
 

Farmtopia Reusable Software Components - 
guidelines 



Farmtopia Reusable Software Components - guidelines 

2 
 

4ÈÉÓ ÐÒÏÊÅÃÔ ÈÁÓ ÒÅÃÅÉÖÅÄ ÆÕÎÄÉÎÇ ÆÒÏÍ ÔÈÅ %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ Europe research 
and innovation programme under grant agreement No 101083541 
 

 

Table of Contents 

1. The Farmtopia Semantic Model 4 

1.1 ADS and data interoperability 4 

1.2 Specification of the Farmtopia Semantic Model 5 

1.2.1 Improvements to the Ploutos PCSM 5 

1.2.2 The Farmtopia Semantic Model 6 

мΦнΦо 5ŀǘŀ ǘǊŀƴǎƭŀǘƻǊǎΩ ŘŜǎŎǊƛǇǘƛƻƴ 9 

2. Reusable SW modules 11 

2.1 Farmtopia Digital Field Book 11 

2.1.1 Generic description 11 

2.1.2 Functional Architecture 11 

2.1.3 Example of Use 13 

2.1.4 API specification 15 

2.2 Farmtopia Data Exchange Service 16 

2.2.1 Generic description 16 

2.2.2 Functional Architecture 16 

2.2.3 Example of Use 18 

2.2.4 API specification 20 

2.3 Farmtopia Data Integration Module 21 

2.3.1 Generic description 21 

2.3.2 Functional Architecture 21 

2.3.3 Examples of use 23 

2.3.4 API specification 23 

3. Integration Demonstration 24 

References 32 

Annex A 34 

Annex B 39 

Annex C 41 

 

 

  



Farmtopia Reusable Software Components - guidelines 

3 
 

4ÈÉÓ ÐÒÏÊÅÃÔ ÈÁÓ ÒÅÃÅÉÖÅÄ ÆÕÎÄÉÎÇ ÆÒÏÍ ÔÈÅ %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ Europe research 
and innovation programme under grant agreement No 101083541 
 

Table 1 List of abbreviations and Acronyms 

List of Abbreviations and Acronyms 

ADSs Agricultural Digital Solutions 

AI Artificial Intelligence 

API Application Programming Interface 

DL Deliverable Leader 

DoA Description of the Action 

DIHs Digital Innovation Hubs 

EB Executive Board 

EC European Commission 

EU European Union 

EEAB External Expert Advisory Board 

GA Grant Agreement 

GUI Graphical User Interface 

KPI Key Performance Indicator 

KR Key Results 

PC Project Coordinator 

PM Project Manager 

PO Project Officer 

PU Public 

R Report 

SEN Sensitive 

SIP Sustainable Innovation Pilot 

SIPIB Sustainable Innovation Pilot Implementation Board 

SO Specific Objectives 

TBD To Be Determined 

TC Technical Coordinator 

ToC Table of Content 

TLs Task Leaders 

WP Work Package 

 

 

 

 

 

 

 

 

 

 

 



Farmtopia Reusable Software Components - guidelines 

4 
 

4ÈÉÓ ÐÒÏÊÅÃÔ ÈÁÓ ÒÅÃÅÉÖÅÄ ÆÕÎÄÉÎÇ ÆÒÏÍ ÔÈÅ %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ Europe research 
and innovation programme under grant agreement No 101083541 
 

1. The Farmtopia Semantic Model 

1.1 ADS and data interoperability  

The need for Interoperability: It has been clear for a number of years that a key technical requirement 

for agricultural digital solutions has been interoperability between systems and modules. A large 

number of different proprietary platforms has resulted in many silos, while large technology or 

ŀƎǊƛŎǳƭǘǳǊŜ ƳŀŎƘƛƴŜǊȅ ƳŀƴǳŦŀŎǘǳǊŜǊǎ ƘŀǾŜ ǎƻǳƎƘǘ ǘƻ άƭƻŎƪ-ƛƴέ ǘƘŜƛǊ ŎǳǎǘƻƳŜǊǎ ǘƻ ŀ ǎǇŜŎƛŦƛŎ ǿŀƭƭŜŘ 

garden. The current situation of vertical silos impedes the creation of cross-domain, cross-platform 

and cross-organisational services due to their lack of interoperability and openness between systems.  

Large and growing quantities of data are generated and captured by an increasing number of sensors 

and other IoT devices (from weather stations to sensors for variable rate sprayers). This data cannot 

be used effectively absent of the integration between different systems. As noted in (Kasimati et al. 

2021, Brewster et al. 2023), this is not for a lack of appropriate data models but rather a combination 

of large-scale ignorance, resistance to the adoption of standards developed by other communities, 

and the technical weakness that the most extensively used standards do not have fully developed 

semantics. In spite of many efforts in this area, the widespread adoption of common and standardised 

syntactic and semantic information models along with the appropriate technological tools (e.g., data 

translators) that will act as interoperability enablers on existing, already in use-legacy systems has yet 

to be achieved. Nonetheless, the number of relevant initiatives indicates the widespread recognition 

of this issue as a critical factor for the wider adoption and the utility of ADSs.  

There is wider technical and scientific recognition of the importance of data interoperability. This is 

best seen in the FAIR Data Principles, an initiative emanating out of the life sciences in origin but now 

widely recognised across many scientific disciplines as a crucial tool for wider access and reuse of data. 

Not only are all EC funded projects expected to follow the FAIR principles with regard to data sets (as 

well as other scientific output), not only are most research and innovation funders around the world 

expecting the same but there is ever greater adoption by industrial sectors as well.  Concurrently there 

are political pressures to increase interoperability of data collected due to the need to collect data for 

CAP monitoring and now it has become clear also for the CSRD obligations of companies. This has also 

been underpinned and partially subsidised by EC initiatives for Data Spaces in agriculture, and 

ǇŀǊǘƴŜǊǎƘƛǇǎ ǎǳŎƘ ŀǎ ǘƘŜ ά!ƎǊƛŎǳƭǘǳǊŜ ƻŦ 5ŀǘŀέΦ 

Existing Approaches: The most significant initiatives to develop standards facilitating data 

interoperability have all arisen in the last decade. Previously the most important initiative was the 

C!hΩǎ AGROVOC vocabulary, which is still actively maintained and used extensively to annotate 

documents such as the AGRIS collection. More recently, largely a North American initiative, the 

Foodon ontology provides a very rigorous formally correct ontology regarding food as a whole with a 

special emphasis on ingredients of food products. Under the auspices of ETSI, the SAREF ontology for 

managing IoT devices has been extended to agriculture as SAREF4AGRI which covers a number of basic 

classes for agricultural practices.  The FOODIE project developed the FOODIE ontology focussing 

especially on handling geospatial aspects of agriculture. Inheriting from SAREF4AGRI, FOODIE and a 

number of other ontologies, DEMETER AIM developed a set of semantic models covering a large 

number of agriculture related concepts. Inheriting from SAREF4AGRI, and other leading ontologies 

such as ENVO and SOSAΣ ǘƘŜ tƭƻǳǘƻǎ ǇǊƻƧŜŎǘ ŘŜǾŜƭƻǇŜŘ ŀ ά/ƻƳƳƻƴ {ŜƳŀƴǘƛŎ aƻŘŜƭέ ŦƻŎǳǎǎƛƴƎ Ƴŀƛƴƭȅ 

on on-farm practices and data sharing across supply chains (Brewster et al. 2023). The Ploutos 

approach is more light-weight and easily comprehensible by developers than the more comprehensive 

and sophisticated approach apparent in DEMETER AIM.  

 Choices made for Farmtopia 

https://www.fao.org/agris/
https://saref.etsi.org/
https://saref.etsi.org/saref4agri/v1.1.2/
https://foodie-cloud.github.io/model/FOODIE.html
https://h2020-demeter.eu/an-update-on-the-agriculture-information-model/
https://www.w3.org/2015/spatial/wiki/SOSA_Ontology
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In view of our analysis of the affordances of the different approaches ς outlined above ς and the 

requirements of the Farmtopia SIPs, the decisions was made to reuse the Ploutos Core Semantic 

Model (PCSM), along with any necessary extensions based on SIPs execution plans. Farmtopia 

requirements corresponded with what PCSM offers on operations, products and observations 

modelling. An important factor is that PCSM is based on widely used standardized data models, 

including a comprehensive implementation of Saref4Agri that is respectively based on Semantic 

Sensor Network Ontology, forming a solid basis for  modeling. Furthermore the PCSM introduces a full 

set of farm treatment operations and respective products facilitating the recording of farmers 

interventions, inputs and outputs within the farm calendar. However, there were some aspects of the 

PCSM which needed to be adapted the specific needs of the Farmtopia project. PCSM is focused more 

on supply chain transparency, and thus includes many concepts related to the food chain, specifically 

the inheritance of FOODON and ENVO ontologies which increase the complexity. Furthermore, the 

modelling of spatial information is not optimal. We needed to adapt the PCSM to align with the 

INSPIRE directive which enables the importing of land holdings data from government authorities with 

NACE classification support. In addition, there is a lack in spatial descriptive properties, and it does not 

natively support the representation of polygons or more complex geometries like multi-point 

structures directly. For this purpose, the Open Geospatial Consortium (OGC) GeoSPARQL vocabulary 

provides the necessary classes and properties. GeoSPARQL is specifically designed to handle complex 

geospatial data, including polygons, by allowing for the representation of geometries using the Well-

Known Text (WKT) format. GeoSPARQL supports querying RDF data based on spatial relationships and 

geometrical operations, accommodating a wide range of geometries, including points, lines, polygons, 

and multi-geometries. PCSM ontology is not being extended but instead used as the backbone of the 

Farmtopia data model.  

Our plan is based on the logic of using classes and properties from the PCSM and its inherited 

ontologies by implementing concept inheritance as shallow as possible. This is due to the fact that 

when we want to use specific concepts from dominant ontologies, it is vital to be compatible, while 

keeping a level of abstraction. For instance, in the case of sensors and measurements mapping, we 

choose to implement an SOSA/SSN model instead of Saref4Agri because we might want later to use 

ontologies that are based also on SOSA/SSN but not on Saref4Agri. The existence of soil sampling, 

earth observation data etc, necessitates the conceptual alignment between the measurements from 

in-situ sensors with procedure results that are also measurements of related observable properties. 

On the other hand, PCSM has a spatial division implementation that is based on Saref4Agri which we 

will implement by also mirroring it to the INSPIRE directives through the FOODIE ontology. In parallel 

we will implement OGC GeoSPARQL directly to define the parcels boundaries and spatial relationships 

with other geospatial features. Based on these choices we are able to use DEMETER AIM to expand 

interoperability between several other ontologies that could be vital within the scope of Farmtopia 

(e.g. NGSI-LD for improving verbosity on queries). DEMETER AIM however is missing concepts (e.g. 

product chain like fertilizers) and thus it does not make sense either to use it as a base. It does 

introduces a nice equivalent logic between standards that facilitates the cross-utilization of concepts 

between ontologies, a fact that facilitates our data model. 

 

1.2 Specification of the Farmtopia Semantic Model 

Through the Farmtopia Semantic Model (FSM) we ensure interoperability and data sharing viability 

across the ecosystem. Our main principles are i) the reuse of existing semantic standards which means 

reusing classes and properties from existing ontologies, and ii) the reduction of data verbosity.  

1.2.1 Improvements to the Ploutos PCSM 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Statistical_classification_of_economic_activities_in_the_European_Community_(NACE)
https://www.ogc.org/standard/geosparql/
https://www.ogc.org/standard/wkt-crs/
https://www.ogc.org/standard/wkt-crs/
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Our plan is based on the logic of using classes and properties from PCSM and its inherited ontologies 

by implementing concept inheritance as shallow as possible to support extensibility. This is to ensure 

compatibility with other major ontologies, while keeping a level of abstraction. For instance, in case 

of sensors and measurements mapping we choose to implement a SOSA/SSN modelling instead of 

directly inheriting classes from Saref4Agri because we want to be compatible with ontologies that 

are based on SOSA/SSN but not on Saref4Agri. This choice is nonetheless keeping compatibility with 

the Saref4Agri. 

One critical choice we have made to improve the data model is the conceptual unification of 

observations/predictions (gitlab) to enforce a common descriptive dimension. We are using 

observations both for sensor readings and third party correlated data (e.g. deployed weather station 

and current weather data from a service). The existence of soil sampling, earth observation data etc, 

also necessitates the conceptual alignment between the measurements from in-situ sensors with 

procedure results that are also measurements of related observable properties (gitlab)). 

Additionally, we are introducing Prediction (subclass of Observation) used to correlate entities that 

refer to a similar property (e.g. humidity from a sensor and humidity from a forecast). Furthermore, 

to reduce data properties redundancy on time-series datasets described with the aforementioned 

classes, we are introducing the utilization of Collections and Slices based on SSN Extension Ontology 

and Data Cube, respectively. Therefore Observation/Prediction collections are used so that their 

members inherit data properties from the upper levels iteratively. Specifically, to avoid verbocity, we 

have implemented grouping of data which enables us to share common properties between child data 

points (gitlab). This has been implemented for both observations/predictions and operations that are 

the most common shared data in the Farmtopia ecosystem. Additionally, in order to support time 

periods, especially for statistics (like NDVI), we have leveraged the power of the OWL TIME ontology 

by customizing some classes and properties to cover the required temporal dimension (gitlab). 

Another issue with time-series data points, but also within farm operations recordings is the verbosity 

of the described quantifiable entities. To achieve less verbose modelling of quantifiable records we 

are using derived units by introducing the QUDT ontology (PCSM uses OM)  to narrow down quantity 

values and avoid two distinct entities (e.g. kg/Ha - an example can be found in FSM JSON-LD 

serialization of Operations and Farm inputs within the Annex C). 

As noted above, for the modelling of geospatial concepts, our data model needs to be aligned with 

the INSPIRE directive that offers native support for EU-wide importing of holdings data from state 

authorities with NACE support. PCSM has a spatial division implementation that is based on Saref4Agri 

which we will implement by also mapping it (where possible) to the INSPIRE directives by incorporating 

FOODIE ontology classes which already implements a basic backbone for INSPIRE (gitlab). Additionally 

some new classes are defined to facilitate the cross reference of spatial entities (gitlab). To represent 

polygons or other complex geometries within RDF data, we are using the GeoSPARQL vocabulary 

provided by the Open Geospatial Consortium (OGC). GeoSPARQL is specifically designed to handle 

complex geospatial data, including polygons, by allowing for the representation of geometries using 

the GeoJSON format. GeoSPARQL supports querying RDF data based on spatial relationships and 

geometrical operations, accommodating a wide range of geometries, including points, lines, polygons, 

and multi-geometries. Another addition we have made to limit verbosity with systems like sensors 

that have locations is that Sensors could related directly with a geospatial related entity like a Parcel 

or Point-of-Interest without intermediate concepts (gitlab).  

1.2.2 The Farmtopia Semantic Model  

An initial version of Farmtopia Semantic Model (FSM) specification  is located on the project public 

repository(https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/tree/main). The Ontology 

https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/blob/main/FarmtopiaSemanticModel.rdf?ref_type=heads#L342
https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/blob/main/FarmtopiaSemanticModel.rdf?ref_type=heads#L182
https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/blob/main/FarmtopiaSemanticModel.rdf?ref_type=heads#L352
https://www.w3.org/TR/owl-time/
https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/blob/main/FarmtopiaSemanticModel.rdf?ref_type=heads#L437
https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/blob/main/FarmtopiaSemanticModel.rdf?ref_type=heads#L294
https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/blob/main/FarmtopiaSemanticModel.rdf?ref_type=heads#L331
https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/blob/main/FarmtopiaSemanticModel.rdf?ref_type=heads#L73
https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/blob/main/FarmtopiaSemanticModel.rdf
https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/tree/main
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base RDF at the moment is inherits classes and properties from the following (while maintain 

Ploutos Common Semantic Model backbone): 

 

ONTOLOGY NAME LINK PURPOSE 

Sensor, Observation, Sample, 
and Actuator / Semantic 

Sensor Network Ontology - 
SOSA/SSN 

https://www.w3.org/TR/vocab-ssn/  
For describing sensors and their 

observations 

Open Geospatial Consortium 
(OGC) GeoSPARQL 

https://www.ogc.org/standard/geosparql
/  

For describing complex 
geospatial data 

Quantities, Units, Dimensions, 
and Types Ontology (QUDT) 

https://www.qudt.org/2.1/catalog/qudt-
catalog.html  

For describing quantitative 
values and units 

Data Catalog Vocabulary 
(DCAT) 

https://www.w3.org/TR/vocab-dcat-3/ 
For describing datasets in data 

catalogues. 

The Data Cube vocabulary (DQ) 
https://www.w3.org/TR/vocab-data-

cube/ 

For expressing multi-
dimensional data cubes 

International Data Spaces 
Information Model (IDS) 

https://international-data-spaces-
association.github.io/InformationModel/  

For defining and managing data 
spaces 

Open Digital Rights Language 
(ODLR) 

https://www.w3.org/TR/odrl-model/  
For expressing terms and 
conditions over content 

 

Extended examples for datasets can be found in gitlab here. 

 
Figure 1. Visual Representation of Parcel, Plot and Crop 

 

Some new classes are defined to facilitate the cross reference of spatial entities. In the above visual 

representation, we can see a vine parcel which is counted as a cadastral entity and belongs to a farm. 

Within each parcel, there could exist divided plots that reflect different zones and contain some type 

of specific crop (example). Specific example of FSM JSON-LD serialization can be found in the Annex 

C. 

 

https://www.w3.org/TR/vocab-ssn/
https://www.ogc.org/standard/geosparql/
https://www.ogc.org/standard/geosparql/
https://www.qudt.org/2.1/catalog/qudt-catalog.html
https://www.qudt.org/2.1/catalog/qudt-catalog.html
https://www.w3.org/TR/vocab-dcat-3/
https://www.w3.org/TR/vocab-data-cube/
https://www.w3.org/TR/vocab-data-cube/
https://international-data-spaces-association.github.io/InformationModel/
https://international-data-spaces-association.github.io/InformationModel/
https://www.w3.org/TR/odrl-model/
https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/blob/main/examples/GenericFSMExample.json?ref_type=heads
https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/blob/main/FarmtopiaSemanticModel.rdf?ref_type=heads#L62
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Figure 2. Visual Representation of Operations and Farm inputs 

Here we show how, as noted above, to enable a wider description of operations we have merged 

PCSM related classes with FOODIE's intervention, while we have also used QUDT for inputs, in order 

to support more complex and combined units of measurement. Each operation (e.g. Fertilization) 

consists of several taxonomic and temporal properties (e.g. growth stage, date), while also refers to 

the inputs (e.g. Fertilizer) along with its quantities and dosages. Specific example of FSM JSON-LD 

serialization can be found in the Annex C. 

 

 
Figure 3. Visual Representation of IoT measurements 

 

Here we show how to enable the common modelling of observations (IoT measurements) and 

predictions (forecasts), we have customised some classes and properties for wider utilization (e.g. 

DataPointsGroup). The example above is describing several groups of measurements, consisted of a 

numeric value and a timestamp, that are clustered based on property (e.g. Air Temperature) and unit 

of measure (e.g. Celsius). Specific examples of FSM JSON-LD serialization related to observations and 

predictions can be found in the Annex C. 
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Figure 4. Visual Representation of discovery and representation of Data Exchange Datasets 

Here we show how using a service catalogue is a way to map and discover any interoperable vendor 
service that provides data (Data Resource). Any service has corresponding resources that follow some 
access rights, policies etc.  
 
An example for WP1 related resources is available on the Gitlab repository (gitlab. In order to comply 
with the FarmtopiaServiceCatalog model, each response data point is under a sliceContent which is 
under a datasetSlice (Dataset Representation) (gitlab). The whole response is an instance of the 
serviceResource representation. This means that within the catalog of the Farmtopia Data Exchange 
service such an instance can be referred. DatasetSlices could be used to include multiple data types 
within a single instance, like those already mentioned above. Specific examples of FSM JSON-LD 
serialization can be found in the Annex C.  
 

1.2.3 5ŀǘŀ ǘǊŀƴǎƭŀǘƻǊǎΩ ŘŜǎŎǊƛǇǘƛƻƴ 

Semantic Web Technologies ensure interoperability and data integration across diverse systems. The 

current best practice in order to enable interoperability consists of the use of lightweight software 

modules that act as translators from custom modelled datasets to a standardised data model 

(Brewster et. al, 2018, Kalatzis et. al (2019) and Freire et. al (2019). These translators are also called 

interoperability enablers and are integrated in a seamless manner with existing systems.  

We are using JSON-LD (JSON for Linked Data) for its ability to convey data in a meaningful yet concise 

manner. JSON-LD is a lightweight Linked Data format ideal for REST Web services. It is easy for humans 

to read and write. It is based on the already successful JSON format and provides a way to help JSON 

data interoperate at Web-scale. We are introducing Farmtopia Interoperability Translators which are 

scripts that serialize simple JSON structures into JSON-LD self-descriptive data structures, by following 

JSON-LD specification, in order to transform data to semantically defined data. The most important 

feature is Context definition which enables JSON documents to use simple, locally-meaningful names 

assigned to unique long URIs for every defined attribute. In that way developers are free to use their 

own regular short attribute names (human-readable) within their own applications, converting from 

URIs to preferred short names. An initial version of an FSM translator is located on our Gitlab 

repository: 

https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/tree/main/simple%20translator 

https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/blob/main/examples/GenericFSMExample.json?ref_type=heads#L1097
https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/blob/main/FarmtopiaSemanticModel.rdf?ref_type=heads#L577
https://json-ld.org/
https://gitlab.com/Farmtopia/farmtopia-semantic-model/-/tree/main/simple%20translator
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The FSM translator is separated in two distinct parts: i) the Parser which is responsible for the 

correlation of the raw data with the FSM concepts, and ii) the Contextualizer which is responsible to 

add context and serialize the raw data to the FSM data model. FSM translator is a node.js stand-alone 

script that gets an input json file (original raw data) and creates an output json file (output FSM 

serialized data). Each data provider should customize the Parser file in order to be compliant with the 

entityΩǎ ŎƻǊǊŜǎǇƻƴŘƛƴƎ Řŀǘŀ ǎǘǊǳŎǘǳǊŜ όƻǊƛƎƛƴŀƭ Ǌŀǿ ŘŀǘŀύΦ 
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2. Reusable SW modules 

2.1 Farmtopia Digital Field Book   

2.1.1 Generic description  

The Farmtopia Digital Field Book module is an open-ǎƻǳǊŎŜ άŘƛƎƛǘŀƭ ŦƛŜƭŘ ōƻƻƪέ όŀƭǎƻ ƪƴƻǿƴ ŀǎ ŀ ŦŀǊƳ 

calendar), something recognized as a key step for digitizing farms (Siderova and Petrov, 2020). The 

άCŀǊƳǘƻǇƛŀ 5ƛƎƛǘŀƭ CƛŜƭŘ .ƻƻƪέ ƛǎ ŀŘŘǊŜǎǎƛƴƎ ǘƘŜ Řŀǘŀ ŎŀǇǘǳǊŜ ŀƴŘ ǊŜǇƻǊǘƛƴƎ ƴŜŜŘǎ ƻŦ ǎƳŀƭƭ ŦŀǊƳǎ 

including the manual recording of: farmers activities (planting, irrigation, phytochemical applications, 

harvesting, etc.), farmers observations (phenological growth stages, scouting for pests infestation, soil 

sampling, etc.), parcels properties (geo coordinates, soil type, climate, etc.) and assets (e.g. 

equipment, machinery, stock of phytochemicals, etc.). The tool can satisfy the data capture and 

reporting needs of small farms, in compliance with EU policies and as dictated by new CAP indicators 

needs; however, the adaptations for potential country specific requirements are out of scope of this 

project. 

2.1.2 Functional Architecture 

 

Figure 5 Farmtopia Digital Field Book system architecture 

In the diagram above (Figure 5), there is a schematic of the system architecture. The architecture 

implementation follows a modular approach to software development, using open-source and 

service-based deployment models. The Services ensure a flexible, scalable, and interoperable 

software solution with multiple deployment options for managing agricultural data and operations. 

The Digital Field Book consists of three primary services, described below: 
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  Field Book as a Service 

  Field Book Data Exchange API 

 Field Book as an Open Source Software 

Field Book as a Service 

This service will be used by farmers who are part of the Sustainable Innovation Pilots in the Farmtopia 

project. The application is deployed on the cloud infrastructure managed by the ITC. The application 

architecture consists of three primary components: 

 Frontend, which offers a web-based interface for end users. The user interface components 

are developed with the Quasar open-source framework for Vue.js based web applications. 

 The backend handles business logic and data operations, communicating with the frontend 

via REST API. 

 The Data storage (Data Lake) is used to store and manage data securely and efficiently, using 

a MSSQL database to store structured data and Blob Object Storage to store unstructured 

data files. 

Field Book Data Exchange API 

This service provides a REST API endpoint for the Farmtopia Data Exchange Module, facilitating data 

exchange with data consumers registered in the Data Exchange Module. The data provided by the API 

follows the Farmtopia Semantic Model using the JSON-LD data format. The service uses the HTTPS 

protocol to ensure encrypted communication between data consumers and providers. The service 

provides an OpenAPI specification for its endpoint with Swagger documentation. 

Field Book as an Open-Source Software 

This service is the open-source version of the Field Book application. All three main components are 

containerized using Docker, allowing easy deployment and scalability across various environments. 

Primary components are the same as those used in Field Book as a service because they have the same 

source code. The only difference is in the Backend, where REST API endpoints are exposed to the 

network so that anyone can build an entirely new frontend for the application. 

 Frontend, which offers a web-based interface for end users. The user interface components 

are developed with Quasar open source framework for Vue.js based web applications. 

 The backend handles business logic and data operations, communicating with the frontend 

via REST API. The backend REST API endpoints are exposed to the network, using OpenAPI 

specification and Swagger for documentation and testing purposes. 

 The Data storage (Data Lake) is used to store and manage data securely and efficiently, using 

MSSQL database to store structured data and Blob Object Storage to store unstructured data 

files. 

Farmtopia Farm Management Information System 

The Field Book services are just a small part of the Farmtopia Farm Management Information System, 

representing the Ecosystem of Agricultural Digital Services (ADS). It is a centralized system that 

integrates all digital tools, providing User interface (GUI), Directory Service (authentication, 

authorization, and Role-based Access Control), Data Exchange Service, and many more. 

Key Technologies Overview: 

 Frontend Framework: Quasar Framework (Vue.js) for building responsive web applications. 

 Backend Framework: ASP.NET Core for robust, scalable server-side applications. 
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 Containerization: Docker for packaging applications into portable containers, enabling 

consistent environments across different platforms. 

 Data Storage: MS SQL and Blob Object Storage for handling both structured and 

unstructured data. 

 API Documentation and Testing: Swagger for generating interactive documentation for REST 

APIs. 

 Semantic Data Model: JSON-LD based Farmtopia Semantic Model for standardized data 

exchange. 

 

2.1.3 Example of Use 

After logging in to the application, the user can perform the various tasks described in other parts of 

this document. Below are some examples of use with the attached screenshots. In figure 6, the Digital 

Field Book functionality for defining the fields of a parcel is presented. After defining the parameters 

of the field (id, name, usage type) user must define the area and location of the field with the drawing 

tool on the map. 

 

CƛƎǳǊŜ сΦ 5ŜŦƛƴƛƴƎ  ǘƘŜ ŦƛŜƭŘǎ ƻŦ ŀ ƴŜǿ ŦŀǊƳ ƛƴ CŀǊƳǘƻǇƛŀΩǎ 5ƛƎƛǘŀƭ CƛŜƭŘ .ƻƻƪΦ 

In figure 7 and 8 the Digital Field Book functionalities are depicted relevant with the management of 

the machinery on the farm and crop rotation planning.  
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Figure 7. Editing the machinery properties that registered for  a specific Farm. 

 

 

Figure 8. Editing the crop rotation plan  properties for a specific Farm. 

 

In figure 9 and 10 examples of registering to the digital field book performed field activities and 

fertilizers stock control are depicted. 

 

Figure 9.The Farmer records performed field activities in Farmtopia Digital Field Book. 
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Figure 10. Fertilizers stock control with the use of Farmtopia Digital Field Book. 

 

2.1.4 API specification  

¢ƘŜ ǘŜŎƘƴƛŎŀƭ ŘŜǎŎǊƛǇǘƛƻƴ ŀƴŘ ǳǎŜǊ ƛƴǎǘǊǳŎǘƛƻƴǎ ŦƻǊ ǘƘŜ CƛŜƭŘ .ƻƻƪ ƛǎ ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ DƛǘƭŀōΥ 

https://gitlab.com/Farmtopia/digital-field-book/-/tree/main/Field%20Book%20Manual  

The source code and instructions for deployment of the open source version of the Field Book is 

available on project Github: 

https://gitlab.com/Farmtopia/digital-field-book/-/tree/main  

API specification for Field Book Data Exchenge API - see Annex A 

More information is available on project Github under Farmtopia/digital-field-book repository: 

https://gitlab.com/Farmtopia/digital-field-book/-

/tree/main/Field%20Book%20Data%20Exchange%20REST%20API  

  

https://gitlab.com/Farmtopia/digital-field-book/-/tree/main/Field%20Book%20Manual
https://gitlab.com/Farmtopia/digital-field-book/-/tree/main
https://gitlab.com/Farmtopia/digital-field-book/-/tree/main/Field%20Book%20Data%20Exchange%20REST%20API
https://gitlab.com/Farmtopia/digital-field-book/-/tree/main/Field%20Book%20Data%20Exchange%20REST%20API
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2.2 Farmtopia Data Exchange Service 

2.2.1 Generic description 

¢ƘŜ άCŀǊƳǘƻǇƛŀ 5ŀǘŀ 9ȄŎƘŀƴƎŜ {ŜǊǾƛŎŜέ ǇǊƻǾƛŘŜǎ ǘƘŜ ŎƻǊŜ ƳŜŎƘŀƴƛǎƳǎ ŦƻǊ ŦŀŎƛƭƛǘŀǘƛƴƎ ǘƘŜ ǎƘŀǊƛƴƎ ƻŦ 

agricultural data among stakeholders. The service is designed and implemented in compliance with 

ǘƘŜ ƪŜȅ ǘŜŎƘƴƛŎŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǘƛƻƴ оΦ ¢ƘŜ άCŀǊƳǘƻǇƛŀ 5ŀǘŀ 9ȄŎƘŀƴƎŜ {ŜǊǾƛŎŜέ 

ǇǊƻǾƛŘŜǎ ŀ ά5ŀǘŀ {ƻǳǊŎŜǎ 5ƛǊŜŎǘƻǊȅ ǎŜǊǾƛŎŜέ ǿƘƛŎƘ ǎƘƻǳƭŘ ōŜ ŀŎŎŜǎǎƛōƭŜ ŀǎ ŀ ŎƭƻǳŘ ōŀǎŜŘ ǎŜǊǾƛŎŜ ǿƘŜǊŜ 

data providers can register data sources and data consumers can search and select for use the data 

sources.  

Current implementation supports the registration of data sources that provide datasets through REST 

!tL ǿŜō ǎŜǊǾƛŎŜǎΦ CƻǊ ŀ Řŀǘŀ ǇǊƻǾƛǎƛƻƴ w9{¢ !tL ǘƻ ōŜ ŀōƭŜ ǘƻ ǳǎŜ ǘƘŜ ά5ƛǊŜŎǘƻǊȅ ǎŜǊǾƛŎŜέΣ ƛǘ ǎƘƻǳƭŘ 

comply with a set of key requirements: a) to provide documentation using an OpenAPI  Specification, 

b) to provide an OAuth based authorisation/authentication mechanism [RFC6749] , and c) optionally 

to provide datasets that are modelled using RDFS semantics (FMS) (see section 4). 

The objective of this service is to provide a practical and reusable data sharing mechanism that can 

easily be installed and operated for the needs of small scale sharing of datasets. For example, an ICT 

ǇǊƻǾƛŘŜǊ Ƴŀȅ ǊŜǳǎŜ άCŀǊƳǘƻǇƛŀ 5ŀǘŀ 9ȄŎƘŀƴƎŜ {ŜǊǾƛŎŜέ as the core mechanism to facilitate data 

ǎƘŀǊƛƴƎ ŀƳƻƴƎ ǘƘŜ ƳŜƳōŜǊǎ ƻŦ ŀ ŦŀǊƳŜǊǎΩ ŀǎǎƻŎƛŀǘƛƻƴ ƻǊ ŀ άǇǊƻŘǳŎŜǊǎ ƻǊƎŀƴƛǎŀǘƛƻƴέΦ  ²Ŝ ŎƻƴǎƛŘŜǊ 

that small-ǎŎŀƭŜΣ όƻǊ ǊŜƎƛƻƴŀƭ ōŀǎŜŘύ Řŀǘŀ ŜȄŎƘŀƴƎŜ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ ŦƻǊƳ ƻŦ άŀƎǊƛŎǳƭǘǳǊŀƭ 

ƪƴƻǿƭŜŘƎŜ ǎƘŀǊƛƴƎέΣ ǎomething that promotes collaboration and empowers small farmers.  

¢ƘŜ άCŀǊƳǘƻǇƛŀ 5ŀǘŀ 9ȄŎƘŀƴƎŜ {ŜǊǾƛŎŜέ ŀƛƳǎ ǘƻ ŀŎƘƛŜǾŜ ǎƛƳǇƭƛŦƛŎŀǘƛƻƴ ƻŦ ŀƎǊƛŎǳƭǘǳǊŀƭ Řŀǘŀ ǎƘŀǊƛƴƎ ŀƴŘ 

at the same time compliance with the core data sharing principles defined by EU regulations. Given 

that the EU data economy/sharing ecosystem is still evolving as new regulations are currently under 

ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ǘƘŜ άCŀǊƳǘƻǇƛŀ 5ŀǘŀ 9ȄŎƘŀƴƎŜ {ŜǊǾƛŎŜέ ŀƛƳǎ ǘƻ ōŜ ŀƴ ŜȄǘŜƴŘŀōƭŜ ŦǊŀƳŜǿƻǊƪ ŀōƭŜ ǘƻ 

incorporate any future specifications that will becƻƳŜ ƴŜŎŜǎǎŀǊȅΦ Lƴ ŀ ƴǳǘǎƘŜƭƭ ǘƘŜ άCŀǊƳǘƻǇƛŀ 5ŀǘŀ 

9ȄŎƘŀƴƎŜ {ŜǊǾƛŎŜέ ƛǎ ŀ ǇǊŀŎǘƛŎŀƭ ŀǇǇǊƻŀŎƘ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŀƭ Řŀǘŀ ǎƘŀǊƛƴƎ ŎŀǇŀōƭŜ ƻŦ ƻǇŜǊŀǘƛƴƎ ǘƻŘŀȅ ōǳǘ 

ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ƛǎ ƴƻǘ ōƭƻŎƪƛƴƎ ŀƴȅ ǇƻǘŜƴǘƛŀƭ ƛƴǘŜƎǊŀǘƛƻƴ ǿƛǘƘ ŦǳǘǳǊŜ ŘŜǾŜƭƻǇƳŜƴǘǎ ƭƛƪŜ ǘƘŜ 9¦Ωǎ 

Agricultural Data Spaces. 

  

2.2.2 Functional Architecture 

¢ƘŜ άCŀǊƳǘƻǇƛŀ 5ŀǘŀ 9ȄŎƘŀƴƎŜ {ŜǊǾƛŎŜέ Ŏƻƴǎƛǎǘǎ ƻŦ ǘǿƻ Ƴŀƛƴ ŦǳƴŎǘƛƻƴŀƭ ŜƴǘƛǘƛŜǎΥ  

 ¢ƘŜ άCŀǊƳǘƻǇƛŀ 5ŀǘŀ {ƻǳǊŎŜǎ 5ƛǊŜŎǘƻǊȅ {ŜǊǾƛŎŜέ ǿƘƛŎƘ ƛǎ ŀƴ ƻƴƭƛƴŜ ǊŜƎƛǎǘǊȅ ǘƘŀǘ ƻŦŦŜǊǎ ǘƘŜ 

necessary mechanisms for (un)registering and discovering data sources.  

 ¢ƘŜ άCŀǊƳǘƻǇƛŀ Řŀǘŀ ǇǊƻǾƛŘŜǊ !tLέ - in order for a data source to be able to register with the 

directory service it  should provide a REST API that will comply with a minimum set of 

requirements   

 

Once a Farmtopia data provider is registered within the Farmtopia Data Sources Directory Service, it 

becomes discoverable and available for use by registered to the Directory consumers. Farmtopia 

Directory Service consumers can be either users browsing the Directory through a GUI or services 

using the directory through the provided API. Farmtopia Directory Service consumers can search 

within the lists of data sources and subscribe to the ones they are interested in. 

 

https://www.openapis.org/
https://oauth.net/2/
https://auth0.com/docs/get-started/authentication-and-authorization-flow/authorization-code-flow
https://digital-strategy.ec.europa.eu/en/policies/data-act
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The Farmtopia Data Sources Directory Service, exposes a RestAPI that provides various functionalities 

available to both Providers and Consumers and most of them, are also available through a GUI.  

The functionalities offered by the Farmtopia Directory Service are: 

 Register / Delete / Edit a Datasource. 

 Retrieve list of datasources. 

 Validates whether a Datasource is following the set of rules imposed by the directory. (JSON 

Schema Validation: https://json-schema.org/). 

 aƻƴƛǘƻǊǎ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ǎǘŀǘǳǎ ƻŦ ǘƘŜ ǊŜƎƛǎǘŜǊŜŘ Řŀǘŀ ǎƻǳǊŎŜǎ ǳǎƛƴƎ ŀ άƘŜŀǘōŜŀǘέ ƳŜŎƘŀƴƛǎƳΦ 

 Acts as an Identity Provider for "Provider to Consumer" authentication. 

(https://oauth.net/2/ ). In this context creates and renews a JWT (Jason Web Token) for 

requests targeted to the Directory. (Explained in detail at ANNEX C). 

 Create or Renew a Shared Secret Key used for Directory to Provider communication. 

(Explained in detail at ANNEX C Section 2.3) 

 Request for using a Datasource. 

 

Detailed technical specifications on the process of registration of data sources, discovery of data 

sources, and request for use of a data source are provided in Annex C.   

  

https://json-schema.org/
https://oauth.net/2/
https://jwt.io/
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2.2.3 Example of Use 

A practical example scenario on the Agri-data Exchange with the use of this Farmtopia service is 

illustrated in Figure 11 to Figure 13. The scenario takes place in an area with small farmers that are 

members of the same farmers association, and their parcels are located in the same region. The 

ŦŀǊƳŜǊǎ ŀǊŜ ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ ǎŀƳŜ ŦŀǊƳŜǊǎΩ ŀŘǾƛǎƻǊȅ ƻŦŦƛŎŜ ǘƘŀǘ Ƙŀǎ ŀ ŎƻƴǘǊŀŎǘ ǿƛǘƘ ǘƘŜ ŀǎǎƻŎƛŀǘƛƻƴΦ 

The Advisor needs to collect data from the digital farm books of the farmers in order to be able to 

monitor the progress of the cultivations and provide advice on the farming practices to be applied.  

The farmers in our scenario are using FMISs from different vendors implementing heterogeneous 

ǘŜŎƘƴƻƭƻƎƛŜǎΦ !ƴ L/¢ {a9 ǘƘŀǘ ǎǳǇǇƻǊǘǎ ǘƘŜ CŀǊƳŜǊǎΩ ŀŘǾƛǎƻǊȅ ƻŦŦƛŎŜ ŘŜŎƛŘŜŘ ǘo use the Farmtopia 

Data exchange service and installed the Farmtopia Data Source Directory on a cloud server. The FMIS 

that the farmers are using already provide APIs so the appropriate Farmtopia data APIs wrappers were 

implemented extending the existing web services.  

 

Now the data sources providing data for the cultivations that the farmers are willing to share their 

data can register with the Farmtopia Data Sources Directory (Figure 11). 

 

 
Figure 11. FMIS are registered as data sources with the Farmtopia Data Source Directory. 

 

¢ƘŜ CŀǊƳǘƻǇƛŀ 5ŀǘŀ {ƻǳǊŎŜǎ 5ƛǊŜŎǘƻǊȅ Ƴŀƛƴǘŀƛƴǎ ŀ ŎŀǘŀƭƻƎǳŜ ƻŦ Řŀǘŀ ǇǊƻǾƛŘŜǊǎΩ ŜƴŘǇƻƛƴǘǎ ŀƴŘ 

automatically and periodically checks the registered endpoints if they are still available (health status) 

and their overall compliance with Farmtopia Data Exchange requirements (e.g. REST GET endpoints 

are available supporting OAuth2.0 authentication, provided payloads of replied datasets are 

formulated in JSON-LD, metadata/descriptions of various properties with regards to the dataset and 

the use of the dataset are available).   

 

¢ƘŜ CŀǊƳŜǊǎΩ ŀŘǾƛǎƻǊȅ ƻŦŦƛŎŜ ǎŜŀǊŎƘŜǎ ǿƛǘƘƛƴ ǘƘŜ ŘƛǊŜŎǘƻǊȅ ŦƻǊ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ Řŀǘŀ ǎƻǳǊŎŜǎΦ ¢ƘŜ 

directory can be publicly accessible and may contain registered FMISs from other associations or 

individual farmers that may have different contractual agreemeƴǘǎ ǿƛǘƘ ǾŀǊƛƻǳǎ ŀŘǾƛǎƻǊǎΦ ¢ƘŜ CŀǊƳŜǊǎΩ 

advisory office of our scenario requests access from the 5 registered FMISs. The request is forwarded 
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to individual  armers (as they are the dataset owners) and a direct consent on the policy of use of the 

datasets to be shared is granted.  (Figure 12). 

 

 

 
Figure 12. Discovery of data sources and sending a request for use 

For the data sources that consent is granted data transfer will be done over HTTPS with the use of 

REST API directly among data providers and consumers (Figure 13). In principle, the Directory is 

agnostic on the detailed semantics of the exchanged payloads/datasets. Semantic interoperability on 

the exchanged datasets should be addressed with the use of the Farmtopia Semantic Model but this 

is the responsibility of the data providers and consumers. However the Farmtopia Data Sources 

Director periodically checks high level compliance with the standardised formats e.g.use of  JSON-LD. 

 














































