

• Farming ontology providing the underlying 
vocabulary and relations

• Virtuoso for storing the semantic datasets

• Silk for discovery of links

• Sparql for querying semantic data

• Hslayers NG for visualisation of data

• Metaphactory for visualisation of data

D2RQ
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Datasets identification

• Goal: to publish linked data from pilots in FOODIE project (available in 
PostgreSQL database):
• Precision viticulture (Spain)

• Delivered a web-based solution providing advisory services in different aspects related to 
winegrowing, like disease prevention, production estimation or harvesting schedule

• Open Data for Strategic and Tactical planning  (Czech Republic)
• Delivered two main applications, one for farm telemetry and other for estimation of yield potential 
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Data model for farming data

• Goal: (i) to define the application vocabulary covering the different 
categories of information dealt by the farm mgmt. tools/apps (in 
FOODIE) (ii)  in line with existing standards and best practices

• INSPIRE directive is an EU initiative that aims at building a Pan-
European spatial data infrastructure (SDI) requiring 
• EU Member States to make available spatial data, from multiple 

thematic areas, according to established implementing rules using 
appropriate services. 

• Based on ISO/OGC standards for geographical information, i.e., ISO 
19100 series standards

• Hence, FOODIE data model builds on
• the INSPIRE specification for agricultural 

and aquaculture facilities theme - AF (for 
agricultural data), and 

• the INSPIRE data specification for themes 
in annex I for for geospatial data

*consulted with experts from various institutions, e.g., EU DG JRC, EU Global 
Navigation Satellite Systems Agency (GSA), Czech Ministry of Agriculture, 
Global Earth Observation System of Systems (GEOSS), German Kuratorium für
Technik und Bauwesen in der Landwirtschaft (KTBL). 
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Data model for farming data

• INSPIRE data specifications are defined as UML models 
and are available in different XML-based formats

• FOODIE extensions on the UML model developed by 
domain experts*

• Challenge: Transform model into OWL ontology

*consulted with experts from various institutions, e.g., EU DG JRC, EU Global 
Navigation Satellite Systems Agency (GSA), Czech Ministry of Agriculture, Global Earth 
Observation System of Systems (GEOSS), German Kuratorium für Technik und 
Bauwesen in der Landwirtschaft (KTBL). 
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Transformation from UML model to OWL ontology

• Followed a semi-automatic approach

• ShapeChange tool that implements ISO 19150-2 standard 
rules for mapping ISO geographic information UML models to 
OWL ontologies.

• Required different processing tasks:
• Pre-processing

• Source model preparation

• ShapeChange tool configuration: encoding rules; mappings UML classes - OWL elements; 
namespaces definition

• Base ontologies fixes (INPSIRE common, ISO 19100 series standards)

• Post-processing tasks
• Manual fixes in the ontology

• Manual creation of ontology elements of the base INSPIRE schemas (AF)

XML schemas, 
feature catalogs, 
and RDF/OWL

Palma R., Reznik T., Esbri M., Charvat K., Mazurek C., An INSPIRE-based vocabulary for the publication of Agricultural Linked Data. Proceedings of the OWLED 
Workshop: OWL Experiences and Directions, collocated with the 14th International Semantic Web Conference (ISWC-2015), Bethlehem PA, USA, October 11-15, 2015
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Ontology for farming data - overview

• ShapeChange output
• UML featureTypes and dataTypes modelled as classes, and 

their attributes as datatype or object properties

• UML codeLists modelled as classes/concepts, and their 
attributes as concept members

• Cardinalities restrictions defined on properties (exactly, 
min, max)

• DataType properties ranges defined according to 
model/mappings

• Object properties ranges defined according to 
model/mappings

• Object properties inverseOf defined

Top hierarchy

FeatureType hierarchy

Codelist hierarchy

Datatype hierarchy
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Ontology for farming data – main classes overview

• For the purposes of FOODIE, we found the lack of a feature on a more 
detailed level than Site that is already part of the INSPIRE AF data model.

• Main concept: Plot
• Represents a continuous area of agricultural 

land with one type of crop species, cultivated 
by one user in one farming mode

• Two kinds of data associated:
• metadata information

• agro-related information

 Next concept: Management Zone
• Enables a more precise description of the land 

characteristics in fine-grained area

foodie:Plot

INSPIRE-AF:Site

foodie:Alert Foodie:InterventionFoodie:CropSpecies

Foodie:ManagementZone

containsPlot

containsManagementZone

interventionPlotspeciesPlot
alertPlot

plotAlert

Foodie:ProductionType

production

Foodie:SoilNutrients

zoneNutrients
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Ontology for farming data – main classes overview

• The Intervention is the basic feature type for any kind of (farming) 
application with explicitly defined geometry, e.g., tillage or pruning.
• Has multiple indirect associations with different concepts

Foodie:Intervention

Foodie:Treatment

Foodie:TreatmentPlan

Foodie:Product Foodie:ProductPreparation

Foodie:ActiveIngredients

is-a

plan

productPlan

planProduct

preparationProduct preparation

productTreatment

treatmentProduct

preparationPlan

ingredientProduct

Foodie:FormOfT
reatmentValue

Foodie:Treatme
ntPurposeValue

formOfTreatmenttreatmentPurpose
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RDF data generation

• D2RQ requires a mapping file (in RDF) 
specifying how to map the content of a 
relational database to RDF

https://github.com/FOODIE-cloud/ontology/tree/master/mappings

https://github.com/FOODIE-cloud/ontology/tree/master/mappings
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RDF data generation

• The mapping file also specifies the connection details for the source 
dataset

• Based on the mapping file, the database content was dumped to an RDF 
file

• The RDF file was then loaded into Virtuoso triplestore



This document is part of a project that has received funding 
from the European Union’s Horizon 2020 research and innovation programme
under agreement No 732064. It is the property of the DataBio consortium and shall not be distributed or 
reproduced without the formal approval of the DataBio Management Committee. Find us at www.databio.eu.  

16

Linking the generated RDF dataset

• In order to link the resulting RDF 
dataset with other datasets, we 
used Silk, but also had to do some 
manual entries
• We found issues in handling large 

datasets in Silk, specially those 
accessed via SPARQL endpoint that 
we cannot control
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Exploiting the Linked Data - querying

• Sparql endpoint: https://www.foodie-cloud.org/sparql

https://www.foodie-cloud.org/sparql
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Exploiting the Linked Data – search & navigate

• Faceted search endpoint: https://www.foodie-cloud.org/fct

https://www.foodie-cloud.org/fct
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Exploiting the Linked Data – visualisation

• Map visualisation: http://ng.hslayers.org/examples/foodie-zones/

http://ng.hslayers.org/examples/foodie-zones/
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Exploiting the Linked Data – visualisation

• Map visualisation: http://ng.hslayers.org/examples/foodie-zones/

http://ng.hslayers.org/examples/foodie-zones/


This document is part of a project that has received funding 
from the European Union’s Horizon 2020 research and innovation programme
under agreement No 732064. It is the property of the DataBio consortium and shall not be distributed or 
reproduced without the formal approval of the DataBio Management Committee. Find us at www.databio.eu.  

21

Exploiting the Linked Data – visualisation

• Metaphactory: https://foodie.grapphs.com/resource/Start

https://foodie.grapphs.com/resource/Start
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Exploiting the Linked Data – visualisation

• Metaphactory: https://foodie.grapphs.com/resource/Start

https://foodie.grapphs.com/resource/Start
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Thank you for your attention!

Contact details


