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Abstract

The digitalisation of the built environment faces chal-
lenges such as interoperability, standardisation, integration
of legacy systems, and secure data exchange. The Interna-
tional Data Spaces (IDS) framework, used successfully in
logistics and energy, enables organisations to create value
through data. This paper examines how the Vocabulary
Hub, a core IDS component, addresses these challenges
in the Architecture, Engineering, Construction, and Oper-
ation (AECO) sector. It outlines the setup of a domain-
specific vocabulary hub and analyses its role in seman-
tic data exchange, suggesting that IDS is a promising ap-
proach for data integration in federated digital twin sys-
tems and structured data sharing in AECO.

Introduction

In the AECO industry, efficient information exchange be-
tween stakeholders and systems is crucial to project suc-
cess. The sector has evolved from manual data sharing to
automated data flows, yet the challenge of breaking system
silos persists. Organisations are losing the significant ad-
vantages of federated systems, which enable seamless data
exchange, improve operational efficiency, and potentially
reduce costs (Taboada-Orozco et al., 2024).

Digital technologies such as Building Information Mod-
elling (BIM), the Internet of Things (IoT), and Cloud
Computing have revolutionised modern buildings, mak-
ing them smarter and more data driven. However, the
increasing complexity of building systems requires more
efficient data-exchange methods. Traditional approaches,
such as middleware, APIs and data warehousing are inher-
ently centralised, limiting scalability and ease of integra-
tion. The adoption of Digital Twins (DT) in the construc-
tion sector calls for the development of advanced frame-
works that not only enable data exchange but also facilitate
the integration of multiple data sources (Custovié et al.,
2023).

The selection of a data exchange framework depends on the
business needs of an organisation and also on the size of
the project. Despite this contrast, there are few common
challenges that we observe in the industry. These chal-
lenges are related to data standardisation and consistency,

interoperability, security, scalability, integration complex-
ity, and real-time integration. Tang et al. (2019); Afsari
et al. (2017) suggested cloud-based approach as a future
direction for data management, particularly for cases re-
quiring real-time synchronisation and analytics.

The IDS framework, designed for data sovereignty, is gain-
ing attention in the architectural and construction sectors
as a decentralised data exchange solution. Building a data
space often involves linking multiple domains (e.g. en-
ergy prediction, weather data) that are relevant for a use
case. The IDS framework is also suitable for a distributed
data federation system such as the federated building or the
urban digital twin. The different components of an IDS
are shown in Figure 1. The central component of a data
space is the connectors. The interaction between the com-
ponents occurs through these connectors. The vocabulary
hub is the place to store and access the vocabularies. The
metadata broker enables data providers to store the self-
descriptions of their data assets. Hence, for a semantic data
exchange, these three components are primary supported
by other data space components.
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Figure 1: IDS Components Diagram as per IDS-RAMA4.

This paper addresses the use of the IDS as a decentralised
data exchange framework. The study also analyses the role
of a vocabulary hub as specified in the Reference Architec-
ture Model (RAM) (IDSA (2025)) for data standardisation,
quality, and semantic interoperability, and defines the steps
to create a domain-specific vocabulary hub from AECO.



Literature Review

Building Information Modeling (BIM) has been a key de-
velopment in sharing information between stakeholders in
the construction project. However, the use of proprietary
software limits the interoperability of designs and project
information. To achieve interoperability for optimizing
performance (Farghaly et al., 2023), standards such as In-
dustry Foundation Classes (IFC) (Costin et al., 2022) are
developed. These standards, often called an ontology or
a vocabulary, enable a shared understanding of concepts
without requiring a unified data model, which is impracti-
cal for large-scale complex systems and the semantic web.
For the scope of this paper, we review the state-of-the-art
related to data exchange frameworks, ontologies in AEC
and semantic interoperability in the data spaces. In AECO,
many studies have been done that address the interoper-
ability issue, particularly for the usage of BIM.

Most existing studies first aim for semantic data exchange
rather than full interoperability (Pauwels et al., 2017). The
same study also presents that semantic web technologies
will aid in creating common data models such as Common
Data Environments (CDE). The ever growing volumes of
organizational data suggest that we move towards decen-
tralized data exchange. Table 1 details the various data
exchange frameworks that are widely used and how they
measure against each of the challenges discussed earlier.
The assessment is based on the chapter on the measure-
ment of architectural characteristics in Richards (2022)).
This comparative analysis helps motivate the selection
of architectural styles suitable for the development of a
domain-specific data space. Although broader characteris-
tics such as scalability, security, and integration complex-
ity are addressed primarily by the overarching IDS frame-
work, this paper specifically examines how the vocabulary
hub contributes to enhancing other critical aspects, partic-
ularly data consistency, interoperability, and flexibility, to
achieve efficient semantic data exchange. Many past stud-
ies are also towards development of ontologies that are
either new or for mapping data schemas (Farghaly et al.,
2023) across domains (e.g. CityGML). Modularization,
merging, and mapping of the ontology is also considered
an important aspect of data exchange. Smaller ontologies

help data development teams work more efficiently and re-
duce complexity. However, this approach can discourage
the reuse of existing ontologies, as creating a new one may
seem easier than adapting an existing model. The merging
and mapping steps help to extend the existing ontology or
to create semantic bridges between ontologies of various
domains (Farghaly et al., 2023).

Interoperability goes beyond system integration or linking
of data sources (Pauwels et al., 2017) by using ontologies
to enrich the data, make it consistent and machine read-
able, and enable automatic reasoning over the data assets
or data sources. Steinbuss et al. (2024) highlights semantic
interoperability as a critical component of the New Euro-
pean Interoperability Framework (EIF), which defines four
layers of interoperability: technical, semantic, organisa-
tional, and legal. Given that data spaces consist of het-
erogeneous resources, technical interoperability (standard
data exchange formats and protocols) becomes a prereq-
uisite for semantic interoperability. Moreover, semantic
interoperability in a domain-specific data space is consid-
ered essential for federated systems (Custovic’ etal., 2023;
IDSA-Rulebook, 2025), including Building and Urban DT.

IDS for a Decentralized Data Exchange and
Integration

In a data-driven smart built environment, user applications
expect low latency when visualising the results of complex
queries. To enable real-time data delivery, a common ap-
proach is to process raw data at the source - similar to edge
computing in IoT - and share only aggregated information
with a central location (in centralised systems) or directly
with consumers (in decentralised systems). Although this
reduces network load, it also creates challenges in combin-
ing data from multiple sources to obtain comprehensive
insights.

For example, in a smart office building, real-time occu-
pancy data from IoT sensors can be integrated with en-
ergy consumption data from the Building Management
System (BMS) and weather forecast data from an exter-
nal API to dynamically optimise HVAC settings. Al-
though edge devices can process local data for immediate
responses, achieving holistic building intelligence requires

Table 1: Comparision of performance of exchange frameworks against challenges for data management

Challenge Point-to-Point (API) Middleware Centralized Decentralized

Platforms Frameworks  (IDS,
Blockchain)

Ease of Integration Low Medium Medium Medium

( Complexity)

Scalability Low High Medium Very High

Data Consistency Medium High Medium High

Security and Privacy Medium High Low High

Interoperability High Medium Low High

Flexibility Low Medium Low Very High




a centralised or federated data exchange framework to in-
tegrate multiple data streams across floors, departments,
or entire facilities.

The growing adoption of DT in both the AEC and Facility
Management (FM) industries has further driven the shift
toward federated data sources. Organisations advocating
for federated architectures also recognise the need to elimi-
nate centralised control, which often becomes a bottleneck
when exchanging large volumes of data. IDS framework
plays a key role in addressing these challenges by enabling
decentralised data exchange and integration while ensur-
ing data sovereignty and trust through standardised proto-
cols and a vocabulary hub.

Among the various components of IDS, the Vocabulary
Hub is crucial for enabling semantic data exchange and in-
tegration. The following sections explore its role in the
data exchange process and outline the steps required to
build an AECO domain-specific vocabulary hub.

The Vocabulary Hub of a Data Space

A vocabulary hub is an IDS component that serves as a
repository for vocabularies, including ontologies, refer-
ence data models, and taxonomies. In a study on data space
ecosystems, Otto et al. (2022) proposed three evolutionary
stages: closed, open, and federated. The federated stage
includes both multilateral core participants and intermedi-
aries (also called federators). This study focusses on the
federated stage, as it is particularly relevant to develop a
digital twin. According to IDS-RAM 4, the vocabulary
hub functions as an intermediary that connects two data
space participants, typically a data provider and a data con-
sumer.

From an interoperability perspective, a federation of
ecosystems requires open standards between domains and
between domains, ontology mapping and translations, and
unique identifiers between domains (Otto et al., 2022).
These aspects form the core objectives of a vocabulary
hub. Within a data space, a vocabulary hub generally
follows a centralised architecture for vocabulary manage-
ment. However, this study does not address the manage-
ment of the vocabularies used to describe the data space
itself, its components, or interoperability between multi-
ple data spaces. This aspect is particularly relevant at the
federation-of-ecosystems level or when a resource belongs
to more than one data space. The existing literature ex-
plores decentralised and federated approaches to the im-
plementation of a vocabulary hub, but such implementa-
tions are beyond the scope of this study.

In general, the purpose of a vocabulary hub is not lim-
ited to storage but also includes functions such as cre-
ation, selection, editing, reading, and search capabilities
through collaborative development. This functionality is
aligned with the requirements of the information layer in
IDS-RAM. However, in the AECO industry, most ontolo-
gies are static and undergo minimal updates over their life-
time. This characteristic limits the need for frequent mod-
ifications within the vocabulary hub, making its role in

the AECO context slightly different from the broader IDS-
RAM specifications. Additionally, a vocabulary hub can
be developed into a fully functional component with APIs,
web interfaces, and user management, using the data space
base connector system. When designing a domain-specific
data space for the AECO/FM industry, a read-only vocabu-
lary hub that supports searching and retrieving representa-
tions from multiple published ontologies is often the most
practical approach.

Beyond this, the vocabulary hub offers distinct capabilities
compared to existing solutions such as GraphDB or the
buildingSMART Data Dictionary (bSDD). Like bSDD,
the vocabulary hub can act as a place to publish and ac-
cess ontologies, but it is not tied to a central organisa-
tion and can be implemented in a technically correct and
domain-specific way. It also goes beyond just publishing
vocabularies — it supports dynamic binding of semantic
descriptions to data assets, advanced metadata annotation,
and ontology alignment between multiple organisations or
data providers.

GraphDB, while useful as a scalable RDF triple store with
SPARQL support, is a general-purpose database. It does
not include ontology lifecycle management and does not
support role-based access or semantic mediation across
domains. Ontologies are typically not managed directly
in triple stores, and the vocabulary hub offers more con-
trol over how ontologies are curated, aligned, and shared.
However, components such as GraphDB can still be in-
tegrated within a vocabulary hub architecture to improve
querying and reasoning, as shown in David et al. (2024).

Building a Domain-specific Vocabulary Hub

One of the early implementations of an open source
IDS vocabulary hub was developed under the PLATOON
H2020 EU project (Nagel et al., 2021). This project
adopted a containerised architecture, in which each mi-
croservice was responsible for accessing an API endpoint
to facilitate searching and querying vocabularies. The use
of microservices and API-driven architecture enabled scal-
ability, modular deployment, and interoperability across
different platforms. The system architecture in PLATOON
aligns with the service-oriented software architecture for
federated systems as proposed by Chamari et al. (2023).
This architecture emphasises loose coupling between com-
ponents, making it well-suited for distributed and feder-
ated data spaces, where different entities manage their own
vocabularies while still enabling seamless data exchange.
Another notable vocabulary provider is the International
Data Spaces Association (IDSA), which has developed
its own vocabulary service to support the semantic align-
ment of data models within trusted data spaces. The IDSA
approach enables organisations to register, discover, and
map their domain-specific vocabularies while maintaining
compliance with data sovereignty principles.

The following are the key steps in building a vocabulary
hub for a domain-specific data space. These steps assume
that relevant domain-specific ontologies exist in RDF/Tur-



tle formats:
Step 1. Design the Vocabulary Hub Architecture

A monolithic architecture might be suitable for a small
data space. However, for larger federated data spaces, it is
recommended to use a microservice architecture, as imple-
mented in the PLATOON project, to ensure flexibility and
scalability. Such an architecture also allows one to build
native cloud applications over existing infrastructure and
shared services such as orchestration and identity manage-
ment. Hence, based on the conceptual framework of the
vocabulary hub, we propose a layered system architecture
as shown in Figure 2. Although the vocabulary hub can
function with non-RDF vocabularies (such as CityGML,
JSON/XML schema) , this architecture emphasises RDF-
based ontologies as the preferred standard to enable se-
mantic querying and alignment across the data space.

Step 2. Implementation of Services

The services layer handles tasks such as validation and vo-
cabulary management by accessing vocabularies through
their URISs rather than storing them directly. Metadata for
these vocabularies and their URISs is maintained separately
within a metadata broker for efficient management.

Step 3. Publish Existing Ontologies

Since the vocabulary hub supports RDF-based ontologies,
it is straightforward to load them into a triple store (such
as an RDF store or GraphDB). The IDS vocabulary can be
stored alongside domain-specific ontologies (e.g., SOSA,
BOT, BRICK, and SAREF). SHACL (a constraint lan-
guage for validating RDF data) provides constraint defi-
nitions that can be applied to RDF data graphs, enabling
the validation of both instance data and ontology structures
published within the data space.

Step 4. Publish Self-Descriptions in a Metadata Broker

If a metadata broker (for example, IDS Metadata Broker)
is available, register the metadata of the domain-specific
ontology (for example, the Data Catalog (DCAT) descrip-
tion, SHACL constraints). If not, the metadata must be
maintained manually as an RDF dataset and exposed via
SPARQL endpoints. Publishing to a metadata broker is
crucial for data discovery and ensuring interoperability.

These steps ensure that the vocabulary hub is configured
properly and ready for use by the participants. Once the
vocabulary hub is set up, querying via SPARQL endpoints
is a straightforward approach.

Role of Vocabulary Hub for Semantic Data
Exchange and Interoperability

IDS-RAM serves as a guiding framework to understand
how data exchange occurs between providers and con-
sumers while ensuring semantic interoperability. To ex-
amine the role of the vocabulary hub in standardisation,
we analyse the RAM process layer, including the self-
description of data assets and the IDS Information Model
(IDM).

Implementing IDM for a Domain-specific Data Space

In theory, a vocabulary hub is not strictly required for data
exchange. If two participants within a data space agree
to share data using standardised JSON or XML schemas,
the IDS framework can support this exchange. However,
while such data sharing ensures syntactic compatibility,
it lacks contextual meaning and provides limited value to
consumers. Similarly, a vocabulary hub that merely stores
syntactic schemas (e.g., XML Schema or JSON Schema)
without supporting ontological structures is also possible,
though it limits semantic interoperability. In this case, the
exchanged data would ensure structural consistency but
would still lack semantic understanding. Without a well-
defined ontology to establish relationships and meaning,
the data remains disconnected, limiting its usability for in-
telligent applications and cross-domain integration.
IDS-RAM stipulates that communication between partic-
ipants must occur through connectors using the standard
IDS protocol. Additionally, the Information Model de-
fines a domain-agnostic language, known as the IDS Vo-
cabulary, to represent core data space concepts, including
key components such as connectors and self-descriptions.
While the IDS vocabulary primarily focusses on repre-
senting the core components and interactions within a
data space, such as participants, connectors, resources,
and contracts, not on domain-specific data exchange., the
DCAT ontology is primarily used for metadata manage-
ment (in metadata broker). Both the IDS Vocabulary and
DCAT are built on RDF-based OWL schemas, ensuring
that they meet the semantic interoperability requirements
of the system.

IDS-RAM recommends using RDF-based ontologies to
enable better querying capabilities at runtime. However,
for ontologies based on other languages (XSD, JSON-
schema, EXPRESS), three possible approaches can be
used to achieve standardisation in interoperability:

1. Convert semantic data to RDF/OWL compatible for-
mats such as ifcOWL.

2. Use alignment or mapping ontologies to link domain-
specific classes to the IDS vocabulary.

3. Incorporate non-RDF/OWL vocabularies into the vo-
cabulary hub for describing related data assets while
also providing public interfaces (preferably cloud-
based) to facilitate data exchange within the data
space. Although this approach offers a lower level of
semantic interoperability, it highlights the advantage
of supporting multiple vocabularies based on differ-
ent schemas within the vocabulary hub.

Regardless of the chosen approach, the vocabulary hub
should enable seamless data exchange. In the AECO
domain, most existing ontologies are RDF-based, with
notable exceptions like IFC and CityGML. Even IFC is
also available in the OWL-based format (ifcOWL), which
makes it compatible for use in the vocabulary hub, align-
ment may still be necessary for integration with other



ontologies like BOT or SAREF. Furthermore, the vo-
cabulary hub supports ontology mapping for domain-
specific schemas that were not originally developed using
OWL/RDEF. Figure 3 presents a detailed hierarchical model
of a vocabulary hub for an AECO data space:

» The foundation layer consists of formalisms and mod-
elling languages such as RDF and GML, which serve
as the basis for defining schemas.

* Based on these formalisms, the next layer includes
schemas/ontology definition languages such as OWL,
XSD, and EXPRESS.

* Above this, the data-space related vocabulary layer
contains essential conceptual models and standards
relevant to data exchange within the data space.

* Finally, the top layer is dedicated to domain-specific
vocabularies, ensuring adaptability to different indus-
tries and specialised use cases.

In the context of a minimum viable data space, a vocabu-
lary hub, if implemented, should include at least the first
three layers to establish a foundational semantic frame-
work for interoperability.

Self-Description of a Data Source and Rela-
tionship with Metadata Broker

A data provider must create a self-description (in JSON-
LD, RDF, or TTL format) for any data asset within a data
space before making it available for use by a data con-
sumer (Steinbuss et al., 2024). IDS-RAM elaborates on
the process of publishing, creating, and using vocabular-
ies in two phases: design and runtime. During the design
phase, publishing self-descriptions can be based on exist-
ing ontologies already in use within the data space or on
newly created ontologies. If a new ontology is used, the
data provider can publish it in the vocabulary hub. How-
ever, even existing ontologies must be published if the data
asset is the first of its kind in the data space.

IDS-RAM allows the data provider to store multiple self-
descriptions in another IDS component called the Meta-
data Broker (see Figure 1). The framework also establishes
a clear distinction between the metadata broker and the vo-
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cabulary hub, defining their respective roles within a data
space. A sample self-description for a temperature sensor
is shown in Listing 1 and stored in the Metadata Broker.

Listing 1: The sample TTL mentioned below illustrates the
Self-Description process for a sensor data asset.

@prefix ids: <https://w3id.org/idsa/core/>

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

@prefix ifc: <http://ifcowl.openbimstandards.org
/IFC2X3_Final#>

@prefix sbm: <http://smartbuildingmanagement.org

/>

<!-- Metadata related to IDS -->
# IDS Connector representing the data provider
sbm:connector123 a ids:Connector ;
ids:title "Smart_Building_Connector"
ids:description "
Connector_for_smart_building_sensors
n .
ids:maintainer sbm:SmartBuildingCorp ;
ids:curator sbm:SmartBuildingCorp ;
ids:securityProfile
ids:BASE_SECURITY_PROFILE ;
ids:catalog sbm:catalogl23
# Participant (data provider) information
sbm:SmartBuildingCorp a ids:Participant ;
ids:title "Smart_Building_Corp"
ids:memberParticipant
sbm:SmartBuildingCorp

# Catalog of offered resources
sbm:catalogl23 a ids:ResourceCatalog ;
ids:offeredResource sbm:resource456

# Resource representing the temperature
sensor data

resource456 a ids:Resource ;

ids:title "
Room_205_Temperature_Sensor_Data"
description "
Room_205_sensor_readings"
representation sbm:representation789

sbm:

ids:

ids:

ids:contractOffer sbm:contract101112

# Representation of the data

sbm:representation789 a ids:Representation ;
ids:mediaType "application/json"
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Figure 3: Hierarchy of Ontology setup in an IDS Vocabulary Hub

ids:instance sbm:artifact131415

# Contract offer specifying usage policies
sbm:contract101112 a ids:ContractOffer ;
ids:permission sbm:permissionl161718

sbm:permission161718 a ids:Permission ;
ids:description "Research_purposes_only"

ids:action ids:USE

# File reference (points to actual data)
sbm:artifact131415 a ids:Artifact ;
ids:fileName "room205_temp_data.json"

<!-- Semantic Metadata about the sensor -->
# Describes the sensor
sbm:tempSensor001 a sosa:Sensor ;
sosa:observes sosa:Temperature ;
sosa:hasLocation sbm:room205

# Spatial context from IFC ontology
sbm:room205 a ifc:IfcSpace ;
ifc:longName "Room_205"

A data consumer can preview available data and then
choose whether to join the data space or build a connec-
tor to receive it. The metadata broker does not store full
vocabularies, but references to those available in the vo-
cabulary hub. To keep data descriptions accurate, the
vocabulary hub checks them using rules from ontolo-
gies and SHACL. For example, a sensor self-description
using SOSA and IFC can be validated to ensure that
sosa:hasFeatureOfInterest links toa valid IFC el-
ement. This helps detect incomplete or corrupted meta-
data.
Figure 4 illustrates two different scenarios of using the
vocabulary hub to publish self-descriptions within a data
space. In scenario A, the case of single-modality data,
the provider offers two different datasets, but both are de-
scribed using a single ontology (e.g. BOT). In this case,
the consumer can request data by developing connector
logic that aligns with only the BOT ontology (Connec-
tor A). In Scenario B, the provider uses multiple ontolo-
gies (e.g. ifcOWL and BOT) to describe the same data
asset. In such cases, the data provider may or may not de-
scribe the data asset based on the ontology for which the
data will not be published. This ability to describe a single

data asset using multiple ontologies (Scenario B) reflects
the multi-modality of data in a data space, allowing dif-
ferent semantic perspectives to coexist and serve diverse
stakeholder needs. For example, if the two ontologies are
modular and intended for architects and engineers, respec-
tively, the data provider can configure connectors so that
the interfaces return different data sets based on the context
of the query received. Additionally, issuing a data policy
to filter who can access a specific dataset further enhances
the sovereignty of the data provider.

Consumer Connectors
System in IDS

A) Provider Connectors Vocabulary Hub

System in IDS inIDS

Building
Systems
Data

B)
BIM Data

Figure 4: Scenarios for Information Exchange between IDS
Connectors and Vocabulary Hub in a data space. A) Two data
assets described using one ontology. B) One data asset
described using one or more than one ontology.
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Discussion on Vocabulary Hubs as a Better
Solution to Semantic Data Exchange

Decentralised data exchange and integration are undoubt-
edly the need of the hour due to increasing concerns about
data security, scalability, flexibility, and complexity of in-
tegration. Establishing a reliable network of data resources
that can scale, as exemplified in the IDS architecture, re-
quires the continued development of robust information
systems (Otto et al., 2022). In an economy where all par-
ticipants contribute and gain value through data sharing,
organisations at different levels must embrace data-driven
decision-making to improve efficiency and innovation. In
this context, this section examines the key challenges of
seamless data exchange and evaluates whether the vocab-
ulary hub successfully addresses them. This analysis is
particularly relevant for large-scale projects, such as those
on the urban scale, where data exchange frameworks are



often implemented in a distributed, yet federated manner.

Data Heterogeneity, Multiple Semantic Models and
Representations

In modern data ecosystems, data heterogeneity presents
a significant challenge to seamless information exchange.
Organisations and systems often use multiple semantic
models (Steinbuss et al., 2024) to describe the same do-
main, leading to inconsistencies in how data are structured
and understood. For example, in the built environment,
ontologies such as ifcOWL, BOT, and SAREF describe
buildings differently, making direct interoperability diffi-
cult. Beyond semantics, multiple representations (see Fig-
ure 3) of the same data, such as RDF graphs, relational
databases, and JSON documents, further complicate inte-
gration efforts (Pauwels et al., 2017).

A vocabulary hub provides ontology alignment, allow-
ing mappings between different domain-specific models
so that participants in a decentralised data space can un-
derstand each other’s data structures. By exposing stan-
dardised APIs, SPARQL endpoints, or data transforma-
tion services that convert data into RDF-based formats for
semantic querying, the hub ensures semantic consistency
when integrating heterogeneous data sources. In the ser-
vice layer in the architecture, we develop interfaces that
use techniques such as label matching to generate equiva-
lence mappings (e.g. owl: equivalentClass ). The
resulting alignments are stored and served through APIs,
facilitating semantic interoperability between participants
in the data space.

Ontology Reuse and Standardization

Ontology reuse plays a critical role in enhancing data
exchange, data consistency, and interoperability. How-
ever, many ontologies are not shared in the public do-
main (Farghaly et al., 2023) or produced with text-based
descriptions and therefore lack widespread industry adop-
tion. The IDS rulebook further supports this by empha-
sising the importance of reusing existing ontologies to
prevent fragmentation and redundancy (IDSA-Rulebook,
2025). By adopting widely accepted standards and ontolo-
gies (e.g., DCAT, SAREF, BOT), vocabulary hubs support
the reuse of existing frameworks, preventing duplication,
and ensuring consistency across datasets. Standardised
ontology usage can streamline data integration processes
and make it easier for organisations to adopt compatible
vocabularies and ensure that data exchanged across sys-
tems adheres to shared semantics.

Semantic Interoperability

The next major challenge in data exchange is achieving se-
mantic interoperability. Data may be syntactically compat-
ible (i.e., it may follow the same format or schema), but still
lack semantic meaning. For example, two systems might
exchange data about a ’building’, but the definition of a
’building’ might differ between systems. This semantic
gap creates issues in data integration, analysis, and deci-
sion making. In large-scale projects, these interoperabil-

ity issues become more complex due to the involvement
of multiple stakeholders, diverse data models, and cross-
domain interactions.

A vocabulary hub offers a potential solution by acting
as an intermediary data exchange element or semantic
bridge that supports ontology alignment and data transla-
tion (Custovié et al., 2023). In addition, dynamic loading
of terms in a vocabulary is possible within the IDS frame-
work, thereby solving the interoperability issues of load-
ing a large ontology (Tchouanguem Djuedja et al., 2019;
Farghaly et al., 2023). However, its effectiveness depends
on the extent to which it facilitates cross-domain map-
pings.

A vocabulary hub can use mappings to link domain-
specific ontologies (e.g. IFC, BOT, SAREF) with stan-
dardised vocabularies like IDS, ensuring that each data
provider’s information is correctly understood by the re-
ceiving system. The IDS Information Model supports on-
tologies based on RDF. In AECO, most vocabularies—ex-
cept for a few, such as CityGML—are RDF- or OWL-
based, which is the industry standard. Such non-RDF
based ontologies are, however, required to test the capa-
bility of data exchange framework at scale. Hence, a thor-
ough analysis is essential to standardise these ontologies
for a data space and to make them available as OWL on-
tologies.

Support for Cloud-BIM Data Exchange

The study by Afsari et al. (2017) points out limitations in
the interoperability of BIM data for cloud-based collabo-
ration. Current interoperability frameworks often rely on
syntactic transformations rather than semantic enrichment,
which restricts their ability to facilitate seamless data ex-
change. The vocabulary hub can standardise the cloud-
based BIM APIs, conduct automated compliance checks,
especially in smart building projects.

Conclusions and Future Work

Data-driven building systems, which are currently oper-
ated in silos, require an efficient and standardised method
of data exchange. Although centralised approaches to data
handling offer a holistic view of information, they also
introduce challenges such as scalability limitations and
inflexibility in supporting diverse data formats. Decen-
tralised data exchange frameworks, such as IDS, aim to
address these challenges by enabling secure, interopera-
ble, and flexible data sharing mechanisms.

Ontologies play a crucial role in achieving semantic data
exchange and interoperability, particularly in the AECO
domain. As business requirements evolve, semantic mod-
els must also adapt to the increasing needs for data com-
plexity and integration. Within the IDS framework, the
vocabulary hub emerges as a key enabler, offering poten-
tial solutions to challenges related to scalability, integra-
tion complexity, security, and cross-organisational inter-
operability.

Several important research questions remain open or are



only partially addressed in this paper: management and
governance of vocabularies (e.g., storing multiple ver-
sions, defining ownership for updates, validation mecha-
nisms, and self-description), and how to implement rules
for ontology mapping and alignment. The possibility of
dynamic namespace updates and role-based access control
over vocabularies is yet to be explored.

Two additional challenges require further investigation:
handling large file sizes and overcoming unidirectional
data exchange limitations. While the current IDS archi-
tecture supports dynamic retrieval of vocabulary terms
based on specific data requests, IDS-RAM lacks optimised
mechanisms for large-file streaming. This highlights the
need for segmentation techniques to transfer large data sets
in smaller packets. Hybrid querying strategies should also
be explored to enable access and reasoning over vocabu-
laries defined in XSD, JSON Schema, or EXPRESS.

In a collaborative data space, a data consumer can also
act as a provider, requiring real-time data synchronisa-
tion. However, it remains unclear how this collaboration,
such as in cloud-based BIM platforms, fits into IDS-based
frameworks. Future research should focus on handling
large file sizes, overcoming unidirectional data exchange
limitations, and enabling state-dependent real-time data
synchronisation across decentralised building data ecosys-
tems.
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