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Abstract

Semantic technologies provide powerful mechanisms for structured knowledge representation, interoperability,
and machine interpretability. However, their integration into collaborative and operational knowledge manage-
ment environments remains limited due to usability, governance, and validation challenges. This paper presents
the SCIMIN CRM Open Collaborative Knowledge Base, a Semantic MediaWiki (SMW) based platform extended
with ontology driven semantic annotation, Al assisted enrichment, validation workflows, and controlled publi-
cation mechanisms. The system combines wiki-based collaborative authoring with formal semantic modeling
grounded in a domain ontology and RDF representations. We describe the system’s logical, physical, and semantic
architecture, its ontology-aligned knowledge model, and its hybrid human-machine annotation workflow. The
SMW platform applied as an open collaborative semantic knowledge base infrastructure supporting structured
knowledge acquisition, semantic annotations and querying, RDF export, and governance across integration and
production environments. The work contributes architectural design insights and practical lessons for deploying
ontology based semantic systems in collaborative environment.

Keywords
Semantic MediaWiki, knowledge graphs, ontology engineering, semantic annotation, collaborative knowledge
base, RDF, SPARQL, human-in-the-loop Al

1. Introduction

Semantic technologies enable structured knowledge representation, interoperability, and machine inter-
pretability across distributed information systems. Semantic wikis extend traditional wiki platforms
by embedding machine-readable annotations within collaboratively authored content, thereby sup-
porting semantic navigation, structured search, and knowledge reuse [1]. Platforms such as Semantic
MediaWiki (SMW) [2, 3, 4], IkeWiki [5, 6], and SemperWiki [7] have demonstrated the potential of
combining collaborative authoring with Semantic Web technologies, including RDF [8] and OWL [9].
More recently, domain-specific deployments have applied SMW to scientific and educational knowledge
management scenarios [10, 11]. In parallel, large language models (LLMs) have enabled the automated
extraction of entities and relationships from unstructured text, while ontology-driven approaches have
emphasized the importance of ontology grounding and validation to ensure semantic consistency and
reliability [12]. Despite these advances, challenges remain in ensuring semantic consistency, validation,
governance, and interoperability within collaborative semantic environments. In particular, the inte-
gration of semantic wiki platforms, Al-assisted semantic annotation, human validation, and governed
publication workflows remains underexplored.

The SCIMIN CRM (Sustainable and Circular Production of Mineral Critical Raw Materials) project,
funded under the Horizon Europe Research and Innovation Programme provides a representative
multi-stakeholder setting in which these challenges arise. The project seeks to enhance circularity
and sustainability within the aggregates and mining sector by characterizing, valorizing, and recov-
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ering historical mining stockpiles that were previously underutilized. Through the development of
novel tools, assessment methodologies, and recovery processes, SCIMIN CRM contributes to reducing
dependence on external raw materials while supporting environmental rehabilitation and resource
efficiency. The project generates a substantial corpus of heterogeneous knowledge artefacts including
technical documents, environmental assessments, sustainability analyses, data services, and guidelines
which require collaborative management, structured categorization, interoperable publication, and
controlled validation. To address these needs, the SCIMIN-CRM digital platform adopts a Semantic
MediaWiki-based approach supported by a domain ontology [13, 14] , semantic search capabilities, and
interoperability through standardized APIs. Within this framework, SMW serves as the foundation
for combining collaborative authoring with ontology-grounded semantic annotation and Linked Data
exposure.

This paper presents the SCIMIN CRM Open Collaborative Knowledge Base, an extended SMW
platform that integrates ontology-driven semantic annotation, Al-assisted enrichment, validation
workflows, and controlled synchronization between integration and production environments. Its
main contributions are: (i) a service-oriented semantic architecture combining ontology alignment
and Al-based enrichment within a Wikimedia-style CMS; (ii) a hybrid human-machine validation
workflow supporting semantic annotation validation and controlled publication; and (iii) practical
insights into deploying an ontology-based knowledge base in a Horizon Europe research context. The
platform demonstrates how SMW infrastructures can enable structured, interoperable, and sustainable
knowledge management for European research initiatives.

2. Methodology

2.1. Architecture

The proposed platform extends SMW with services for document ingestion, ontology-driven semantic
annotation, validation, and controlled publication. As illustrated in Figure 1, the system establishes an
end-to-end knowledge engineering workflow that transforms unstructured documents into ontology-
aligned and machine-interpretable knowledge. In addition to collaborative content authoring, the
platform supports semantic querying, RDF generation, and interoperability through standardized
APIs. To ensure traceability and governance, the system is deployed across separate integration
and production environments (Figure 2). Content creation, semantic annotation, and validation are
primarily conducted in the integration environment, while validated content can be synchronized to
the production environment through a controlled publication workflow. These operations may also be
performed directly in the production environment when required.
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Figure 1: Architecture block diagram of SMW.



Integration server

Browser
(User: Read / Edit
| Wiki Pages)

Production server

Web Server
Nginx + PHP

Browser
(User: Read / Edit
Wiki Pages)

MediaWiki Core

Page View Controller
Page Edit Controlier
User & Permission Handling

Semantic MediaWiki (SMW)

Semantic Annotation Parser

Property & Type Manager

Query Processor (ASK, #show, #query)
Inference Engine (optional)

Web Server
Nginx + PHP

MediaWiki Core

Page View Controller
Page Eait Controller
User & Permission Handling

Semantic MediaWiki (SMW)

Semantic Annotation Parser

Property & Type Manager

Query Processor (ASK, #show, #query)
Inference Engine (optional)

Apache Fuseki DB Server Apache Fuseki DB Server
SPARQL Postgresqgl SPARQL Postgresql
Services Services
Nginx + Fastapi Nginx + Fastapi
Task APls Task APls

PDF to wikitext task AP|
/Annotate task API
\Validation task API

PDF to wikitext task API
lAnnotate task API
[Validation task API

Synchronization API

Task Daemon(Python)

PDF to wikitext task management
lAnnotate task management
Validation task management

Task Daemon(Python)

PDF to wikitext task management
/Annotate task management
\Validation task management

Figure 2: Physical/Deployment architecture of SMW.

2.2. Ontology driven semantic annotation

The semantic annotation process is grounded in the SCIMIN CRM ontology [13, 14], which defines
the classes, object properties, and data properties used to structure domain knowledge. In SMW
categories are aligned with ontology classes, relations with object properties, and attributes with
datatype properties [1]. Table 1 summarizes the correspondence between SMW annotations and
ontology elements.

Table 1
Mapping between Semantic MediaWiki and ontology elements

SMW Element Ontology Interpretation Example

Category Classes
Property of type page Object properties
Property of type text/number/boolean  Data properties

[[Category:MiningWasteFacility]]
[[located at::Weiflenbach]]
[[has Area::approximately 6 KM®]]

Source documents are first transformed into WikiText and processed using an LLM. As shown in
Figure 3, ontology concepts are incorporated into automatically generated prompts to guide concept
and relation extraction. The generated annotations are aligned with ontology elements, validated
through ontology-conformance, hallucination metrics [12] and expert review, and finally encoded as
SMW annotations that can be exported as RDF and queried through SPARQL.

2.3. Validation and governance workflow

For validation, generated annotations undergo a two-stage validation process. First automated validation
verifies ontology, including domain and range constraints, datatype consistency, and structural correct-
ness of generated triples and hallucination metrics[12]. Additional checks are performed to identify
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Figure 3: Semantic Annotation of Wiki text using Ontology.

LLM-generated annotations that are inconsistent with either the source text or ontology definitions [12].
Next, domain experts review candidate annotations through a human-in-the-loop (HITL) workflow,
approving, modifying, or rejecting them before publication. Only annotations that successfully pass
both automated and expert validation are synchronized to the production environment. By combining
ontology grounding, Al-assisted annotation, and expert validation, the proposed workflow supports
reliable and governed collaborative knowledge engineering while maintaining semantic consistency
and interoperability.

3. Results

The proposed platform was deployed within the SCIMIN CRM project to support collaborative knowl-
edge acquisition, semantic enrichment, and governed publication of domain knowledge. The demon-
stration highlights the complete workflow from document ingestion to ontology-aligned knowledge
publication. The platform is implemented using SMW, PostgreSQL, Apache Fuseki, FastAPI-based
annotation services, and Azure OpenAl models deployed on Azure infrastructure.

3.1. Document ingestion

The platform incorporates an Al-assisted ingestion service that transforms PDF documents into editable
WikiText pages within SMW. Using the PyMuPDF4LLM library and LLM-based parsing, document
content is automatically converted while preserving its structure and embedded elements. Users can
review and refine the generated content before publication, reducing manual transcription effort and
facilitating subsequent semantic enrichment. Figure 4 illustrates the creation of wiki content from a
PDF document.
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Figure 4: PDF-to-WikiText content ingestion workflow.
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Figure 5: Example of ontology-aligned semantic annotations represented as structured facts.

3.2. Ontology driven semantic annotation and validation

The platform supports ontology-driven semantic annotation through an LLM-assisted workflow inte-
grated into SMW. Users can generate semantic annotations for selected content sections, while ontology
concepts from the SCIMIN CRM ontology[13, 14] guide entity and relation extraction. Generated
annotations are reviewed through a HITL validation process that separates annotation generation from
approval. Approved annotations are incorporated into wiki pages as structured semantic facts linked to
ontology concepts such as mining waste facilities, materials, activities, and locations. Figure 5 presents
an example of ontology-aligned semantic annotations represented as structured facts within SMW.
These semantic assertions can be exported as RDF and queried through SPARQL, enabling knowledge
graph generation and interoperability.

3.3. Governance and Controlled Publication

To ensure data quality and traceability, the platform implements a governance-oriented publication
workflow. Content creation, annotation, and validation are performed in the integration environment,
while only validated content is propagated to the production environment through a controlled syn-
chronization process. The synchronization mechanism provides revision tracking, version comparison,
and approval management, ensuring that only verified knowledge becomes publicly accessible. This
separation of environments supports traceability, iterative refinement, and reliable publication of se-
mantic content. Overall, the results demonstrate the feasibility of combining SMW, ontology-driven
modeling, LLM-assisted annotation, and human validation within a governed collaborative knowledge
engineering workflow.

4. Conclusion

This research work presents the SCIMIN CRM Open Collaborative Knowledge Base, a governance-
oriented Semantic MediaWiki platform integrating ontology-driven knowledge modeling, Al-assisted
document ingestion, and semantic annotation within a controlled workflow that supports validation
and publication across distributed environments. The proposed approach transforms unstructured
documents into ontology-aligned, machine-interpretable knowledge through ontology grounding and
HITL validation. The results demonstrate the feasibility of combining semantic web technologies, large
language models, and collaborative authoring while ensuring consistency, traceability, and interoper-
ability. Future work will focus on quantitative evaluation, scalability assessment, and the integration
of advanced validation and reasoning mechanisms. SCIMIN CRM project knowledge Base aims to
become a reference system aligned with the anticipated publication of the first MWF standards by 2030,
ensuring lasting impact beyond the funded period.
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