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Digital Twins provide dynamic, data-rich representations of real cultural elements, and have become pivotal

tools in the field of cultural heritage, especially to help its conservation. By combining the power of Artificial
Intelligence methods to these systems through semantic knowledge modeling, real-time data querying, and

intelligent interface integration, they offer a transformative approach to the representation and preservation
of cultural heritage resources.

Al-powered Heritage Digital Twins can support efficient information extraction and mapping, deeper
contextual understanding, and improved accessibility for researchers and the general public, by applying
cutting-edge Al techniques such as Natural Language Processing, Computer Vision methods, Graph-based
Deep Learning, and Semantic search at different stages of the process. To enhance the efficiency of cultural
heritage metadata extraction and mapping, we propose an Al-based pipeline for retrieving and formalizing
structured knowledge from unstructured textual documents, utilizing domain-specific ontologies. A similar
automated workflow is conducted on images about scientific analyses typically performed on heritage assets,
such as XRF, using Vision Language open source models. This approach aims to accelerate and improve the
precision of Knowledge Graph construction, while also enabling non-technical users to actively contribute to
the process. The resulting structured information is modeled in a graph-based knowledge base, which can
then be explored and enriched through CompGCN-enabled fuzzy reasoning system, that not only widens the
constraints of user queries but also enriches query results by the means of similarity computation and
missing link prediction. Ultimately, what ties the previous work together is the way it is rendered accessible
to users in a simple and flexible way; natural language prompt-based interfaces, designed such that even
incomplete or ambiguous queries retrieve a valid result thanks to the interpretive natural language
understanding layer, or are otherwise conversationally and iteratively constructed to reflect the user’s real
interest. Though, the potential of Al solutions in the cultural heritage context extends beyond digital
conservation, enabling the creation of the Intelligent Digital Twin—adaptive, interactive models capable of
giving a glimpse of the future of cultural assets by combining the data of the Knowledge Graph with either,
real sensor data to inform risk prediction and decision support systems for the conservation of the assets, or
with hypothetical conditions to demonstrate their effect on the asset without experimenting on the physical
version. This intervention draws on practical examples from the ARTEMIS and ARIADNE European research
projects to illustrate this evolving paradigm.
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