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Abstract. The extension of the concept of Digital Twin to Memory Twin offers
an innovative approach to preserving and interacting in the field of Digital Cul-
tural Heritage. This paper explorestheintegration of paradata, metadata and data
to construct an effective Memory twin, providing a representation of cultural
heritage. Paradata, together with metadata and data, grestly enriches the digital
representation of cultural assets. By integrating these layers of information, we
aimto develop aframework that enhancesthe preservation, accessibility and inter-
pretability of digital cultural heritage. This approach enables advanced archival
practices, personalised user experiences and improved data authenticity. Through
case studies, we demonstrate the potential of this methodology to transform the
management and dissemination of cultural heritage in the digital future.
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1 Introduction

A Digital twin is a concept that has been applied widely in various sectors inclusive
of digital cultura heritage. This means that digital twins are virtual replicas of cultural
objects, which alow for tracking, analysis and simulation of such things within digital
environments. They provide dynamic and interactive representations, thus advancing the
preservation and dissemination of cultural heritage. For instance, through the creation of
detailed 3D modelsfor historical sitesand artefacts, they havemadevirtual tourspossible
thus improving learning. The Memory twin on the other hand is not just an artefact
performing this function but one which also considers factors such as contextuality,
temporality and experience of archaeological sites and cultures. The main intention
behind this technique is not only to replicate the material characteristics of cultural
artefacts but also consider their use and historical settings. However, the Memory twin
approach maintains attributes pertaining to their physical nature as well as historical
backgrounds associated with them (loannides et al., 2021).
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The Memory twin approach preservesthe physical characteristics of cultural objects
and incorporates their historical significance and the stories associated with them. This
layered integration ensures more holistic preservation, facilitating advanced archival
practices, personalized user experiences, and improved dataauthenticity. Through Mem-
ory twins, cultural institutions can change the way cultural heritage is managed and
shared in the digital environment. This paper aims to discuss this concept and the cor-
responding theoretical background and practical examples of their use and possibilities.
By incorporating paradata, metadata, and data in the creation of Memory Twins, the
future of archival practices and engaging cultural history experiences are opened, thus
enhancing the learning and appreciation of history.

2 Theoretical Background

The concept of adigital twin has been a transformative development in various indus-
tries, creating virtual replicas of physical objects or systems that alow for real-time
monitoring, simulation, and optimization. Originally pioneered in the fiel ds of manufac-
turing and engineering, digital twins have found applicationsin smart cities, healthcare,
and beyond, providing dynamic, data-driven representations that enhance efficiency and
decision-making (Grieves, 2014; Teo et ., 2018).

In the realm of digital cultural heritage, the digital twin paradigm has enabled the
creation of virtual models of artefacts, sites, and monuments. These models facilitate
preservation by allowing detailed study and interaction without the need to physically
handle or be present at the actual sites. For instance, detailed 3D models of historical
buildings and artefacts have been created, alowing for virtual tours and educational
experiences that bring cultural heritage to aglobal audience (Bruno et a., 2016; Bekele
et a., 2018).

3 Memory Twin Concept

Human history, art and achievements become a rich tapestry of cultural heritage. It is
necessary to preserve and document these invaluable assets for our collective memory.
Memory Twinisnot just anideabut thedigital copy of our culture enabling usto keep our
past alive and make it accessible worldwide. This innovative approach goes beyond the
possibilities of digital twins by introducing paradata, metadata, and data thereby giving
amore comprehensive and enhanced view of what constitutes cultural heritage. Paradata
involvescontextual informationthat surroundsdatacreation aswell asitsapplication thus
provides insights into the reasons why cultural items were made in such way. Metadata
indicatesthe content, quality, condition, among other characteristicsof datathusallowing
better organization and retrieval. Datainvolves actual digital representations of cultural
objects like 3D scans, photographs and textual records.

By integrating these three layers of information, the Memory Twin approach not
only replicates the physical attributes of cultural artefacts but also preserves their his-
torical significance and usage contexts. This multi-dimensional representation enriches
the digital artefacts with narratives that are crucial for understanding their full value.
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The combination of paradata and metadata ensures that users can access comprehen-
sive information about how and why the artefacts were created, their journey through
history, and their current digital state. This holistic integration transforms static digital
copies into dynamic, informative, and interactive resources, making cultural heritage
more engaging and accessibleto aglobal audience. This methodology not only supports
advanced archival practices but al so fosters personalized user experiences and enhances
the authenticity and interpretability of digital cultural heritage.

Whiledigital twins have significantly advanced the preservation and accessibility of
cultural heritage, they primarily focus on replicating the physical attributes and opera-
tional behaviours of artefacts. Thisapproach, whilevaluable, often overlooksthe deeper,
more nuanced aspects of cultural heritage—its historical significance, usage contexts,
and the experiential dimensions that are integral to understanding its full value.

The Memory Twin concept emerges as an evolution of the digital twin, addressing
these gaps by creating a more comprehensive and enriched digital representation of
cultural heritage. A Memory Twin goes beyond the mere replication of physical charac-
teristicstoincorporatethe historical, contextual, and experiential information associated
with cultural artefacts. This evolution reflects a shift from afocus on physical accuracy
to a broader, more holistic understanding of cultural heritage.

The workflow chart (Fig. 1) included in this paper illustrates the comprehensive
process of converting primary stakeholder requirements into publishable knowledge
on platforms like Europeana and national aggregators. This process is systematically
structured to address both the complexity of data gathering and the quality assurance
necessary for preserving and disseminating digital cultural heritage.

The process begins by understanding and documenting the requirements of primary
stakehol ders. These requirements form the basis for developing digital tangible objects
that accurately represent cultural heritage. The stakeholder requirementsaretransformed
into digital tangible objects, which act as the foundational elements for further data
processing and digitization.

The data gathering process involves converting physical cultural objectsinto digital
formatsusing techniqueslike 3D scanning, photogrammetry, and other digitization meth-
ods. Contributions from experts and practitioners are integrated, encompassing compre-
hensive research utilizing both published and unpublished sources to enrich the digital
representation. Practical insights and historical context are provided by individualswith
relevant expertise.

The gathered information is classified into three primary components. paradata,
metadata, and data. Paradata includes data about the processes and methodol ogies used
to create the digital objects, offering insights into the digitization and decision-making
processes. Metadata is structured information that describes the content, context, and
attributes of the data, facilitating easier retrieval and management. Data refers to the
actual digital content, such as 3D models, photographs, and textual records.

Paradata, metadata, and data are combined to create comprehensive information that
serves multiple purposes, enhancing the overall understanding and utility of the digital
objects. Thisinformation is evaluated and refined through several quality parametersto
ensure its accuracy, relevance, and completeness. This includes devel oping and testing
hypotheses based on the information, formulating research questions to guide further
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investigation, conducting experiments and analyses to validate the information, creat-
ing narratives to provide context and storytelling elements, ensuring the information is
suitable for educational purposes, assessing the condition of the materialsinvolved, and
monitoring the structural integrity of the physical objects represented digitally.

The final product is validated knowledge, ready for dissemination and publication.
The validated knowledge is published on online platforms like Europeana and national
aggregators to ensure broad accessibility and engagement.
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Fig. 1. The Memory Twin approach

4 Holistic Preservation

The Memory Twin approach integrates paradata, metadata, and data to ensure a holis-
tic preservation of cultural heritage. Paradata provides more information than merely
preserving data as it documents the way information was devel oped; hence, digital rep-
resentations can capture methods empl oyed, tools utilized and even circumstances under
which the research was conducted. It isthiskind of contextual information that helps us
understand how decision making or other conditions shaped digitization processes, with
such insights being very valuable for future investigation and conservation purposes.

Metadata on the other hand offers the necessary structural and descriptive details
required to efficiently organize, retrieve and manage data. Metadata provides a way of
describing different attributes of digital objectsliketheir content, format, and wherethey
came from thus ensuring that they are well organized and accessible. That iswhat makes
browsing better by allowing advanced searching capabilities while ensuring effective
retrieval to access interactive artefacts online.
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This approach also adds to the experience of users by opening multiple avenues for
engagement. The paradata can be used by researcherswith aview to understand digitiza-
tion methods, complexity and quality, metadata can be exploited by educatorsto come up
with structured learning modules while at the same time the public can play around with
high fidelity data for enhanced participation. Memory Twinsis meant to serve different
user requirements by offering amuch more inclusive and engaging heritage experience.
Memory Twinsholistic preservationisnot only about protecting the past but rather about
aiding future research and conservation initiatives as well. Detailed paradata and meta-
data provide robust frameworks that will enable future scholars conducting digitization
processes to understand how they have been done and may potentially reproduce or
continue building on them. In terms of studying and conserving cultural heritage, this
continuum isimportant because it allows digital representations to remain apposite and
informative for future generations.

5 Enhanced Accessibility and I nter pretability

Theintegration of paradata and metadata within the Memory Twin framework enhances
the accessibility and interpretability of digital cultural heritage. Comprehensive meta-
data allows for sophisticated search and retrieval functionalities, making it easier for
researchers, educators, and the public to access and engage with digital artefacts. Para-
data enriches the narrative by providing the necessary context to understand the condi-
tions and methods involved in the digitization process, facilitating a deeper and more
informed interpretation.

This layered approach ensures that digital artefacts are not only preserved in away
that maintainstheir physical integrity but al so capturestherich, contextual narrativesthat
give them meaning. By providing a detailed account of the historical and cultural con-
textsinwhich these artefacts were created and used, the Memory Twin approach enables
amore nuanced understanding and appreciation of cultural heritage. The evolution from
digital twinsto Memory Twins represents a significant advancement in digita cultura
heritage. Memory Twins provide a richer, more nuanced representation of cultural arte-
facts, ensuring that both their physical properties and their historical and contextual
significance are preserved. This comprehensive approach enhances the preservation,
accessibility, and interpretability of digital cultural heritage, paving the way for more
advanced archival practices and engaging cultural experiences.

The transformative potential of Memory Twins lies in their ability to create digi-
tal representations that are not only accurate and detailed but also rich in context and
meaning. Thisallowsfor adeeper engagement with cultural heritage, fostering agreater
understanding and appreciation of the past. Through theoretical exploration and practical
application, Memory Twins offer new opportunities for cultural institutions to preserve
and sharetheir heritage in innovative and impactful ways, ensuring that the rich tapestry
of human history is accessible to future generations.



Integrating Paradata, M etadata, and Data for an Effective Memory Twin 29

6 Case Studies: Memory Twin of Lambousa Fishing Trawler
and Fikardou Village

The Lambousa fishing trawler (Fig. 2), asignificant piece of Cyprus's maritime history,
serves as a prime example of how a Memory Twin can encapsulate both physical and
historical dimensionsof cultural heritage. Originally builtin 1955 by Dimitrios Zacharias
in Perama, Piraeus, Greece, and later named Lambousa upon its arrival in Famagustain
1965, this 25-m vessel has been an integral part of the Mediterranean fishing narrative.
The Lambousawasamarvel of naval architecture, measuring 25 minlength with agross
tonnage of 48 tons, and capable of reaching speeds of up to 10 knots.

The Lambousawas renowned for itsuse of bottom trawling, afishing methodinvolv-
ing arobust net designed to sink to the ocean floor. This method required a high degree
of skill and knowledge from the captain and crew, who meticulously navigated the com-
plex apparatus to avoid underwater hazards. The net could hoist up to four tons of catch,
demonstrating the vessel’s efficiency and the crew’s expertise.

Throughout its operational life, the Lambousa witnessed numerous historical events
and adventures. One such incident occurred in the summer before 1963 when the crew
ventured into Turkish waters and encountered Turkish port authorities. The quick think-
ing and bravery of Captain Kyriakos K astenis, who orchestrated a dramatic escape under
gunfire, underscored the vessel’s significance as a symbol of resilience and resourceful -
ness. The Turkish invasion of Cyprusin 1974 marked aturning point for the Lambousa
Prior to the invasion, the vessel operated across the entirety of Cyprus, but the conflict
forced it to seek refuge in the Ormidia fishing harbour. Post-war, the Lambousa con-
tinued its fishing operations primarily from Limassol and Larnaca, contributing to the
revival of the fishing industry in the free areas of the island. However, overfishing and
environmental changes posed significant challenges to the sustainability of the marine
ecosystem.

Recognizing the cultural and historical value of the Lambousa, the Municipality of
Limassol undertook efforts to preserve the vessdl as a floating museum. Thisiinitiative,
funded by the European operational program ‘Sea’ for the period 2014—-2020, included
extensiverestoration work to maintain thevessel initsoriginal condition. Therestoration
not only preserved the physical structure of the Lambousa but also ensured its legacy
would be accessible to future generations.

Thepreservation effortsfor Lambousaareal so driven by significant regulatory frame-
works. According to Regulation (EU) No 508/2014 of the European Maritime and Fish-
eries Fund, certain fishing boats, including traditional vessels like the Lambousa, were
required to be decommissioned to reduce fishing capacities and protect marinelife. This
regulation posed athreat to the existence of many historic vessels. However, recognizing
the Lambousa’s unique cultural and historical value, an exception was made to preserve
it as part of Cyprus’'s maritime heritage. Thislegal framework highlights the importance
of balancing conservation efforts with regulatory compliance, ensuring that significant
cultural assets are not lost to stringent regulations.

The UNESCO Chair on Digital Cultural Heritage, with the support of the EU-funded
project EUreka3D and MNEMOSY NE, has spearheaded the digitization and preserva-
tion of the Lambousafishing boat. Thisinitiative employsadvanced 3D digitization tech-
niguesto create adetailed digital model of the vessel, ensuring its historical integrity and



30 M. loannides et al.

accessihility for future generations. Specifically, a Photogrammetric survey was made
in January 2023 when the Trawler was in a decayed condition. Moreover, in October
2023, while the boat was under restoration, a Terrestrial Laser Scanning survey was
made to capture the geometry of its timber structure. The point cloud data from both
surveys was further processed, for the creation of a CAD 3D model, which includes all
the elements of the boat which are 440 in total. By integrating these digital assets into
the Europeana platform, the project enhances the visibility and educational potentia of
the Lambousa, promoting abroader appreciation of Cyprus's maritime heritage and con-
tributing to the preservation of European cultural history. Further details on the holistic
documentation approach of the Lambousa can be found on elambousa.eu (Fig. 3). This
platform allows the user to learn about the history of the vessel, through a 360 virtual
interaction, educational games, eBook, and a portfolio with photos, videos, interviews
and drawings.
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Fig. 2. The Lambousa Fishing Trawler

Fikardou Village (Fig. 4), a UNESCO Tentative List World Heritage Site, exem-
plifies the Memory Twin approach in a different but equally compelling context. This
traditional Cypriot mountain settlement, with its origins tracing back to the Byzantine
erg, offersarich tapestry of cultural narratives. Fikardou Village stands as a prime exam-
ple of atraditional rural settlement, meticulously conserving its 18th- and 19th-century
architectureamidst its pristine natural environment. Named after itsnoblelineage during
the Frankish rulein Cyprus, Fikardou embodies arich cultural heritage that has endured
through the ages.
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LAMBOUSA

Fig. 3. Holistic documentation — eL ambousa.eu platform

The trend of urbanization and abandonment had left many houses deserted, threat-
ening the village's unique architectural features and cultural practices. The Department
of Antiquities took charge of the village in 1978, declaring it an “Ancient Monument”
and establishing strict regulations through a“Controlled Area” designation. In 1984, a
comprehensive revitalization effort was launched, focusing on the restoration of dilapi-
dated structures and the enhancement of the village's infrastructure. These endeavours
have garnered recognition, with Fikardou now proudly listed on the tentative UNESCO
World Heritage Sitesroster, underscoring itscultural significanceand potential for global
acclaim. Notably, the meticulous restoration of key residences, such as the “ Residence
of Katsinioros’ and the “ Residence of Achilleas Dimitri,” earned international acclaim,
affirming the village's status as a beacon of architectural heritage.

The Memory Twin of Fikardou involves extensive 3D scanning to capture the vil-
lage’ sarchitectural intricaciesand spatial layout. Paradatacollected includesthe method-
ologies employed in scanning the narrow, cobbled streets and traditional houses, the
historical research on the village's founding and development, and the community’s
input on cultural practices and traditions. Metadata for Fikardou details the architectural
styles, the historical significance of various buildings, and the socio-economic history
of its inhabitants. This integration of paradata and metadata with high-fidelity digital
models ensures that the Memory Twin provides a holistic and immersive experience,
preserving both the physical and cultural essence of the village.

Thedigital documentation process employed by the UNESCO Chair on Digital Cul-
tural Heritage team commenced with data acquisition, utilizing advanced technologies
such as laser scanners, 360° photography, and drones to capture the intricate detail s of
Fikardou’s built environment. Thisinitial phasewascritical in creating acomprehensive
digital representation of the village, facilitating subsequent data processing stages. Data
preparation involved the meti cul ous cleaning and organization of acquired data, ensuring
its suitability for analysis and interpretation.
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The subsequent processing stages included registration, interpretation, and storage,
culminating in the creation of structured digital assets that accurately represent Fikar-
dou’s architectural and cultural heritage. Data modelling played a pivotal role in struc-
turing the digitized information, providing arobust framework for database management
and application development. By establishing clear relationships between data entities
and attributes, datamodel sensured the coherence and accessibility of thevillage'sdigital
archives.

Central to the preservation efforts was the implementation of digital preservation
strategies aimed at ensuring the longevity and accessibility of Fikardou's digital mate-
rials. Adhering to best practices, including metadata documentation, controlled storage
environments, and proactive management, safeguarded the integrity and authenticity of
the village's cultural heritage in the digital realm.

Additionally, the team engaged deeply with the community, conducting interviews
with villagers spanning generations. These interviews were invaluable in capturing the
intangibleheritage of Fikardou, including stories, traditions, and cultural practicespassed
down through oral tradition. Each voice added depth to the digital archive, weaving
together arich tapestry of intangible heritage that defines the village's unique identity.

Furthermore, the development of the online platform efikardou.eu (Fig. 5) emerged
as a strategic avenue for disseminating Fikardou's cultural legacy to a global audience.
Through immersive virtual tours, interactive exhibits, and educational resources, the
platform serves as a dynamic portal for engaging with the village's rich history and
architectural splendour. By harnessing digital technologies, the team fosters cultural
awareness, promotes sustai nabl e tourism, and ensures the enduring legacy of thevillage
for future generations.

Fig. 4. Drone Image, overview of the Fikardou village
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Fig. 5. Halistic documentation - efikardou.eu platform

7 Conclusion

The integration of paradata, metadata, and data into the creation of Memory Twins
presents a pioneering approach to preserving and interacting with digital cultural her-
itage. This paper introduces the concept of the Memory Twin as an evolution of the
Digital Twin, offering aninnovative methodol ogy that enhancestherepresentation of cul-
tural assets by capturing both their physical and contextual aspects. This comprehensive
approach ensures a more holistic preservation of cultural heritage.

Memory Twins not only replicate the physical attributes of cultural artefacts but also
encompass their historical significance, usage contexts, and experiential dimensions.
This richer and more nuanced representation enables cultural institutions to transform
the management and dissemination of cultural heritage. By providing detailed accounts
of the historical and cultural contexts, Memory Twin facilitates a deeper understanding
and appreciation of cultural artefacts.

Through detailed case studies, such as the Lambousa fishing trawler and Fikardou
village, thetransformative potential of Memory Twinsisdemonstrated. These case stud-
ieshighlight how Memory Twins provide enriched and accessible digital representations
that support advanced archival practices, personalized user experiences, and improved
data authenticity. The Lambousa fishing trawler Memory Twin preserves not only the
vessel’s physical structure but also its maritime history, while the Memory Twin of
Fikardou village capturesits architectural intricacies and cultural narratives.

Thedevel opment of Memory Twins pavestheway for innovative and impactful ways
to preserve and share cultura heritage. This approach enhances the visibility and edu-
cational potential of cultural assets, promoting abroader appreciation of cultural history
and contributing to the preservation of European cultural heritage. The advancementsin
digital documentation and preservation techniques embodied in Memory Twins ensure
that therich tapestry of human history is accessible to future generations. Thisevolution
from Digital Twinsto Memory Twinsrepresents aparadigm shift towardsamoreholistic
understanding of cultural heritage, providing new opportunities for cultural institutions
to engage with and preserve their heritage in the digital age.
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