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Abstract
The Common European Agricultural Data Space (CEADS) aims to enable trusted and interoperable data sharing
across the European agri-food sector through a federated ecosystem of Data Sharing Initiatives (DSIs). Achieving
semantic interoperability, however, requires not only governance and technical alignment, but also shared,
machine-interpretable semantics that support the discovery, integration, and reuse of heterogeneous data assets.
In CEADS, this is being addressed through the adoption of DCAT-AP and its extensions, together with controlled
vocabularies and semantic enrichment mechanisms. This paper presents three complementary preliminary contri-
butions implemented across two Pontus-X-based CEADS DSIs, AgrospAI and AgriFoodTEF. First, AgroAnnotator
integrates the AgroPortal Annotator into an AgrospAI compute-to-data workflow to generate ontology-based
semantic annotations for textual datasets. Second, two publication-time metadata enrichment prototypes sup-
port controlled-term selection for data asset descriptions: a generic AgroPortal-based integration in AgrospAI
and an AGROVOC-specific implementation in AgriFoodTEF DSI. Third, Pontus-X-native metadata are exposed
through a GeoDCAT-AP wrapper in AgrospAI and a DCAT catalogue endpoint in AgriFoodTEF DSI, supporting
standards-aligned catalogue interoperability. The proposed components are validated through annotation-quality
assessment, end-to-end functional experiments, and metadata conformance testing. Collectively, these contribu-
tions demonstrate practical pathways for incrementally embedding vocabulary-driven semantics into existing
data space infrastructures, providing a foundation for semantic interoperability within CEADS and an approach
potentially reusable in other federated data spaces.
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1. Introduction

The Common European Agricultural Data Space (CEADS)1 is being developed to enable trusted data
sharing and reuse across the European agri-food sector through a federated ecosystem of platforms and
services as part of the European strategy for sectoral data spaces [1]. Within this emerging architecture,
participating regional or project-specific “data spaces” such as AgrospAI2 and the AgriFoodTEF Data
Space3 are commonly referred to as Data Sharing Initiatives (DSIs) to distinguish them from the overar-
ching common, federated data space, i.e., CEADS itself. Although CEADS is still under construction
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and its federated catalogue and interoperability services are not yet operational, its design is guided
by recommendations from the Data Spaces Protocol [2] and the Data Spaces Support Centre (DSSC)
Blueprint [3]. These recommendations emphasize the importance of shared data models and semantic
interoperability mechanisms, including the adoption of standardized vocabularies such as the Data
Catalog Vocabulary (DCAT)4 for catalogue interoperability, as well as the use of vocabulary hubs or
services (Section 1.5 of [3]) to support consistent, machine-interpretable descriptions across DSIs. Fur-
thermore, services and tools that support these capabilities, such as AgroPortal/OntoPortal, described
later in this paper, are often registered in the DSSC Blueprint Data Spaces Toolbox.5

Despite these recommendations in governance and technical architecture, semantic interoperability
remains a central challenge for CEADS and, more generally, for the other Common European Data
Spaces [4]. Data assets (datasets, algorithms, and services) may become technically accessible across
DSIs, yet remain difficult to discover, compare, and reuse if their metadata and content descriptions
lack shared, machine-interpretable meaning. Two complementary semantic challenges are particularly
visible in federated data spaces.

First, many datasets are published with limited or inconsistent descriptive information, making
data discovery [4] reliant on literal keyword matching rather than concept-based search grounded in
domain ontologies or controlled vocabularies, an issue also highlighted in related studies [5, 6]. Second,
even when platforms maintain rich internal metadata representations, schema alignment and semantic
transformation [4] remain challenging; differences in DSIs’ catalogue models and profiles hinder
cross-DSI interoperability and limit effective data exchange. Addressing these barriers requires practical
mechanisms both to enrich dataset content with semantic descriptors and to expose platform-specific
metadata through standardized representations, challenges likewise discussed in prior work [6, 7, 8].

To structure this work, we address three engineering questions:

1. Can ontology-based semantic annotation of dataset content be executed within a Pontus-X
Compute-to-Data workflow?

2. Can controlled-vocabulary terms be selected and attached to Pontus-X asset metadata at publica-
tion time, without altering the native DDO model?

3. Can native Pontus-X (DDO) records be exposed as standards-compliant DCAT/GeoDCAT-AP
metadata?

In order to answer these questions, this paper presents approaches for bringing semantics into CEADS
through complementary implementations deployed in AgrospAI and AgriFoodTEF, two Pontus-X-based
DSIs participating in CEADS. The proposed components address two layers of semantic interoperability:
enrichment of dataset content through ontology-based annotation, and harmonization of cataloguemeta-
data through controlled-vocabulary tagging and DCAT/GeoDCAT Application Profile (GeoDCAT-AP)
representations. By operationalizing these mechanisms within real data space infrastructures, this work
provides an early blueprint for integrating semantic technologies into the future CEADS federation.

2. Background

Data spaces have emerged as a paradigm for data sharing in which participants retain sovereignty over
their data while enabling trust, traceability (often blockchain-enabled) and interoperability through
shared governance, technical standards, and semantic agreements [9]. They play an important role
in the emerging data economy, as they enable participants to monetize controlled access to their
data assets [10]. Within this paradigm, CEADS envisions interoperability across multiple DSIs, each
responsible for local data management while contributing to federation-level discovery and reuse. In
this context, the DSSC Blueprint highlights semantic interoperability as a foundational requirement,

4https://www.w3.org/TR/vocab-dcat-3/
5https://blueprint.dssc.eu/?pane=tools
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emphasizing the role of shared data models, such as controlled vocabularies, ontologies, and metadata
schemas, to ensure consistent, machine-interpretable data exchange across data spaces [3].

2.1. CEADS Use Case 2 and DSIs

CEADS operationalizes this vision through a set of eight domain-driven use cases that contribute
heterogeneous datasets governed by distinct technical, legal, and business models. Among them, Use
Case 2 – Research and innovation data for improved Artificial Intelligence (AI) algorithms performance6

– focuses on enhancing the quality, interoperability, and reusability of agricultural data to support
trustworthy, semantically enabled high-performing AI. This objective explicitly emphasizes the role
of semantic technologies, including standardized metadata, controlled vocabularies, and ontology-
based annotation, to contribute to data AI-readiness by improving data discoverability, integration
across sources, and machine interpretability for AI-driven analytics and processing. The use case also
establishes a connection with the European Open Science Cloud (EOSC), considered as the European
data space for research and innovation, where semantic interoperability and the Findable, Accessible,
Interoperable, and Reusable (FAIR) Principles are likewise central to enabling data sharing and reuse [11,
12]. Within this use case, three DSIs (AgrospAI, AgriFoodTEF, and DjustConnect7) collaborate to provide
complementary infrastructures and datasets, collectively illustrating how semantic interoperability
mechanisms can strengthen AI-readiness across the CEADS federation.

AgrospAI and AgriFoodTEF are built upon the Pontus-X (pontus-x.eu) technology and infrastructure,
which provides mechanisms for secure data sharing, governed access, and controlled execution of
computations as well as a shared blockchain to record all the operations related to assets (datasets,
algorithms, or services). A central architectural principle of Pontus-X is its Compute-to-Data (CtD)
implementation (derived from the Ocean Protocol – oceanprotocol.com) in which algorithms are
executed within a trusted environment where data reside, rather than transferring data to external
processing environments [13, 14, 15, 16]. In this model, dataset owners retain control over their assets
by specifying which algorithms are authorized to run on their data. This approach preserves data
sovereignty while still enabling analytics and service execution across organizational boundaries.

Within Pontus-X, assets are identified through a Decentralized Identifier (DID) that resolves to a DID
Document (DDO), a JSON metadata record containing descriptive information, signatures, and access
details.8 These records are indexed in the Aquarius metadata catalogue, which is shared across all Pontus-
X deployments, enabling consistent metadata access and discovery [17, 18]. These internal models
support governance, access control, and compute orchestration, forming the operational backbone
through which AgrospAI and AgriFoodTEF participate in the broader CEADS federation.

2.2. Catalogue-level standards for the agricultural data space

Achieving interoperability across DSIs requires more than secure exchange mechanisms; it also depends
on shared data models, as framed in the DSSC Blueprint [19], or on semantic artefacts, as these
resources are commonly referred to in the EOSC context [11]. These include vocabularies, ontologies,
and metadata schemas that enable machine-interpretable discovery, comparison, and reuse of data
assets. Ontologies and controlled vocabularies play a central role by providing stable concept identifiers,
multilingual labels, and formally defined relationships that support semantic search, integration of
heterogeneous datasets, and ontology-driven analytics [5, 6, 7].

At the catalogue level, this role is played by metadata schemas and application profiles. An application
profile adapts a metadata schema to the needs of a particular community, domain, or interoperability
scenario by selecting, constraining, and combining existing classes and properties, thereby enabling
metadata records to be validated against the profile’s requirements [20, 21]. DCAT provides a general

6https://ceads.eu/pilots/research-and-innovation-data-for-improved-ai-algorithms-performance/
7https://djustconnect.be/en
8An example of data asset on Pontus-X ecosystem accessed via Aquarius Application Programming Interface (API): https://
aquarius.pontus-x.eu/api/aquarius/assets/ddo/did:op:4d6f4ca585ad87372950da178689e2baf8b8e2668968765ca305bfb718af9cf3
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Resource Description Framework (RDF) vocabulary for describing catalogues, datasets, data services,
and distributions [22]. It is widely used to support catalogue interoperability across data portals and is
also adopted in data space reference architectures and connector-based implementations, including
International Data Spaces Association (IDSA), Gaia-X, Eclipse Dataspace Components, and FIWARE [23].
DCAT Application Profile (DCAT-AP) is the European application profile of DCAT, defining a harmo-
nized way to describe datasets across European data portals [24]. GeoDCAT-AP further specializes
this approach for geospatial metadata by aligning DCAT-based descriptions with spatial metadata
requirements from Infrastructure for Spatial Information in the European Community (INSPIRE) and
International Organization for Standardization (ISO) 19139/19115 [25, 26, 27]. This makes GeoDCAT-AP
particularly relevant for agricultural datasets, many of which contain georeferenced data.

In addition to GeoDCAT-AP, governance-aware interoperability in data spaces relies on complemen-
tary specifications such as Open Digital Rights Language (ODRL)9 for usage policies and World Wide
Web Consortium (W3C) Verifiable Credentials10 for decentralized trust, as highlighted in the DSSC
Blueprint [3]. While these aspects are not the primary focus of the present paper, aligning semantic
enrichment and metadata exposure with these standards is essential for future CEADS federation.

2.3. Ontology repositories and the role of AgroPortal in CEADS

Semantic annotation in domain-specific data spaces depends on access to curated vocabulary services
that provide stable, reusable vocabularies [5, 6]. The OntoPortal Alliance (ontoportal.org) offers a
family of domain-oriented ontology repositories that support ontology hosting, browsing, search, and
automated annotation services [28] both via a web application and through web APIs. OntoPortal
has been widely adopted in the context of EOSC as for semantic artefact catalogues (denominated
vocabulary service by DSSC) supporting FAIR and semantic interoperability requirements [29]. As
such, OntoPortal provides a mature semantic infrastructure that can be reused across different sectoral
data spaces.

AgroPortal (agroportal.eu) is the OntoPortal instance dedicated to the agrifood domain, providing a
large collection of controlled vocabularies and ontologies relevant to crops, livestock, environment,
and food systems [30]. Beyond simple vocabulary access, AgroPortal enables ontology-based semantic
annotation via the Search or Annotator services that help enrich both data content and metadata
descriptions with controlled vocabulary terms. AgroPortal connectors have previously been developed
to support ontology-based tagging of metadata records. For example, within the FAIR-IMPACT initiative,
the INRAE Data Portal (an instance of Dataverse) implemented a metadata form widget incorporating a
drop-down selector that enables dataset description through concepts drawn directly from reference
ontologies [31].

These characteristics make AgroPortal well aligned with CEADS requirements to use a dedicated
vocabulary service as recommended by the DSSC specifications. By providing curated semantic artefacts
and machine-actionable annotation services, AgroPortal can support consistent thematic classification,
multilingual interoperability, and ontology-driven discovery across DSIs.

Among the semantic artefacts available through AgroPortal, AGROVOC plays a central role for
CEADS. As the Food and Agriculture Organization of the United Nations (FAO)’s multilingual thesaurus
for food and agriculture [32], it provides stable concept identifiers, labels, synonyms, and semantic rela-
tionships. In CEADS, AGROVOC is being recommended as the domain-specific controlled vocabulary
for tagging data assets and is therefore used as the default reference vocabulary in the demonstrations
presented in this paper.

9https://www.w3.org/TR/odrl-model/
10https://www.w3.org/TR/vc-data-model-2.0/
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3. Related work

Recent studies on semantics in data spaces have emphasized that interoperability requiresmore than tech-
nical connectivity between participants. Hauff et al. [6] argue that semantics provide an infrastructure-
independent foundation for FAIR data management in data spaces, supporting requirements such as
self-description, metadata, catalogues, standardization, validation, and enrichment. Similarly, David
et al. [33] discuss vocabulary hubs as key components of semantic layers in data spaces, responsible
for publishing and governing shared vocabularies, and propose their federation to support vocabulary
sovereignty, governance, findability, and reuse across data spaces.

Other work, such as the Semantic Data Link framework [7], addresses the practical difficulty of
applying semantic technologies by providing more user-friendly mechanisms for creating interoperable
descriptions while reusing existing vocabularies and generating machine-actionable artefacts. These
studies frame semantic interoperability as a practical infrastructure concern rather than only a modeling
problem.

A second line of related work concerns the application of domain-specific metadata application
profiles for European data spaces and data portals. In the European Health Data Space, HealthDCAT-AP
extends DCAT-AP with health-specific metadata elements, controlled vocabularies, refined cardinalities,
and validation mechanisms to support cross-border discovery, access, and reuse of electronic health
data [34]. In the mobility domain, mobilityDCAT-AP was developed as a metadata specification for
National Access Points and mobility data portals, with the aim of harmonizing metadata descriptions
and improving cross-portal discovery. Although originally centered on the federation of mobility data
portals, it is now also being promoted in the context of the European Mobility Data Space, notably
through deployEMDS, as a reference metadata profile for operational mobility data spaces and their
interlinking layer [35].

In the cultural domain, the Culture Information Model proposes an extensible semantic information
model and an AP-first methodology for developing application profiles, ontologies, and controlled
vocabularies for domain-specific data spaces [36]. These initiatives show that sectoral data spaces often
require more than generic DCAT-AP: they need domain-specific constraints, controlled vocabularies,
validation mechanisms, governance processes, and adoption support.

Other studies focus on the operational connection between existing data infrastructures and data
space catalogues. In the Green Deal Data Space context, Masó et al. [27] address a closely related problem:
how to make geospatial data assets discoverable and accessible by combining established geospatial
metadata infrastructures with data space technologies. Their architecture connects GeoNetwork-based
ISO 19115/19139 metadata catalogues, cloud storage, processing services, and data space connectors,
while recognizing DCAT and GeoDCAT-AP as key bridges between geospatial cataloguing practices
and data space catalogues. This work is particularly relevant to CEADS because we face a similar
need to reconcile INSPIRE/ISO-based metadata with DCAT/GeoDCAT-AP representations for federated
discovery. The connection is also practical: several actors involved in Green Deal Data Space activities
are also contributing to CEADS, bringing experience into the agricultural domain.

Morejón et al. [23] complement this perspective by arguing that high-level catalogue metadata may
be insufficient for discovery in data spaces, and by proposing a DCAT extension with content-level
metadata, such as data dictionaries, fields, and representative sample values, mapped to data ecosystem
catalogues such as Comprehensive Knowledge Archive Network (CKAN), EDC, and IDSA.

Compared with these studies, the present paper does not propose a complete agriculture-specific
DCAT-AP extension or a new semantic modeling methodology for CEADS. Instead, it focuses on the op-
erational integration of semantic enrichment mechanisms within Pontus-X-based DSIs participating in
CEADS. The contribution is therefore implementation-oriented: controlled-vocabulary selection at pub-
lication time, ontology-based annotation in a compute-to-data workflow, and DCAT-AP/GeoDCAT-AP
metadata exposure from native Pontus-X records.



4. Contributions: Ways of integrating semantics into CEADS

4.1. Semantic annotation of agricultural datasets with AgroAnnotator in AgrospAI

AgroAnnotator is a CtD-orchestrated semantic annotation algorithm, written in Python 3.11, that inte-
grates the AgroPortal Annotator service11 into the AgrospAI execution environment. In this prototype,
the document extraction, normalization, chunking, result consolidation, and output generation steps
are executed inside AgrospAI. However, the semantic annotation step is performed by calling the
external AgroPortal Annotator API. Consequently, the extracted textual content of the input document
is transmitted outside the AgrospAI compute environment, chunk by chunk, for annotation. Thus, this
algorithm is intended to be used only with open, non-sensitive textual datasets. At the algorithm level,
AgroAnnotator does not itself determine whether a dataset is sensitive or non-sensitive. Instead, dataset
visibility, execution rights, and authorization to run the algorithm are governed by the underlying
Pontus-X infrastructure through its credential and policy mechanisms. Dataset providers are therefore
responsible for authorizing the execution of AgroAnnotator only on textual datasets for which this
external processing is acceptable.12

The algorithm and its documentation are available on GitHub (Artefact A1), and its entry in the
AgrospAI catalogue is available on Artefact A2.

4.1.1. AgroAnnotator workflow and implementation

The workflow of the algorithm is shown in Fig. 1. It begins when a user starts a compute job in AgrospAI
by selecting an input dataset and the AgroAnnotator algorithm. AgroAnnotator supports heterogeneous
input formats, including PDF, HTML, and plain text files such as TXT and Markdown. These inputs are
converted into a plain-text representation through format-specific extraction procedures before being
submitted for semantic annotation. Although the algorithm is designed to process textual content,
“document” is not explicitly recognized as a resource type in the Pontus-X triad. Therefore, for this
implementation, each document was registered as a dataset.

Figure 1: AgroAnnotator workflow.

For PDF files, text is extracted page by page using the PdfReader class from the PyPDF2 library,
retaining only non-empty textual content and concatenating pages with paragraph-level separation.
HTML inputs can be parsed using BeautifulSoup library, which allows removing non-content elements
such as script, style, and noscript tags, after which the textual content is extracted while preserving
basic structural cues through line breaks.

If BeautifulSoup is unavailable in the runtime environment, the algorithm uses a fallback parser that
approximates this behaviour by selectively handling block-level elements and ignoring non-visible
content. Plain text and Markdown files are read directly without structural transformation. When file
extensions are missing or ambiguous, the algorithm performs lightweight content sniffing based on file
signatures (e.g., %PDF- headers or HTML tags) to infer the appropriate parsing strategy.

Following extraction, all inputs undergo a lightweight normalization step to ensure consistency
across formats. This includes standardizing line endings, collapsing redundant whitespace, and reduc-
ing excessive blank lines while preserving basic paragraph structure. The resulting normalized text

11The AgroPortal Annotator is the AgroPortal-specific instance of the Annotator service incorporated in the OntoPortal
technology presented and described by previous works [37, 38]. It is available from: https://agroportal.eu/annotator.

12The AgrospAI algorithm description informs users and dataset providers that executing AgroAnnotator involves external
processing of the extracted document text by the AgroPortal Annotator API, which does not persist/log submitted content.

https://agroportal.eu/annotator


constitutes a unified representation that abstracts away format-specific differences while retaining the
core textual content of the document.

AgroAnnotator does not currently perform explicit structural or semantic segmentation, such as
identifying titles, abstracts, or sections. Instead, it adopts a format-agnostic approach in which the
entire textual content is considered for downstream processing. For long documents, the normalized
text is partitioned into chunks of up to 8,000 characters. Each chunk may contain any part of the
extracted document text, depending on the original document length and the chunking boundaries.
Therefore, in the current implementation, all textual content extracted from the input document may be
transmitted to the external AgroPortal Annotator service. The original source file itself is not directly
transferred as a file object; rather, the extracted and normalized text is submitted through API requests.

Users may specify one or more ontologies using the acronyms assigned to them in AgroPortal. If no
ontology is supplied, AgroAnnotator uses AGROVOC by default. Each normalized text chunk is then
submitted to the external AgroPortal Annotator API, together with the selected ontology parameters.
The service is called using its default parameters, including whole-word matching and ontology filtering,
without hierarchy or mapping-based semantic expansion. This design allows AgroAnnotator to reuse
an existing and maintained semantic annotation service, but it also means that the annotation step is
not fully local to the AgrospAI compute environment.

After all chunks have been processed, AgroAnnotator consolidates the chunk-level results into a
single output by merging and deduplicating the annotations. It produces raw chunk annotations,
merged document-level concept annotations, and aggregated concept summaries. The summaries
report the number of unique concepts identified and the number of occurrences of each concept. Results
are provided in JSON and CSV formats.

The intrinsic quality of the annotation pipeline underlying the AgroPortal Annotator has been
evaluated in previous work [37, 38]. These evaluations show that the service generally achieves good
precision, although annotation quality depends on factors such as ontology coverage, lexical richness,
and the characteristics of the input text. A comprehensive re-evaluation of the AgroPortal Annotator
itself is beyond the scope of this work, since our primary contribution concerns its integration into a
Pontus-X compute-to-data environment. Nevertheless, to provide empirical evidence of the quality of
the annotations obtained through the implemented workflow, we conducted a validation through five
experiments.

4.1.2. Experimental setup

The five experiments were executed as independent compute jobs in AgrospAI using synthetic agricul-
tural textual datasets created specifically for this evaluation using OpenAI gpt-5.6-sol. The experiments
were designed to exercise the annotation workflow (with AGROVOC as the selected vocabulary) with
textual datasets/documents of different formats and textual characteristics. Table 1 summarizes the
main characteristics of each execution, including the input format and content length (in bytes), the
number of chunks, annotations generated, and unique concepts matched. The DID of each dataset is
provided in Artefact A3.

Table 1
Summary of the AgroAnnotator experiments executed in AgrospAI.

Experiment Format Content length Chunks Annotations Unique concepts

Dataset 1 txt 2246 1 169 82
Dataset 2 md 7091 3 641 241
Dataset 3 txt 3254 1 276 133
Dataset 4 pdf 74595 2 309 119
Dataset 5 html 6143 2 421 174

For each input, AgroAnnotator extracted and normalized the textual content, divided it into chunks
when necessary, submitted the resulting text to the AgroPortal Annotator, and subsequently merged



and deduplicated the returned annotations. The complete input documents, execution outputs, and
validation data are provided in the Artefact A4.

4.1.3. Annotation quality validation

For each experiment, the first 100 annotations were inspected and classified as either a true positive
(TP) or a false positive (FP). An annotation was considered a TP when the concept assigned by
the Annotator was semantically appropriate for the textual expression and its context in the source
document. Conversely, an annotation was considered a FP when a textual expression was matched to
an AGROVOC concept but the resulting semantic interpretation was not appropriate in the context in
which the expression occurred.

This procedure evaluates the correctness of the annotations returned by the system and consequently
provides an estimate of precision, calculated as:

Precision = 𝑇𝑃
𝑇𝑃 + 𝐹𝑃

. (1)

The procedure does not measure recall, since the documents were not exhaustively annotated with a
manually constructed reference set and false negatives were therefore not identified. The complete
annotation outputs and their TP/FP classifications are made available in Artefact A4.

Table 2 summarizes the validation results. Across the five datasets, precision ranges from 86% to 95%.
Overall, 461 of the 500 inspected annotations were classified as TP, corresponding to a micro-averaged
precision of 92.2%. These results indicate that, under the tested conditions, most concepts returned by
AgroAnnotator represented contextually appropriate semantic annotations.

Table 2
Manual validation of annotations produced by AgroAnnotator.

Dataset TP FP Precision

Dataset 1 86 14 86%
Dataset 2 93 7 93%
Dataset 3 94 6 94%
Dataset 4 93 7 93%
Dataset 5 95 5 95%

Total 461 39 92.2%

4.2. Tagging data asset metadata with controlled vocabularies

As a second contribution, we present two publication-time prototypes for enriching Pontus-X asset
metadata with controlled vocabulary terms in AgrospAI and AgriFoodTEF. Unlike AgroAnnotator,
which annotates dataset content through a compute-to-data algorithm, these prototypes operate at the
metadata layer during asset publication or editing. Both complement free-form tags with controlled
terms, while differing in implementation: AgrospAI uses AgroPortal as a generic vocabulary service,
whereas AgriFoodTEF connects directly to the AGROVOC API. Work is ongoing to harmonize these
implementations.

4.2.1. Integration between AgrospAI and AgroPortal

The first prototype consists of an integration between AgrospAI [16] and AgroPortal [30] that enables
users to tag assets with controlled terms during the asset publication workflow. Pontus-X already
supports free-form keywords (tags), which can lead to inconsistency due to spelling variants, synonyms,
and multilingual drift. The integration complements this folksonomy with controlled terms explicitly
taken from a selected referenced vocabulary served by AgroPortal, enabling more consistent and
interoperable descriptions of datasets, algorithms, and services.



The integration is implemented in the AgrospAI publication workflow as a controlled-term selector
using the AgroPortal Auto-complete Widget, as shown in Fig. 2. Users can search for concepts across
AgroPortal-hosted semantic artefacts, optionally filtering the controlled vocabularies used for sugges-
tions. Selected terms are stored as resolvable Uniform Resource Identifiers (URIs) with their preferred
labels. This implementation is already deployed and available to users.13

(a) Ontology term selector fields in the publication workflow. The list of available ontologies and controlled
vocabularies is retrieved from AgroPortal, and each ontology acronym must match the acronym used in
AgroPortal.

(b) Searching “wheat” without ontology filtering
shows matches across multiple ontologies.

(c) Searching “wheat” with AGROVOC selected re-
stricts suggestions to that controlled vocabulary.

Figure 2: AgroPortal integration in AgrospAI’s User Interface (UI) for selecting controlled terms.

Although CEADS currently promotes AGROVOC as the domain-specific controlled vocabulary for
tagging agricultural data assets, this choice may evolve as the data space matures and additional
vocabularies are adopted for specific metadata requirements. For this reason, the connector was
designed as a generic AgroPortal-based component rather than as an AGROVOC-specific integration.
This design allows the same mechanism to support other controlled vocabularies available through
AgroPortal, without requiring changes to the publication workflow.

For instance, future CEADS metadata workflows will require the use of the High-Value Datasets
(HVDs) Categories vocabulary,14 a controlled vocabulary published by the Publications Office of the
European Union (EU) through EU Vocabularies. This vocabulary supports the classification of HVDs
according to the categories defined in Commission Implementing Regulation (EU) 2023/138. Since

13https://portal.agrospai.udl.cat/publish/1
14http://data.europa.eu/bna/asd487ae75
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the HVDs Categories vocabulary is also available in AgroPortal,15 the same connector used to select
AGROVOC concepts can also be used to select HVDs category concepts. The connector could easily
be extended to work with the OntoPortal Federation’s API (work in progress) [39]. In this sense, the
connector provides a reusable controlled-vocabulary selection service that can support both current
agricultural-domain tagging needs and future regulatory or cross-domain metadata requirements in
CEADS.

To preserve compatibility with the Pontus-X DDO metadata, controlled terms are not stored in the
existing DDO categories field (which is constrained to an array of strings). Instead, they are included
under the DDO field additionalInformation, which is intended for metadata extensions. Following
the DCAT recommendation for dataset classification, the connector represents the selected concepts as
dcat:theme entries, each modeled as a skos:Concept, as shown in Listing 1. The complete metadata
record can be accessed through the public AgrospAI Aquarius API endpoint (Artefact A5).

Listing 1: Example of controlled-vocabulary concepts stored in the additionalInformation field
additionalInformation:{
@context:{...},
dcat:theme:[
{"@id":"http://aims.fao.org/aos/agrovoc/c_541","@type":"skos:Concept",
"skos:prefLabel":{"@value":"apples","@language":"en"}},

{"@id":"http://aims.fao.org/aos/agrovoc/c_3131","@type":"skos:Concept",
"skos:prefLabel":{"@value":"fruits","@language":"en"}},

{"@id":"http://aims.fao.org/aos/agrovoc/c_92363","@type":"skos:Concept",
"skos:prefLabel":{"@value":"precision agriculture","@language":"en"}}

]
}

This prototype demonstrates how AgroPortal can act as a generic controlled-vocabulary connector
for Pontus-X-based publication workflows. The documentation of this prototype is openly available
from GitHub (Artefact A6).

4.2.2. Integration between AgriFoodTEF and AGROVOC

The second prototype was developed in the Fondazione Bruno Kessler Data Space,16 a Pontus-X-
based environment that serves as a testbed for the AgriFoodTEF DSI. It addresses the same metadata
enrichment objective through an AGROVOC-specific implementation, which connects directly to the
AGROVOC Skosmos REST API17 to support concept search and selection during asset publication.

In the publication workflow,18 a new tab named AgriMetadata was added to the asset publication
form. This tab allows users to provide GeoDCAT-AP-relevant metadata, such as geographic and
temporal coverage (discussed in Section 4.3), and to semantically tag assets with AGROVOC concepts.
As shown in Fig. 3, AGROVOC concepts can be searched through an auto-complete field integrated into
the publication UI. When the user enters a term, the interface retrieves matching AGROVOC concepts
and allows the user to select the most appropriate ones for describing the asset. Each selected concept
is stored using its AGROVOC URI together with its preferred label, thereby complementing free-form
keywords with stable, machine-actionable concept identifiers.

This implementation demonstrates a more direct and lightweight approach to semantic tagging
than the AgroPortal-based connector. It is well-suited to contexts in which AGROVOC has already
been selected as the reference vocabulary for describing the agricultural assets. At the same time, it is
less generic than the AgroPortal integration, because it is tied specifically to AGROVOC and does not
directly support switching to other controlled vocabularies.

After the asset is published in the catalogue, the selected AGROVOC concepts, as well as the location,
are displayed in the asset description UI, as shown in Fig. 4. This integration makes the semantic tags
visible to users and will support semantic search in the future.

15https://agroportal.eu/ontologies/HVDC
16https://dataspace.fbk.eu
17https://www.fao.org/agrovoc/machine-use
18https://dataspace.fbk.eu/publish/
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Figure 3: AgriMetadata tab in the AgriFoodTEF publication workflow, including fields for GeoDCAT-AP-relevant
metadata, such as geographic and temporal coverage, and an autocomplete field for selecting AGROVOC
concepts.

Similar to the AgrospAI prototype, this implementation records controlled vocabulary terms by embed-
ding the selected concepts, including their URIs and preferred labels, inside additionalInformation
(see Listing 1). The full JSON-LD metadata record corresponding to the example shown in Fig. 4 is
available through the Aquarius API (Artefact A7).

4.3. Generating GeoDCAT-AP 3.0 metadata

As a third contribution, we present catalogue-level services that expose Pontus-X records as DCAT
or GeoDCAT-AP-conformant metadata. In Pontus-X, assets are indexed in Aquarius using DDO,
which supports the internal operation of the ecosystem but is not directly aligned with EU catalogue
interoperability recommendations based on DCAT and GeoDCAT-AP.

The implementations described in this section bridge this gap by transforming or exposing Pontus-X
metadata as standards-aligned JSON-LD. We first present the GeoDCAT-AP wrapper implemented for
AgrospAI, which maps individual DDO records into GeoDCAT-AP 3.0 representations. We then present
the related implementation developed in the Fondazione Bruno Kessler Data Space, used as a testbed for
the AgriFoodTEF Data Space, where additional agricultural metadata are collected during publication
and exposed through a DCAT catalogue endpoint.

4.3.1. GeoDCAT-AP wrapper for AgrospAI

In AgrospAI, the GeoDCAT-AP wrapper is implemented as a catalogue-level service that transforms
Pontus-X DDO records into GeoDCAT-AP 3.0 JSON-LD representations. The wrapper follows a loss-



Figure 4: Asset description in the AgriFoodTEF UI, showing the GeoDCAT bounding box and the selected
AGROVOC terms on the right side.

minimizing transformation strategy. First, it retrieves the original DDO record19 from Aquarius and
maps fields with clear semantic equivalence into their GeoDCAT-AP counterparts (e.g., title, description,
license, dates, creator/publisher information, keywords). The mapping script is available on GitHub
(Artefact A8). Table 3 provides an overview of the transformation rules implemented in the mapping,
which are documented in detail in Artefact A9.

Second, any DDO attributes that do not have an unambiguous mapping are preserved under a
dedicated pontus-x namespace to avoid information loss and to keep traceability back to the source
representation. Third, and importantly for CEADS requirements, thewrapper reuses structured semantic
metadata stored in the additionalInformation field and maps it to the corresponding GeoDCAT-AP
properties.20 For example, spatial information, such as bounding boxes and place labels, is exposed
through dct:spatial, while thematic concepts selected from controlled vocabularies are exposed
through dcat:theme as skos:Concept resources.21 This mechanism allows AgrospAI to combine:
(i) the core Pontus-X metadata, (ii) publisher-provided free-text tags/keywords, and (iii) structured
semantic tagging (such as AgroPortal-derived themes and geospatial annotations) into a single standards-
aligned description suitable for external catalogues and discovery services.

The resulting JSON-LD output has been validated against the GeoDCAT-AP 3.0 SHACL shapes22 using
the SHACL Validator tool [40] from Interoperable Europe without errors or warnings, demonstrating
19Example of a DDO metadata record: https://aquarius.pontus-x.eu/api/aquarius/assets/ddo/did:op:
4d6f4ca585ad87372950da178689e2baf8b8e2668968765ca305bfb718af9cf3

20The script used for publishing an asset with these additional GeoDCAT-oriented metadata is openly available (Artefact A10).
21Example of a DDO metadata record mapped to GeoDCAT-AP: https://dcat.agrospai.udl.cat/api/aquarius/assets/ddo/did:op:
4d6f4ca585ad87372950da178689e2baf8b8e2668968765ca305bfb718af9cf3

22https://semiceu.github.io/GeoDCAT-AP/releases/3.0.0/shacl/geodcat-ap-SHACL.ttl
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Table 3
Overview of the DDO-to-DCAT transformation layers. Source: Artefact A9.

Transformation layer Purpose Examples

DDO → DCAT core
mapping

Converts native DDO properties
into standard catalogue metadata.

name → dct:title, description
→ dct:description, tags →
dcat:keyword, categories →
dcat:theme, license →
dct:license, created →
dct:issued, updated →
dct:modified

DDO additional metadata
→ GeoDCAT-AP

Provides geospatial concepts that
are not represented by native DDO
attributes. Values can be supplied
through metadata or
additionalInformation and
exposed at the dataset root.

geodcatap:referenceSystem,
geodcatap:topicCategory,
geodcatap:resourceType,
geodcatap:serviceProtocol,
geodcatap:serviceType

DDO additional metadata
→ HVD profile

Adds metadata required to classify
and describe High-Value Datasets
and propagates relevant
information to associated services.

r5r:hvdCategory,
r5r:applicableLegislation,
dcat:contactPoint

Resource/service
transformation

Represents DDO datasets and
computational resources using the
corresponding DCAT classes and
service properties.

Dataset → dcat:Dataset, Compute
→ dcat:DataService,
serviceEndpoint →
dcat:endpointURL

JSON-LD normalization
and enrichment

Normalizes identifiers and dates,
creates RDF agents/resources,
frames the JSON-LD output, and
performs service-level enrichment.

urn: identifiers, foaf:Agent,
rdfs:Resource, foaf:page, HVD
propagation

that Pontus-X catalogue entries can be exported in a standards-compliant form. This wrapper therefore
operationalizes catalogue-level semantics in AgrospAI by enabling direct consumption of their metadata
in a GeoDCAT-AP format, while maintaining compatibility with the Pontus-X internal schema and
preserving the richer, platform-specific attributes required for CtD execution. It is worth mentioning
that this wrapper works for any data space that uses the Pontus-X technology.

4.3.2. DCAT metadata exposure in AgriFoodTEF

The AgriMetadata tab introduced in Section 4.2.2 (Fig. 3) also collects GeoDCAT-AP-oriented metadata,
namely spatial and temporal coverage, in addition to AGROVOC concepts. Spatial coverage is captured
through a map-based interface that allows the publisher to define a geographic bounding box and
associate it with a human-readable location name. Temporal coverage is captured through start and
end dates describing the temporal extent of the asset.

Together with the AGROVOC concepts, these fields are stored in the DDO under
additionalInformation, using the same representation as the AgrospAI prototype shown in
Listing 1. This design preserves compatibility with the Pontus-X DDO while making the added
metadata available for downstream transformation into DCAT in JSON-LD.

As an optional alternative to entering these fields manually, the prototype also offers a metadata-
import helper, currently being tested, that pre-populates them from an external catalogue record given
its URI. Internally, this helper relies on a small microservice, implemented in Python, that converts the
external record into the expected DDO structure, including the additional metadata described above.
This feature targets well-known catalogue formats and platforms, including CKAN, GeoNetwork, and
SpatioTemporal Asset Catalog (STAC) catalogues, as shown in Fig. 5.



Figure 5: Prototype feature for importing metadata from an external catalogue record using its URL.

The captured bounding box is rendered on a map in the asset description interface, as shown in Fig. 4.
This makes the spatial descriptor visible to users while preserving its machine-actionable representation.

The same metadata is also served programmatically through a REST endpoint that returns the
catalogue as DCAT JSON-LD.23 The response is serialized as a dcat:Catalog, with published assets
represented as dcat:Resource entries. Pontus-X metadata are mapped to DCAT properties, AGROVOC
concepts are exposed as thematic descriptors, and spatial and temporal coverage through the corre-
sponding GeoDCAT-AP properties.

The output of this endpoint was validated using the SEMIC SHACL validator,24, against DCAT-AP
version 3.0.1, resulting in a “Success” status. Validation results are also exposed to users through a
DCAT badge in the AgriFoodTEF interface. When an asset metadata record passes the implemented
DCAT validation criteria without critical warnings, the asset receives a DCAT badge, as shown in Fig. 4.
More broadly, such badges illustrate how Pontus-X-based data spaces could expose metadata-validation
results at the asset level to indicate conformance with a given standard or application profile.

5. Discussion

The AgrospAI and AgriFoodTEF implementations show two complementary strategies for introducing
catalogue-level semantics into Pontus-X-based systems. Together, these approaches show that Pontus-
X-native metadata can be progressively aligned with DCAT and GeoDCAT-AP without replacing the
underlying DDO model.

The two prototypes reveal complementary strengths that we are currently working to converge
into a unified and harmonized implementation for potential contribution to the upstream Pontus-X

23AgriFoodTEF DCAT catalogue endpoint: https://dataspace.fbk.eu/api/dcat/catalog
24https://www.itb.ec.europa.eu/shacl/dcat-ap/upload
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codebase. AgrospAI contributes a generic AgroPortal-based connector, independent from a single
controlled vocabulary, together with a GeoDCAT-AP wrapper validated against available SHACL
validators. AgriFoodTEF contributes stronger user-interface integration, including publication-time
fields for AGROVOC concepts, spatial and temporal coverage, DCAT badges, map-based bounding box
visualization, and display of selected AGROVOC terms. We are currently working on converging these
two implementations so that they can be contributed to the upstream Pontus-X codebase.

At this stage, validation combines functional testing, standards-conformance validation, and a
targeted precision assessment of AgroAnnotator outputs. We verified end-to-end execution in the
AgrospAI environment, including publication, compute job execution, and output generation, and
confirmed that the GeoDCAT-AP wrapper produces GeoDCAT-AP 3.0 metadata via SHACL validation.
For AgriFoodTEF, we verified that additional publication-time metadata can be stored in the DDO,
displayed in the user interface, and exposed through a DCAT catalogue endpoint. However, further
validation is still needed to assess metadata quality, usability for publishers, consistency of concept
selection, and the practical impact of the enriched metadata on dataset discovery across DSIs.

Ontology-based annotation and controlled vocabulary indexing are well-established techniques in the
semantic web and information retrieval communities, and their benefits for improving data discovery,
interoperability, and semantic integration have been widely demonstrated in previous works (e.g., [41]).
Rather than proposing a new annotation method, the contribution presented here focuses on bringing
these established semantic enrichment practices into real Pontus-X-based data space environments and
evaluating how they can be operationalized within CEADS.

Regarding AgroAnnotator, we plan to extend its functionality beyond document annotation toward
the structured semantic harmonization of dataset labels. In particular, the algorithm could ingest datasets
that comply with community-defined schemas or standards, such as predefined columns and value
conventions, and automatically generate annotations linking dataset elements to selected reference
ontologies. For instance, AgroAnnotator could natively support the Minimum Information About a
Plant Phenotyping Experiment (MIAPPE) standard [42] for plant phenotyping datasets, enabling the
automatic alignment of dataset fields and values with relevant ontology concepts.

A current limitation of AgroAnnotator is that text chunks are sent to the AgroPortal Annotator API
for concept recognition, meaning that portions of the data leave the compute environment. This is not
fully aligned with data space CtD principles. A fully local deployment of the annotation component
is technically feasible in principle. The AgroPortal Annotator is based on the OntoPortal technology
stack, which can be deployed in private infrastructures and has been used in institutional settings
where data governance requirements are stricter. However, deploying and maintaining a complete local
instance of the Annotator directly inside the Pontus-X/AgrospAI environment was outside the scope
of this prototype. A possible future CEADS implementation would be to host a dedicated instance
of the AgroPortal Annotator within the same trusted infrastructure as AgrospAI, or within another
CEADS-controlled infrastructure, so that textual content would not need to be transmitted to the public
AgroPortal service.

As for the annotation validation presented in Section 4.1.3, these findings should nevertheless be
interpreted in light of several threats to validity. First, the evaluation measures precision only. Because
no exhaustive gold-standard annotation was created for the documents, concepts that should have been
identified but were not returned by the Annotator were not recorded as false negatives. Consequently,
no conclusions about recall or F1-score can be drawn.

Second, the evaluation considers the first 100 annotations returned for each dataset rather than a
randomized sample of all annotations. If the order in which annotations are returned is associated
with particular document sections, concepts, or matching characteristics, this sampling strategy may
introduce positional or selection bias.

Third, the TP/FP assessment involves semantic judgment regarding whether an ontology concept
is appropriate in its textual context. Borderline cases may therefore be subject to interpretation,
particularly in the presence of lexical ambiguity, broad ontology concepts, synonyms, proper names,
or context-dependent agricultural terminology. The released validation data (Artefact A4) make the
individual classification decisions transparent and available for independent inspection.



Finally, the evaluation uses a limited collection of synthetic agricultural documents and a specific
annotation configuration. The observed precision should therefore not be interpreted as a general per-
formance estimate for the AgroPortal Annotator across arbitrary domains, document types, ontologies,
or parameter configurations. Rather, it provides evidence of the behavior of the implemented AgroAn-
notator workflow under the conditions evaluated in this study. Moreover, because the evaluation corpus
was synthetically generated by a Large Language Model (LLM), its lexical regularity may not reflect the
noise of real-world agricultural documents, which could positively bias the observed precision.

6. Conclusions

This paper presented a set of complementary prototypes for strengthening semantic interoperability in
Pontus-X-based DSIs participating in CEADS. Rather than replacing existing DSI workflows, the pro-
posed components introduce semantics at different points of the asset lifecycle: during compute, through
ontology-based annotation with AgroAnnotator; at publication time, through controlled-vocabulary
enrichment in AgrospAI and AgriFoodTEF; and at catalogue level, through DCAT/GeoDCAT-AP meta-
data exposure. Together, these implementations show that semantic enrichment can be embedded
incrementally into existing Pontus-X infrastructures while preserving compatibility with the native
DDO model.

Beyond catalogue interoperability alone, these contributions also support the broader CEADS Use
Case 2 objective of making agricultural data more AI-ready. We frame AI-readiness here at the level of
enabling conditions (e.g., improved discoverability, interoperability, and machine-actionable metadata)
rather than as a measured improvement in AI-task performance, which is outside the scope of this
paper. By bringing semantics into CEADS, the proposed components are expected to make agricultural
data easier to discover, compare, interpret, and combine across DSIs. This is particularly important
for AI workflows, where the usefulness of data depends not only on technical access, but also on the
availability of contextual, machine-actionable metadata that supports reuse.

From a FAIR perspective, the prototypes contribute especially to findability, interoperability, and
reusability. Controlled-vocabulary enrichment improves findability by enabling concept-based discovery
beyond free-text keywords. DCAT/GeoDCAT-AP metadata exposure supports interoperability by
aligning Pontus-X records with widely adopted catalogue standards and application profiles. Ontology-
based annotation contributes to reusability by adding semantic context to data assets, helping users
and machines assess their relevance for downstream analysis. In this sense, semantic enrichment acts
as a bridge between FAIR data management and AI-readiness in agricultural data spaces.
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CEADS Common European Agricultural Data Space

CKAN Comprehensive Knowledge Archive Network

CtD Compute-to-Data

DCAT Data Catalog Vocabulary

DCAT-AP DCAT Application Profile

DDO DID Document

DID Decentralized Identifier

DSI Data Sharing Initiative

DSSC Data Spaces Support Centre

EOSC European Open Science Cloud

EU European Union

FAIR Findable, Accessible, Interoperable, and Reusable

FP false positive

FAO Food and Agriculture Organization of the United Nations

GeoDCAT-AP GeoDCAT Application Profile

HVD High-Value Dataset

IDSA International Data Spaces Association

INSPIRE Infrastructure for Spatial Information in the European Community

ISO International Organization for Standardization

LLM Large Language Model

MIAPPE Minimum Information About a Plant Phenotyping Experiment

ODRL Open Digital Rights Language

RDF Resource Description Framework

STAC SpatioTemporal Asset Catalog

TP true positive

URI Uniform Resource Identifier

UI User Interface

W3C World Wide Web Consortium
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