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Digital technologies are becoming increasingly essential for documenting, conserving,
and disseminating knowledge of cultural heritage. A notable transition from traditional
archival methods to advanced digital representations is evident, particularly in the con-
text of cultural heritage data. Metadata, functioning as descriptive information, is crucial
in systematically organising data generated while developing digital representations of
cultural heritage structures. It consistently requires a comprehensive metadata schema
to effectively display architectural structures with their contextual richness and the differ-
ent technologies used. Widely adopted metadata standards provide essential descriptive
metadata; however, they often lack specific fields needed to capture detailed administra-
tive-technical data of 3D models — such as acquisition methods, geometric details, and
accuracy metrics — elements crucial for assessing the authenticity and scholarly value of
these digital representations. Such digital structures need precise information about the
technologies and processes used in their creation to ensure accuracy and interoperability.
This study examines the need for a more comprehensive metadata schema designed ex-
plicitly for 3D models of architectural heritage, emphasizing the importance of a lexical
standardization approach to represent its multifaceted nature. 3D documentation tech-
niques, such as photogrammetry and laser scanning, produce a large volume of complex
and multilayered data whose management requires structured descriptive systems. The
proposed metadata schema aims to standardize the extensive volume of supporting data
generated by these methodologies, thereby facilitating the creation of semantically rich
metadata that enhances the accessibility and retrieval of heritage information.

Keywords: Semantic metadata, Lexical standardisation, Digital Heritage, 3D models,
Heritage Informattics.

Introduction

The preservation of cultural heritage is
fundamental, as it ensures the protec-
tion of the distinctive identities, knowl-
edge systems, and traditions of commu-
nities globally. The protection of cultural
heritage is increasingly recognized as a
key pillar of sustainability, as cultural re-
sources play a vital role in shaping social
identity, preserving collective memory,
and enhancing community resilience!.
Serving as a key preliminary action, doc-
umenting both tangible and intangible
cultural heritage is essential for improv-
ing its preservation and effectively trans-
ferring knowledge to the public. Howev-
er, many historic buildings lack proper
preservation, documentation, and tech-
nical information due to limited funding,
lack of expertise, low awareness of herit-
age conservation, and data accessibility.

Further, traditional methods often rely
on manual documentation, which is
time-consuming and susceptible to er-
rors?. Adequate documentation is crucial
for conservation, especially as many
structures face threats of encroachment
and destruction. Cultural heritage insti-
tutions and public administrations have
undertaken substantial initiatives to dig-
itize cultural heritage sites, artifacts, and
historical documents for their digital
preservation. As cultural heritage has
continually progressed, the approaches
to conserving, preserving, and exhibiting
such heritage have increasingly incorpo-
rated digital technologies in recent years.
In contemporary times, digital network-
ing has significant potential to facilitate
broad and equitable access to the texts,
objects, sounds, and sights that consti-
tute our global cultural heritage?. Digital
technologies redefining how we docu-



Semantic Metadata and Lexical Standards for Architectural Heritage Documentation | G. K. Thekkum Kara, O. Niglio

Detailed and
specific information
about the 3D
modeling process —
such as techniques
used, hardware
and software
employed, model
resolution, and
accuracy — should
be prioritised over
purely aesthetic
visual results.

UNESCO Charter on the Preservation of the Dig-
ital Heritage 2003.

UNESCO Charter on the Preservation of the Dig-
ital Heritage, 2009.

Xiucheng, Grussenmeyer, Koehl, Macher, Mur-
tiyoso, Landes, Review of Built Heritage Model-
ling: Integrationof HBIM and Other Information
Techniques.

Abdelalim, Heritage Preservation Using Laser
Scanning, cit.

Lutteroth, Kuroczynski, Bajena, Digital 3D Re-
constructions of Synagogues for an Innovative
Approach on Jewish Architectural Heritage in
East Central Europe.

ment, safeguard, and experience herit-
age —revealing possibilities once beyond
imagination. Developing digital cultural
heritage greatly enhances a nation's
identity and improves resource accessi-
bility, reaching broader and more di-
verse audiences. UNESCO defined digital
cultural heritage as digital materials that
include texts, databases, still and moving
images, audio, graphics, software, and
web pages, among a wide and growing
range of formats. They are frequently
ephemeral and require purposeful pro-
duction, maintenance, and management
to be retained*. Advances in technology
have made documenting these struc-
tures and processing their data easier
than ever, helping the current generation
understand heritage values and aiding in
their protection, monitoring, and inter-
pretation. This allows even ordinary us-
ers to gain a deep understanding of cul-
tural diversity without needing to visit in
person. According to UNESCO's Charter
for the Preservation of Digital Heritage,
the resources encapsulating human
knowledge or expression — whether cul-
tural, educational, scientific, administra-
tive, technical, legal, medical, or other
types of information — are progressively
being generated digitally or converted
into digital formats from existing ana-
logue sources®. Many have created por-
tals that offer access to 3D modeling of
artifacts, built environments, and social
settings as part of their restoration or re-
construction efforts. These initiatives are
sometimes supported by international
organisations such as UNESCO and ICO-
MOS, as well as national public institu-
tions and non-governmental organisa-
tions involved in cultural heritage pres-
ervation. Furthermore, such platforms
increase visibility and can foster collabo-
ration among professionals, experts, ar-
chitects, researchers, and Galleries, Li-
braries, Archives, and Museums (GLAM)
institutions, thereby improving preser-
vation, conservation, management, and
documentation processes through ef-
fective communication and the use of
advanced technologies.

Digital Tools and Techniques for
Architectural Heritage Documentation

Documentation of architectural heritage
involves 3D modelling of geometry and
management of semantic knowledge in-
formation®. Documentation may include
drawings, photographs, images, records
of alterations, architectural designs, and
structural details from different periods,
helping trace historical transitions. Addi-
tionally, documenting ornamentations,
sculptures, tiles, vocabularies, and other
decorative elements is essential. The cul-
tural heritage sector employs a range of
tools and techniques to enhance archi-
tectural preservation and revive lost
splendor. Modern methods, such as dig-
itisation, Heritage Building Information
Modeling (HBIM), 3D modeling, includ-
ing virtual reality (VR), augmented reali-
ty (AR), and mixed reality (MR), assist in
documentation and virtual reconstruc-
tion, enabling efficient management and
long-term quality control. These hybrid
methodologies support the transition
from static heritage record-keeping to
an interactive, semantically structured
digital representation’. These intercon-
nected ecosystems can further enhance
visitor experiences through visual dis-
plays and exploration. Creating such in-
telligent 3D models of cultural collec-
tions presents new challenges for GLAMs
and cultural institutions, including stor-
age, conservation, preservation, classifi-
cation, and visualisation, particularly af-
ter digitisation. Providing accompanying
information for these models is also vital.
The processes of conserving, restoring,
and reconstructing artifacts, buildings,
and monuments at various stages can be
documented with informatics tools to
foster contextual understanding and en-
gage users. Recording measurements,
including 2D and 3D data, and making
these accessible to the public enables
experts to evaluate, comment on, and
utilize them for educational purposes,
research, business opportunities, and
promoting cultural tourism. Digital rep-
resentations of plans, elevations, topolo-
gies, columns, dimensions, and architec-
tural and interior designs — whether ex-
isting or proposed — can be organised
and shared more effectively with the
global research community by adopting
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informatics as a tool. Virtual exhibitions
showcasing historic cultural heritage
structures can deepen understanding of
their architecture and traditions. The re-
sults of a digital 3D reconstruction, such
as 3D models, should be enriched with
information that allows for the identifica-
tion of model accuracy and its classifica-
tion, especially in terms of its construc-
tive aspects®. The 3D representations
should go beyond current standards of
visual depiction, facilitate data integra-
tion and connections, enable shape
analysis, and provide vital semantic in-
formation to support comprehensive re-
search by both scientists and users. In
recent years, semantically enriched 3D
models have emerged as comprehensive
virtual representations of physical assets
or systems by integrating diverse data
sources, including real-time sensor in-
puts, historical records, and simulation
models®. Fig. 1 indicates the significant
components of a 3D architectural herit-
age semantic model. Data standards and
structured resources, such as taxono-
mies and thesauri, facilitate data-level
standardisation but are often specific
and not easily applicable across broad,
heterogeneous collections®. The use of
ontologies and linked data promotes in-
teroperability and lexical standardisa-
tion, while also supporting documenta-
tion and 3D reconstruction. However,
effectively utilizing metadata structures
is vital in a cultural heritage system to
achieve meaningful audience engage-
ment. Implementing standardisation in
technical vocabularies and descriptors
enhances interoperability and facilitates
the documentation of cultural heritage
assets. While digital images commonly
store basic metadata about their creator,
date, title, and brief descriptions, the ab-
sence of contextual information about
the cultural contents, the most valuable
information embedded, is not explicitly
annotated and utilised!*.

Metadata and Digital Representation
in Architectural Heritage
Documentation

Advanced digital tools and technologies
effectively represent and restore histori-
cal contexts, preserve embedded knowl-
edge, and support semantically enriched

metadata to enhance understanding
and ensure long-term sustainability*2.
Metadata, serving as descriptive infor-
mation, is essential for systematically or-
ganizing data produced during the de-
velopment of digital representations of
cultural heritage structures. Metadata
are essential components of digital ar-
chives, defining digital and physical re-
sources to improve discovery and inter-
operability. As digital objects differ in
techniques, technologies, geometries,
and accuracy levels, standardised frame-
works are required. It conveys the mean-
ing of data, helps locate it, enables re-
trieval and access, supports interpreta-
tion, specifies usage conditions, docu-
ments its history and ownership, and
links it to other resources, thereby aiding
in data management and control®.
Metadata thus plays a vital role in facili-
tating the creation, organisation, de-
scription, identification, and access to
information resources. Improving de-
scriptive metadata is key to enhancing
data management, discoverability, and
standardisation.

In architectural heritage documenta-
tion, metadata is closely linked to 3D
data acquisition and digital modelling
processes. The methods of modeling (or
3D data acquisition) should also be doc-
umented, along with the hardware and
software used!*. Scanning the interiors
and exteriors of architectural buildings is
complicated due to their size and intri-
cate details, which make comprehensive
scanning challenging — especially when
capturing complete surface, colour, and
texture information in a single session.
Such data collection is crucial for creat-
ing accurate 3D representations of inte-
riors and decorative components. Tech-
nologies such as photogrammetry, laser
scanning, and 360-degree panoramic
cameras are now prevalent acquisition
techniques for capturing high-quali-
ty textures and precise geometric data,
enabling the generation of accurate 3D
models of heritage structures. These
data are processed into dense point
clouds and textured meshes to form
comprehensive digital reconstructions®.
Laser scanning, in particular, is effective
for digitizing sculptures; however, it re-
quires careful selection of scanning pa-
rameters and the number of exposures?®.
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Since these heritage structures often
generate extensive datasets, it is impor-
tant to store metadata in standardised
formats for efficient retrieval, analysis,
and historical interpretation. Metadata
facilitates discoverability, interoperabili-
ty, and long-term sustainability, emerg-
ing not merely as an organisational tool
but as a mediating force in the episte-
mology of historical understanding?’. Be-
yond producing photorealistic three-di-
mensional models, digital documen-
tation generates a complex ecosystem
of descriptive, structural, and semantic
metadata that shapes how heritage is
perceived and studied. The organisation
and interpretation of these digital ar-
tefacts depend on metadata structures
that connect technological precision
with cultural significance. However, a
lack of standardisation persists in pro-
viding comprehensive metadata details,
particularly technical data such as acqui-
sition methods, geometric specifics, and
accuracy metrics, which are vital for en-
suring authenticity and interoperability.

Technical and Descriptive Metadata in
3D Heritage Documentation

Metadata plays a vital role in the
three-dimensional representation of
heritage objects, providing users with
essential information about what a digi-
tal model conveys. The depth of knowl-
edge embedded in a digital structure
increases with the quantity and quality
of metadata linked to the object, which is
crucial for enhancing discovery, access,
and overall preservation of cultural herit-
age. Technical metadata, in particular,
offers important details about the tech-
nical attributes of digital content. It en-
hances conservation workflows, ensures
accurate documentation and analysis,
addresses data quality concerns, and fa-
cilitates effective management and in-
terpretation of built heritage. This is im-
portant because the capturing and pro-
cessing stages are often carried out on
local computers and are not shared ex-
ternally®®. The creation and management
of cultural heritage repositories are key
to digitisation efforts, with current re-
search focusing on applying metadata
standards to improve repository discov-
erability and user experience®.

Detailed and specific information about
the 3D modeling process — such as tech-
niques used, hardware and software
employed, model resolution, and accu-
racy — should be prioritised over pure-
ly aesthetic visual results. Sketchfab,
Europeana, CyArk, Matopolska's Virtu-
al Museums, and Tirtha are among the
prominent repositories of 3D models.
However, an examination of repositories
like Sketchfab or the Smithsonian (2018)
shows that many digitised objects are
created using undocumented methods
and lack contextual metadata®. Further-
more, other models, such as Europeana,
do not explicitly include a rich technical
metadata schema; hence, one can ques-
tion the scientific credibility and authen-
ticity of the model created. Consequent-
ly, these models often focus more on
visual appeal and technological display
than on meaningful documentation and
interpretive value.

To guarantee the richness and reusability
of 3D heritage models, a well-organised
metadata framework is necessary. Core
metadata categories include: descrip-
tive metadata (e.g., building name, loca-
tion, type); administrative—preservation
metadata (e.g., file format, version, stor-
age information); administrative—techni-
cal metadata (e.g., camera specifications,
LiDAR resolution, photogrammetry soft-
ware, flight path, timestamps); adminis-
trative-rights metadata (e.g., copyright
of images or scans); and structural meta-
data (e.g., building components and re-
lationships). Consistency in metadata
creation is crucial for ensuring interop-
erability, longevity, and scholarly reliabil-
ity?r. Among these, administrative-tech-
nical metadata is particularly critical for
3D models of architectural heritage, as
it documents the digital creation pro-
cess and enables accurate understand-
ing, preservation, and reuse. It ensures
accuracy, durability, interoperability, and
proper use while maintaining cultural
and historical significance.

A variety of metadata standards have
been created to meet these needs, in-
cluding CIDOC-CRM, Dublin Core, EAD,
METS, MODS, PREMIS, EDM, and VRA
Core. CIDOC-CRM, for example, pro-
vides an ontology that is necessary for
interoperability, formatted as linked
data, offering a formal and precise rep-
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resentation of knowledge in the cultural
heritage field. MODS supports detailed
bibliographic  descriptions, including
physical characteristics, version details,
subject terms, and annotations; however,
its lack of strict business rules may lead
to inconsistencies in its use??. Adapting
frameworks like VRA Core to descriptive
metadata models emphasizes the inter-
disciplinary expertise needed in cata-
loging scientific heritage by integrating
technical, historical, and conservation
perspectives?®. Some 3D file formats
cannot fully describe their information-
al content or support various rendering
methods?. To address this, the Samvera
Community (2025) offers basic recom-
mendations for technical metadata that
accompany digital media files, includ-
ing 3D models. The Smithsonian Insti-
tute’s 3D metadata model also outlines
technical metadata fields such as focus
type, fixed focus identifier, light source
type, and background removal method,
although its scope is still limited. A de-
tailed analysis of the mapping among
the EU-CHIC, ICCD, MIDAS, and CARARE
metadata schemas revealed that most of
them lack elements that would allow for
documenting the technological aspects
involved in producing a 3D virtual rep-
lica®.

Technical metadata of 3D models typi-
cally includes detailed information such
as dimensions, scale, material proper-
ties, and geometric structure. This en-
sures that critical technical aspects of 3D
models are adequately documented and
preserved for future reference?®. How-
ever, systematically organised technical
information is often absent. In many dig-
itisation processes, the original historical
context of objects is lost due to the frag-
mentation or minimal metadata, which
often includes only basic details such
as title, author, and inventory number?’.
Widely recognised metadata standards
are extensively used in the cultural her-
itage sector, with a primary emphasis
on methodological rather than technical
metadata. However, it is necessary to in-
clude information on the techniques and
materials used in the creation of religious
or archaeological heritage to ensure the
fidelity of 3D models. If a model aims to
be a faithful reflection of the original ob-
ject, technical metadata are required to

100

determine its metric and chromatic accu-
racy®. Although these models are inter-
operable, flexible, and expandable, their
capacity to accommodate detailed tech-
nical metadata remains limited. While
attention is typically directed toward
metadata describing the objects them-
selves, very little work has been done to
define an ontology that supports inter-
operability at the technical level®. There-
fore, detailed and high-quality metadata
are crucial for accurately representing
the complexity of 3D structures and their
various modeling options. Standards, in-
cluding Dublin Core and the CIDOC Con-
ceptual Reference Model (CRM), provide
fundamental descriptions but often lack
the necessary granularity for complex
data, thereby impacting reuse and ver-
ification. Enhancing these standards is
vital for ensuring that future generations
inherit a well-preserved cultural lega-
cy. These technological advancements
broaden documentation and sharing
capabilities, transitioning heritage man-
agement from traditional approaches to
digital methods.

Metadata Considerations for
3D Digital Heritage

A substantial amount of administrative
and technical metadata is generated
when using photogrammetry or Light
Detection and Ranging (LiDAR), the un-
derlying technology of Terrestrial Laser
Scanning, to create detailed 3D point
clouds that document architectural her-
itage. The quality of the metadata asso-
ciated with digital heritage, as well as the
inclusion of rich semantics, impacts au-
thenticity, search, retrieval, and usability.
This metadata is vital for maintaining
data integrity, ensuring long-term pres-
ervation, enabling reuse, and tracking
provenance. These aspects highlight the
need for metadata structures capable of
documenting the full range of informa-
tion produced during the acquisition,
processing, and modelling phases of 3D
heritage documentation.

Heritage structure presents complex ar-
chitectural layers, ongoing use, multiple
historical phases, and diverse symbolic
meanings, making it suitable for exam-
ining the relationship between architec-
tural representation, digital documenta-
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tion, and heritage semantics. Building a
high-quality 3D model requires a sub-
stantial amount of technical data. How-
ever, only a small portion of it is usually
made public. Is there a lack of technical
data on 3D models, such as acquisition
methods, geometric details, and accura-
cy metrics, that need to be tested with
the existing schema? These are highly
technical metadata fields and are crucial
forvalidating the scientific accuracy of 3D
models, as well as providing a detailed
description of complex processes and
structures. Furthermore, this information
is crucial for researchers and conserva-
tors who require an understanding of
the absolute accuracy and limitations of
these models for precise analysis. How-
ever, it is often considered proprietary or
simply too large to share.

For example, if someone wants to create
a high-resolution model instead of the
publicly shared version, they need the
raw data. It also allows for reducing or
increasing polygon count, which affects
the geometry's accuracy. In this sense,
structuring and managing raw data relies
on acquisition techniques such as laser
scanning and photogrammetry, which
make it possible to capture dense point
clouds suitable for different processing
needs. Both terrestrial laser scanning
(TLS) and photogrammetry (SfM) consti-
tute today the main mass data acquisi-
tion techniques (MDCSs)*.

The development of metadata for a 3D
model of a complex heritage structure
involves a comprehensive process from
data acquisition to digital representa-
tion. The CIDOC CRM is used as a case
study to evaluate the effectiveness of the
metadata schema, as it effectively cap-
tures the documentation and semantics
of cultural heritage. The CIDOC Concep-
tual Reference Model is a complex sys-
tem comprising 94 entities (classes) and
168 relationships (properties) that repre-
sent and share cultural heritage metada-
ta, including the representation of events
associated with an object throughout its
existence®. However, analysis reveals
that it is not fully optimized for the tech-
nical or quantitative details involved in
3D acquisition, which is common in digi-
tal heritage and 3D recording workflows.
It is neither a geometric nor a technical
data model and is not designed to spec-

ify the structure or format of 3D datasets
in detail. Additionally, it lacks entities for
sensor setup, calibration, or geometric
acquisition configuration, highlighting
the need for a solution.

Extensions like CRMdig (Digital Prov-
enance model) can document certain
aspects, such as equipment used or file
lineage, but do not cover the numeric or
spatial details. CIDOC CRM can repre-
sent Events (such as data acquisition and
processing), actors (like operators and
institutions), objects (including 3D mod-
el files), and aspects related to Temporal
and Provenance data. However, it cannot
include sensor and calibration parame-
ters, acquisition geometry or station lay-
out, numerical quality and accuracy met-
rics, algorithmic or software parameters,
and 3D coordinate systems and spatial
transformations. Therefore, an evaluated
metadata schema (CRM3D Mapping) of
selected fields based on the data avail-
able in the images has been proposed
for 3D documentation of architectural
heritage with regard to its acquisition
methods, geometric details, and accura-
cy metrics.

Lexical Standardisation and Semantic
Interoperability

Controlled vocabularies are specific data
formats that play a vital role in semantic
annotation and indexing, thereby im-
proving access to cultural heritage re-
sources. They are also vital tools and sys-
tems for organizing knowledge in cata-
loging, helping to maintain consistency
and accuracy when identifying items.
Many GLAM institutions and cultural
heritage centers utilize various con-
trolled vocabularies to organize and de-
scribe their collections; however, many of
these vocabularies are independently
created in different countries without
referencing existing standards, resulting
in fragmentation and inconsistency.
These variations can hinder users from
performing conceptual or thematic
searches across multiple databases, es-
pecially when creating portals for 3D re-
positories of heritage structures, making
robust support for authority lists and
controlled vocabularies essential in the
cultural heritage sector. A wide range of
information can be extracted from a 3D

G. K. Thekkum Kara, O. Niglio

30 Moyano, Pili, Nieto-Julian, Della Torre, Bruno,
Semantic Interoperability for Cultural Heritage
Conservation: Workflow from Ontologies to a
Tool for Managing and Sharing Data.

1 Silva, Terra, Cultural Heritage on the Seman-
ticWeb: The Europeana Data Model.
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scan during acquisition or post-process-
ing, and suitable vocabularies are neces-
sary to accurately capture these meas-
urements, particularly for creating 3D
visualisations that include geometric,
software, and accuracy metadata. When
index terms come from a controlled vo-
cabulary, search portals can generate
hyperlinks for enhanced semantic search
and navigation®. Controlled vocabular-
ies are designed to clearly distinguish
specific cultural heritage items. Many are
widely used in digital collections of cul-
tural heritage: for example, the Art and
Architecture Thesaurus (AAT) is the most
common controlled vocabulary for art
collections in North American digital li-
braries®, the Library of Congress Subject
Headings (LCSH) is the most frequently
used controlled vocabulary among
American digital repositories®, and
among all thesauri available, the AAT re-
mains the most significant and most sta-
ble within the cultural heritage field. Ad-
ditionally, an ethnographic thesaurus
developed in the Netherlands - the
Stichting Volkenkundige Collectie Ned-
erland (SVCN) — is used by several Dutch
ethnographic museums?®. To better un-
derstand ancient buildings, cataloging
can be combined with digital documen-
tation, including historical sources and
heritage records, to offer representa-
tions of cultural heritage assets through
text, images, drawings, and 3D models®¢.
Because developing controlled vocabu-
laries is a complex and time-consuming
process, establishing transparent, stand-
ardised vocabularies is crucial, along
with considering semantic metadata an-
notation for 3D constructions. Under-
standing user information-seeking be-
havior is also key to developing effective
vocabularies that ensure accessibility
and semantic precision. Within the pro-
posed metadata schema, the controlled
vocabulary was aligned with recognised
scholarly resources and digital cultural
heritage ontologies: architectural terms
were matched to Getty AAT entries, saint
names and historical events were linked
via Wikidata, and ritual terminology was
referenced across Christian liturgical
studies. This alignment ensures that the
metadata not only describes but also
connects the digital data within larger
heritage networks and multilingual envi-

102|

ronments, thereby improving semantic
interoperability and cultural context.

Conclusion

Digital representations of architectural
heritage — shaped by cultural, historical,
aesthetic, and material transformations
— generate extensive and diverse data-
sets that require robust metadata man-
agement and detailed semantic annota-
tion. The integration of digital and
analog techniques, along with multiple
sensors and varied datasets, enables the
creation of highly accurate 3D models
that support both documentation and
restoration efforts. Photogrammetry
and TLS technologies provide substan-
tial point cloud data, which is crucial for
developing reliable reconstructions.
Meanwhile, emerging semantic-aware
simplification methods show great
promise for producing models with
meaningful and organised levels of de-
tail. Despite these technological advanc-
es, finding a single comprehensive meta-
data standard capable of capturing the
full scope of cultural heritage informa-
tion remains difficult, especially consid-
ering the complex contextual, symbolic,
and internal content embedded in herit-
age imagery. Most existing standards fo-
cus on visual features but often overlook
deeper semantic and interpretive as-
pects, highlighting the need for interdis-
ciplinary collaboration and expert input
to define key metadata elements that
improve discoverability and scholarly
utility. Building a sustainable, re-
search-based metadata framework that
includes all relevant elements is essential
for ensuring long-term accuracy, au-
thenticity, interoperability, and accessi-
bility. This multidisciplinary approach will
enhance conservation, preservation, and
academic research efforts while enabling
metadata schemas to more effectively
represent the complexity of architectural
heritage in digital environments.

The management of extensive datasets
and detailed metadata continues to
pose challenges, underscoring the need
for improved standards to accommo-
date layered datasets derived from 3D
reconstructions. Therefore, combining
detailed administrative and technical
metadata fields with semantic annota-

tions and controlled vocabularies sup-
ports the future reuse of enriched 3D
models.
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