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Abstract

This study presents a web-based workflow for linking predefined semantic regions of a 3D cultural heritage model with externally
managed historical, material, architectural, and restoration-related records. Saint Michael Church in Akgaabat, Trabzon, was used as
the test asset. Its photogrammetric model was converted to gITF and enriched with stable triangle identifiers through
EXT structural metadata. The model was rendered in a Three js-based viewer, while semantic and narrative records were
maintained in MongoDB. When a user selected a surface, raycasting identified the intersected triangle and sent its identifier to the
application programming interface. MongoDB then returned the semantic-region document whose children ids array contained the
selected triangle identifier. The retrieved information was displayed in the interface, and all triangles belonging to the matched
region were highlighted on the model. Using one triangle identifier instead of three vertex identifiers reduced the identifier payload
and required database references by approximately 66.7%. The prototype provided building-level access to architectural-plan and
restoration-history records and region-level access to the large window, north entrance, apse, and nave dome. All tested components
were successfully retrieved and highlighted, with displayed vertex counts ranging from 57,642 to 302,955. The results demonstrate
the functional feasibility of connecting browser-based 3D interaction with separately managed and updateable cultural heritage

narratives.

1. Introduction

Three-dimensional (3D) modelling and visualization techniques
are widely used for the digital documentation, interpretation,
and presentation of cultural heritage assets. These techniques
make heritage objects accessible in digital environments and
support the examination of their geometric and visual
characteristics (Andujar et al., 2026). However, cultural heritage
assets commonly contain heterogeneous materials, irregular
geometries, different construction phases, and architectural
components with distinct historical meanings. These
characteristics make the semantic organization and
interpretation of 3D heritage models challenging (Grilli and
Remondino, 2019; Mazzacca et al., 2025).

Metadata, paradata, and narrative structures have therefore been
incorporated into digital heritage environments to connect
geometric representations with historical, material, and cultural
information. Metadata and paradata have been used to
document the sources and interpretation processes underlying
immersive heritage experiences (Ammirati et al., 2025).
Semantic metadata and narrative structures have also been
combined with 3D visualization and storytelling approaches to
improve the contextual interpretation of heritage assets
(Barzaghi et al., 2025). These studies indicate that the
documentary value of a 3D model depends partly on the ability
to associate its geometry with structured descriptive
information.

Different information-management approaches have been
developed for this purpose. Web-based Geographic Information
System architectures have been used to connect 3D heritage

models with Linked Open Data and external web resources
(Nishanbaev et al., 2021). Heritage Building Information
Modeling (HBIM) approaches have enabled geometric and non-
geometric information to be organized together for
documentation, conservation, and management purposes (Lopez
et al., 2018; Quattrini et al., 2017). Semantic-web technologies
have also been used to make structured HBIM information
queryable through web environments (Quattrini et al., 2017).
However, the creation of BIM or HBIM models from existing
survey data can require considerable modelling, conversion, and
maintenance effort (Volk et al., 2014).

Current approaches address different stages and requirements of
the digital-heritage workflow. HBIM is primarily concerned
with the structured creation and management of building-related
information, whereas browser-based dissemination requires
geometric representations that can be transmitted, rendered, and
interacted with efficiently. For applications that only require
users to select predefined regions and access the related
descriptive records, constructing a comprehensive HBIM model
may be unnecessary. In such cases, the 3D model can be used
solely as the visual interaction layer, while the associated
documentary information is stored and managed separately.
Similar web-based heritage platforms have used semantically
segmented 3D geometry as an interaction and navigation layer
while retrieving the corresponding information from external
databases (Auer et al, 2014). Within such a decoupled
architecture, a lightweight 3D delivery format can represent the
geometric layer, while stable identifiers maintain the connection
between model regions and externally managed semantic
records. Considering modern web solutions on 3D object
delivery, the GL Transmission Format (gITF) provides an
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extensible format for transmitting and loading 3D assets in web-
based environments (Khronos Group, 2021).

In the proposed implementation, the gITF model was used as
the geometric interaction layer. Semantic regions were
represented through vertex-index sets and corresponding
triangle indices as EXT structural metadata, while the
corresponding historical, material, architectural, and restoration-
related records were maintained in an external MongoDB
database. Attribute-driven delivery approaches have also been
examined in other web-based 3D environments, including urban
digital-twin visualization (Usta et al., 2026).

The proposed workflow has a limited relationship with HBIM.
It does not reproduce the broader information-management
capacity of an HBIM environment, which may include
monitoring data, structural information, historical documents,
and conservation states. Its scope is focused on the browser-
based presentation of predefined semantic regions and the
retrieval of related narrative records. The external database
structure used in the prototype also does not constitute an
ontology-driven Linked Data implementation.

Accordingly, this study aims to implement and examine a web-
based workflow that links predefined semantic regions of a 3D
cultural heritage model with externally managed narrative
records. Saint Michael Church in Akcaabat, Trabzon, was
selected as the test heritage asset. The contribution of the study
consists of a vertex-indexed method for identifying semantic
regions, the connection of stable region identifiers with an
external database, and the demonstration of building-level and
region-level narrative access through a browser-based viewer.

2. Methodology
2.1 Study Asset and Photogrammetric Model

Saint Michael Church, situated in the Akcaabat district of
Trabzon, was selected as the test heritage asset. The structure
was originally built during the 13th—14th centuries and was
expanded during a later construction phase dated to 1846
(Atasoy et al.,, 2026). These construction phases and the
presence of architecturally distinct components made the church
suitable for examining semantic-region-level access. The
principal construction phases and architectural components used
to contextualize the semantic regions are illustrated in Figure 1.

The high-resolution 3D model was produced through a
Structure from Motion photogrammetry workflow described by
Atasoy et al. (2026). Data acquisition was conducted using an
Unmanned Aerial Vehicle flight at an altitude of 56.4 m. A total
of 178 aerial images were captured with 80% forward overlap
and 70% side overlap. The flight configuration yielded a
Ground Sampling Distance of 8.74 mm/pixel and a point
density of 2.79 points/cm?. The reported reconstruction outputs
included 140,625 tie points and a reprojection error of 0.448
pixels. Dense-cloud processing, arbitrary mesh generation, and
mosaic texturing were applied to produce the final textured
model.

Phase 2 (1846):
the later western
addition

Nave dome

Phase 1 (13th-14th
centuries): the original / J
medieval core =

Figure 1. Historical construction phases and principal
architectural components of Saint Michael Church (Atasoy et
al., 2026).

2.2 Semantic-Region and Database Organization

After the photogrammetric model had been prepared for web
visualization, architecturally and historically meaningful
components were predefined as semantic regions. The regional
organization included openings, entrances, the apse, the nave
dome, material zones, and surfaces associated with different
construction phases, using a custom object labeller over the
gITF model. Besides, the gITF model has been enriched with
triangle indices in addition to the existing vertex indices, thanks
to the EXT structural metadata extensibility.

On MongoDB side, each semantic region was represented by a
unique identifier and a corresponding set of triangle indices
referring to the geometry loaded by the web viewer. Examples
of these identifiers included large window, north entrance,
apse, and nave_dome. The identifier functioned as the persistent
link between the selected geometric region and its descriptive
database record. Region names intended for human
interpretation were maintained separately from these machine-
readable identifiers. Each semantic region, which are defined by
the identifiers, has following fields:

Historical Phases
Material Composition
Art-Historical Narrative
Construction Phases
Restoration Logs
Children IDs

The fields were designed to describe complementary aspects of
each semantic region. Historical Phases situate the region within
the broader chronological development of the building, whereas
Construction Phases document the specific stages during which
the region was built, modified, or extended. Material
Composition identifies the principal materials associated with
the region. The Art-Historical Narrative provides a descriptive
and interpretative account of its architectural form,
ornamentation, spatial role, and historical significance.
Restoration Logs record documented conservation, repair, or
reconstruction interventions, including their dates and available
explanatory information. Finally, Children IDs contain the
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triangle indices assigned to the semantic region and therefore
define its geometric extent within the model. Through this
common structure, different architectural components can be
associated with their own chronological, material, narrative,
restoration, and geometric information. Empty fields were
retained where relevant information was unavailable, thereby
preserving a consistent database structure across all semantic-
region records. An example of the database record used for this
association is shown in Figure 2.

_id: "nave_dome"
semantic_class :
scope : "region”
historical_phases : Array (1)

8: "Phase 1 (13th-14th c.)"
material_composition : Array (2)

B: "Finely dressed ashlar (drum)"

1: "Stucco-lattice windows™
art_historical_narrative : "The dome covering the nave rises
restoration_logs : Array (empty)
Array (152844)

"Nave Dome"

“

“

“

children_ids :

Figure 2. Example of a MongoDB record containing region-
level metadata and narrative information.

2.3 System Architecture

The prototype was implemented as a decoupled web-based
architecture in which the geometric representation, semantic-
region records, and interaction logic were managed as separate
but connected components. The principal components of the
system were a textured gITF model, a Three.js-based client-side
viewer, an application programming interface, and a MongoDB
Cloud database. The gITF asset contained the geometry,
textures, and triangle-level identifiers required for interaction,
whereas MongoDB stored the descriptive and semantic
information associated with the architectural regions. The
application programming interface connected these components
by receiving a triangle identifier from the viewer, locating the
corresponding semantic region document in the database, and
returning that document to the client. Figure 3 summarizes the
system architecture.

When the application was opened, the textured gITF model was
loaded into the browser and rendered through the Three.js-based
viewer. Each selectable triangle in the model was associated
with a stable triangle identifier made available through the
structural ~ metadata of the gITF  asset using
EXT structural metadata. The interaction workflow began
when the user clicked a visible surface of the model. The viewer
performed a ray-based intersection test to determine which
triangle had been selected. Instead of extracting and
transmitting the identifiers of all three vertices defining the
intersected triangle, the viewer retrieved the single triangle
identifier associated with that face. This identifier was then
submitted through the application programming interface as the
database lookup value.

On the server side, MongoDB was queried to find the semantic
region document whose children ids array contained the
submitted triangle identifier. Conceptually, this operation
corresponded to a document lookup of the form children_ids:
“Selected triangle index”. Because each triangle identifier
belonged to the children ids array of its associated semantic
region, the database could determine which architectural
component contained the selected face without requiring the
client to know the region identifier in advance. The semantic
classification was therefore resolved dynamically through the

database rather than through a complete region-to-geometry
mapping stored in the browser.

Following a successful match, the complete MongoDB
document associated with the selected region was returned to
the client. Each document contained a machine-readable region
identifier, a human-readable semantic class, a scope definition,
and the descriptive fields defined for the prototype. These fields
included Historical Phases, Material Composition, Art-
Historical Narrative, Construction Phases, Restoration Logs,
and Children IDs.

The returned document served two purposes on the client side.
First, its descriptive fields were formatted and displayed in the
information panel. Second, its children ids array was used to
reconstruct the complete geometric extent of the selected
semantic region. For every triangle identifier listed in the array,
the viewer located the corresponding triangle in the loaded gITF
geometry. The vertex indices defining these triangles were then
retrieved from the geometry index buffer and combined to
produce the highlighted region. The selected component was
therefore highlighted as a complete architectural unit rather than
as an individual clicked triangle.

Client - Three.js Viewer »[  Application opened

> 4
User clicks a surface —{ Load the textured gITF model
A 4
Raycasting identifies the

A +—> Retrieve the stable triangle ID
intersected triangle

Y
MongoDB API

Send the triangle ID le
as the lookup value

Y
MongoDB Database

Y
Search for a document whose
children_ids array contains
the selected triangle ID

b o

Matching semantic

r region found?
Yes g No

Y B Y
[ API Response ‘ \ Client - No-Match Handling

Y h 4
Return the complete
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semantic region document

Y
Y
{ Client - Information and Clear the previous highlight
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restoration data \
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4
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semantic region

Figure 3. Data flow of the triangle-index-based semantic
retrieval and region-highlighting workflow.
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This architecture differs from an approach in which semantic-
region definitions are fully loaded into the browser during
initialization. The client initially requires only the gITF asset
and the triangle-level metadata necessary to identify the clicked
face. The relationship between that face and a larger semantic
region is resolved through the MongoDB query. As a result,
semantic records can be modified, extended, or corrected
without altering the vertex coordinates, model topology, texture
coordinates, or image textures of the gITF asset. Similarly, the
visual model can be updated independently, provided that the
triangle identifiers used in the structural metadata and the
corresponding children ids values in the database remain
synchronized.

The use of triangle identifiers also reduces the amount of
geometric identification data required by the interaction
workflow. A triangle is normally described geometrically by
three vertex indices. A lookup based on such a representation
would require the client to transmit a three-value vertex tuple
and the database to store or compare the corresponding vertex
references. In the proposed implementation, the same face is
represented by a single triangle identifier. The number of
identifier values transmitted for each selection is therefore
reduced from three to one, corresponding to a 66.7% reduction
in the identifier payload.

The same principle applies to database storage. When the
geometry of a semantic region contains (n) triangles, storing the
complete three-vertex tuple of every triangle would require up
to (3n) integer references. Storing one identifier for each
triangle requires only (n) integer references. Thus, compared
with a structure that stores three vertex identifiers for every
face, the children ids representation reduces the number of
stored identifier values to approximately one third. It also
simplifies the lookup condition because the database searches
for a single scalar value inside an array rather than matching a
three-element vertex combination.

This reduction should be understood primarily as a reduction in
identifier transmission, storage, and matching workload. The
identifier-related part of the lookup involves approximately one
third of the values required by a three-vertex representation.
However, the complete end-to-end response time also depends
on network latency, APl processing, database indexing,
document size, and client-side rendering. Therefore, the
architecture provides a clear theoretical and structural reduction
in query input size, although an exact threefold reduction in
total response time would require a separate performance
benchmark.

3. Results
3.1 Building-Level Thematic Retrieval

The implemented viewer provided two building-level thematic
access modes: Restoration History and Architectural Plan.
These modes were activated through dedicated controls in the
information panel and did not require the selection of a
geometric region. In both cases, the textured gITF model
remained visible in the scene while the corresponding building-
level document was retrieved and displayed.

The Restoration History mode returned a general narrative
describing the historical development and documented
interventions associated with Saint Michael Church. The
displayed narrative referred to the original construction of the
church during the 13th—14th centuries, its enlargement and
restoration in 1846, and the restoration programme conducted

between 2018 and 2021. The narrative was followed by
individual restoration-log entries presented as structured
records.

The first displayed record, identified as rest 1846, documented
the enlargement and restoration dated 20 May 1846. The
interface presented the intervention type, responsible actor,
documentary source, and a short description. The second record,
identified as rest 2018 2021, represented the restoration
programme initiated in 2018 and completed in 2021. Its
displayed fields included the start and end dates, intervention
type, and available descriptive information. The retrieved
narrative and restoration logs are shown in Figure 4.

Figure 4. Building-level retrieval and presentation of the
restoration-history narrative and structured intervention records.

The Architectural Plan mode returned information on the
construction phases, plan configuration, masonry, and principal
architectural elements of the church. Two construction phases
were represented in the retrieved record.

Phase 1 corresponded to the medieval structure dating to the
13th—14th centuries. The record identified the Komnenos State
of Trebizond as the builder and described a square-plan church
with a single nave and apse, surmounted by a dome resting on a
high drum. Finely dressed ashlar masonry was associated with
the original structure. The record also listed principal ashlar
elements, including the bearing walls, apse, dome drum, north
entrance, and triangular pediments.

Phase 2 represented the western addition dated to 1846. This
record described the westward extension of the church and
identified river-smoothed stone, rubble, and roughly hewn
ashlar among the materials used in the later section. The
retrieved construction-phase information is shown in Figure 5.

The two building-level modes therefore returned different
document structures through the same interface. Restoration
History combined a general narrative with multiple intervention
logs, whereas Architectural Plan combined architectural
information with structured construction-phase records.
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Figure 5. Building-level retrieval and presentation of the
architectural-plan record and associated construction phases.

3.2 Semantic-Region Retrieval and Highlighting

Region-level interaction was examined using four predefined
architectural components: the large window on the north facade,
the north entrance, the apse, and the nave dome. The
components differed in their position, geometric form, and
spatial extent.

For each case, the user selected a visible surface of the gITF
model. The Threejs raycasting operation identified the
intersected triangle, and the stable identifier assigned to that
triangle was submitted to the application programming
interface. The database was then queried for the document
whose children ids array contained the selected triangle
identifier.

Following a successful match, the corresponding semantic-
region document was returned to the viewer. Its descriptive
fields were displayed in the information panel. The complete
children_ids array was subsequently used to locate all triangles
belonging to the matched region. The vertex indices defining
those triangles were retrieved from the gITF geometry and used
to generate the orange highlight.

The interface also displayed the three vertex indices defining
the initially clicked face as diagnostic information. These
displayed values documented the selected geometric face, but
the database lookup itself was performed using the single stable
triangle identifier.

Selection of a triangle within the large window resulted in
retrieval of the document identified as large window. The
interface displayed the semantic class Large Window (North
Facade) and classified the object as a region.

The component was assigned to Phase 1, corresponding to the
13th—14th centuries. The displayed materials included
polychrome ashlar in green, brown, and yellow tones, tooth-
mould ornamentation, and a rope-mould arch. The narrative
described the vertically oriented opening, shallow round arch,
surrounding mouldings, ornamental inner frame, and coloured
ashlar arrangement.

The returned children ids array was used to highlight the
complete window region rather than only the selected triangle.
The viewer reported 57,642 highlighted vertices. The resulting
geometric highlight and descriptive record are shown in Figure
6.

Figure 6. Retrieval and highlighting of the large window on the
north fagade, with the associated historical, material, and
narrative information displayed in the viewer.

The north entrance was retrieved by selecting a triangle
belonging to the projecting entrance structure. The returned
document was identified as north_entrance, and the semantic
class was displayed as North Entrance.

The region was assigned to Phase 1 and associated with finely
dressed ashlar. The narrative described the entrance opening,
recessed lintel, relieving arch, projecting canopy, supporting
piers, engaged pilasters, pitched roof, and triangular pediment.

The complete entrance ensemble was highlighted in orange. The
highlighted geometry included the projecting canopy, its
supporting elements, roof surfaces, and the other triangles
assigned to the same semantic region. The viewer reported
245,740 highlighted vertices. The result is shown in Figure 7.

Figure 7. Retrieval and highlighting of the north entrance,
including the projecting canopy and supporting architectural
elements.

Selection of a triangle on the exterior apse surface returned the
document identified as apse. The region was assigned to Phase
1 and associated with finely dressed ashlar, plaster bands,
stucco lattice window screens, and convex rope mouldings.

The displayed narrative described the semicircular interior and
heptagonal exterior form of the apse. It also documented the
division of the exterior into seven vertical facets and three
horizontal registers, together with the arrangement of niches,
arches, windows, and decorative mouldings.

The orange overlay covered the complete exterior apse region,
including its polygonal wall surfaces and roof. The viewer
reported 302,955 highlighted vertices, the largest reported value
among the four demonstrated semantic regions. The result is
shown in Figure 8.
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Figure 8. Retrieval and highlighting of the apse, with its
complete polygonal exterior and roof represented as a single
semantic region.

Selection of a triangle on the upper structure returned the
document identified as nave dome. The semantic class was
displayed as Nave Dome, and the region was assigned to Phase
I.

The material information included finely dressed ashlar
associated with the drum and stucco-lattice windows. The
narrative described the octagonal drum, conical upper form,
recessed rectangular panels, window openings, horizontal
mouldings, and the transition between the drum and the upper
roof structure.

The returned children ids array defined the complete dome
region above the nave. The viewer resolved the corresponding
triangles against the gITF geometry and highlighted the
component in orange. A total of 152,044 highlighted vertices
was reported. The result is shown in Figure 9. The principal
outputs of the four region-level cases are summarized in Table
1.

Figure 9. Retrieval and highlighting of the nave dome, including
the drum and associated upper architectural surfaces.

The highlighted-vertex values refer to the vertices used by the
viewer to render the complete orange overlays. They do not
represent the number of triangle identifiers stored in the
corresponding children ids arrays. The database stored one
identifier for each triangle, whereas the vertex indices required
for rendering were derived from the gITF geometry after
retrieval of the matched document.

Functional verification covered six principal interface cases:
two building-level thematic retrievals and four region-level
selections. The building-level cases examined whether the
corresponding thematic control returned and displayed the
intended document. The region-level cases examined the
complete workflow from surface selection to document

retrieval, information-panel presentation, and complete-region
highlighting.

Semantic Historical|Material information Highlighted
region phase displayed vertices
Large Phase 1, |Polychrome ashlar; tooth- 57,642
Window, 13th—14th |mould ornament; rope-
North Fagade |centuries |mould arch
North Phase 1, |Finely dressed ashlar 245,740
Entrance 13th—14th
centuries
Apse Phase 1, |Finely dressed ashlar; 302,955
13th—14th |plaster bands; stucco
centuries |lattice window screens;
convex rope mouldings
Nave Dome |Phase 1, |Finely dressed ashlar; 152,044
13th—14th |stucco-lattice windows
centuries

Table 1. Semantic-region records retrieved and highlighted in
the web-based viewer

3.3 Functional Verification Results

Both building-level controls returned the intended records.
Restoration History displayed the general historical narrative
and two structured restoration logs. Architectural Plan displayed
the construction characteristics of the church together with two
construction-phase records.

All four region-level selections returned the intended semantic-
region documents. In each case, the triangle selected through
raycasting was associated with the correct MongoDB document
through membership in its children ids array. The returned
identifier, semantic class, scope, historical phase, material
information, narrative, and highlighted-vertex count were
subsequently displayed in the information panel.

Complete-region highlighting was also produced for all four
selected components. Although the large window, north
entrance, apse, and nave dome had different geometric forms
and extents, the same retrieval and highlighting procedure was
applied in every case. The initial selection identified one
triangle, while the document returned from MongoDB defined
the complete semantic region.

The verification focused on the functional correctness of the
implemented workflow. Model-loading time, API response
time, MongoDB query duration, network latency, frame rate,
memory consumption, and cross-browser performance were not
measured. The reported results therefore demonstrate successful
retrieval, presentation, and highlighting rather than quantitative
system performance.

4. Discussion

The results show that building-level thematic records and
localized architectural narratives can be accessed through the
same web-based environment. Building-level access provides a
general interpretation of construction and restoration history,
while region-level access connects individual architectural
components with their historical, material, and descriptive
information. These two access levels complement each other by
allowing the heritage asset to be examined at different semantic
scales.

The separation of the geometric asset from the descriptive
database allows narrative records to be managed without
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embedding their complete contents in the 3D geometry. The
model-related structure retains the identifiers required for
interaction, while longer and potentially changeable descriptive
records are maintained externally. This arrangement supports
the retrieval and updating of narrative records without requiring
the underlying photogrammetric geometry to be reconstructed.

The implementation shares the broader objective of combining
3D visualization with metadata and narrative structures, as
examined in previous cultural heritage studies (Ammirati et al.,
2025; Andtjar et al., 2026; Barzaghi et al., 2025). Its
information-management scope remains narrower than that of
HBIM environments, which may integrate a wider range of
geometric, structural, monitoring, and conservation records
(Lopez et al., 2018; Quattrini et al., 2017). The current
prototype is focused on browser-based visualization and access
to selected narrative records.

The use of vertex indices as regional references introduces a
model-version dependency. Vertex order may change when a
mesh is simplified, re-triangulated, re-indexed, or exported
again using different processing parameters. Such a change
could invalidate an existing region definition even when the
visible geometry remains similar. The gITF asset and its
associated semantic-region definitions must therefore be
versioned and validated together. For a production-scale
implementation, stable feature identifiers represented through a
standardized feature-metadata mechanism would provide a
more interoperable alternative to direct vertex-index references.
A second limitation concerns the regional definition process. In
the current prototype, semantic regions were predefined for a
selected group of architecturally meaningful components. The
study did not evaluate automatic segmentation, overlapping
semantic regions, hierarchical component relationships, or
regions whose boundaries change according to historical
interpretation. Future work should examine whether the same
retrieval structure can support larger region sets, multiple levels
of semantic granularity, and alternative interpretations of the
same geometry.

The presented results establish functional feasibility for a single
cultural heritage asset and four demonstrated semantic regions.
Performance, scalability, interoperability across different
software environments, and user-oriented accessibility were not
quantitatively evaluated. The current MongoDB and API
structure also does not provide a fully semantic interoperability
or formal ontology integration. Future evaluations may include
additional heritage assets, larger region sets, cross-viewer
compatibility tests, response-time measurements, and user-
based assessments.

5. Conclusion

A web-based workflow was implemented to connect predefined
semantic regions of a 3D cultural heritage model with narrative
records stored in an external database. The workflow was
demonstrated using a photogrammetric model of Saint Michael
Church. Building-level access was provided for architectural
and restoration information, while region-level access was
demonstrated for the large window on the north fagade, north
entrance, apse, and nave dome.

When a region was selected, the corresponding geometry was
highlighted and its identifier, historical phase, material
information, vertex count, and narrative description were
displayed. The demonstrated regions contained between 57,642
and 302,955 highlighted vertices. These results confirm the

functional operation of region matching, visual highlighting,
and narrative retrieval for the tested components.

The implementation further showed that vertex-indexed region
definitions can provide a lightweight connection between a
detailed photogrammetric mesh and externally maintained
cultural-heritage records. However, the dependence of these
definitions on the vertex ordering of a particular model version
limits their direct portability. Future development will therefore
focus on stable feature identifiers, standardized gITF feature-
metadata representations, larger semantic-region inventories,
and quantitative evaluation of interaction performance and
usability.

The study provides a focused proof of concept. Its findings are
limited to one heritage asset and selected semantic regions, and
they should not be interpreted as evidence of large-scale
performance, cross-platform interoperability, or user-oriented
effectiveness. Nevertheless, the demonstrated workflow
provides a basis for connecting browser-based inspection of
complex cultural heritage geometry with separately managed
and updateable narrative records.
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