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Executive summary  
The objective of this document is primarily to describe the Ploutos Common Semantic Model (PCSM). The 

target audience of this document are technically trained colleagues in this project, especially computer 

scientists and ontology engineers, as well interested scientists, researchers and developers in the wider 

ecosystem of agritech innovation where the focus on interoperability in multi-stakeholder systems. In order 

to explain the foundations of this ontology, and explain the design decisions, we will provide a brief account 

of existing standards and ontologies relevant to our domain of interest together with an analysis of selected 

individual SIPs. The report is structured as follows: In Chapter 2, a brief overview is provided of the landscape 

of standards, vocabularies, and ontologies relevant to the Ploutos project domain. In Chapter 3, a detailed 

analysis is provided of each individual SIP and its basic technical architecture, the key concepts for that sub-

domain, as well as relevant competency questions which have guided the design of the semantic model. In 

Chapter 4, the requirements of the SIPs are analysed with respect to the commonality of concepts and 

existing standards and ontologies so as to identify opportunities for reuse and gaps. In Chapter 5, the PCSM 

is described in detail as well as the usage of this model in the various SIPs to answer important competency 

questions. In Chapter 6, some concluding remarks are made and statements about how to use the PCSM in 

the overall Ploutos platform across the agrifood supply chain. 

The PCSM defines its own Ploutos namespace for the common concepts but reuses existing ontologies as 

much as possible and only defines new concepts and relations where needed. Besides the common concepts 

of the PCSM there will be a need for SIP-specific concepts and relations that only are of interest for data 

sharing within the SIP. These concepts can be modelled using a SIP-specific ontology that imports and reuses 

the PCSM. The PCSM has been defined to be used as the basis for semantic interoperability in data exchange 

via the Ploutos Data Sharing Platform within the Ploutos SIPs. As such, the PCSM will be used in that platform 

as the means to bridge semantic differences between the data models of the various organization in the 

agrifood supply chain. 
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1 Introduction 
1.1 Project summary 

The Ploutos project focuses on rebalancing the value chain for the agri-food system, transforming it into one 

that works for the benefit of society and the environment. The project will develop a Sustainable Innovation 

Framework (SIF) that follows a systems-based approach to the agri-food sector, building on the three Ploutos 

innovation streams: Behavioural Innovation; Sustainable Collaborative Business Model Innovation; and Data-

driven Technology Innovation. Exploiting a history of significant agri-food projects and the respective 

ecosystems around these, the project deploys 11 innovative systemic Sustainable Innovation Pilots (SIPs), 

where, using a multi-actor approach, new innovative solutions and methodologies will be implemented, 

tested and assessed, and practical lessons learned will be extracted. The SIPs cover a large range of agri-food 

ecosystems, across 13 countries, covering arable, horticulture (both open fields and greenhouses), perennials 

and dairy production amongst others. In each case, behaviour change, collaborative business modelling and 

data-driven technological innovation will be integrated to deliver the most environmentally, socially, and 

economically sustainable solutions. A Ploutos Innovation Academy (PIA) is established as a vehicle for 

integrating the know-how, best practices and assessments developed across the project, principally derived 

from the SIPs. Ploutos includes 33 partners, 23 of them being end-users, representing all relevant actors in 

the food system, including farmers, food industry companies, scientists, advisors, ICT specialists and policy 

makers. 

1.2 Document scope 

The Ploutos project will address three types of innovation viz. business model innovation, behaviour change 

innovation and data-driven technological innovation. In Deliverable D4.1, we have described a range of 

current technologies which will be of relevance to the project and analysed the Sustainable Innovation Pilots 

(SIPs) for their core technological requirements. As noted in that document, Ploutos will focus its 

technological developments on interoperability architectures enable effective integration of stakeholders 

across pilots and supply chains, enabling technological solutions for farm management, precision agriculture 

and integrated supply chains to share data in an effective manner. Such a level of interoperability 

necessitates the adoption of an agreed semantic data model, or ontology. 

The objective of this document is primarily to describe the Ploutos Common Semantic Model (PCSM). To 

explain the foundations of this ontology, and explain the design decisions, we will provide a brief account of 

existing standards and ontologies relevant to our domain of interest and an analysis of each individual SIP. 

The target audience of this document are technically trained colleagues in this project, especially computer 

scientists and ontology engineers, as well interested scientists, researchers and developers in the wider 

ecosystem of agritech innovation where the focus on interoperability in multi-stakeholder systems. 

As many researchers and reports have pointed out, interoperability between computer systems remains one 

of the major stumbling blocks to the wider uptake of digital technologies in the agrifood system (Bekkum et 

al., 2013; Brewster et al., 2017; Martini & Schmitz, 2009). Low levels of adoption of ICT technologies in general 

in agriculture are due to multiple factors (Vecchio et al., 2020), but usability and ease of use and integration 

between, for example , different machines or between different systems has been repeatedly quoted as a 

problem (Bahlo et al., 2019). In spite of more and more investment in digital solutions for the agricultural 

and food sectors, unless end users buy systems from the same brand and supplier, integration between 

systems has been either impossible or very challenging. Within the Ploutos project, it has been clear from 

the beginning in the design of the pilots that a major barrier to successful innovation (of all kinds) would be 

the extent to which we can provide architectures, tools and standards to enable interoperability between 
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systems. Such interoperability may be only on the farm, or between the farm and immediate collaborators 

such as advisors or input providers or may be across the whole system including more distantly located 

traders or certification providers. 

There has been a significant shift over the past 30 years in terms of attempts to achieve greater 

interoperability. We have seen a progress from entirely proprietary systems to the adoption of XML (a largely 

syntactic standard) through to the gradual acceptance of the need for semantics (Aubin et al., 2017; 

Caracciolo et al., 2020; Demeter Project, 2020). The overall approach we are taking in the Ploutos project is 

based on using semantic technologies (i.e., ontologies, URIs, and in general the technology stack developed 

and espoused by the W3C) because, in our understanding, this will allow us both to provide the necessary 

functionalities for data sharing and track and trace systems, as well as respecting important constraints. As 

much as possible, reuse is made of existing ontologies developed in other projects, especially where these 

standards are well maintained. Two important constraints that the Ploutos project accepts are that a) all new 

systems need to work with existing legacy systems to the maximum extent possible; b) data owners or data 

creators need to be able to control who has access to their data. The core to a solution based on semantics 

that facilitates interoperability among a multiplicity of actors is the construction of an ontology, the PCSM.  

This document focusses on answering the following questions: 

1. What are the data sharing requirements of the Ploutos SIPs and which common data elements are 

required by the SIPs? 

2. Which existing standards and ontologies can be reused that cover these common data elements? 

3. How can a model be designed for these data elements in the PCSM to be used by the SIPs? 

1.3 Document structure 

 Chapter 1 summarises the project, places this deliverable in the overall structure of the project and 

presents the structure of this report.  

 Chapter 2 a brief overview is provided of the landscape of standards, vocabularies, and ontologies 

relevant to the Ploutos project domain  

 Chapter 3 a detailed analysis is provided of each individual SIP and its basic technical architecture, 

the key concepts for that sub-domain 

 Chapter 4 the requirements of the SIPs are analysed with respect to the commonality of concepts 

and existing standards and ontologies so as to identify opportunities for reuse and gaps  

 Chapter 5 the PCSM is described in detail as well as the usage of this model in the various SIPs to 

answer important competency questions 

 Chapter 6 some concluding remarks are made and statements about how to use the PCSM in the 

overall Ploutos platform across the agrifood supply chain. 

 Chapter 7 References  

 Chapter 8 Annexes (Annex I: The Ploutos Common Semantic Model) 
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2 A short overview of existing standards 
Achieving interoperability between different computer systems is central to the greater adoption of digital 

agriculture, and such interoperability depends on agreed data standards. What is meant by data standards 

has changed over time, shifting from entirely proprietary systems (e.g. older versions of Microsoft Office file 

formats), to agreed syntax (to be found in EDI systems and later XML), and in the last two decades in the 

recognition that syntactic interoperability is insufficient and that agreement on semantics is essential for 

achieving the full benefits of interoperability and data sharing. Many existing systems depend solely on 

syntactic agreement (e.g. most UN/CEFACT standards) but partly under the influence of the Semantic Web, 

and specifically Tim Berner-lee’s vision of a “Web of Data” there has been an explosion of interest and 

proposals for semantically explicit data standards or ontologies across many sectors including the agriculture 

and food domains. There now exists a plethora of data standards and ontologies for the agrifood domain. 

This can be seen in its broad scope by looking at the catalogue available at the Agrisemantics Map of Data 

Standards1 , where over 400 vocabularies and standards are listed, or more narrowly at the Agroportal 

website2  (Jonquet et al., 2018), which lists 135 ontologies. Most researchers in the application of ICT to the 

agricultural domain acknowledge the need for widely adopted data standards but as these catalogues 

indicate adoption is hindered less by the lack of appropriate standards than a strong tendency to reinvent 

the wheel for a variety of reasons, most of which can be summarised as a combination of either ignorance 

or “not invented here” syndrome.   

In this section, we will briefly outline the landscape of agrifood standards, pointing out the most widely 

adopted or active initiatives in this area. We will, however, not provide a complete survey but rather refer 

the reader to a  number of publications and reports which have provided complete or partial overviews of 

the field in recent years (Aubin et al., 2017; Demeter Project, 2020). In the following section, we will discuss 

the standards or ontologies that have been most relevant or influential for the construction of the PCSM.  

We can identify a number of different communities which have created standards (often quite independently 

of each other). In Table 1, we show different communities with some example standards/ontologies, as well 

as distinguishing between fundamental types of standards (Brewster, 2017). These different communities 

are neither exhaustive nor discrete with plenty of overlap between them, and if the reader looks at the VEST 

Agrisemantics registry, they will find many more “domains” listed than here. Equally the types of standards 

are not exhaustive but reflect the dominant types3. 

Sub-sector or 

community 
Message Oriented Vocabulary/Thesaurus Ontology 

Agricultural Research – 

publications 
 

AGROVOC, GACS, CABI 

Thesaurus 
 

Agricultural research - 

datasets 
  

AgrO, Plant Ontology, 

Environment Ontology 

On Farm 
AEF-ISOBUS, ICAR, 

AgGateway-ADAPT,  
  

                                                            
1 https://vest.agrisemantics.org/ 

2 http://agroportal.lirmm.fr/ 

3 For a more detailed taxonomy in general see Zeng (2008) and for agrifood Aubin et al. (2017). 
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Supply Chain/Retail 

GS1 family (EPCIS, 

GTEIN, etc.), 

UN/CEFACT 

  

Food Safety/Integrity FOODEx2   

Food 

Products/Nutrition 

(Research) 

  FoodOn 

Table 1 – Examples of dominant standards/ontologies for the agri-food sector 

2.1 Message-oriented standards 

Message-oriented standards are to be found used extensively in the supply chain and in the farm/food 

production segments of the food system (Brewster & Seepers, 2018). Reflecting both an older set of 

technological choices, these standards are usually expressed in XML (sometimes with detailed codebooks) 

and are widely used but largely invisible to most end users. These standards include the following: 

ISO 11783/ISOBUS: ISOBUS4 is a farm machinery focussed communication protocol, initially designed for 

communication between a tractor and attached agricultural machinery (Oksanen & Aurnhammer, 2021; 

Vlugt, n.d.). Part 10 of the standard defines a data standard (ISO-XML) with associated data dictionaries which 

enables the task controller in the tractor or combine to communicate with farm management software. This 

format is used largely to import or export tasks (cf. for example it’s use in 365Farmnet5). Efforts have been 

made to enable communication and interoperability with the AgGateway ADAPT standard for FMIS, using a 

special ISP 11783 plug-in.  

AgGateway ADAPT: AgGateway6 is an industry association promoting interoperability in the agricultural 

sector.  ADAPT is a framework and a data model developed to enable interoperability between farm 

machinery and farm management i.e. Farm Management Information Systems (Cracker et al., 2018). Various 

plugins allow translation of field operations from/to proprietary systems to manage field operations including 

planting, crop protection (pesticides), irrigation, etc.). The planned scope of ADAPT includes self-propelled 

machines, non-mechanical processes, observations and measurements, and post-harvest traceability. The 

ADAPT data model is expressed as a UML, and source code in .Net is available on Github. AgGateway has 

many members globally and has recently established an agri-semantics working group “define interoperable 

meanings for data”. 

EFSA Foodex2: The European Food Standards Agency has developed an XML based standard for food 

exposure assessments7 (i.e. laboratory reports on the safety of specific food samples). It is used to describe 

food samples in order to track the prevalence of biological risks, contaminants and chemical residues (from 

pesticides and herbicides). The intention is to ensure harmonised data collection across the EU, in the form 

of formal XML documents which are sent from laboratories to EFSA. While the EFSA standard is very specific 

in its design and purpose, it is a systematic well-designed standard with both a syntax and semantics, 

although these are expressed in XML with corresponding codebooks for permissible data values. There is 

                                                            
4 https://www.iso.org/standard/57556.html and  https://www.aef-online.org/about-us/isobus.html  

5 https://www.365farmnet.com/en/products/components/iso-xml/  

6 https://www.aggateway.org/  

7 https://www.efsa.europa.eu/en/data/data-standardisation  

https://www.iso.org/standard/57556.html
https://www.aef-online.org/about-us/isobus.html
https://www.365farmnet.com/en/products/components/iso-xml/
https://www.aggateway.org/
https://www.efsa.europa.eu/en/data/data-standardisation
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detailed documentation (EFSA, 2015) as well as various tools to support the use of the standard. The Foodon 

ontology (cf. below) is mapping its product hierarchy to Foodex28. 

GS1 standards (EPCIS & GDSN): The GS1 trade association provides a number of standards widely used in 

supply chains and the retail sector (across all sectors not just agricultural products. Food product data is 

linked to a product via a barcode or RFID and this data (“master data”) is synchronised across the world 

through the GS1 Global Data Synchronisation Network9.  The Global Data Synchronisation Network (GDSN) 

“is a network of interoperable data pools enabling collaborating users to securely synchronise master data 

based on GS1 standards. GDSN supports accurate, real-time data sharing and trade item updates among 

subscribed trading partners”. Approximately 40,000 companies worldwide, for 23M products, use this 

system to provide the “master data” for their products to other users and retailers. The kind of data captured 

in the master data is invariant i.e. it is typically true of all items of a particular GTIN number and does not 

change over time (much). Data fields include for example brand name, suggested price, gross weight, net 

weight, packaging type etc (GS1, 2016).  

The GS1 EPCIS standard is an EPCglobal standard, serialised in XML, that supports a detailed representation 

of the location and state of a product as it moves between organisational boundaries and provides for sharing 

this information between entities or partners, in a technology-supplier independent way. The standard is 

data carrier neutral and can be used to exchange data found from RFID tags, barcodes and other data carriers. 

An Electronic Product Code (EPC)10 is a universal identifier that gives a unique, serialised identity to a specific 

physical object. In most instances, EPCs are encoded on barcodes or RFID tags which can be used to track all 

kinds of objects including: trade items, fixed assets, documents, or reusable transport items. A typical 

identifier for classes of products is a GTIN (Global Trade Item Number)11 usually found on a product as a 

barcode. The EPCIS specification defines two kinds of data: event data and master data. Event data arises in 

the course of carrying out business processes, it grows over time and is captured through the EPCIS capture 

interface and made available for query through the EPCIS query interfaces. The EPCIS standard defines an 

abstract generic event and several specialised physical event types, arising from supply chain activity across 

a wide variety of industries. There are many different commercial providers of “EPCIS compliant” systems, 

mostly focussed on RFID. These typically enable asset management and provide a data repository for EPCIS 

events. The standard however is not formally (semantically) specified so different implementations cannot 

be guaranteed to be compatible. 

2.2 Vocabularies and thesauri 

The agricultural and food-related research community has long depended on standardised vocabularies to 

annotate publications. This has a long tradition in library science and information retrieval, and in agrifood 

has found its expression in a number of such quasi-formal vocabularies or thesauri, including AGROVOC, CABI 

Thesaurus12, NALT13 and Langual14 

                                                            
8 https://foodon.org/food-facets/agency-food-product-type/  

9 https://www.gs1.org/how-gdsn-works  

10 https://www.gs1.org/epc-rfid 

11 https://www.gs1.org/gtin  

12 https://www.cabi.org/publishing-products/cab-thesaurus/  

13 https://data.nal.usda.gov/dataset/nal-agricultural-thesaurus-and-glossary  

14 https://www.langual.org/  

https://foodon.org/food-facets/agency-food-product-type/
https://www.gs1.org/how-gdsn-works
https://www.gs1.org/epc-rfid
https://www.gs1.org/gtin
https://www.cabi.org/publishing-products/cab-thesaurus/
https://data.nal.usda.gov/dataset/nal-agricultural-thesaurus-and-glossary
https://www.langual.org/
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AGROVOC: The UN Food and Agriculture Organisation built the multilingual AGROVOC15 over a number of 

years dating back to the 1980s (Rajbhandari & Keizer, 2012; Soergel et al., 2004). Originally designed as a 

thesaurus, in the early 2000s it was formalised first in OWL then is SKOS. It is the largest concept schemes in 

the agrifood domain with over 39,000 concepts, and one of its key attributes is that all concepts are provided 

with labels in up to 40 languages. The major purpose of the AGROVOC concept scheme has been and remains 

to annotate the AGRIS document repository 16 . The major advantage of AGROVOC over other concept 

schemes and standardised vocabularies is the multiple languages, but the hierarchy and structure has tended 

not to find favour among ontology engineers building systems for decision support or data annotation. 

Nonetheless more formal ontologies, like FOODON (cf. below) and many others map their concepts to 

AGROVOC terms. 

GACS: The Global Agricultural Concept Space (Baker et al., 2019) has been built selecting the most frequently 

used terms in AGROVOC, CABI Thesaurus17 and NAL18. GACS provides a mapping between these three widely 

used concept schemes, and a set of permanent globally unique URIs. Furthermore, GACS inherits the 

multilingual labels from the other thesauri. It is built using SKOS, choosing intentionally a lightweight 

semantics approach. Its purpose is to be used to annotate documents and (possibly) data sets to enable 

“broad-brush discovery”, as opposed to formal inference. Unfortunately, GACS has not found wide uptake 

and in early 2020 it was announced that it would not be further maintained19. This is a fate frequently 

encountered by numerous vocabularies, concept schemes and ontologies. 

2.3 Ontologies 

Since the development of ontologies as tools for knowledge representation, in the late 90s, early 00s, there 

have been a succession of attempts to create formal ontologies expressed in OWL. Most significantly 

AGROVOC was converted to OWL and then this was abandoned and now is available in SKOS. More recently 

a series of more specialised ontology or ontology frameworks) have been developed partly under the 

influence of parallel activities in the Life Sciences/Bioinformatics. Here we briefly list some of these which in 

some cases have been reused in whole or in part in the development of the PCSM. 

ENVO: The Environment Ontology (Buttigieg et al., 2013, 2016) originates in the bioinformatics community’s 

desire to describe consistently the environmental origins of tissues, pathogens, and metagenomic samples. 

Built on rigorous foundations, it followed the Open Biomedical and Biological Ontologies (OBO) Foundry 

principles (Smith et al., 2007), and is intended to facilitate the annotation and retrieval of a broad range of 

environmental data. This covers biomes, habitats, environmental features, and environmental materials. The 

ontology has grown and has been extended to cover environmental processes, anthropogenic environments, 

and entities relevant to environmental health initiatives and the global Sustainable Development Agenda for 

2030. The ENVO has approximately 6500 concepts (many inherited from elsewhere such as the CHEBI 

ontology) and has a large proportion of terms are relevant to the agrifood sector and the ontology has been 

quite successful in being widely adopted by different projects and its terms reused in other ontologies. It is 

maintained as a community effort largely from the bioinformatics community. 

                                                            
15 http://www.fao.org/agrovoc/  

16 http://aims.fao.org/agris  

17 https://www.cabi.org/cabthesaurus  

18 https://agclass.nal.usda.gov/  

19  http://www.fao.org/agrovoc/news/gacs-core-not-currently-being-updated-and-will-not-be-actively-maintained-
future  

http://www.fao.org/agrovoc/
http://aims.fao.org/agris
https://www.cabi.org/cabthesaurus
https://agclass.nal.usda.gov/
http://www.fao.org/agrovoc/news/gacs-core-not-currently-being-updated-and-will-not-be-actively-maintained-future
http://www.fao.org/agrovoc/news/gacs-core-not-currently-being-updated-and-will-not-be-actively-maintained-future
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FOODON: The Food Ontology (Dooley et al., 2018)20 is a relative newcomer to the landscape of agrifood 

related ontologies, although it already contains over 30,000 classes. It is partly an outgrowth of work on 

ENVO, and attempts to provide a comprehensive  systematic and rigorous ontology focussing initially on food 

products although the overall ambition is to provide an ontology for all aspects of the food system from farm 

to fork. Its origins lie in part with the desire to provide systematic descriptions of food borne pathogens. 

FOODON is built upon the Langual system21, a food classification system originally built for the US FDA in the 

1970s (Saldanha et al., 2012) focussing on food products and their ingredients. It follows the OBO Foundry 

principles like ENVO, and provides a systematic means tod escribe raw food sources ingredients, food 

processing, packaging and preservation. FOODON is mapped (via LanguaL) to EFSA Foodex2 vocabulary. The 

major difference between FOODON and Agrovoc or GACS lies primarily in the ontological rigour, but also in 

that (for example) GACS describes a “domain of discourse” while FOODON tries to formally represent the 

relationship between a raw ingredient, derived food products and production processes. Furthermore, 

FOODON is largely monolingual (only in English) with little attempt to provide labels in other languages. There 

is considerable uptake of FOODON in work related to nutrition, although the intention is that this ontology 

would be especially useful in track and trace as well. Overall FOODON is actively maintained and positions 

itself as part of a family of OBO based ontologies related to food. 

AGRO: The Agronomy Ontology, like ENVO and FOODON, also forms part of the OBO ecosystem and follows 

those principles concerning formal ontology design. Its focus is the agronomy domain, providing terms to 

describe agricultural practices, cropping systems, field management, soil, weather and crop phenotypes, 

building on a number of existing ontologies including ENVO and PATO22. The ontology was built and is 

maintained by the CGIAR network of research centres, and forms a core part of the Agronomy Field 

Information Management System, a CGIAR system to capture fieldbooks describing crop management 

practices23, as well the GARDIAN data management system24. It is a relatively small ontology with just over 

2000 classes and is extensively used in a number of crop specific ontologies built as part of the “Crop Ontology 

Curation Tool” initiative25. 

SAREF4AGRI: The SAREF ontology (the Smart Appliance REFerence ontology)26 was built at the behest of the 

EC to provide a standardised reference data model for the smart appliances domain (which is seen as part of 

the wider Internet of Things ecosystem) (Daniele et al., 2015). The main objective here was to reduce the 

mappings needed between different types of appliances in the creation of smart homes and other IoT 

integrated systems. It is a standard sponsored by ETSI27 and as such has considerable buy-in from the wider 

IoT and telecommunications industry. SAREF is designed to be modular and has mappings to the widely used 

W3C SSN ontology28 designed for sensor data. As part of this modularity, an extension for agriculture has 

                                                            
20 https://foodon.org/  

21 https://www.langual.org/default.asp  

22 https://www.ebi.ac.uk/ols/ontologies/pato  

23 https://agrofims.org/about  

24 https://bigdata.cgiar.org/resources/gardian/  

25 http://www.cropontology.org/  

26 https://saref.etsi.org/ 

27 https://www.etsi.org/ 

28 https://www.w3.org/TR/vocab-ssn/ 

https://foodon.org/
https://www.langual.org/default.asp
https://www.ebi.ac.uk/ols/ontologies/pato
https://agrofims.org/about
https://bigdata.cgiar.org/resources/gardian/
http://www.cropontology.org/
https://saref.etsi.org/
https://www.w3.org/TR/vocab-ssn/
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been created – SAREF4AGRI29 with the intention, as noted in the documentation “to connect SAREF with 

existing ontologies (such as W3C SSN, W3C SOSA, GeoSPARQL, etc.) and important standardization initiatives 

and ontologies in the Smart Agriculture and Food Chain domain, including ICAR for livestock data, AEF for 

agricultural equipment, Plant Ontology Consortium for plants, AgGateway for IT support for arable farming” 

(ETSI, 2020). The initial focus of SAREF4AGRI has been livestock farming and irrigation where IoT sensors both 

play a significant role in generating data. SAREF and SAREF4AGRI are relatively light-weight ontologies mostly 

used for data sharing (via APIs) rather than formal inference scenarios. The backing of ETSI ensures the 

longevity and likely maintenance of SAREF4AGRI while the growing role to telecommunications in precision 

agriculture motivates its further use and adoption. 

A series of EC funded projects (especially H2020) have funded the developed of a number of ontologies. Here 

we briefly describe two such, FOODIE and the Demeter project’s AIM. 

FOODIE: The FOODIE ontology (Palma et al., 2016; Řezník et al., 2016) was built as part of the FOOD EC 

funded project30. This ontology was based on the INSPIRE data standard31 (which is in XML) for geospatial 

data, and was “lifted” from the UML version of this standard into RDF/OWL. The main characteristic of the 

FOODIE ontology is its specialisation of the INSPIRE concept site with Plot and Management Zone, allowing a 

variety of attributes concerning geospatial attributes, types of agricultural activity and crops at these levels 

of granularity. The main challenge in reusing this ontology is that it does not seem to reuse concepts from 

other agrifood ontologies although claims to map (or plan to map) to AGROVOC. In addition, it does not 

appear to be under development or maintenance. However, the Geospatial focus of this ontology is an 

important consideration that is sometimes explicitly lacking or not prioritised in other vocabularies.  

Demeter AIM: The Demeter project32 is developing an “Agricultural Information Model” (AIM) partly based 

on the FOODIE ontology (Demeter Project, 2020, 2021). The project is focussed on data sharing for precision 

agriculture and smart farming, so this is the prime target of application. A key difference from other standards 

mentioned here is that AIM is based on a “property graph” model rather than the more usual RDF/OWL 

approach. The core foundation is the NGSI-LD Information Model  developed by the telecommunication 

sector (ETSI) (ETSI, 2019) and based on the FIWARE NGSI information model. This means a set of cross domain 

concepts, combined with domain specific modules for various aspects. The main vocabularies reused are 

NGSI-LD, FOODIE and SAREF4Agri. The proposed set of ontologies are quite comprehensive but standard 

apart from much of the rest of the sector’s activities in standardisation. In compensation, the Demeter AIM 

does propose a set of very thorough mappings to a variety of ontologies including FOODON, SAREF4AGRI and 

AGROVOC. The ontologies are a work in progress and have not (at the time of writing – May 2021) been 

made available in a format enabling reuse and ingestion by other projects. 

Beyond the standards, vocabularies and ontologies mentioned above, there are great many others that are 

either specific to the domain or are generic but relevant because they cover concepts that are widely reused 

across multiple domains (examples include SSN/SOSA (Janowicz et al., 2019), QUDT33, OM34, W3C Time35, 

                                                            
29 https://saref.etsi.org/saref4agri/v1.1.2/ 

30 https://foodie-cloud.org and https://git.man.poznan.pl/stash/projects/FOOD/repos/model/browse  

31 https://inspire.ec.europa.eu/  

32 https://h2020-demeter.eu/  

33 https://www.qudt.org/  

34 https://github.com/HajoRijgersberg/OM  

35 https://www.w3.org/TR/owl-time/  

https://saref.etsi.org/saref4agri/v1.1.2/
https://foodie-cloud.org/
https://git.man.poznan.pl/stash/projects/FOOD/repos/model/browse
https://inspire.ec.europa.eu/
https://h2020-demeter.eu/
https://www.qudt.org/
https://github.com/HajoRijgersberg/OM
https://www.w3.org/TR/owl-time/
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various weather ontologies36, etc.). For a more detailed, recent, overview we recommend the reader to 

consult the Demeter project deliverable (2020).  

                                                            
36 https://bimerr.iot.linkeddata.es/def/weather/ connected to SAREF 

 

https://bimerr.iot.linkeddata.es/def/weather/
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3 Data requirements of the SIPs 
To come to a first version of a common model for the PCSM, we use the data sharing requirements of the 
SIPs as the starting point. Therefore, we used the SIP description and the questions/answers of the SIP 
interviews to analyse them according to the following criteria: 

- The SIP expressed a clear need for sharing data between different sources and combine them. 
- The SIP has clear requirements for modelling data elements in the PCSM. 

This led to a selection of 6 of the 11 SIPs. Each of the following subsections summarizes a SIP’s motivation, 
activities, and high-level architecture. Furthermore, it describes what information needs to be shared via the 
Ploutos platform, and subsequently, we identify which concepts are used that might be included in the PCSM 
and which standards can be reused there. Finally, for each SIP, a short list of competency questions that must 
be answerable with only minor extensions to the PCSM is given. 

3.1 SIP1 Frozen fruit 

SIP1 is an effort for optimizing production, reducing environmental footprint, and reusing data for 
certification and subsidies. The value chain starts with small fruit farmers in the Proodos area. ALTERRA is a 
food processing company that works with these farmers to produce frozen fruit products. To be able to 
sustain and improve their operations, ALTERRA needs a way to (a) support the farmers with the production 
of fruits, and (b) to make provable claims about the quality and footprint of the products. In addition, 
ALTERRA wants to acquire certification and labels to access new (and more profitable) markets. 
 
One of the activities of this SIP is to implement Gaiasense37, which is a Smart Farming (SF) solution. This will 
result in data that can be used to improve traceability in the rest of the value chain. Another activity is to 
share the Gaiasense data and ALTERRA’s data with a certification authority . This will produce evidence for 
proving the quality and sustainability of the value chain, which will help with acquiring the certification and 
labels. Furthermore, farmers in Proodos will be able to use the collected data as evidence to other 
institutions for subsidies. 

3.1.1 A high-level frozen fruit architecture 

The picture below shows a high-level overview of the actors and partners in the SIP and the data that they 
exchange. 

 

Figure 1 – A high-level frozen fruit architecture. 
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The ideal solution is to deploy a full suite of SF tools that allows the collection of agro-environmental data, 
digital recordings of farmer’s calendars, and the storage and management of these data. Furthermore, all of 
this needs to be made available to the certification authorities in order for them to use the data as evidence. 

3.1.2 Important concepts and standards 

Based on an interview with the SIP participants, we identified a set of important data categories and items 

involved in the SIP as well as the format in which this data is currently being maintained.  

DATA TYPES INVOLVED IN SIP1 

Data category Data items Format 

Environmental data 
Temperature (real time, day max, day min, day average), 
Humidity, Precipitation 

JSON, csv 

Cultivation related 
Parcel’s coordinates, Cultivation type, irrigation system, 
number of plants per hectare 

Textual/numerical 
descriptions 

Farmer’s activities 
calendar 

day of planting, day of harvesting, growth (phenological) 
stages, pesticides applications, performed irrigations, 
fertilisers 

csv 

Earth observation Normalized difference vegetation index (NDVI) Geotiff images 

Logistics 
Duration of storage, transportation distance, storage 
conditions (e.g., temperature, location)  

Textual/numerical 
descriptions 

Table 2 – data types involved in SIP1. 

Frozen fruit is the main product in this value chain, produced by farmers in the Proodos area. The intention 
is to lower the environmental footprint, and be able to enhance the value chain with traceability, in order 
to acquire certification and subsidies. ALTERRA is a food processing company. 

In addition, we identified the following core concepts in the pilot as well as the standards that can be reused 

for modelling these concepts.  

Core concept 
Sub 

concept 
Attribute Standards relevant 

Farm  
Location, 

owner 
NGSI-LD: AgriFarm 

Parcel  
Location, 

boundary 

NGSI-LD: 

AgriParcel, AgriParcelOperation, AgriParcelRecord 

Soil   
NGSI-LD: AgriSoil, Saref4Agri: soilMoisture, 

soilTemperature, ENVO 

 
Soil 

treatment 
  

Crop  Crop type NGSI-LD: AgriCrop 

                                                            
37 https://www.gaiasense.gr/en/gaiasense 
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Crop 

treatment 
  NGSI-LD: AgriCrop, AgriParcelOperation, AgroVOC, ADAPT 

 Water Volume  

 Pesticides 

Concentration, 

active 

substance 

 

 Fertilizer 

Concentration, 

active 

substance 

 

Pesticide38   AgroVOC 

Product   FoodOn, GS1, Foodie, AgroVOC 

   AgriParcelOperaction 

Environmental   BIMERR Weather Ontology 

Certificate  Issuer, subject  

Activity  

(planned) 

date, activity 

type 

AgroVOC 

Table 3 – additional SIP1 concepts. 

3.1.3 Competency questions 

The PCSM should be able to answer a few basic competency questions for this SIP. We propose the following 

SIP-specific competency questions: 

- From what farm does batch X of frozen fruits originate? 

- On what measurements is certificate Y for batch X based? 

- What activities are (planned) on the farm calendar of farm X? 

- How much pesticides, fertilizers and irrigation have been used on farm X in the period Y? 

Note that trivial questions (such as “Who owns farm X?”, “What parcels belong to farm X?”, “Are peaches 

fruit?”, “Give me the GPS coordinates of farm X?”) are excluded here and only questions that uniquely 

characterize this SIP are included. However, the more trivial questions are still important to validate the 

PCSM. In Chapter 5, the PCSM is described and how these competency questions can be answered in terms 

of that model. 

3.2 SIP5 Smart Farming in Rural Areas 

On the Dingle peninsula, there are several rural farms that are interested in improving their operations with 

Smart Farming technology. This not only improves efficiency in farm operations, but also opens the door to 

evidence-based proof of sustainability and low environmental impact (low carbon impact), which can result 

in a higher market value for the produce. The Smart Farming data can also be used for new food and food 

tourism products. A brand will be developed that makes use of the Smart Farming data in their claims. 

The goal of this SIP is to demonstrate the use of Smart Farming technology on rural farms. 

                                                            
38 Also called phyto-product. 
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3.2.1 A high-level rural farm architecture 

In the envisioned solution, on-farm sensors generate data that is shared to the PLIADS layer, to be consumed 

by actors further down the value chain, such as food tourism services. The picture below shows a high-level 

overview of the actors in the SIP and the data that they exchange. 

Figure 2 – A high-level rural farm architecture. 

3.2.2 Important concepts and standards 

Based on an interview with the SIP participants, we identified a set of important data categories and items 

involved in the SIP as well as the format in which this data is currently being maintained.  

DATA TYPES INVOLVED IN SIP5 

Data category Data items Format 

Environmental data Temperature (real time, day max, day min, day average), 
Humidity, Precipitation, 

.csv 

Smart Farming sensors Milk height, slurry tank height, soil moisture, soil temperature .csv 

Farm Research Body 
previous studies and 
research findings 

Research Papers Textual .docx 
/ .pdf 

Farmer feedback Face to face or online surveys .csv 

Farmer’s activities 
calendar 

Paddock usage dates. 

Slurry spreading dates and volume 

Textual data 

Earth observation NDVI Numerical 
data 

Logistics Duration of storage, transportation distance. .csv 

Table 4 – data types involved in SIP5. 

Rural 
FarmsRural 

Farms
Rural 
FarmsRural 

Farms
sensors

data sharing/ 
interoperability layer on-the-fly sensor 

data exchange

Ontology:
● frozen fruit
● farmer

● production
● environmental

footprint
● inputs/consumption
● water

○ fertiliser
○ pesticides
○ chemicals

● weather
● soil

innovative 
startups 

provide data-
driven services

agri/food 
tourism service 
consumer apps



21 / 68 

21 

D4.2: Data Interoperability for the Agri-Food Sector 

 
This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 101000594 
 

In addition, we recognized the following core concepts in the pilot as well as the standards that can be reused 

for modelling these concepts.  

Core concept Sub concept Attribute Standards relevant 

Farm  
Location, 

boundary 

NGSI-LD: 

AgriParcel, AgriParcelOperation, 

AgriParcelRecord 

Soil   

NGSI-LD: AgriSoil, Saref4Agri: 

soilMoisture, soilTemperature, 

ENVO 

 Soil health   

 Soil treatment   

 Soil maps 
Pedological 

profile39 
 

Weather   BIMERR Weather ontology 

 Temperature   

 Rainfall   

 Windspeed   

Product   FoodOn, GS1, Foodie, AgroVOC 

Observation  Feature, property SOSA/SSN 

Sensor  Location SOSA/SSN 

Sustainability 
Environmental 

footprint 
  

Tourism    

Table 5 – additional SIP5 concepts. 

Possible data sharing partners: 

 IFA Farmers Association 

Possible technology/partners: 

 Net Feasa 

Environmental footprint seems to be a subject that is important to Ploutos but is not explicitly present in the 

DEMETER deliverable. 

3.2.3 Competency questions 

Based on the available data about this SIP we propose the following competencies questions: 

                                                            
39 Pedological profile (Greek pedon = soil, Greek logos = study), i.e., the formation, evolution (temporal), 
geographical distribution (spatial) and types of a soil body (https://en.wikipedia.org/wiki/Pedology) 

https://en.wikipedia.org/wiki/Pedology
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- What is the moisture level of the soil on farm X? 

- Which farms in area X were involved in producing food Y? 

- What will tomorrow’s weather be for farm X? 

- Which food related touristic activities are planned in area X? 

Note that trivial questions such as (Who owns farm X? What parcels belong to farm X? Are peaches fruit? 

Give me the GPS coordinate of farm X?) are excluded here and only questions that uniquely characterize this 

SIP are included. However, the more trivial questions are still important to validate the PCSM. In Chapter 5, 

the PCSM is described and how these competency questions can be answered in terms of that model. 

3.3 SIP6 Soil-Passports 

The main challenge to be tackled by SIP6 is the optimization of the process of fertilizing the fields. Now, the 

majority of farmers in Slovenia are not using any means of targeting precision fertilization or pesticides. By 

applying specific fertilization plans, farmers could save reduce costs and reduce impact on the environment. 

To achieve this, the current state of the soil in the field needs to be monitored and captured. Therefore, the 

main parameters that define the health of the soil need to be determined and various methodologies are 

needed to measure these parameters. The complete overview can be maintained in a so-called soil passport 

that forms the basis for a fertilization plan that needs to be derived. Such a plan indicates the number of 

fertilizers and pesticides that need to be added to the soil at specific locations in the field. So, the challenge 

is which methodologies to be used to measure soil parameters on a farm, make that data available to 

partners that can determine a fertilization plan and to organizations that can certify that the farm is operating 

on a higher sustainability level. 

3.3.1 A high-level soil passport architecture 

The following partners in the SIP are potential data sharing partners 

 ITC: an innovation partner that also maintains data 

 KGZS: a public advisory service provider, chamber of agriculture and forestry 

 Farmers: that provide soil passport that shows soil health, receive fertilisation plans and rewards for 
proper soil health. 

In addition, the technology solution provider Termodron is involved that should use the PCSM for data 
sharing via an e-service platform to farmers that enables soil sampling and gives advice on fertilization. 

The picture below shows a high-level overview of the actors in the SIP and the data that they exchange. 

 

Figure 3 – A high-level soil passport architecture. 
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The ideal solution is to fully apply existing technology to measure and collect the main soil parameters. This 
includes the pedological profile of the soil, satellite, and drone imaging to detect plant anomalies and 
mapping of soil characteristics and soil sampling for lab analysis to determine the soil health in terms of 
nitrate concentration etc. The collected data should be digitally recorded, securely stored and made available 
to a fertilization planner that provides a plan for the farming practices (farmer’s calendar). These data will be 
modelled based on standardized data formats and semantics and will openly be shared through standardized 
APIs. The respective datasets will feed scientific models (coded as computing algorithms) to generate 
predictions and recommendations on farming practices that need to be applied. Applied farming practices 
that will be escorted with additional evidence (e.g., a fertilization action will be registered in farmer’s 
calendar along with the invoice of purchase of the fertilizer) will be available for automatic retrieval by 
authorized entities (e.g., certification authorities) allowing the real time evaluation of practices that escort a 
food product. Given that all data will be modelled with standardized semantics inference algorithms will 
automatically deduce the sustainability of the applied farming practices. Finally, also other organisations 
across the supply chain can easily access this data and can get evidence that the product has been produced 
according to a high level of sustainability and in an environmental-friendly manner. 

The SIP wants to realize a hub that enables access to the data collected at the farm to make a fertilization 
plan. Activities on using satellite imagery, drone imagery, soil analysis and electric conductivity will be 
performed by the SIP. A realistic technical solution should make as much data of the farm as possible available 
for secure access in the format and semantics of the PCSM. This can be done using the Ploutos data translator 
that connects to the data sources on the farm and makes it available to multiple other organisations (such as 
DIH, Termodron and KGZS) in terms of the PCSM. In addition, the Ploutos interoperability and data sharing 
layer of the Ploutos platform takes care of the connection between the IT systems and services of the 
partners in the SIP. As a result, the data is available in a common format that can be used via Ploutos by 
multiple different stakeholders. 

3.3.2 Important concepts and standards 

Based on an interview with the SIP participants, we identified a set of important data categories and items 

involved in the SIP as well as the format in which this data is currently being maintained.  

DATA TYPES INVOLVED IN SIP6 

Data category  Data items  Format  

Cultivation 
related  

Cultivation type, harvest quantity  
Textual 
descriptions, xls  

Farmer’s 
activities 
calendar  

day of planting, day of harvesting, pesticides 
and fertilisation applications  

Xls, json, xml  

Earth 
observation 
and soil data  

NDVI, NDRE  
Soil analysis data  

Geotiff images, shape 
files, xls, xml  

Table 6 – data types involved in SIP6. 

In addition, we recognized the following core concepts in the pilot as well as the standards that can be reused 

for modelling these concepts.  

Core concept Sub concept Attribute Standards relevant 

Parcel  Location, boundary 

NGSI-LD: 

AgriParcel, AgriParcelOperation, 

AgriParcelRecord 

Soil   
NGSI-LD: AgriSoil, Saref4Agri: 

soilMoisture, soilTemperature, ENVO 
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 Soil health   

 Soil passport/certificate   

 Soil treatment   

 Soil maps 
Pedological 

profile40 
 

Fertilizer   
NGSI-LD: AgriCrop, 

AgriParcelOperation, AgroVOC, ADAPT 

 Precision Fertilization   

 Fertilization needs   

 Fertilization plan   

Pesticide41   AgroVOC 

Image   INSPIRE, GPS, SSN, SOSA 

 Satellite image   

 Drone image   

Table 7 – additional SIP6 concepts. 

3.3.3 Competency questions 

The PCSM should be able to answer a few basic competency questions for this SIP. We propose the following 

SIP-specific competency questions: 

- What is the full pedological profile of the soil of parcel X? 

- Which soil quality parameters are used in a soil passport for parcel X? (see42 for a first overview) 

- How much fertilization is necessary at what date per square meter of parcel X? 

- What plant anomalies are detected on satellite/drone image Y of parcel X? 

In Chapter 5, the PCSM is described and how these competency questions can be answered in terms of that 

model. 

3.4 SIP7 Wine Producers Labelling 

The main challenges that have been identified for SIP7 are the following. There is a need to improve existing 

farming practices applied by the farmers. Advisors need more data from the field in order to feed scientific 

models that will help them to generate farming advice. These data include micro-climate conditions, applied 

farming practices, insights on crop development (growth stages), etc. This process needs to be supported by 

a smart farming system also including Decision Support on Irrigation, Fertilization, and Pest Management. A 

traceability service that will allow the on-the-fly collection and provision of data that are related with the 

                                                            
40 Pedological profile (Greek pedon = soil, Greek logos = study), i.e., the formation, evolution (temporal), 
geographical distribution (spatial) and types of a soil body (https://en.wikipedia.org/wiki/Pedology) 

41 Also called phyto-product 

42  https://www.intechopen.com/books/sustainable-development-authoritative-and-leading-edge-content-for-
environmental-management/evaluation-of-soil-quality-parameters-development-in-terms-of-sustainable-land-use 

https://en.wikipedia.org/wiki/Pedology
https://www.intechopen.com/books/sustainable-development-authoritative-and-leading-edge-content-for-environmental-management/evaluation-of-soil-quality-parameters-development-in-terms-of-sustainable-land-use
https://www.intechopen.com/books/sustainable-development-authoritative-and-leading-edge-content-for-environmental-management/evaluation-of-soil-quality-parameters-development-in-terms-of-sustainable-land-use
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applied (farming & processing) practices of wine grapes. The traceability service will allow wine consumers 

to verify the farming practices, the variety and the location that the grapes were produced. 

To deal with these challenges, a full suite of Smart Farming (SF) tools can be deployed that will allow the 
collection of agri-environmental data at farm level, the digital recording of farming practices (farmer’s 
calendar), the secure storage and management of the respective information items. These data will be 
modelled based on standardized data formats and will openly be shared through standardized APIs. The 
respective datasets will feed scientific models (coded as computing algorithms) to generate predictions and 
recommendations on farming practices that need to be applied. Applied farming practices that will be 
escorted with additional evidence (e.g., a fertilization action will be registered in the farmer's calendar) will 
be available for automatic retrieval by authorized entities (e.g., certification authorities) allowing the real 
time evaluation of practices that escort a food product. Summaries of these data collections, modelled with 
standardized semantics will be available for retrieval through standardized APIs to potential wine consumers 
that want to retrieve additional evidence on farming practices, grapes variety, terroir’s weather conditions, 
etc.  

3.4.1 A high-level wine labelling architecture 

The following partners in the SIP are potential data sharing partners. 

 Oenou Yi: a farmer and owner of a winery that collects data to be provided via a digital label 

 Filagro Group: an exporting company of wine that has a small role in data sharing except for 

traceability 

In addition, the technology solution provider NeuroPublic is involved that should use the PCSM for data 
sharing via digital labels on top of the smart farming GaiaSense platform. In addition, the Agricultural 
Research Institute is involved to support policy making. 

The picture below shows a high-level overview of the actors in the SIP and the data that they can exchange. 

 

Figure 4 – a high-level wine labelling architecture. 

On the farmer’s side, a suite of environmental sensing equipment along with data collection and processing 

mechanisms that support intelligent decision making with regards to farming practices will be deployed. 

Using the GaiaSense smart-farming services farmers participating in this SIP are expecting to have access to 

the following: 

Data about:
- IoT atmospheric
- Soil
- Earth observation
- Input use
- Production
- Traceability
- Farm logs
- ….?

Product digital label scan

Product sustainability information

Which specific data is shared?

farm monitoring information

government certificate

data sharing/ 
interoperability layer

using Ploutos Common 
Semantic Model

consumer

farmer
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 real time access to weather conditions at the farm 

 weather forecast on a parcel level 

 visual indications on potential future pest infestations and current irrigation needs 

 recommendations on pest management and irrigation actions 

The smart farming technologies will allow the detailed collection and digital storage of applied farming 

practices. Additional data related with the processing of the harvested products will be collected and stored 

through the Ploutos Data Management Platform. The Ploutos platform will be able to collect data from 

different sources and render them to the authorize actors (e.g., consumers). Connecting the GaiaSense and 

the systems of Oenou Yi winery with the Ploutos traceability solution will help in collecting all the needed 

data/proof to secure a digital labelling solution that will promote the related product quality and 

sustainability information to the consumer. 

3.4.2 Important concepts and standards 

Based on an interview with the SIP participants, we identified a set of important data categories and items 

involved in the SIP as well as the format in which this data is currently being maintained.  

DATA TYPES INVOLVED IN SIP7  

Data category  Data items  Format  

Environmental 

data  

Temperature (real time, day max, day min, day average), Humidity, 

Precipitation  
JSON, csv  

Cultivation 

related  

Parcel’s coordinates, cultivation type, irrigation system, number of 

plants per hectare  

Textual/numerical 

descriptions  

Farmer’s 

activities 

calendar  

Day of planting, day of harvesting, growth (phenological) stages, 

pesticides applications, performed irrigations, fertilizers  
csv  

Earth 

observation  
Normalized difference vegetation index (NDVI)  Geotiff images  

Logistics  
Duration of storage, transportation distance, storage conditions (e.g., 

temperature, location)   

Textual/numerical 

descriptions  

Table 8 – data types involved in SIP7. 

In addition, we recognized the following core concepts in the pilot as well as the standards that can be reused 

for modelling these concepts.  

Core concept Sub concept Attribute Standards relevant 

Winery   
NGSI-LD AgriFarm, Organization 

ontology 

 Wine grapes Location AgroVoc, FoodOn, GeoJSON 

Parcel  Location, boundary 

NGSI-LD: 

AgriParcel, AgriParcelOperation, 

AgriParcelRecord 

Soil   
NGSI-LD: AgriSoil, Saref4Agri: 

soilMoisture, soilTemperature, ENVO 
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 Soil health   

 Soil passport/certificate   

 Soil treatment   

 Soil maps Pedological profile  

Fertilizer   
AgriCrop, AgriParcelOperation, 

AgroVOC, ADAPT 

 Precision Fertilization   

 Fertilization needs   

 Fertilization plan   

Pesticide   AgroVOC 

Product   ENVO 

 Production  

productionType, productionDate, 

productionAmount, 

productionQuantity 

 Product quality   

Weather   BIMERR Weather Ontology 

Image   INSPIRE, GPS, SSN, SOSA 

 Satellite image   

 Drone image   

Digital label   GS1, QR-code 

Table 9 – additional SIP7 concepts. 

3.4.3 Competency questions 

The PCSM should be able to answer a few basic competency questions for this SIP. We propose the following 

SIP-specific competency questions: 

- Which information attributes contains a digital label of a wine bottle X from winery Y? 

- Which grapes from which plant at which parcel at vineyard Y are used in wine bottle X? 

- Which information needs to be made available from a regulatory point of view for vineyard Y?  

- How much fertilization and pesticides are used on parcel P during time period T? 

In Chapter 5, the PCSM is described and how these competency questions can be answered in terms of that 

model. 

3.5 SIP8 Carbon Farming 

The main challenge to be addressed by SIP8 is the development of a technological solution that supports a 
compensation system for farmers that optimize carbon sequestration on their land. The sequestration of 
atmospheric carbon in organic, agricultural soils can be influenced by soil management. Natural processes in 
the soil make it the biggest carbon sink on land. Carbon farming focuses on agricultural soil management that 
optimizes these processes and therefore the amount of atmospheric carbon that is captured in the soil. One 
of the sub-challenges is how to quantify the amount of soil carbon and based on which parameters that is 
determined. At the moment, such measurements are done by physical lab analysis on a soil sample. An 
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alternative that needs to be studied is how soil carbon parameters can be monitored on the field and how 
predictive model can be derived to determine the soil carbon based on these parameters. In addition to 
measurements in the field the predictive model will also be based on environmental conditions, such as local 
weather and air conditions. These data are maintained in different, heterogeneous data sources, most 
probably not at the farm. In order to derive the predictive model, this data need to be made accessible and 
interoperable. In addition to all this, the practices and actions of the farmer on the field to improve carbon 
farming need to be maintained and made accessible to a compensation system that generates a financial 
incentive for the farmer. The data sharing and exchange to support the compensation system needs to be 
defined and realized. 

3.5.1 A high-level carbon farming architecture 

The following partners in the SIP are potential data sharing partners. 

 ZLTO: branche organisation for biological agriculture and food connecting farmers and consumers. 

 Udea: trader, supplier of biological food, natural pharmacy products and sustainable non-food. 
(https://www.udea.nl/paginas/over-udea) 

The technology solution provider FarmHack is involved that should use the PCSM for data sharing about 
carbon sequestration across the supply chain. 

The picture below shows a high-level overview of the actors in the SIP and the data that they exchange. 

 

Figure 5 – a high-level carbon farming architecture. 

The ideal solution from a technical point of view is to install and use existing technology for measuring and 

monitoring the soil carbon parameters on the field and collect real-time data of these parameters. This data 

is fed into a data analysis system that also connects to and retrieves data from external data sources, like air 

and weather conditions. These data sources are made interoperable from a syntax and semantic point of 

view using existing or newly developed standards. The state-of-the-art data analysis methodologies are 

applied to derive a predictive model for soil carbon sequestration, like deep neural networks, genetic 

algorithms, reinforcement learning, evolutionary computing, etc. Finally, the measured data, predictive 

model results and farmer practices are made accessible to a compensation system that calculates how much 

financial compensation is given to the farmer. The business model and business case for the compensation 

system needs to be worked out as well of course but is not part of the technical solution. 

From a realistic point of view, the Ploutos platform can support this SIP by providing a PCSM that 

encapsulates the parameters necessary to measure soil carbon sequestration. This Ploutos model can be 

used to semantically align the data measured on the field with the data collected from external sources 

before it is fed into the data analysis toolbox that derives and updates a predictive soil carbon model. The 
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Ploutos data translator that is part of the Ploutos interoperability and data sharing layer can be used for this. 

The same holds for the compensation scheme parameters that are exchanged between the farmer and the 

compensation organization (e.g., ZLTO or UDEA). The existing data analysis toolbox of FramHack can be used 

to generate a predictive soil carbon model which is considered a specific component that can be plugged into 

the Ploutos platform. 

3.5.2 Important concepts and standards 

Based on an interview with the SIP participants, we identified a set of important data categories and items 

involved in the SIP as well as the format in which this data is currently being maintained.  

DATA TYPES INVOLVED IN SIP8  

Data category  Data items  Format  

Environmental 
data  

Temperature (real time, day max, day min, day average), Humidity, 
Precipitation  

JSON, csv  

Cultivation 
related  

Parcel’s coordinates, Cultivation type, irrigation system, number of 
plants per hectare  

Textual/numerical 
descriptions  

Machine 
data   

Time, activity coordinates, technical machine data (fuel consumption, 
rpm, speed, machine type)  

JSON, csv  

Earth 
observation  

Normalized difference vegetation index (NDVI)  Geotiff images  

Soil-carbon 
data  

C rates in soil samples, determination net supply or discharge of 
organic matter (models)  

Textual/numerical 
descriptions  

Table 10 – data types involved in SIP8. 

In addition, we recognized the following core concepts in the pilot as well as the standards that can be reused 

for modelling these concepts.  

Core concept Sub concept Attribute Standards relevant 

Farm   
NGSI-LD AgriFarm, Organization 

ontology 

 Farm type Location AgroVoc, FoodOn, GeoJSON 

 Farmer   

Parcel  Location, boundary 

NGSI-LD: 

AgriParcel, AgriParcelOperation, 

AgriParcelRecord 

Soil Soil type Pedological profile 
NGSI-LD: AgriSoil, Saref4Agri: 

soilMoisture, soilTemperature, ENVO 

 Soil health   

 Soil passport/certificate   

 Soil treatment   

 Soil maps   

Carbon   ENVO 
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Carbon soil 

concentration43 
 ENVO 

Compensation Compensation system   

 Compensation model   

Fertilizer   
AgriCrop, AgriParcelOperation, 

AgroVOC, ADAPT 

 Precision Fertilization   

 Fertilization needs   

 Fertilization plan   

Weather   BIMERR Weather 

Image   INSPIRE, GPS, SSN, SOSA 

 Satellite image   

 Drone image   

Table 11 – additional SIP8 concepts. 

3.5.3 Competency questions 

The PCSM should be able to answer a few basic competency questions for this SIP. We propose the following 

SIP-specific competency questions: 

- How much carbon is being sequestrated by the soil of a parcel X at farm Y? 

- Which soil management parameters determine the optimal natural process of carbon capture in the 

soil? 

- Which non-soil parameters influence the amount of carbon captured by the soil of parcel X?  

- How much financial compensation is given for amount C of carbon sequestration in parcel X of farm 

Y? => financial compensation is really a SIP-specific concept?? 

In Chapter 5, the PCSM is described and how these competency questions can be answered in terms of that 

model. 

3.6 SIP9 Surplus Food 

In this pilot, the strategy is to better connect three types of stakeholders: Food producers, food waste 

disposal facilities, and food intermediaries that redistribute food surplus.  

                                                            
43  Carbon sequestration (see: https://en.wikipedia.org/wiki/Carbon_sequestration) also called carbon 

dioxide removal is the long-term removal, capture or sequestration of CO2 from the atmosphere. 

https://en.wikipedia.org/wiki/Carbon_sequestration
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Figure 6 – a high-level surplus food architecture. 

There is an existing platform, PKI (Public Kitchen Infrastructure), that facilitates alignment of logistics. On this 

platform, farms and food distributors can submit their oversupply. Intermediaries (e.g., charities & soup 

kitchens) can tap into the food value chain where possible, while food waste disposal facilities get insight into 

the disposal volume and anticipate on it, reducing disposal costs. Currently, usage of the PKI is still low, and 

needs to grow. 

3.6.1 A high-level surplus food transfer infrastructure 

The goal of the SIP is to increase the number of stakeholders that use PKI, to increase the sustainability of 

soup kitchens, and to decrease the cost of food waste disposal. 

The ideal solution would require multiple solutions, namely (1) an online tool for publishing surplus food 

donations, with extra features for analyzing trends and cost benefits of food donations, (2), a logistics system 

that is able to move the surplus food from the donator to the consumer on-demand, and (3) it should have 

a marketing strategy that educates the general public about food waste. 

Unfortunately, many platform users are not digitized enough for the ideal solution to work out. Currently, 

the best fit is to use a one-stop shop that provides surveillance and support for users of the platform. hrough 

partnering with the relevant actors and umbrella organizations across the food donation value chain such as 

Food bank Belgrade and Red Cross of Vojvodina, SIP9 will ensure logistics capacity for all registered users. 

Also, different types of events will be organized through the platform, such as charity fundraising events, 

gleaning events, educational/discussion events and many others. 

3.6.2 Important concepts and standards 

Based on an interview with the SIP participants, we identified a set of important data categories and items 

involved in the SIP as well as the format in which this data is currently being maintained. 

DATA TYPES INVOLVED IN SIP9 

Data category Data items Format 
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- DS-1 Donors 

Type: 
collected;  

 

Data collected upon the registration of potential donors, incl. both 
personal and organizational (i.e., company) data. This dataset 
includes organization name, address, name and position of contact 
person, email address, brief description of organization's work, incl. 
the information on whether they are already donating food, and, if 
yes, how much/ month, the average yearly value of donated food, 
and whether the food is compostable or edible.  

Free-format 
textual 
descriptions; .csv 

 

-DS-2 
Recipients 

Type: 
collected;  

 

Data collected upon the registration of recipient/ end-user 
organisations. This dataset includes organization name, address, brief 
description of organization’s work, incl. the information on whether 
people eat meals on site, and the number of food insecure people 
being served, the average amount of food received, and the 
information about the type of food most looked for now days.   

Personal data will be collected (i.e., name and position of contact 
person, email address, phone number).  

This dataset will be expanded with the information (both qualitative 
and quantitative) on recipients behaviour characteristics concerning 
surplus food management behaviour: type of food waste practice, 
date of registration, number of participation in campaigns of pilots; 
state of awareness and knowledge of food waste and food waste 
redistribution; current attitude towards food waste; current capacity 
perception; perceived barriers to engage in food waste 
redistribution.  

Free-format 
textual 
descriptions; .csv 

-DS-3 
Volunteers 

Type: collected 

 

This data sets includes information collected from volunteers upon 
their registration on the platform. Personal data will be collected, 
incl. name and phone number, email address. Besides, the user will 
provide the following non-personal information: whether the user 
will be participating on a regular basis or on the one-time basis when 
available, if they have a vehicle that can be used for transporting 
food, and whether they are a part of an organization or an individual.  

Free-format 
textual 
descriptions; .csv 

- DS-4 Events 

Type: 
generated 

 

This dataset contains publicly available information on periodically 
organized events (i.e., gleaning events, donations, farmers’ market, 
Open Days): event type, number of volunteers required, event start/ 
end date, location, brief description. No personal data is collected 
under this dataset. 

Free-format 
textual/ 
numerical 
descriptions; csv 

-DS-5 
Donations: 
collected; 
generated;  

This dataset contains the information about donations made 
available, incl. donation status, donation start & end date, Location, 
Donation title, Brief Description, Public location, Route description, 
food type, food unit (l, kg, g, pieces), quantity;  

Free-fromat 
textual/ 
numerical 
descriptions; csv 

Table 12 – data types involved in SIP9. 

In addition, we recognized the following core concepts in the pilot as well as the standards that can be reused 
for modelling these concepts. 

Core concept Sub concept Attribute Standards relevant 

Farm   
NGSI-LD AgriFarm, Organization 

ontology 
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 Farm type Location AgroVoc, FoodOn 

 Farmer   

Product   FoodOn, GS1, Foodie, AgroVOC 

Product donor    

Product 

recipient 
   

Table 13 – additional SIP9 concepts. 

3.6.3 Competency questions 

The PCSM should be able to answer a few basic competency questions for this SIP. We propose the following 

SIP-specific competency questions: 

 Which food disposal facilities are there? 

 How much food do we (a disposal facility) have to dispose of in the following week? 

 How much food can we (a soup kitchen) receive from farms that have surplus? 

 Which nearby compost areas can I use to sustainably ‘recycle’ my surplus produce? 

 How many potatoes have I supplied last week? 

 How many potatoes from last week went to charities? 

 How many potatoes from last week were composted? 

 How many potatoes from last week were destroyed/burned?   

In Chapter 5, the PCSM is described and how these competency questions can be answered in terms of that 

model. 
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4 Requirement analysis 
In the previous chapter we have analysed the data requirements of the individual SIPs and mention the 

relevant existing standards and ontologies. In this section we compare the SIPs on two aspects. 

First, we compare on concept level; we distinguish which concepts are used in multiple SIPs and which are 

used in a single SIP. Concepts that are used in multiple SIPs might be good candidates to include in the PCSM. 

Second, we compare on the existing standards and ontologies level; standard and ontologies that occur in 

multiple SIPs are good candidates to be included in the PCSM.  

An actual selection of concepts and ontologies to be reused is done in Chapter 5. 

4.1 Analysis on concept level 

In this comparison we do the following. For each of the SIPs we consider the important concepts that it needs. 

We do this mainly based on the description of work, and if things are unclear, we investigate further to clear 

things up. We expect that there will be an overlap between the concepts that the different SIPs use, which 

we can utilize for the selection of core concepts to be included in the PCSM. 

The resulting table is shown below. There is indeed considerable overlap, most notably for the concepts 

“Farm”, “Location”, and “Soil”. 

 SIP1 SIP5 SIP6 SIP7 SIP8 SIP9 

Farm x x x x x x 

Location x x x x x  

Date/time    x   

Farmer x  x  x x 

Crop/plant x x x    

Plant cultivation x      

Plant anomalies   x    

Animal x      

Supply/demand      x 

Amount/quantity x   x   

Nutrition x     x 

Food supplier x x    x 

Food consumer  x    
x (incl. 

disposal?) 

Food processing  x  x  X 

Parcel x x x  x  

Parcel operation x x x  x  

Product quality    x   

Certificate x      
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Document x x     

Subsidy x    
x 

(compensation) 
 

Soil x x x x x  

Pedological 

profile 
  x  x  

Resource 

consumption 
x      

Water x x     

Fertilisers x x x    

Fertilization 

plans 
  x    

Pesticides x x x    

Chemicals x x     

Weather x x  x   

Logistics unit x x    x 

Preservation x x    x 

Perishment      x 

Observation x  x x x  

Sensor  x  x   

Carbon footprint  x  
? or other 

sustainability 
x (negative)  

Carbon 

sequestration 
    x  

App/platform  x    x 

Farming 

machinery 
  x    

Aerial imagery   x    

Advice (e.g., 

instructions on 

how to use 

pesticides) 

x      

Table 14 – The main concepts required by the SIPs. 

4.2 Analysis on standard and ontologies level 

Aside from a comparison of the concepts, we also conducted an analysis on which standards or ontologies 

were mentioned or considered for each SIP. The goal of this is to get a feeling of which of these can be 

included or imported into the PCSM. 
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The table below shows the result, and we can see that “ENVO”, “SAREF4AGRI”, “NGSI-LD”, “AGROVOC”, 

“FOODIE” and “FOODON” seem to be the most prevalent models and are candidates to be included in the 

PCSM if the technology is compatible. For the other ontologies we might consider leaving them out. 

 SIP1 SIP5 SIP6 SIP7 SIP8 SIP9 

NGSI-LD X X X X X X 

AGROVOC X X X X  X 

SAREF4AGRI X X X X X  

GS1 X X  X   

rmAGRO X X     

SOSA/SSN X X X    

FOODIE X X X X   

FOODON X X X X  X 

ADAPT   X    

ISOBUS   X    

Table 15 – The main standards that might be used by the SIPs. 

Both analyses will be used as input for defining the PCSM in the next chapter. 
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5 Ploutos Common Semantic Model 
Based on the requirements of the various SIPs and their data sharing intentions, a first version of a semantic 

model with common concepts and relations has been developed, the PCSM. In the next subsection, the 

guiding principles for the modelling and selection of concepts and relations in the PCSM will be described. 

Then, in the next subsection, the common concepts are briefly listed and the overall design of the PCSM in 

the form of an ontology is described. The entire source code of the PCSM can be found Annex I: The Ploutos 

Common Semantic Model. 

5.1 Guiding principles 

For the design of the PCSM, a following guidelines have been used: 

1. The PCSM is based on semantic technologies, like RDF and OWL, because it is currently the best way 

of intuitively defining formal semantics (OWL) and provides the flexibility for modular reuse of 

existing data models or extend them. 

2. The PCSM should be a small, core model that covers the main common concepts in the agrifood 

domain ranging from the farm via the supply chain to the consumer. 

3. The concepts and relations for the PCSM are selected from the requirements of the SIPs. When most 

of the SIPs require a certain concept, it is part of the PCSM, e.g., the concepts farm, farmer, parcel, 

and soil that are required by most of the SIPs. 

4. Existing ontologies that already define the required concepts are reused by the PCSM as much as 

possible. Nonetheless, we define a specific Ploutos namespace for the PCSM, namely 

https://www.tno.nl/agrifood/ontology/ploutos/common# prefixed as ploutos, that is used to inherit 

the concepts of these existing ontologies. 

5. Existing ontologies are only reused when they have a clear formal OWL structure that is publicly 

available and accessible or downloadable in a .owl, .ttl or .rdf format, for instance at the W3C website 

or the AgroPortal (http://agroportal.lirmm.fr). Consequently, no reuse of proprietary ontologies of 

different projects will be done. 

6. Vocabularies and thesauri/taxonomies that simply define and list a large set of hierarchical terms will 

not be reused in the PCSM other than using the rdf:isDefinedBy property to point to the definition of 

the concept in a vocabulary. 

7. Reuse of existing concepts and properties in the PCSM is done using the rdfs:subClassOf or 

owl:equivalentClass construct for concepts and the rdfs:subPropertyOf construct for properties. 

8. Concepts and properties that are required by the PCSM but are not yet part of existing ontologies 

will be added as concepts and properties to the ploutos namespace. 

9. The well-known ontology design pattern called Part-Observation-Property pattern is used in which 

as much as possible concepts are expressed in a ploutos:partOf relation with another concept and 

measurements are defined as observations of observable properties of features of interest. More 

details on this pattern can be found in the following subsection. 

A consequence of these guiding principles is that existing data models that are not proper ontologies are not 

explicitly inherited and extended by the PCSM. Unfortunately, extensive data models like NGSI-LD and 

vocabularies like AGROVOC fall into this category, as they are either vocabularies that can still be pointed at 

using a rdf:isDefinedBy or XML-based data models that cannot be reused as existing ontology, because they 

do not have the RDF-based linked data structure. 

Finally, we follow the concepts and terms of existing ontologies and thus these terms might not fit perfectly 

for the agrifood supply chain domain, e.g., the term Observation and partOf relation. Therefore, we 

https://www.tno.nl/agrifood/ontology/ploutos/common
http://agroportal.lirmm.fr/
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distinguish between model-technical terms and domain-specific terms and try to find a balance between an 

elegant model and recognizability for domain experts. 

5.1.1 Part-Obs-Prop design pattern 

One of the guiding principles mentioned above is that of the Part, Observation, Property design pattern. The 

goal of this principle is to give structure to the different concepts and properties that appear in the PCSM. A 

good structure makes it easier to either find a concept that you are looking for or add a new concept that 

was still missing. The Part, Observation, Property design pattern is based on W3C’s SOSA 

(http://www.w3.org/ns/sosa/) ontology and has been applied before in other ontologies. It can be applied 

in domains where you want to use different kinds of sensors to measure properties of things on different 

abstraction levels. For example, on the one hand you might want sensors on a drone to measure the drought 

of a particular parcel on a farm, while on the other hand a farmer might sample individual plants on the 

parcel and measure their growth. So, this design pattern can be used for the model to accommodate 

measurements on both abstraction levels and optionally allow them to be correlated at a later stage. 

The pattern divides the concepts of the ontology into three pillars: parts, observations, and properties. Each 

of the pillars hosts different types of concepts that can be related with each other in predefined ways. 

 

The Part pillar consists of part-whole concepts. Within this pillar, concepts can be defined as being a member 

of the class Part, which indicates that the concept can be a part of another, larger concept indicated using 

the partOf relation. For example, both the concepts Flower and Plant are defined within the Part pillar and 

an instance of the Flower concept has a partOf relation with instances of the Plant concept, because the 

flower is part of the plant. Another example is that of the concept Farm and the concept Parcel. An instance 

of the concept Parcel is partOf an instance of the concept Farm, because parcels belong to a farm. Within 

the Part pillar a hierarchy of concepts arises that can range from very detailed (i.e. the organs of an animal) 

to more abstract (i.e. the farm or region).  

Note that in this pillar it is important to distinguish between the hierarchy formed using the subClassOf 

relation and the hierarchy formed using the partOf relation. The first expresses a taxonomy where children 

are more specific than their parents and an instance of a child is also always an instance of its parent, while 

the second hierarchy expresses the structure of reality where a car, for example, consists of four wheels, a 

chassis and a body. Clearly, the rule that an instance of a wheel is also an instance of a car is not applicable 

here. In practice this means that wheel and car are related using partOf and not using subClassOf. 

The Property pillar consists of all kinds of properties of the concepts from the Part pillar. For example, the 

property Height is applicable to the Tree concept and the Greenhouse concept and the property Temperature 

is applicable to the air surrounding the farm (i.e., weather), but also to heating pipes in a greenhouse. Other 

examples of properties are carbon dioxide levels, humidity, color and radiation. These properties are 

modelled in the PCSM as concepts in order to define the semantics properly and, even more important, to 

use them in relations to various other concepts, using for instance the hasHeight or hasTemperature relation. 
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The Observation44 pillar connects the concepts from the Part pillar with the concepts from the Property pillar 

to model measurements. An observation measures a certain property of a certain part. In principle, every 

concept in the Part pillar is a FeatureOfInterest that can have an ObservableProperty in the Property pillar of 

which measurements can be done. So, measuring the height of a tree is represented as an Observation of 

the Height ObservableProperty (property) with the Tree FeatureOfInterest (part). 

Figure 7 depicts a diagram that visualizes the ploutos:Part concept as a subclass of sosa:FeatureOfInterest 

concept, which enables the entire sosa:Observation structure to be reused for modelling and instantiating 

measurements of a sosa:ObservableProperty of a Ploutos part. Note that this design pattern is a useful way 

of structuring our model, but not every concept must fit these three pillars. For example, treatments of 

parcels and packaging of meat are not naturally fit these three pillars and have their separate Operation 

concepts to represent them. 

 

Figure 7 – OWL Diagram of the Part-Observation-Property pattern and the reuse of the SOSA ontology for this. 

 

5.2 PCSM concepts and reuse of existing ontologies 

The following is a selection of high-level concepts that are required for the SIPs and will be part of the PCSM. 

They are selected based on the occurrences in the analysis in Chapter 4. In general, if a concept occurs in 

three or more SIPs, it is included here. We distinguish different types of concepts to be included in the core 

PCSM. Table 16 gives an overview. 

 

                                                            
44 Also Actuations can be part of this pillar and represent influencing instead of measuring certain properties of certain 
parts. 
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Category Common concept Specialization 

Geographical-related concepts Farmer  

Farm  

Parcel  

Crop  

Location*  

Logistics unit*  

Material-related concepts Soil  

Fertilizer  

Pesticide  

Action-related concepts Operation Product Operation 

 Parcel Operation 

Observation  

Environment-related concepts Temperature  

Humidity  

Precipitation  

Wind speed*  

Solar radiation*  

Table 16 – The common concepts that are defined in the PCSM. The concepts marked with ‘*’ are currently not explicitly defined in 

the PCSM but may be added later. 

To model these common concepts, the existing ontologies listed in Table 15 are reused. Unfortunately, not 

all data models or ontologies we considered were compatible on a technology level and were therefore 

discarded. Obviously, there are also other ontologies that might become available soon in the necessary 

format. For instance, the EPPO Global Database maintained by the EU EPPO organisation contains a lot of 

plant and pesticide information that can be reused easily once there is an ontology available that contains 

this information in an RDF and OWL-structure. 

Prefix Name Base URI 

ENVO Environment Ontology http://purl.obolibrary.org/obo/envo.owl# 

s4agri SAREF4AGRI https://saref.etsi.org/saref4agri/ 

SSN Semantic Sensor Network http://www.w3.org/ns/ssn/ 

SOSA Sensor Observation Sample Actuator http://www.w3.org/ns/saso/ 

OM Ontology of units of Measure http://www.ontology-of-units-of-

measure.org/resource/om-2/ 

Weather BIMERR Weather Ontology https://bimerr.oit.linkeddata.es/def/weather# 
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Table 17 – Existing ontologies reused in the PCSM. 

5.3 PCSM design 

In this section we briefly describe the design of the PCSM. We focus on the common concepts and show 

diagrams of the Ploutos concepts and how they reuse concepts of existing ontologies and their properties. 

5.3.1 Farmer, farm, parcel and crop 

For modelling the Ploutos concepts farmer, farm, parcel and crop we reused similar concepts in the saref4agri 

ontology and the ENVO ontology. A diagram of how these concepts relate can be found in Figure 8. As can 

be seen, the rdfs:subClassOf property is used to relate the Ploutos concepts with the concepts of reused 

existing ontologies. Thereby, instances of these Ploutos concepts directly inherit the properties of these 

reused concepts. However, where needed, additional properties are defined for Ploutos concepts, for 

instance the property ploutos:hasArea for concept ploutos:Parcel. In addition, the s4agri:contains property 

is reused to model the fact that a farm contains one or more parcels and that a parcel contains zero or more 

crops. Also important to note is that the ENVO ontology is mostly used to give extra meaning and explanation 

to a concept that is nicely defined by ENVO. So, the ploutos:Parcel concept is an rdfs:subClassOf of 

obo:ENVO_00000114 which is the concept “agricultural field” that has a clear definition in the hierarchical 

structure of ENVO including synonyms like “cropland” or “grassland”. 

 

Figure 8 – OWL Diagram of the Ploutos concepts Farmer, Farm, Parcel and Crop. 
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5.3.2 Soil 

On top of the main common concepts farmer, farm, parcel and crop, the next common concept is the soil 

that is part of the parcel and in which the crop grows. For modelling the Ploutos concept soil we reused a 

similar concept in the ENVO ontology. A diagram of how these concepts relate can be found in Figure 9. As 

can be seen, the rdfs:subClassOf property is used to relate the ploutos:Soil concept with the ENVO soil 

concept. Thereby, the Ploutos soil concept inherits the properties of the ENVO soil concept, e.g. the ‘has 

part’, ‘has quality’ and ‘part of’ properties. 

 

Figure 9 – OWL Diagram of the Ploutos concept Soil and reuse of ENVO concepts. 

These properties show that soil can consist of various other materials, such as ‘clay’, ‘silt’, ‘sand’, ‘minerals’, 

‘organic’, and that in may contain chemical entities and nutrients. 

5.3.3 Fertilizer and pesticide 

Apart from water that is irrigated on the soil that is part of the parcel, also other materials and substances 

need to be applied to either the soil or the crop on the parcel. 
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Figure 10 – OWL Diagram of the Ploutos concept TreatmentMaterial containing Fertilizers and Pesticides and reusing OM concepts. 

In order to capture such materials, the class ploutos:TreatmentMaterials is introduced. This class contains 

the class of fertilizers with nutrients that are needed to keep the soil healthy as well as the class of pesticides 

that are used to protect the crop against diseases and dangerous insects. Figure 10 depicts the OWL diagram 

of these classes and shows that the concentration of a nutrient in a certain fertilizer is modelled using the 

om:Percentage class, that the cost of a fertilizer is expressed in terms of an om:Measure. The om:Measure 

class contains a numerical value and a unit, in this case the amount euros to be payed for a unit of the 

fertilizer.  

5.3.4 Operation 

In order to model action-related concepts, the class ploutos:Operation is introduced. This class can be 

specialized for various operations on the objects on or at the farm or further down in the agrifood supply 

chain. The two main properties of a ploutos:Operation are the ploutos:isOperatedOn property, that 

designates to the object on which the operation is performed, and the ploutos:responsibleAgent property, 

that indicates the person or organization that performs the operation. 

5.3.4.1 ProductOperation 

The ploutos:Operation class has various subclasses of more specific operations, e.g., the 

ploutos:ProductOperation. This class encapsulates all possible operations on a product produced by for 

instance the farmer, ploutos:CuttingOperation, or the food processing factory, ploutos:PackagingOperation. 

See Figure 11 for an OWL diagram of these classes and their properties. As can be seen, the class 

ploutos:ProductOperation also has an input and output product of the class ploutos:Product using the SSN 

properties ssn:hasInput and ssn:hasOutput. The ploutos:Product concept has additionally a property 

ploutos:hasOrigin that indicates the original farm at which the product is produced. 
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Figure 11 – OWL Diagram of the Ploutos concept Operation, ProductOperation and more specific operations. 

5.3.4.2 ParcelOperation 

Besides product operations, specific operations on parcels are distinguished using the class 

ploutos:ParcelOperation, see Figure 12. This class uses the ploutos:isOperatedOn property to indicate on 

which parcel the operation is performed. Furthermore, the class has a datetime on which it is started and a 

datetime on which it ended. Finally, the ploutos:hasAppliedAmount property indicates the amount of a 

certain treatment material or substance that is used on the parcel in the operation and the 

ploutos:isAppliedPer property indicates the area of the parcel that is treated with this amount of material or 

substance. 
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Figure 12 – OWL Diagram of the Ploutos concept Operation, ParcelOperation and more specific operations. 

Three different parcel opertions are defined in the PCSM as subclass of the ploutos:ParcelOperation concept. 

1. First, the ploutos:irrigationOperation concept represents all operations for irrigating water on the 

parcel and does not have any additional properties apart from the generic properties of the 

ploutos:parcelOperation. 

2. Second, the ploutos:FertilizationOperation concept represents all operations for fertilizing the soil on 

the parcel. In addition to the generic properties of the parcel operation, this operation also defines 

the fertilizer used, ploutos:usesFertilizer, the type of fertilization, ploutos:hasFertilizationType (e.g., 

basal fertilization), the application method, ploutos:hasApplicationMethod (e.g., broadcasting), and 

the treated area, ploutos:hasTreatedArea, which is an om:Measure that indicates the amount of 

hectares on the parcel that is fertilized. 

3. Third, the ploutos:CropProtectionOperation concept represents all operations for protecting the crop 

on the parcel. In addition to the generic properties of the parcel operation, this operation also defines 

the pesticide used, ploutos:usesPesticide, the object to which the pesticide is targeted towards, 

ploutos:isTargetedTowards (e.g., late blight), and the treated area, ploutos:hasTreatedArea, which is 

an om:Measure that indicates the amount of hectares on the parcel that is fertilized. 

Possibly, more properties need to be added in the future or other types of parcel operations are common 

enough to be added to the PCSM. 
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5.3.5 Weather parameters 

Finally, the PCSM also contains weather properties that are required by most of the SIPs to monitor the 

various environmental conditions around the crop on a parcel. To model this, the PCSM has the 

ploutos:WeatherParameter concept and reuses the weather properties defined in the BIMERR weather 

ontology45. The ploutos:WeatherParameter is therefore made equivalent to the weather:WeatherProperty 

concept in the BIMERR weather ontology using the owl:equivalentClass property as is shown in figure 13. An 

advantage of using the equivalent class property here is that the ploutos:WeatherParameter automatically 

inherits all subclasses of the weather:WeatherProperty class containing the actual parameters like 

Temperature, Humidity, Wind, Storm etc. 

 

Figure 13 – OWL Diagram of the Ploutos concept WeatherParameter that inherits all WeatherProperties from BIMERR. 

 

5.4 Using the PCSM 

In this section, it is described how the PCSM can be used to instantiate data elements and make this data 

available for request by anyone who is interested. For each SIP, a SIP-specific ontology is defined that imports 

and reuses the PCSM and contains, when necessary, also SIP-specific additional concepts and properties. 

Moreover, specific instantiations of PCSM classes are introduced in this SIP-specific ontology to show how 

one of the, in Chapter 3 defined, competency questions for the SIP can be answered. Therefore, a SIP-specific 

namespace https://www.tno.nl/agrifood/data/ploutos/sipX# is defined with prefix sipXData for SIP-specific 

data instantiations, where the capital X is the number of the SIP. The competency questions are then 

expressed as SPARQL queries, the querying language for ontologies and linked data. The subsections that 

follow describe for each SIP in scope: the SIP-specific concepts and properties, the data instantiations and 

the SPARQL query plus results for one of the competency questions. 

                                                            
45 https://bimerr.iot.linkeddata.es  

https://www.tno.nl/agrifood/data/ploutos/sipX
https://bimerr.iot.linkeddata.es/
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5.4.1 SIP1 usage of PCSM 

For SIP1, the focus is on the competency question: 

- From what farm does batch X of frozen fruits originate? 

To express this using the PCSM, the concept ploutos:Product is considered to also include all kind of batches 

that are produced by a farm. To answer this question, an instantiation of a farm and a product is introduced 

as depicted in Figure 14. 

 

Figure 14 – Data instantiation graph for SIP1. 

The competency question can then be expressed by the following SPARQL query: 

PREFIX ploutos: <https://www.tno.nl/agrifood/ontology/ploutos/common#> 
PREFIX sip1Data: <https://www.tno.nl/agrifood/data/ploutos/sip1#> 
 
SELECT ?farm 
WHERE { 
  ?product ploutos:hasOrigin ?farm . 
  ?farm a ploutos:Farm . 
} 

 

This query has the following table as a result: 

 

 

5.4.2 SIP5 usage of PCSM 

For SIP5, the focus is on the competency question: 

- What is the moisture level of the soil on farm X? 

To express this using the PCSM, the SIP5-specific ontology needed to be extended with two additional specific 

concepts, as depicted in Figure 15. First, the concept sip5:ConcentrationOfMoisture is introduced to define 

the concentration of moisture that can be measured as an observable property of the soil. Second, a specific 

sip5:SoilMoistureObservation concept is defined as a subclass of sosa:Observation, which has a ploutos:Soil 

as feature of interest and the sip5:ConcentrationOfMoisture as observable property.  
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Figure 15 – OWL Diagram of SIP5 specific concepts. 

To answer the competency question, instantiations of a SIP5 farm, parcel, soil, concentration of moisture, 

soil moisture observation and a specific measure are introduced as depicted in Figure 16. 

 

Figure 16 – Data instantiation graph for SIP5. 
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The competency question can then be expressed by the following SPARQL query: 

PREFIX obo: <http://purl.obolibrary.org/obo/> 
PREFIX om: <http://www.ontology-of-units-of-measure.org/resource/om-2/> 
PREFIX ploutos: <https://www.tno.nl/agrifood/ontology/ploutos/common#> 
PREFIX sip5Data: <https://www.tno.nl/agrifood/data/ploutos/sip5#> 
PREFIX sip5: <https://www.tno.nl/agrifood/ontology/ploutos/sip5#> 
PREFIX s4agri: <https://saref.etsi.org/saref4agri/> 
PREFIX sosa: <http://www.w3.org/ns/sosa/> 
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 
 
SELECT ?value ?time 
WHERE { 
  ?farm a ploutos:Farm . 
 
  ?farm s4agri:contains ?parcel . 
  ?parcel a ploutos:Parcel . 
  ?soil obo:BFO_0000050 ?parcel . 
  ?soil a ploutos:Soil . 
 
  ?observation a sip5:SoilMoistureObservation . 
  ?observation sosa:hasFeatureOfInterest ?soil . 
   
  ?observation sosa:hasResult ?result . 
  ?result om:hasUnit om:PercentageUnit . 
  ?result om:hasNumericalValue ?value . 
  ?observation sosa:resultTime ?time . 
 
  VALUES ?farm { sip5Data:Farm_1 } 
} 

 

This query has the following table as a result: 

 

 

5.4.3 SIP6 usage of PCSM 

For SIP5, the focus is on the competency question: 

- What plant anomalies are detected on satellite/drone image Y of parcel X? 

To express this using the PCSM, the SIP6-specific ontology needed to be extended with a few additional 

specific concepts, as depicted in Figure 17. First, the concepts sip6:Image, sip6:DroneImage and 

sip6:SatelliteImage are introduced to define an image and two subclasses of it for drone and satellite. The 

concept sip6:Image is defined as a subclass of the ENVO concept obo:IAO_0000101 with label “image”. It has 

two properties, property sip6:isTakenOf for indicating the parcel for which the image is taken and property 

sip6:hasDetectedAnomaly for indicating the type of anomaly detected at the crop on the parcel. 
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Figure 17 – OWL Diagram of SIP6 specific concepts. 

To answer the competency question, instantiations of a SIP6 parcel, crop, drone image and a water damage 

anomaly are introduced as depicted in Figure 18. 

 

Figure 18 – Data instantiation graph for SIP6. 

The competency question can then be expressed by the following SPARQL query: 

PREFIX ploutos:<https://www.tno.nl/agrifood/ontology/ploutos/common#> 
PREFIX s4agri:<https://saref.etsi.org/saref4agri/> 
PREFIX obo:<http://purl.obolibrary.org/obo/> 
SELECT * 
WHERE { 
?image sip6:isTakenOf ?parcel . 
?parcel s4agri:contains ?crop . 
?image sip6:hasDetectedAnomaly ?anomaly . 
} 

 

This query has the following table as a result: 

 

 

5.4.4 SIP7 usage of PCSM 

For SIP7, the focus is on the competency question: 
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- How much fertilization and pesticides are used on parcel P during time period T? 

To answer the competency question, no new concepts and properties are required, but instantiations of a 

SIP7 parcel, fertilizer, fertilization operation, pesticide, crop protection operation, quantity measure and area 

treated measure are introduced as depicted in Figure 19. 

 

Figure 19 – Data instantiation graph for SIP7. 

The competency question can then be expressed by the following SPARQL query: 

SELECT ?parcel ?start ?end ?material ?name ?amount ?amountSymbol ?area ?areaSymbol 
WHERE { 
{ 
    ?farm a ploutos:Farm . 
    ?farm s4agri:contains ?parcel . 
 
    ?operation ploutos:isOperatedOn ?parcel . 
    ?operation a ploutos:FertilizationOperation . 
 ?operation ploutos:hasStartDatetime ?start . 
 ?operation ploutos:hasEndDatetime ?end . 
 FILTER (?start > "2020-04-01T00:00:00"^^xsd:dateTime) 
 FILTER (?end < "2020-06-01T00:00:00"^^xsd:dateTime) 
 
 ?operation ploutos:usesFertilizer ?material . 
 ?material ploutos:hasCommercialName ?name . 
 
 ?operation ploutos:hasTreatedArea ?areaMeasure . 
  ?areaMeasure om:hasNumericalValue ?area . 
 ?areaMeasure om:hasUnit ?areaUnit . 
 ?areaUnit om:symbol ?areaSymbol . 
 
 ?operation ploutos:hasAppliedAmount ?amountMeasure . 
 ?amountMeasure om:hasNumericalValue ?amountperarea . 
 BIND (xsd:float(?amountperarea) * xsd:float(?area) AS ?amount) . 
 ?amountMeasure om:hasUnit ?amountUnit . 
 ?amountUnit om:symbol ?amountSymbol . 
 
} UNION { 
    ?farm a ploutos:Farm .  
    ?farm s4agri:contains ?parcel . 
 
    ?operation ploutos:isOperatedOn ?parcel . 
    ?operation a ploutos:CropProtectionOperation . 
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 ?operation ploutos:hasStartDatetime ?start . 
 ?operation ploutos:hasEndDatetime ?end . 
 FILTER (?start > "2020-04-01T00:00:00"^^xsd:dateTime) 
 FILTER (?end < "2020-07-01T00:00:00"^^xsd:dateTime) 
 
 ?operation ploutos:usesPesticide ?material . 
 ?material ploutos:hasCommercialName ?name . 
 
 ?operation ploutos:hasTreatedArea ?areaMeasure . 
  ?areaMeasure om:hasNumericalValue ?area . 
 ?areaMeasure om:hasUnit ?areaUnit . 
 ?areaUnit om:symbol ?areaSymbol . 
 
 ?operation ploutos:hasAppliedAmount ?amountMeasure . 
 ?amountMeasure om:hasNumericalValue ?amount . 
 ?amountMeasure om:hasUnit ?amountUnit . 
 ?amountUnit om:symbol ?amountSymbol . 
} 
} 
ORDER BY ?start ?end 

 

This query has the following table as a result: 

 

 

5.4.5 SIP8 usage of PCSM 

For SIP8, the focus is on the competency question: 

- How much carbon is being sequestrated by the soil of a parcel X at farm Y? 

To express this using the PCSM, the SIP8-specific ontology needed to be extended with an additional specific 

concept, as depicted in Figure 20. The concept sip8:SoilCO2Observation concept is defined as a subclass of 

sosa:Observation, which has a ploutos:Soil as feature of interest and the ENVO concept obo:ENVO_04000003 

as observable property, which stands for “concentration of carbon dioxide in soil”. The sosa:hasSimpleResult 

property of the sosa:Result concept is used to contain the value of the CO2 concentration in the soil. 
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Figure 20 – OWL Diagram of SIP8 specific concepts. 

To answer the competency question, instantiations of a SIP8 farm, parcel, soil, concentration of carbon 

dioxide in soil, soil CO2 observation and a specific sosa result are introduced as depicted in Figure 21. 
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Figure 21 – Data instantiation graph for SIP8. 

The competency question can then be expressed by the following SPARQL query: 

PREFIX obo: <http://purl.obolibrary.org/obo/> 
PREFIX ploutos: <https://www.tno.nl/agrifood/ontology/ploutos/common#> 
PREFIX sip8Data: <https://www.tno.nl/agrifood/data/ploutos/sip8#> 
PREFIX sip8: <https://www.tno.nl/agrifood/ontology/ploutos/sip8#> 
PREFIX s4agri: <https://saref.etsi.org/saref4agri/> 
PREFIX sosa: <http://www.w3.org/ns/sosa/> 
 
SELECT ?soil ?property ?time ?value 
WHERE { 
    ?farm a ploutos:Farm . 
     
    ?farm s4agri:contains ?parcel . 
    ?soil obo:BFO_0000050 ?parcel . 
     
    ?observation sosa:hasFeatureOfInterest ?soil . 
    ?observation sosa:observedProperty ?property . 
    ?observation sosa:resultTime ?time . 
    ?observation sosa:hasResult ?result . 
     
    ?result sosa:hasSimpleResult ?value . 
} 



55 / 68 

55 

D4.2: Data Interoperability for the Agri-Food Sector 

 
This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 101000594 
 

This query has the following table as a result: 

 

 

5.4.6 SIP9 usage of PCSM 

For SIP8, the focus is on the competency question: 

- Which food disposal facilities are there? 

To express this using the PCSM, the SIP9-specific ontology needed to be extended with some additional 

specific concept, as depicted in Figure 22. The concepts sip9:ProductDonor, sip9:ProductRecipient and 

sip9:FoodKitchen are defined as specific subclasses of the foaf:Agent concept as they are organisations that 

are used in SIP9 to model sources and sinks of food waste. 

 

Figure 22 – OWL Diagram of SIP9 specific concepts. 

To answer the competency question, an instantiation of a SIP9 food kitchen is introduced as depicted in 

Figure 23. As can be seen, the food kitchen instantiation as also an instantiation of the concept 

sip9:ProductRecipient. 

 

Figure 23 – Data instantiation graph for SIP9. 

The competency question can then be expressed by the following SPARQL query: 

PREFIX ploutos: <https://www.tno.nl/agrifood/ontology/ploutos/common#> 
PREFIX sip9Data: <https://www.tno.nl/agrifood/data/ploutos/sip9#> 
PREFIX sip9: <https://www.tno.nl/agrifood/ontology/ploutos/sip9#> 
 
SELECT ?receiver 
WHERE { 
  ?receiver a sip9:ProductRecipient . 
} 

This query has the following table as a result: 
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6 Conclusions   
In this document, a short overview of existing standards for data representation, semantics and sharing 

across the agrifood supply chain is described. This overview is mainly based on other existing overviews and 

briefly categorizes and describes the available standards. Subsequently, the requirements on data capturing, 

storage and sharing for a subset of the Ploutos SIPs are formulated and a selection of common concepts and 

relations are derived. These common concepts and relations are modelled in a first version of the PCSM. The 

PCSM defines its own Ploutos namespace for the common concepts but reuses existing ontologies as much 

as possible and only defines new concepts and relations where needed. Besides the common concepts of the 

PCSM there will be a need for SIP-specific concepts and relations that only are of interest for data sharing 

within the SIP. These concepts can be modelled using a SIP-specific ontology that imports and reuses the 

PCSM. This document also describes how this can be done for the SIPs that were considered and how so-

called competency questions for a SIP can be answered using the PCSM and a SIP-specific instantiation of it.  

The PCSM has been defined to be used as the basis for semantic interoperability in data exchange via the 

Ploutos Data Sharing Platform within the Ploutos SIPs. As such, the PCSM will be used in that platform as the 

means to bridge semantic differences between the data models of the various organization in the agrifood 

supply chain. Further elaboration of the usage of the PCSM in the Ploutos platform is part of future work in 

Ploutos WP4, specifically in tasks T4.2 and T4.3. 

Future extensions of the PCSM will be guided by new requirements from the various SIPs or new 

requirements that pop up from the innovative activities in Ploutos WP2 and WP3 work packages. With 

respect to the latter, concepts related to behavior change to support better sustainability or concepts related 

to business model aspects could be added. In that sense, sustainability can be expressed in terms of social, 

environmental, and economic parameters. Each of these can be expressed in terms of concepts related to all 

the stakeholders in the agrifood supply chain, such as water usage, pesticides, poorly paid labor, etc. This is 

subject of further study in WP4. 
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8 Annexes 
 

Annex I: The Ploutos Common Semantic Model 

Below, the source code of the PCSM is given in .ttl format: 

======================================================================================= 

# baseURI: https://www.tno.nl/agrifood/ontology/ploutos/common 

# imports: http://purl.obolibrary.org/obo/envo.owl 

# imports: http://www.ontology-of-units-of-measure.org/resource/om-2/ 

# imports: http://www.w3.org/ns/sosa/ 

# imports: http://www.w3.org/ns/ssn/ 

# imports: https://bimerr.iot.linkeddata.es/def/weather 

# imports: https://saref.etsi.org/saref4agri/v1.1.2/ 

# prefix: ploutos 

 

@prefix MathM: <http://www.w3.org/1998/Math/MathML> . 

@prefix cybele: <https://w3id.org/cybele/> . 

@prefix envo: <http://purl.obolibrary.org/obo/envo.owl#> . 

@prefix foodie: <http://foodie-cloud.com/model/foodie#> . 

@prefix obo: <http://purl.obolibrary.org/obo/> . 

@prefix om: <http://www.ontology-of-units-of-measure.org/resource/om-2/> . 

@prefix owl: <http://www.w3.org/2002/07/owl#> . 

@prefix ploutos: <https://www.tno.nl/agrifood/ontology/ploutos/common#> . 

@prefix ploutosData: <https://www.tno.nl/agrifood/data/ploutos/common#> . 

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> . 

@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> . 

@prefix s4a: <https://saref.etsi.org/saref4agri/v1.1.2/> . 

@prefix s4agri: <https://saref.etsi.org/saref4agri/> . 

@prefix sosa: <http://www.w3.org/ns/sosa/> . 

@prefix spin: <http://spinrdf.org/spin#> . 

@prefix ssn: <http://www.w3.org/ns/ssn/> . 

@prefix weather: <https://bimerr.iot.linkeddata.es/def/weather#> . 

@prefix xml: <http://www.w3.org/XML/1998/namespace> . 

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> . 

 

foodie:Intervention 

  rdf:type owl:Class ; 

  owl:equivalentClass ploutos:ParcelOperation ; 

. 

foodie:Plot 

  rdf:type owl:Class ; 

. 

obo:ENVO_00000078 

  rdf:type owl:Class ; 

  owl:equivalentClass ploutos:Farm ; 

. 

obo:ENVO_00001998 

  rdf:type owl:Class ; 

. 

obo:PATO_0000033 

  rdfs:subClassOf sosa:ObservableProperty ; 

. 

ssn:hasInput 

  rdfs:domain ploutos:PackagingOperation ; 

  rdfs:subPropertyOf owl:topObjectProperty ; 

. 

ssn:hasOutput 

  rdfs:domain ploutos:PackagingOperation ; 

  rdfs:subPropertyOf owl:topObjectProperty ; 

. 

<http://xmlns.com/foaf/0.1/Agent> 

  rdf:type owl:Class ; 

. 
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<http://xmlns.com/foaf/0.1/Person> 

  rdf:type owl:Class ; 

. 

s4agri:Crop 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:maxQualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

      owl:onDataRange xsd:string ; 

      owl:onProperty ploutos:hasCropVariety ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onDataRange xsd:string ; 

      owl:onProperty s4agri:hasName ; 

      owl:qualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

    ] ; 

. 

ploutosData:cow-meat 

  rdf:type owl:NamedIndividual ; 

  rdf:type ploutos:Product ; 

. 

ploutosData:cow-meat-part-1 

  rdf:type owl:NamedIndividual ; 

. 

ploutosData:cow-meat-part-2 

  rdf:type owl:NamedIndividual ; 

. 

ploutosData:cow-meat-part-3 

  rdf:type owl:NamedIndividual ; 

. 

ploutosData:cow-meat-part-packaged-1 

  rdf:type owl:NamedIndividual ; 

. 

ploutosData:cow-meat-part-packaged-2 

  rdf:type owl:NamedIndividual ; 

. 

ploutosData:cow-meat-part-packaged-3 

  rdf:type owl:NamedIndividual ; 

. 

ploutosData:cutting 

  rdf:type owl:NamedIndividual ; 

  rdf:type ploutos:CuttingOperation ; 

  ssn:hasInput ploutosData:cow-meat ; 

  ssn:hasOutput ploutosData:cow-meat-part-1 ; 

  ssn:hasOutput ploutosData:cow-meat-part-2 ; 

  ssn:hasOutput ploutosData:cow-meat-part-3 ; 

. 

ploutosData:packaging-1 

  rdf:type owl:NamedIndividual ; 

  rdf:type ploutos:PackagingOperation ; 

  ssn:hasInput ploutosData:cow-meat-part-1 ; 

  ssn:hasOutput ploutosData:cow-meat-part-packaged-1 ; 

. 

ploutosData:packaging-2 

  rdf:type owl:NamedIndividual ; 

  rdf:type ploutos:PackagingOperation ; 

  ssn:hasInput ploutosData:cow-meat-part-2 ; 

  ssn:hasOutput ploutosData:cow-meat-part-packaged-2 ; 

. 

ploutosData:packaging-3 

  rdf:type owl:NamedIndividual ; 

  rdf:type ploutos:PackagingOperation ; 

  ssn:hasInput ploutosData:cow-meat-part-3 ; 

  ssn:hasOutput ploutosData:cow-meat-part-packaged-3 ; 

. 

<https://www.tno.nl/agrifood/ontology/ploutos/common> 

  rdf:type owl:Ontology ; 

  spin:imports <http://topbraid.org/spin/owlrl-all> ; 

  owl:imports <http://purl.obolibrary.org/obo/envo.owl> ; 

  owl:imports om: ; 



62 / 68 

62 

D4.2: Data Interoperability for the Agri-Food Sector 

 
This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 101000594 
 

  owl:imports sosa: ; 

  owl:imports ssn: ; 

  owl:imports <https://bimerr.iot.linkeddata.es/def/weather> ; 

  owl:imports s4a: ; 

. 

ploutos:Crop 

  rdf:type owl:Class ; 

  rdfs:comment "A crop" ; 

  rdfs:subClassOf s4agri:Crop ; 

  rdfs:subClassOf ploutos:Part ; 

. 

ploutos:CropProtectionOperation 

  rdf:type owl:Class ; 

  rdfs:label "Crop protection operation" ; 

  rdfs:subClassOf ploutos:ParcelOperation ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:minQualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

      owl:onDataRange xsd:string ; 

      owl:onProperty ploutos:isTargetedTowards ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onClass om:Measure ; 

      owl:onProperty ploutos:hasTreatedArea ; 

      owl:qualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onProperty ploutos:usesPesticide ; 

      owl:someValuesFrom ploutos:Pesticide ; 

    ] ; 

. 

ploutos:CuttingOperation 

  rdf:type owl:Class ; 

  rdfs:subClassOf ploutos:ProductOperation ; 

. 

ploutos:ENVO_00001998_1 

  rdf:type obo:ENVO_00001998 ; 

  rdfs:label "ENVO 00001998 1" ; 

. 

ploutos:Farm 

  rdf:type owl:Class ; 

  rdfs:subClassOf s4agri:Farm ; 

  rdfs:subClassOf ploutos:Part ; 

. 

ploutos:Farmer 

  rdf:type owl:Class ; 

  rdfs:subClassOf s4agri:Farmer ; 

. 

ploutos:FertilizationOperation 

  rdf:type owl:Class ; 

  rdfs:label "Fertilization operation" ; 

  rdfs:subClassOf ploutos:ParcelOperation ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onClass om:Measure ; 

      owl:onProperty ploutos:hasTreatedArea ; 

      owl:qualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onDataRange xsd:string ; 

      owl:onProperty ploutos:hasApplicationMethod ; 

      owl:qualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onDataRange xsd:string ; 

      owl:onProperty ploutos:hasFertilizationType ; 
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      owl:qualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onProperty ploutos:usesFertilizer ; 

      owl:someValuesFrom ploutos:Fertilizer ; 

    ] ; 

. 

ploutos:Fertilizer 

  rdf:type owl:Class ; 

  rdfs:comment "1: This represents the class of fertilizer that are used in fertilization 

operations to give nutrients to soil, water or another substrate" ; 

  rdfs:comment "2: The property hasNutrientConcentration relates to an om:Percentage that 

has a value and a \"phenomenon\" that indicates for which nutrient the percentage holds" 

; 

  rdfs:label "fertilizer" ; 

  rdfs:subClassOf ploutos:TreatmentMaterial ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:maxQualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

      owl:onDataRange xsd:string ; 

      owl:onProperty ploutos:hasCommercialName ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onClass om:Measure ; 

      owl:onProperty ploutos:hasCost ; 

      owl:qualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onClass om:Unit ; 

      owl:onProperty ploutos:isPricePer ; 

      owl:qualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onProperty ploutos:hasNutrientConcentration ; 

      owl:someValuesFrom om:Percentage ; 

    ] ; 

. 

ploutos:IrrigationOperation 

  rdf:type owl:Class ; 

  rdfs:label "Irrigation operation" ; 

  rdfs:subClassOf ploutos:ParcelOperation ; 

. 

ploutos:IrrigationSystem 

  rdf:type owl:Class ; 

  rdfs:comment "This class represents all kind of irrigation systems that are used to 

irrigate soil" ; 

  rdfs:label "pivot Irrigation system" ; 

  rdfs:subClassOf ploutos:System ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:maxQualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

      owl:onDataRange xsd:float ; 

      owl:onProperty ploutos:hasSprinklerFlow ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:maxQualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

      owl:onDataRange xsd:integer ; 

      owl:onProperty ploutos:hasNumberOfSprinklers ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:maxQualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

      owl:onDataRange xsd:integer ; 

      owl:onProperty ploutos:hasNumberOfSprinklersPerPlant ; 

    ] ; 
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  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onDataRange xsd:string ; 

      owl:onProperty ploutos:hasIrrigationType ; 

      owl:qualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

    ] ; 

. 

ploutos:Nutrient 

  rdf:type owl:Class ; 

  rdfs:comment "A nutrient" ; 

  rdfs:subClassOf obo:CHEBI_33284 ; 

  rdfs:subClassOf ploutos:Part ; 

. 

ploutos:Operation 

  rdf:type owl:Class ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:maxQualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

      owl:onClass <http://xmlns.com/foaf/0.1/Agent> ; 

      owl:onProperty ploutos:responsibleAgent ; 

    ] ; 

. 

ploutos:PackagingOperation 

  rdf:type owl:Class ; 

  rdfs:subClassOf ploutos:ProductOperation ; 

. 

ploutos:Parcel 

  rdf:type owl:Class ; 

  rdfs:subClassOf obo:ENVO_00000114 ; 

  rdfs:subClassOf s4agri:Parcel ; 

  rdfs:subClassOf ploutos:Part ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:maxQualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

      owl:onClass ploutos:IrrigationSystem ; 

      owl:onProperty ploutos:usesIrrigationSystem ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onDataRange xsd:float ; 

      owl:onProperty ploutos:hasArea ; 

      owl:qualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

    ] ; 

. 

ploutos:ParcelOperation 

  rdf:type owl:Class ; 

  rdfs:comment "Is this also a subclass of process?" ; 

  rdfs:subClassOf ploutos:Operation ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:maxQualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

      owl:onClass om:Area ; 

      owl:onProperty ploutos:isAppliedPer ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onClass om:Measure ; 

      owl:onProperty ploutos:hasAppliedAmount ; 

      owl:qualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onDataRange xsd:dateTime ; 

      owl:onProperty ploutos:hasEndDatetime ; 

      owl:qualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onDataRange xsd:dateTime ; 

      owl:onProperty ploutos:hasStartDatetime ; 
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      owl:qualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onProperty ploutos:isOperatedOn ; 

      owl:someValuesFrom ploutos:Parcel ; 

    ] ; 

. 

ploutos:Part 

  rdf:type owl:Class ; 

  rdfs:comment "Model-technical term. Domain experts should not give too much significance 

to this."@en ; 

  rdfs:comment "This class represents parts of things."@en ; 

  rdfs:subClassOf sosa:FeatureOfInterest ; 

. 

ploutos:Pesticide 

  rdf:type owl:Class ; 

  rdfs:subClassOf ploutos:TreatmentMaterial ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:maxQualifiedCardinality "1"^^xsd:nonNegativeInteger ; 

      owl:onDataRange xsd:string ; 

      owl:onProperty ploutos:hasCommercialName ; 

    ] ; 

. 

ploutos:Product 

  rdf:type owl:Class ; 

  rdfs:comment "Instances of this class are product items, such as a can of beans, or a 

box of bananas." ; 

. 

ploutos:ProductOperation 

  rdf:type owl:Class ; 

  rdfs:comment "An operation on a product where it changes in a meaningful way, e.g., 

packaging,"@en ; 

  rdfs:subClassOf ploutos:Operation ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onProperty ssn:hasInput ; 

      owl:someValuesFrom ploutos:Product ; 

    ] ; 

  rdfs:subClassOf [ 

      rdf:type owl:Restriction ; 

      owl:onProperty ssn:hasOutput ; 

      owl:someValuesFrom ploutos:Product ; 

    ] ; 

. 

ploutos:Soil 

  rdf:type owl:Class ; 

  rdfs:subClassOf obo:ENVO_00001998 ; 

  rdfs:subClassOf owl:Thing ; 

  rdfs:subClassOf ploutos:Part ; 

. 

ploutos:System 

  rdf:type owl:Class ; 

  rdfs:comment "This class represents all kinds of systems that are used in the agrifood 

supply chain" ; 

  rdfs:label "System" ; 

  rdfs:subClassOf owl:Thing ; 

. 

ploutos:TreatmentMaterial 

  rdf:type owl:Class ; 

  rdfs:comment "This class represents all material or substances that can be used on a 

parcel, i.e. in the soil or on the crop" ; 

  rdfs:label "Treatment material" ; 

  rdfs:subClassOf owl:Thing ; 

. 

ploutos:WeatherParameter 

  rdf:type owl:Class ; 

  rdfs:comment "This indicates the class of all weather-related parameters." ; 

  rdfs:label "Weather parameter"@en ; 
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  owl:equivalentClass weather:WeatherProperty ; 

. 

ploutos:hasApplicationMethod 

  rdf:type owl:DatatypeProperty ; 

  rdfs:label "has application method" ; 

  rdfs:range xsd:string ; 

. 

ploutos:hasAppliedAmount 

  rdf:type owl:ObjectProperty ; 

  rdfs:comment "Here we make the link to the Ontology of units of Measure and enable classes 

to have a measure witth a numerical value and a unit" ; 

  rdfs:label "has applied amount" ; 

  rdfs:range om:Measure ; 

. 

ploutos:hasArea 

  rdf:type owl:DatatypeProperty ; 

  rdfs:comment "This property expresses the area of a flat object such as a parcel or field 

on the land" ; 

  rdfs:label "has area" ; 

  rdfs:range xsd:float ; 

. 

ploutos:hasCommercialName 

  rdf:type owl:DatatypeProperty ; 

  rdfs:label "has commercial name" ; 

  rdfs:range xsd:string ; 

. 

ploutos:hasCost 

  rdf:type owl:ObjectProperty ; 

  rdfs:comment "Here we make the link to the Ontology of units of Measure and enable classes 

to have a measure with a numerical value and a unit" ; 

  rdfs:label "has cost" ; 

  rdfs:range om:Measure ; 

. 

ploutos:hasCropVariety 

  rdf:type owl:DatatypeProperty ; 

  rdfs:label "has crop variety" ; 

  rdfs:range xsd:string ; 

. 

ploutos:hasEndDatetime 

  rdf:type owl:DatatypeProperty ; 

  rdfs:label "has end datetime" ; 

  rdfs:range xsd:dateTime ; 

. 

ploutos:hasFertilizationType 

  rdf:type owl:DatatypeProperty ; 

  rdfs:domain ploutos:FertilizationOperation ; 

  rdfs:label "has fertilization type" ; 

  rdfs:range xsd:string ; 

. 

ploutos:hasIrrigationType 

  rdf:type owl:DatatypeProperty ; 

  rdfs:domain ploutos:IrrigationSystem ; 

  rdfs:label "has irrigation type" ; 

  rdfs:range xsd:string ; 

. 

ploutos:hasNumberOfSprinklers 

  rdf:type owl:DatatypeProperty ; 

  rdfs:domain ploutos:IrrigationSystem ; 

  rdfs:label "has number of sprinklers" ; 

  rdfs:range xsd:integer ; 

. 

ploutos:hasNumberOfSprinklersPerPlant 

  rdf:type owl:DatatypeProperty ; 

  rdfs:domain ploutos:IrrigationSystem ; 

  rdfs:label "has number of sprinklers per plant" ; 

  rdfs:range xsd:integer ; 

. 

ploutos:hasNutrientConcentration 

  rdf:type owl:ObjectProperty ; 

  rdfs:label "has nutrient concentration" ; 
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. 

ploutos:hasOrigin 

  rdf:type owl:ObjectProperty ; 

  rdfs:comment "Indicates that the object is an origin of the product. The origin can be, 

for instance, a farm, a packaging factory, etc." ; 

  rdfs:domain ploutos:Product ; 

. 

ploutos:hasSprinklerFlow 

  rdf:type owl:DatatypeProperty ; 

  rdfs:comment "this property indicates the flow of water through the sprinklers of an 

irrigation system in cubic meters per hour (m3/h)" ; 

  rdfs:domain ploutos:IrrigationSystem ; 

  rdfs:label "has sprinkler flow" ; 

  rdfs:range xsd:float ; 

. 

ploutos:hasStartDatetime 

  rdf:type owl:DatatypeProperty ; 

  rdfs:label "has start datetime" ; 

  rdfs:range xsd:dateTime ; 

. 

ploutos:hasTreatedArea 

  rdf:type owl:ObjectProperty ; 

  rdfs:comment "Here we make the link to the Ontology of units of Measure and enable classes 

to have a measure with a numerical value and a unit" ; 

  rdfs:label "has treated area" ; 

  rdfs:range om:Measure ; 

. 

ploutos:isAppliedPer 

  rdf:type owl:ObjectProperty ; 

  rdfs:label "is applied per" ; 

  rdfs:range om:Area ; 

. 

ploutos:isOperatedOn 

  rdf:type owl:ObjectProperty ; 

  rdfs:domain ploutos:Operation ; 

  rdfs:label "is operated on" ; 

. 

ploutos:isPricePer 

  rdf:type owl:ObjectProperty ; 

  rdfs:comment "Here we make the link to the Ontology of units of Measure and enable classes 

to have a measure with a numerical value and a unit" ; 

  rdfs:label "is price per" ; 

  rdfs:range om:Unit ; 

. 

ploutos:isTargetedTowards 

  rdf:type owl:DatatypeProperty ; 

  rdfs:label "is targeted towards" ; 

  rdfs:range xsd:string ; 

. 

ploutos:responsibleAgent 

  rdf:type owl:ObjectProperty ; 

  rdfs:range <http://xmlns.com/foaf/0.1/Agent> ; 

. 

ploutos:usesFertilizer 

  rdf:type owl:ObjectProperty ; 

  rdfs:label "uses fertilizer" ; 

  rdfs:range ploutos:Fertilizer ; 

. 

ploutos:usesIrrigationSystem 

  rdf:type owl:ObjectProperty ; 

  rdfs:label "uses irrigation system" ; 

. 

ploutos:usesPesticide 

  rdf:type owl:ObjectProperty ; 

  rdfs:label "uses pesticide" ; 

  rdfs:range ploutos:Pesticide ; 

. 

 

=======================================================================================  
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