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Abstract. The Flanders Smart Data Space (VSDS in Dutch) is a pio-
neering initiative in the realm of data management, aiming to establish
a comprehensive and interoperable data infrastructure in the region of
Flanders (Belgium). With data being scattered across different sources
using their own custom APIs and semantics, it is tedious for users to
access and integrate the data. Data consumers are left depending on
inefficient data integration processes, requiring custom code with low
re-usability. VSDS aims to solve this problem by offering a uniform ap-
proach and a collection of reusable building blocks built upon Semantic
Web technologies that aim to facilitate seamless data sharing and inte-
gration. This paper discusses the core concepts of VSDS, highlighting
its role in breaking down data silos, towards a more collaborative and
interoperable ecosystem. By reporting on the creation of the traffic mea-
surements data space, a real and domain-driven application of the VSDS
concepts, we illustrate how accessibility and interoperability can be en-
hanced, and the time needed for data integration can be lowered, en-
abling data consumers to shift their focus from the complexities of data
integration to solving domain problems using this data. Future work will
focus on expanding the scope of the Flanders Smart Data Space to in-
clude additional domains, further enhancing data interoperability and
collaboration across different sectors. Furthermore, the Flanders Smart
Data Space will continue to align with the existing international Data
Space initiatives.

Keywords: Semantics · Data Spaces · Interoperability · Linked Data.

1 Introduction

In response to the growing complexity of the data landscape and the need to
manage and share data more effectively, the concept of Data Spaces, understood
as sociotechnical ecosystems modeling the relations and interactions of data ac-
tors within and across application domains, has been recently introduced [6,9].
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Interoperable Europe4, a body of the European Commission that supports and
promotes interoperable sharing of assets for public administrations, defines a
Data Space as “an environment bringing together relevant data infrastructures
and governance frameworks in order to facilitate data pooling and sharing.”5.
Data Spaces introduce a paradigm shift in the way organizations interact with
data. By integrating semantic technologies into Data Spaces, data can be struc-
tured and organized by meaning and context, enabling complex questions to be
asked, connections to be discovered and valuable insights to be generated. An
important aspect of Data Spaces is their decentral nature, meaning that the data
themselves may be scattered across different physical locations or sources. The
use of semantic technologies however, may enable a virtual, semantic centraliza-
tion that facilitates the collaboration, integration and meaningful exchange of
data in a distributed environment.

To navigate today’s data integration challenges and align with the evolving
concept of Data Spaces, the Belgian region of Flanders introduced the “Vlaamse
Smart Data Space” (VSDS) 6. This initiative reflects Flanders’ commitment to
maintaining its leading position in digitization by fostering the exchange of se-
mantic data in a flexible and scalable manner. In 2012, Flanders laid the initial
foundations for the exchange of semantic data, by establishing the Flemish In-
teroperability Program, known as “Open Standards for Linked Organizations”
(OSLO) [4]. The program is instrumental in creating data standards within Flan-
ders, based on the principles of Linked Data. This approach ensures that each
term in the data model is assigned a URI, either re-used from an international
data standard or newly created by OSLO when no suitable international URI
could be found.

While OSLO has contributed to infusing semantics into Flanders’ data land-
scape, today’s challenges with data integration are centered around practical
necessities to facilitate consistent and uniform data exchange interfaces. In re-
sponse to this need, VSDS collaborated with Imec7 and Interoperable Europe8

to develop the Linked Data Event Stream (LDES) specification9 for publishing
data [13]. To strengthen this initiative of semantic and technical interoperability,
VSDS is currently developing open-source building blocks which serve a dual pur-
pose: enabling the publication of LDESs, but also facilitating their consumption
within the ecosystem. This strategic development marks a pivotal step towards
a more cohesive and interoperable data-sharing environment in Flanders.

In this paper, we present an overview of VSDS and a description of the main
building blocks, developed as open-source software components, that enable uni-
form exchange of data across organizational boundaries, by leveraging Semantic

4 https://joinup.ec.europa.eu/interoperable-europe
5 https://joinup.ec.europa.eu/collection/semic-support-centre/data-spaces
6 https://www.vlaanderen.be/vlaamse-smart-data-space-portaal
7 https://www.imec.be/nl/articles/dit-de-vlaamse-smart-data-space-vsds
8 https://joinup.ec.europa.eu/collection/semic-support-centre/
linked-data-event-streams-ldes

9 https://w3id.org/ldes/specification

https://joinup.ec.europa.eu/interoperable-europe
https://joinup.ec.europa.eu/collection/semic-support-centre/data-spaces
https://www.vlaanderen.be/vlaamse-smart-data-space-portaal
https://www.imec.be/nl/articles/dit-de-vlaamse-smart-data-space-vsds
https://joinup.ec.europa.eu/collection/semic-support-centre/linked-data-event-streams-ldes
https://joinup.ec.europa.eu/collection/semic-support-centre/linked-data-event-streams-ldes
https://w3id.org/ldes/specification
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Web technologies. Furthermore, we show how the VSDS framework and building
blocks were (and are being) applied in a real-world scenario with multiple stake-
holders, namely the Traffic Measurements Data Space, and discuss the impact
of VSDS on facilitating data integration tasks and application development.

The structure of this paper is outlined as follows: Section 2 offers an overview
of alternative data exchange specifications and concurrent Data Space initiatives.
In Section 3, we delve into a specific use case of VSDS, traffic measurements.
Section 4 provides a comprehensive view of the proposed solution, in which
the open-source building blocks play an essential role. Section 5 discusses the
advantages and constraints of the current approach. Lastly, section 6 presents
our concluding remarks and outlines perspectives for future work.

2 Related work

The Horizon 2020 project “Open DEI Aligning Reference Architecture, Open
Platforms and Large-Scale Pilots in Digitising European Industry” led by the In-
ternational Data Spaces Association (IDSA), introduced various building blocks
which are considered to be the core elements that must be implemented by Data
Space initiatives [8]. IDSA10 is a global non-profit organization promoting se-
cure and sovereign data sharing in digital ecosystems through Data Spaces. They
continue to develop the IDSA Reference Architecture Model (RAM), a concep-
tual model which serves as a blueprint with the purpose of providing common
architectural principles and guidelines for organizations to create or join a Data
Space. It may be considered as the current leading architecture reference for
Data Space initiatives and can be seen as a set of technical components within
the broader context of building blocks as shown in figure 1.

Data Space building blocks are further categorized into being part of the
control plane or data plane, based on the type of management task they ad-
dress 11. Within VSDS the focus is on the data plane, with the OSLO data
standards, based on the principles of Linked Data, being the response to the
“Data Models & Formats” building block. The “Data Exchange APIs” building
block is responsible for making actual data exchange possible. IDSA acknowl-
edges a high heterogeneity of data exchange alternatives (e.g., polling, publish/-
subscribe, event-based, large dataset transfer, etc) and advocates for common
protocol definitions that allow multiple strategies to remain interoperable within
Data Spaces 12. In this direction, the VSDS adopts the LDES specification, co-
developed together with Imec and Interoperable Europe, into its architecture as
the core API to exchange data. Some work is already in progress to align the
VSDS approach with existing Data Space initiatives, for example, by extending
the Eclipse Data Space Connector to support and interact with LDES. Technical

10 https://internationaldataspaces.org/
11 https://dssc.eu/space/BBE/178422298/Control+plane+vs.+Data+plane
12 https://dssc.eu/space/BBE/178422510/Data+Exchange

https://internationaldataspaces.org/
https://dssc.eu/space/BBE/178422298/Control+plane+vs.+Data+plane
https://dssc.eu/space/BBE/178422510/Data+Exchange
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Fig. 1: Data Space building blocks to be implemented by the Data Space
initiatives (source: Design Principles for Data Spaces position paper [8])

details are out of scope for this paper, but more information can be found on
GitHub1314.

The LDES specification combines the principles of event streaming with
those of Linked Data, creating a model suitable for describing the life-cycle of
data sources, and aimed to support replication and synchronization of such data
sources [13]. LDES describes and publishes data sources’ changes as a stream of
immutable entities and their relationships (a.k.a members), using semantically
described and hypermedia-based data structures [5]. LDES is domain model-
agnostic and works both for fast (e.g. sensor data) and slow (e.g. an address
registry) moving datasets. LDES has been used, among others, to publish base
registries in Flanders [13]; the Marine Regions dataset15 [7]; cultural heritage
data 16 [12]; and time-series data [15].

The main goal of LDES is to redistribute costs across the different stakehold-
ers, resulting in a more sustainable and cost-efficient approach to exchange data,
inspired by the Linked Data Fragments conceptual framework [14]. Current data
integration practices are often dictated by specific use cases. This entails a sce-
nario where a data publisher tailors and manages a custom API according to
the unique requirements of each use case. Subsequently, a data consumer must
integrate this custom API into their application. Whenever a data consumer re-
quires data from another data publisher, the likelihood is high that they will need
to write new code and develop new interfaces. Concurrently, the data publisher
13 https://github.com/Informatievlaanderen/VSDS-Dataspace-Connector
14 https://informatievlaanderen.github.io/VSDS-Linked-Data-Interactions/

ldio/ldio-inputs/ldio-ldes-client-connector
15 https://www.marineregions.org/feed
16 Multiple data collections were published as LDES, and can be found at https:

//coghent.github.io/LDES/

https://github.com/Informatievlaanderen/VSDS-Dataspace-Connector
https://informatievlaanderen.github.io/VSDS-Linked-Data-Interactions/ldio/ldio-inputs/ldio-ldes-client-connector
https://informatievlaanderen.github.io/VSDS-Linked-Data-Interactions/ldio/ldio-inputs/ldio-ldes-client-connector
https://www.marineregions.org/feed
https://coghent.github.io/LDES/
https://coghent.github.io/LDES/
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faces the challenge of hosting and maintaining multiple custom APIs on top of
the same dataset. Additionally, the expenses incurred through querying these
custom APIs typically fall upon the data publisher. Conversely, with LDES it is
possible to lower the maintenance burden, giving data publishers the flexibility
to opt for an LDES-only availability for their dataset, which was the main reason
for Marine Regions to opt for LDES [7]. In this approach, if a data consumer
requires a specific API (e.g. a WFS or SPARQL endpoint), they can replicate
the data from the LDES and host it within their infrastructure. However, when
it comes to integrating the data into their database, the consumer can create
reusable code because the data exchange protocol is standardized, streamlining
the integration process across various use cases. The VSDS is also developing
the other building blocks related to the control plane, but are out of scope for
this paper.

FIWARE 17 acts as an open-source community aimed at simplifying the
development of smart applications and solutions. By offering standardized APIs,
of which the Context Broker and Smart Data models are the most known. The
API specification implemented by a context broker and Smart Data models is
called NGSI-LD [1] and is standardized18 by the European Telecommunications
Standards Institute (ETSI)19. FIWARE has made efforts towards implementing
a Data Space architecture based on NGSI-LD interfaces [2,11], however to the
best of our knowledge, such implementations have not been taken beyond proof
of concept state.

Another Data Space-related initiative is Gaia-X20. This is a European initia-
tive emerging from industry, policy-making and research, designed to promote
a secure and federated digital infrastructure with its focus on data sharing and
collaboration between organizations. Gaia-X and IDSA share similar goals re-
garding the development of a secure and sovereign digital ecosystem and both
focus on data sharing and collaboration. Therefore, aligment efforts between
Gaia-X and IDSA have been made [10,3]. Furthermore, IDSA, Gaia-X, and FI-
WARE currently collaborate in the so called Data Space Business Alliance 21,
aiming to unify the vision of Data Spaces.

3 Use case

To speed up the ecosystem’s adaptation to the paradigm shift brought about by
LDES, VSDS aims to lower the barriers to get started with this new technology.
The ultimate goal of the VSDS for Flanders is to lay out the groundwork for the
ecosystem so that everyone can create their own domain-specific Data Spaces,

17 https://www.fiware.org/
18 https://www.etsi.org/deliver/etsi_gs/CIM/001_099/009/01.08.01_60/gs_

CIM009v010801p.pdf
19 https://www.etsi.org/
20 https://gaia-x.eu/
21 https://data-spaces-business-alliance.eu/

https://www.fiware.org/
https://www.etsi.org/deliver/etsi_gs/CIM/001_099/009/01.08.01_60/gs_CIM009v010801p.pdf
https://www.etsi.org/deliver/etsi_gs/CIM/001_099/009/01.08.01_60/gs_CIM009v010801p.pdf
https://www.etsi.org/
https://gaia-x.eu/
https://data-spaces-business-alliance.eu/
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tailored to what makes sense to them. Several initiatives are already underway,
demonstrating the feasibility and value of this approach.

The Traffic Measurements Data Space The VSDS framework is employed
within the mobility sector, initiating a targeted exploration for a well-defined
mobility use case amidst a comprehensive stakeholder analysis. This led to the
selection of traffic measurement data as central to the data space’s application,
emphasizing its relevance. Monitoring of traffic flows leverages a variety of tech-
nological tools, each type of sensor utilizing its distinct communication protocol
to relay measurement values alongside sensor details. However, the realm of
traffic data measurement suffers from the absence of a unified, coordinated data
model standard. Moreover, data acquisition is scattered across numerous entities.
Specifically, within the Flanders region, it’s estimated that over 500 stakeholders
possess traffic measurement data. This encompasses both public entities (e.g., lo-
cal governments, regional agencies) and private sector participants, all of whom
utilize this data for a broad spectrum of applications.

Within the mobility sector alone, it serves as a foundational element for traf-
fic control strategies, monitoring, analysis, simulation inputs, and the creation
of digital twins. Additionally, traffic data underpins regional and economic de-
velopment initiatives, noise and emission modeling, spatial planning permits,
retail site selection, tourism activity monitoring, and even audience measure-
ment for billboard advertising. Nevertheless, this wealth of traffic data remains
silo-ed within various entity-specific databases or applications, with portions of
the data isolated on individual staff members’ laptops. The establishment of a
traffic measurement data space is thus a pivotal step towards evolving the data
ecosystem for this particular use case.

Uniting the scattered mobility data landscape begins with consensus-building
among mobility exports on a uniform semantic framework. Leveraging the OSLO
Process & Methodology [4], stakeholders embarked on standardizing data across
the mobility domain, with the initial focus on traffic measurements. By creating
data standards using this standardized approach, local governments and public
organizations in Flanders, can enforce the conformance of a data standard from
their suppliers in their public tenders.

The OSLO program is tasked within VSDS, with overseeing the semantic
agreement between stakeholders, ensuring a common semantic foundation across
the ecosystem. This involves multiple workshops spanning with in-depth discus-
sions about semantics and reaching consensus, followed by a public review phase,
allowing data publishers to integrate the data model into their applications.

The result in this case is the OSLO Traffic Measurement model 22 and its
application profile 23. The data model builds on the Observations and Measure-
ments OSLO model (based on the ISO 19156 standard) and the Sensors and

22 https://data.vlaanderen.be/ns/verkeersmetingen/
23 https://data.vlaanderen.be/doc/applicatieprofiel/verkeersmetingen/

kandidaatstandaard/2023-12-01/

https://data.vlaanderen.be/ns/verkeersmetingen/
https://data.vlaanderen.be/doc/applicatieprofiel/verkeersmetingen/kandidaatstandaard/2023-12-01/
https://data.vlaanderen.be/doc/applicatieprofiel/verkeersmetingen/kandidaatstandaard/2023-12-01/
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Sampling OSLO model (based on the W3C SSN/SOSA standard 24). There are
also references to INSPIRE’s Transport Network model 25 and the ISO 19157
Data Quality standard.

The main focus concept is the Traffic Measurement (Verkeersmeting in Dutch)
class, which indicates which Traffic characteristic of which Traffic object was
measured and what the result was. Traffic, is understood as the movement of
objects such as people or goods over a Transport Link such as a road, waterway,
railway, etc. In this model the focus is on road traffic. Objects related to traffic
are the objects that move or are moved, such as vehicles and road users such
as drivers, passengers and pedestrians. Of equal importance are the objects over
which traffic takes place. In order to observe traffic characteristics of the objects
that are moved, classes such as Vehicle and Traffic Participant are necessary.
Examples of characteristics in that case are speed, license plate and the like.
However, as the domain of traffic measurements is very broad, including cross
section counts, intersection counts, origin-destination counts, etc., it was decided
by the ecosystem to focus on cross section counts and thus further specify the
application profile into a so called implementation model: “Implementatiemodel
Verkeersmetingen”26, but leaving the option open for the other aspects of traffic
measurements.

Further details about the data model and implementation of the Traffic Mea-
surements Data Space are given in Section 4 and are also available online 27.
Along the Traffic Measurements Data Space, new thematic data spaces are also
emerging. The most advanced of these is the Water Data Space. In this thematic
data space, the stakeholders want to make reliable data on water consumption,
availability and quality, available in an interoperable manner. They will rely on
the OSLO standards and the LDES protocol to publish data. More information
about these use cases and emerging thematic data spaces can be found on the
website 28.

Data sources In total 26 organizations took part in the OSLO workshops to
establish a common foundation on how to exchange data about traffic measure-
ments. Furthermore, 5 were willing to publish their data as an LDES and based
on the OSLO Traffic Measurements data model (see Figure 2):

– Telraam29 — Telraam has a capacity of 2000 sensors (camera’s) capturing
passengers, bicycles, cars, and trucks. They are operational around the world,
but mostly in Flanders. The published LDES is available online at https:
//telraam-api.net/ldes/observations/by-page.

24 https://www.w3.org/TR/vocab-ssn/
25 https://knowledge-base.inspire.ec.europa.eu/transport-networks_en
26 https://implementatie.data.test-vlaanderen.be/doc/implementatiemodel/

verkeersmetingen/
27 https://assets.vlaanderen.be/image/upload/v1702918086/Implementation_

guideline_Dataspace_Verkeersmetingen-ENGLISH_VERSION_ejwxwu.pdf
28 https://www.vlaanderen.be/vlaamse-smart-data-space-portaal/use-cases
29 https://telraam.net/en/what-is-telraam

https://telraam-api.net/ldes/observations/by-page
https://telraam-api.net/ldes/observations/by-page
https://www.w3.org/TR/vocab-ssn/
https://knowledge-base.inspire.ec.europa.eu/transport-networks_en
https://implementatie.data.test-vlaanderen.be/doc/implementatiemodel/verkeersmetingen/
https://implementatie.data.test-vlaanderen.be/doc/implementatiemodel/verkeersmetingen/
https://assets.vlaanderen.be/image/upload/v1702918086/Implementation_guideline_Dataspace_Verkeersmetingen-ENGLISH_VERSION_ejwxwu.pdf
https://assets.vlaanderen.be/image/upload/v1702918086/Implementation_guideline_Dataspace_Verkeersmetingen-ENGLISH_VERSION_ejwxwu.pdf
https://www.vlaanderen.be/vlaamse-smart-data-space-portaal/use-cases
https://telraam.net/en/what-is-telraam
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Fig. 2: Five data publishers in Flanders made their data available as an LDES
using the OSLO Traffic Measurements model. In total 6 datasets were

published as the Agency for Roads and Traffic published both a dataset about
bicycle counts and one about the underlying road network using a temporary

counting campaign. Data consumers can leverage LDES to replicate these data
sources into their own database. This is described in Section 4

– Geomobility30 — Capture data about bicycles, cars, and trucks using pneu-
matic tubes. The data they have published was a counting campaign from
2022-2023 in Bruges. The published LDES is available online at https:
//brugge-ldes.geomobility.eu/observations.

– Roads & Traffic Agency in Flanders — They capture data about cars, trucks,
and bicycles. For the main roads in Flanders induction loops are used, while
pneumatic tubes are used to measure traffic for the underlying road network
in Flanders during temporary counting campaigns.

– Signco31 — Capture data about bicycles, cars, and trucks using both induc-
tion loops and pneumatic tubes, depending on the location. They will publish
a counting campaign from Antwerp where induction loops were used.

– Krycer — Capture cars and trucks using radar (speed measurements). They
will publish a dataset from the city of Ternat.

30 https://www.geomobility.eu/en/home
31 https://www.signco.be/

https://brugge-ldes.geomobility.eu/observations
https://brugge-ldes.geomobility.eu/observations
https://www.geomobility.eu/en/home
https://www.signco.be/
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Each of these data publishers agreed to make their traffic measurements within
a timespan of 15 minutes available through an LDES.

4 Solution

With OSLO being responsible for the semantic interoperability, the VSDS fo-
cuses on the technical layer, particularly through the adoption and promotion of
the LDES specification. To facilitate the adoption of LDES and stimulate ecosys-
tem engagement, the VSDS has embarked on the development of a suite of open
source and reusable building blocks. These tools are designed to serve every par-
ticipant in the ecosystem, going from data publishers to data consumers, and
aiming to build a community that innovates and stimulates the growth of the
data economy. The introduction of these building blocks represents the effort by
the VSDS to lower the initial hurdles associated with implementing the LDES
specification, thereby encouraging broader participation in the ecosystem. The
suite of building blocks includes three main components:

– LDES Server32 — This component serves as the backbone for publishing
datasets as LDESs. It implements all the aspects of the LDES specification
including fragmentation strategies and retention policies.

– LDES Client33 — Acts as the counterpart of the LDES Server and is tasked
with the replication and synchronization of LDESs from various sources. This
component is crucial for replicating the history and staying up-to-date with
the latest changes of a given LDES.

– LDES Data Pipepline components34 — These are specialized, config-
urable components designed to bridge the gap between LDES (Linked Data)
and the diverse needs of data pipelines. They allow for the transformation
between data models both from non-Linked Data to Linked Data or Linked
Data to Linked Data, filtering and writing data into databases or other
storage solutions. They are essential for integrating LDES into existing ar-
chitectures, enabling organizations to leverage LDES within their specific
environments without the need for custom development

All these components are open-source, written in Java and together they form
a comprehensive toolkit that supports both the publication and consumption of
LDESs, enhancing interoperability. Concurrently, the VSDS continues to develop
an on-boarding process 35 to streamline the onboarding of organizations into the
VSDS. By providing tailored support for both data publishers and consumers,
the VSDS is laying the groundwork for a more integrated and interoperable data
ecosystem. The onboarding process consists of five steps:

32 https://informatievlaanderen.github.io/VSDS-LDESServer4J/
33 https://informatievlaanderen.github.io/VSDS-Linked-Data-Interactions/

ldio/ldio-inputs/ldio-ldes-client
34 https://informatievlaanderen.github.io/VSDS-Linked-Data-Interactions/
35 https://informatievlaanderen.github.io/VSDS-Tech-Docs/

https://informatievlaanderen.github.io/VSDS-LDESServer4J/
https://informatievlaanderen.github.io/VSDS-Linked-Data-Interactions/ldio/ldio-inputs/ldio-ldes-client
https://informatievlaanderen.github.io/VSDS-Linked-Data-Interactions/ldio/ldio-inputs/ldio-ldes-client
https://informatievlaanderen.github.io/VSDS-Linked-Data-Interactions/
https://informatievlaanderen.github.io/VSDS-Tech-Docs/
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1. Intake — In collaboration with the stakeholders, an assessment is made to
map out their needs, relevant other stakeholders, and their datasets.

2. Pilot — Using the information from the intake, a pilot version is developed
to meet the specific needs of the stakeholders. It serves to integrate the basic
setup within the existing architecture and transition towards an OSLO data
model.

3. Setup — Building upon the insights gained during the pilot, the setup phase
focuses on detailed planning of any developments.

4. Development — This phase focuses on the development of requirements
defined during the intake or insights gained during the pilot.

5. Activation — This is the final phase, where the stakeholders are supported
implementing the solutions in their own architecture. Post-activation, the
VSDS provides continuous support and access to technical documentation.

All of the stakeholders underwent the described on-boarding process, lead-
ing to the launch of the Data Space Traffic Measurements in 2023. Figure 3
shows an example of the final technical solution designed for the data publisher
Geomobility to create and publish its LDES.

Fig. 3: Final pipeline for Geomobility to publish their datasets as an LDES

The light blue blocks represent the data pipeline that is needed to transform
the original data of Geomobility to the OSLO model and ingest it into the LDES
Server (dark blue). The pipeline is as follows:

1. HTTP Listener — Listen for HTTP messages being sent by the Idaso
system, which is the backend system that Geomobility relies on to store
their data.

2. HTTP Listener Adapter — Adds a JSON-LD context to transform the
received JSON data to Linked Data in JSON-LD format.

https://www.vlaanderen.be/digitaal-vlaanderen/nieuwsberichten/lancering-data-space-verkeersmetingen-ontgrendelt-potentieel-van-verbonden-informatie
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3. WKT Converter — Converts GeoJSON geometry objects into WKT,
which is required by the OSLO data model.

4. Site & data converter + OSLO Converter — Transforms the data
to make it compliant with the OSLO data model. This is done by using a
SPARQL CONSTRUCT query.

5. Version Creator — The LDES Server expects versioned objects (immutable
LDES members) on ingestion. This is handled by this building block in the
data pipeline.

6. Version Sender — Ingests the LDES member into the LDES Server by
doing an HTTP POST request on the ingest endpoint of the server.

Consuming LDESs To illustrate the effectiveness of the VSDS in addressing
data integration challenges, a demo application was developed that visualizes
traffic measurements on a map. This application highlights the streamlined data
integration process enabled by LDES and the VSDS building blocks.

The initial step consisted on setting up a SPARQL quadstore (in this case an
Ontotext GraphDB instance) and a data pipeline to replicate and sync LDESes
data into the database. The choice for an Ontotext GraphDB is based on the
stakeholders’ knowledge about quadstores. The pipeline supports any quadstore
that implements the RDF4J API36. Adding a new dataset is made through
configuration, as demonstrated with the Telraam LDES integration in Listing
1.1. This simplicity underlines the shift towards a configuration-driven approach
in data integration, reducing the complexity traditionally associated with it.

Listing 1.1: Pipeline configuration for replicating an LDES insto SPARQL quad-
store
server:
port: 8080

orchestrator:
pipelines:
- name: Telraam -LDES

input:
name: be.vlaanderen.informatievlaanderen.ldes.ldi.

client.LdioLdesClient
config:

url: https :// telraam -api.net/ldes/observations/by-
page?pageNumber =1

sourceFormat: text/turtle
outputs:

- name: be.vlaanderen.informatievlaanderen.ldes.ldi.
RepositoryMaterialiser

config:
sparql -host: http :// host.docker.internal :7200

36 https://informatievlaanderen.github.io/VSDS-Linked-Data-Interactions/
ldio/ldio-outputs/ldio-repository-materialiser

https://informatievlaanderen.github.io/VSDS-Linked-Data-Interactions/ldio/ldio-outputs/ldio-repository-materialiser
https://informatievlaanderen.github.io/VSDS-Linked-Data-Interactions/ldio/ldio-outputs/ldio-repository-materialiser
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repository -id: LDES
named -graph: http :// telraam.be/ldes

With the data integration challenges reduced to a matter of configuration,
efforts were able to be redirected towards the development of the application.
First, an OpenAI assistant was created capable of generating SPARQL queries
aligned with the OSLO data model based on user natural language inputs. These
queries facilitated the retrieval of data from GraphDB which was then visualized
on a map, as shown in Figure 4, where the question asked was “Show me all
measurements for cars between 15h and 16h for which the count is higher than
70 ”. The result of this query was a list of data points (traffic measurements,
which have a coordinate, allowing them to display them on a map), that have a
count higher than 70, regardless of the vehicle, between the 15-16h period of any
day. Figure 5 shows these traffic measurements in a graph for a specific location.

This demo application validates the LDES specification and the VSDS build-
ing blocks capability to simplify data integration, while highlighting its potential
to enhance the development of data-driven applications.

Fig. 4: Frontend application that uses an OpenAI assistant to create SPARQL
queries, based on the user input, to retrieve data from GraphDB and visualize
it on a map. Here, the users asked to question “Show me all measurements for
cars between 15h and 16h for which the count is higher than 70 ”.

5 Discussion

The VSDS initiative, through its comprehensive approach to data integration,
leveraging the LDES specification, and the development of ecosystem-supporting
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Fig. 5: Measurements for a specific location (blue) showing the results that adhere
to the question that was asked by the user.

building blocks, demonstrates potential in addressing the complexities inherent
in data sharing and interoperability.

However, despite the progress, the initiative faces challenges. The reliance
on stakeholders’ willingness to adopt and integrate new standards and technolo-
gies, such as LDES and OSLO data models, can vary. The technical barriers,
while lowered, still require a certain amount of technical knowledge that may
not be uniformly present across all data publishers and consumers. Moreover,
the initial aim of LDES was to redistribute the costs across all stakeholders.
The general experience during the on-boarding process of data publishers was
that LDES leads to additional costs in the first phase. This is due to some data
publishers putting the LDES Server next to their existing APIs, which generates
an extra cost. The noted benefits of LDES are that there are lower integration
costs and larger data availability at consumer side. The iterative and collabora-
tive approach adopted in the development and implementation of the Flanders
Smart Data Space, evidenced by the structured on-boarding process, highlights
the initiative’s methodology and openness towards its ecosystem. Continuous
engagement and feedback from a broader spectrum of stakeholders are essential
for refining both the on-boarding process and the building blocks, which will
enhance the applicability and effectiveness.
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6 Conclusion

In the scattered landscape of data, the VSDS initiative means a step forward in
the quest for seamless data integration and interoperability, within the region of
Flanders. By addressing both the semantic and technical layers of data integra-
tion, the VSDS enables the enhancement of data accessibility and usability, but
also paves the way for innovative data-driven solutions, as demonstrated by the
traffic measurements application.

The key contributions lie in the holistic approach to data integration, the
development of a suite of tools that simplify the data sharing process, and
its potential to serve as a blueprint for similar initiatives. By working towards
configuration-only instead of custom code in data integration processes, it stands
out as an innovative aspect, offering a scalable and efficient pathway to integrat-
ing various data sources.

Looking forward, the continuous enhancement of the VSDS framework (on-
boarding process) and its building blocks, to enclose additional domains beyond
traffic measurements, and its alignment with international Data Space initia-
tives, present new opportunities for further research and development. The on-
going evolution of Semantic Web technologies and data standards will play a
critical role in this endeavor. Moreover, the VSDS’s ability to foster an ecosys-
tem of collaboration and shared standards across different sectors and regions
will be very much needed in realizing the full potential of interoperable Data
Spaces.

To make the on-going efforts on the Flemish level more sustainable on an Eu-
ropean and international level, the VSDS is undertaking several actions. First,
the VSDS is positioning the LDES specification in international ecosystems/ar-
chitectures such as FIWARE. Preliminary analysis has indicated that NGSI-LD
and LDES could be compatible. A document is being worked on that will be
standardized by ETSI to make this official, but at the time of writing this has
not been done yet. VSDS will continue to monitor and works towards compatibil-
ity with other Data Space initiatives such as the Eclipse Data Space Connector,
positioning LDES within IDSA and GAIA-X ecosystems.
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