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Abstract. Using UAV for Cultural Heritage: Enhancing Neglected Rural 
Noble Residences Through Virtual Tours and Geographic Storytelling. 
Rural architectural heritage reflects the history and cultural identity of 
communities, yet the degradation of many monuments limits their visitation and 
valorization. Digital technologies provide alternative means of presenting and 
promoting this heritage. This study aimed to create a virtual tour of Bocskai 
Castle in Aghireșu, Cluj County, based on a 3D model obtained through UAV 
photogrammetry and integrated into an online spatial storytelling product. The 
castle, a Renaissance monument in Țara Călatei (Kalotaszeg region), was 
selected following preliminary identification of ten noble residences in the 
region, based on the 2015 List of Historic Monuments and available 
bibliographic and cartographic information. Research on the castle included field 
observations, a semi-structured interview with a local historian, and analysis of 
80 Google Maps reviews published between 2018 and 2026. The work was 
completed through a UAV campaign, which generated 6,986 images, and 
through terrestrial photographs. Photogrammetric processing produced a 
georeferenced point cloud, a digital surface model, an orthophotoplan, and a 
textured 3D model. The materials were integrated into ArcGIS StoryMaps in a 
narrative with eleven sections, of which three comprise the virtual tour of the 
castle. The narrative presents the monument in relation to its territorial, 
historical, and cultural context, through architectural information, maps, 
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photographs, and video materials. The results indicate that UAV 
photogrammetry can detail the current state of a degraded and partially 
inaccessible monument, including structural discontinuities and material losses. 
The virtual tour increases the visibility of the castle and facilitates free access to 
information, supporting the valorization and tourist promotion of rural heritage. 
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1. INTRODUCTION 

Historical architectural heritage, through its stylistic diversity and 
cultural significance, contributes to defining the identity and preserving the 
collective memory of the communities that created and transmitted it over time 
(Champion, 2015; Bonacchi, 2021). Beyond this identity function, heritage 
buildings are important resources for cultural tourism development and economic 
revitalization of local communities (Mason & Vavoula, 2021). Valorization of 
this potential is, however, often limited in rural areas by poor accessibility, 
precarious conservation status, and insufficient promotion (Timothy & Boyd, 
2006; Sardaro et al., 2021). These difficulties are particularly evident in post-
socialist regions, where a significant part of architectural heritage remains 
marginalized, despite its historical and cultural relevance (Falski & Kovářová, 
2021). A representative example is provided by noble residences in Transylvania 
(16th–18th centuries), affected by advanced degradation (Pop & Rusu, 2015). 

The integration of digital technologies into heritage documentation and 
promotion is a current concern of the cultural heritage sector (Bonacchi, 2021; 
Pop et al., 2025). The European Union designates cultural heritage digitalization 
as a strategic priority, supported through measures such as Commission 
Recommendation 2021/1970 from 10 November 2021 on a common European 
data space for cultural heritage, the Twin it! 3D for Europe's Culture initiative, or 
Digital Europe (European Commission, 2021, 2023). Digital technologies are 
increasingly used in the investigation of cultural heritage (Mason & Vavoula, 
2021). UAV photogrammetry enables the creation of high-precision 3D models 
and orthophotoplans, used both for monitoring degradation and for developing 
virtual tours (Colomina & Molina, 2014; Chang et al., 2023). Online GIS 
platforms, such as ArcGIS StoryMaps, complement these products through 
geographic and narrative contextualization (Ulvi, 2021; Zhang et al., 2025). 



The Second Chance Tourism concept supports an approach that 
combines 3D reproduction, immersive experience, and geographic 
contextualization (Bec et al., 2021). However, in Romania, the analysis of 125 
museum virtual tours shows reduced integration between immersive 
representations, geospatial information, and narrative content (Pop et al., 2025). 
At national level, initiatives such as the Route of Manor Houses in Transylvania, 
financed through PNRR, highlight current interest in tourist promotion of 
Transylvanian noble heritage (Ministry of Investments and European Projects, 
2024). In the case of monuments in advanced degradation, possibilities for 
visitation and promotion remain, however, limited. Bocskai Castle in Aghireșu 
(LMI Code CJ-II-m-B-07511), a Renaissance residence in Țara Călatei, 
represents such a case. 

Accordingly, the research is guided by the following questions: 
RQ1. To what extent does UAV photogrammetry enable the accurate 

documentation of degraded architectural heritage and the generation of a reality-
based three-dimensional representation suitable for the virtual presentation of the 
monument? 

RQ2. How can ArcGIS StoryMaps integrate photogrammetric, 
geographic, historical, and architectural information into an accessible digital 
narrative for the presentation and valorization of degraded architectural heritage? 

The overall aim of this study is to develop and apply an integrated 
methodological workflow for the digital documentation and presentation of 
degraded rural architectural heritage by combining UAV photogrammetry with 
spatial storytelling. Using Bocskai Castle in Aghireșu, Cluj County, as a case 
study, the research pursues two specific objectives: (i) to document the existing 
architectural configuration and conservation condition of the monument through 
UAV-based photogrammetry and to generate a reality-based three-dimensional 
representation; and (ii) to integrate the resulting spatial, visual, historical, and 
architectural information into an ArcGIS StoryMaps environment designed for 
accessible virtual presentation and heritage valorization. 

 



2. CONCEPTUAL FRAMEWORK 
2.1. From analog architectural heritage to virtual reality in heritage 
tourism 

In its analog form, architectural heritage is linked to the materiality of the 
object, its location, and direct experience of the built space (van Heur, 2010). 
Conventional documentation, through texts, photographs, drawings, and 
inventories, conserves essential information about the heritage object, but only 
partially reproduces its spatial and contextual complexity (Letellier, 2007; Bekele 
et al., 2018). Access to material heritage is conditioned by location, conservation 
status, and possibility of visitation, which can limit the relationship between 
monument and public (Fusco et al., 2024; Wang et al., 2025). The transition from 
analog to digital involves more than transposing information into electronic 
format, extending the possibilities for investigating and valorizing heritage (van 
Heur, 2010; Bekele et al., 2018). The resulting representations can combine 
images, 3D scans, and geospatial databases with audio elements, such as digital 
narratives and AI assistants, thereby diversifying the modes of heritage 
exploration (Ke et al., 2025; Orzechowski et al., 2026). The utility of these 
resources depends on how they are organized, contextualized, and presented 
(Valtolina, 2016; Mason & Vavoula, 2021; Varol & Öksüz, 2025). 

Virtual reality (VR), augmented reality (AR), and mixed reality (MR) are 
technologies included in the Extended Reality (XR) spectrum, which describes 
different forms of combining the physical environment with digital content 
(Milgram & Kishino, 1994; Terras et al., 2021). AR is primarily associated with 
physical visitation, providing contextual information or visualizations of missing 
or reconstructed elements in relation to the existing site (Azuma, 1997; Wüest & 
Nebiker, 2018; Trunfio & Campana, 2020), while MR enables real-time 
interaction between physical and virtual components (Bec et al., 2019; Flavián et 
al., 2021). VR designates digitally generated environments that enable the user to 
explore and interact with a three-dimensional virtual space, independent of the 
user's physical presence at the site (Jung et al., 2015; Škola et al., 2020; Pop et 
al., 2025). This characteristic confers particular relevance to VR for inaccessible 
or vulnerable heritage, offering an alternative to direct physical access 
(Champion, 2015; Bec et al., 2021). In tourism, Guttentag (2010) identifies six 
main domains of VR application, of which three are relevant for cultural heritage: 
education, accessibility, and heritage conservation. From the perspective of 



conservation, virtual experiences can limit access to vulnerable areas, and in 
tourist promotion can familiarize potential visitors with the destination and 
communicate the cultural value of the site (Guttentag, 2010; Bec et al., 2019). 

The quality of virtual representations of heritage depends on the accuracy 
and level of detail of the data used for 3D reconstruction (Dellepiane et al., 2013; 
Ke et al., 2025). Reality-based virtual environments use data obtained directly 
on-site through techniques such as photogrammetry and 3D scanning (Bekele et 
al., 2018; Lerario & Maiellaro, 2020). Digital photogrammetry enables 
reconstruction of three-dimensional geometry from overlapping images and 
generation of products such as 3D models and georeferenced orthophotoplans 
(Colomina & Molina, 2014; Tong et al., 2019; Chang et al., 2023). Use of UAV 
technology facilitates image acquisition at high resolution and investigation of 
extended or difficult-to-access structures (Ulvi, 2021; Varol & Öksüz, 2025). The 
resulting models can serve both heritage analysis and development of interactive 
forms of exploration and digital communication (Bekele et al., 2018; Zhang et 
al., 2025). 

 
2.2. Immersive storytelling for digital promotion in heritage tourism 

Immersion in VR comprises two complementary dimensions, associated 
with the technological characteristics of the system and the psychological 
experience of the user (Steuer, 1992; Hudson et al., 2019; Korżel & Łupkowski, 
2023). Technological immersion refers to the measurable properties of the virtual 
environment, such as resolution and visual fidelity, field of view, spatial sound, 
performance of head-mounted display devices, and possibilities for navigation 
and interaction (Argyriou et al., 2020; Lerario & Maiellaro, 2020; Fan et al., 
2022). These characteristics contribute to construction of the sensory experience, 
in which visual and audio stimuli play an important role in perceiving the virtual 
environment (Alyahya & McLean, 2022). The psychological dimension, 
associated with concepts of presence and telepresence, describes the subjective 
experience through which the user perceives their presence in the virtual 
environment (He et al., 2018; Pressgrove & Bowman, 2021; Fan et al., 2022). 
Although interdependent, technological immersion and psychological presence 
are not equivalent (Daassi & Debbabi, 2021; Korżel & Łupkowski, 2023). 

Digital heritage also supports the communication and mediation of 
cultural content to the public (Rahaman, 2018). In this process, narrative confers 



coherence on visual, spatial, and historical information, structuring 
representations that facilitate understanding of the cultural significance of 
heritage (Dogan & Kan, 2020; Barbara, 2026). Construction of narrative 
experience is influenced by organization of scenes, selection of points of interest, 
and manner of transition between them, elements that condition navigation and 
continuity of exploration (Incerti & Iurilli, 2015; Argyriou et al., 2020). Unlike 
traditional narrative, structured predominantly linearly and from a predetermined 
perspective, digital storytelling can transfer some control to the user, who 
discovers content through exploration and contextual clues (Dogan & Kan, 2020; 
Bonacchi, 2021; Pop et al., 2025). Immersive digital environments thus enable 
non-linear organization of information and selective navigation of content, 
offering the user the possibility of forming a personal perspective on the site, 
depending on the path and pace of exploration (Mason & Vavoula, 2021; Wang 
et al., 2025). 

A specific form of immersive narrative is branching storytelling, in which 
the user can select different paths, scenes, or perspectives within a narrative 
structure defined in advance (Valtolina, 2016; Argyriou et al., 2020). Avatars and 
virtual guides can complement this structure by mediating interaction between 
user and digital environment (Almeida & Shigeo, 2002; Sylaiou et al., 2009; 
Machidon et al., 2018; Pop et al., 2025). The emotional dimension of experience 
can be supported through coordination of text, voice, ambient sound, and pace of 
transitions, aspects relevant to communicating heritage associated with 
community identity and memory (Pietroni, 2019; Mason & Vavoula, 2021). 
Research on VR environments for heritage indicates that association of 
interaction with narrative and with emotionally relevant elements can favor user 
engagement and understanding of cultural context (Marasco et al., 2018; Wang 
& Ametefe, 2026; Ioannides et al., 2026). 

StoryMaps extends this narrative dimension by associating geographic 
information with historical, visual, and multimedia content, facilitating 
understanding of heritage in relation to its location and territorial context 
(Jeannotte, 2016; Ziku et al., 2024). Geospatial and three-dimensional products 
resulting from UAV analysis can complement this structure by providing spatial 
and visual support for representation of the site and its relationship with the 
territory (Ulvi, 2021; Giovannini, 2025). In this framework, the digital map 
transcends the function of location and becomes an environment for organizing 



and exploring heritage content through relating space, information, and narrative 
(Ziku et al., 2024; Giovannini, 2025). 
 

1. METHODOLOGY 
3.1. Research design 

The research design was constructed around the analysis of Bocskai 
Castle in Aghireșu, Cluj County, a monument listed in the 2015 List of Historic 
Monuments and classified as a noble residence. The study combined field 
documentation, UAV photogrammetry, and analysis of reviews published on 
Google Maps, to examine both the physical characteristics of the monument and 
the manner in which it is perceived by visitors. Research stages included site 
selection and contextualization, data collection, photogrammetric processing, 
thematic analysis of reviews, and development of the virtual tour (Fig. 1). 

 

 
Fig. 1. Methodology flowchart 

 
3.2. Study Area and Case Study Rationale 

Țara Călatei (Kalotaszeg) is a historical-cultural and ethnographic region 
in northwestern Transylvania, located between Cluj-Napoca and Ciucea, 
primarily in the Huedin Depression and along the Căpușu and Nadășu valleys 
(Fig. 2). The delimitation of the region varies depending on geographic and 
ethnographic criteria used; specialized literature identifies between 34 and 42 
localities (Nagy, 1958; Furu, 2007). The specificity of Țara Călatei is given by 



the predominantly rural character of the settlements and a well-individualized 
ethnographic and architectural identity, expressed through traditional 
homesteads, vernacular architecture, folk costume, and traditional crafts, 
especially wood and stone processing, painted furniture, textiles, and embroidery 
(Furu, 2007; Eplényi, 2017). This rural landscape simultaneously preserves 
reminiscences of historical evolutions and former property structures that shaped 
Transylvania, including the presence of estates and noble residences associated 
with families such as Bánffy, Bocskai, Csáky, Haller, and Barcsay. Vernacular 
and noble heritage constitute complementary components of a cultural landscape 
in which local identity is expressed both through traditional living practices and 
forms and through the architecture and structures of former noble estates (Fig. 2) 
(Balogh & Fülemile, 2005; Todika, 2022). 

 

 
Fig. 2. Spatial distribution of noble residences and the location of Bocskai Castle 

within the Kalotaszeg region. 
 
The region's noble heritage presents important differences regarding 

conservation, use, and possibilities for tourist valorization. To characterize this 



situation and position the case study within its territorial context, an inventory 
was created of the 10 noble residences identified in Țara Călatei, listed in the 
2015 List of Historic Monuments (LMI) (Table 1). Comparison of the sites shows 
that some residences have been adapted for educational or commercial uses, 
while others are not used and are in a state of degradation or ruin. Regarding 
tourist valorization, the inventory indicates limited and non-uniform availability 
of infrastructure and resources for visitation and presentation of heritage, a 
situation encountered particularly in the case of unused sites. 

 
Table 1. Characteristics of noble residences listed as historic monuments in the 

Kalotaszeg region 

 
Source: Adapted from LMI 2015 (https://patrimoniu.ro/ro/profiles/lista-monumentelor-

istorice) 
 
Bocskai Castle is located in Aghireșu, northwest of Cluj-Napoca, in a 

historical rural context shaped by the relationship between agricultural 
settlements and noble estates, integrating into the network of noble residences 
that characterize the cultural landscape of Țara Călatei. Constructed in the second 
half of the sixteenth century and associated with the Bocskai family, the castle 



represents a relevant example of Renaissance residential noble architecture in 
Transylvania, preserving elements of its historical configuration and spatial 
organization that permit investigation of the relationship between architecture, 
function, and the noble estate (Todika, 2022). 

Selection of Bocskai Castle as a case study is founded on its 
representative character for the noble heritage of Țara Călatei, as well as the 
discrepancy between its historical-architectural value and current possibilities for 
access and valorization. The castle therefore offers a suitable case for integration 
of UAV data, 3D modeling, and historical information in a virtual tour designed 
to present the heritage and facilitate access to site information. 
 
3.3. Data Acquisition 
Qualitative Data 

Information regarding noble residences included in the territorial 
inventory of Țara Călatei, including Bocskai Castle, was drawn from the List of 
Historic Monuments (LMI), published by the Ministry of Culture. Official data 
were used to identify and characterize the sites based on attributes such as 
monument code, typology, importance category, dating, and location. This 
information was completed through field observations and online documentation, 
particularly for identification of current conservation status and tourist 
valorization of these sites. Additional information regarding the historical 
evolution and significance of Bocskai Castle was obtained through a semi-
structured interview with a specialist in local history. The interview addressed 
principal stages of the historical evolution of Aghireșu locality and the castle, 
changes in ownership and functionality, architectural characteristics, degradation 
processes, and current relationship between monument and local community. 
Visitor perceptions were investigated through 80 Google Maps reviews published 
in the period 2018–2026, collected together with associated ratings and textual 
content. Data were analyzed through thematic content analysis, structured around 
seven principal themes: sentiment expressed by visitors, state of ruins and 
landscape, site accessibility, aesthetic aspect of the monument, stories and 
descriptions associated with the place, recommendations and observations 
regarding the visitation experience, and non-informative reviews. For each 
theme, sub-themes were identified, and frequency of occurrence was quantified 
in the analyzed corpus. 



UAV Data Acquisition and Terrestrial Photography 
UAV photogrammetric survey of Bocskai Castle was conducted using a 

DJI Mavic 3E platform, equipped with an RTK module for positioning and direct 
georeferencing of images. The drone is equipped with a 20 MP RGB camera and 
a 1-inch CMOS sensor. The acquisition strategy combined nadir and oblique 
aerial images with complementary terrestrial photographs, to ensure the most 
complete coverage of the castle and its principal architectural elements. 

UAV data acquisition was carried out through three flight missions. The 
first two missions were conducted at 60 m altitude above ground, in perpendicular 
directions, to obtain complementary coverage of the site at ensemble scale 
(approximately 1.9 hectares). Acquisition parameters included 80% lateral 
overlap and 90% longitudinal overlap, with the camera configured for acquisition 
of oblique images at an angle of approximately 45°. The third mission was 
planned based on a preliminary digital surface model (DSM) and conducted at 30 
m altitude above ground, to increase the level of detail of architectural 
documentation of the castle ruins (approximately 40 m²). The same lateral (80%) 
and longitudinal (90%) overlap were maintained, and flight speed was reduced to 
4.5 m/s to limit motion blur. 

The UAV campaign resulted in 2,949 aerial photographs captured 
directly in flight and 25 minutes and 57 seconds of video material. From the video 
clips, 4,037 additional frames were extracted, resulting in a total of 6,986 images 
used in photogrammetric processing. The aerial data set was completed with 
high-resolution terrestrial photographs, taken manually from multiple 
observation points. These focused particularly on facades and architectural details 
less visible from the aerial perspective. 

 
3.4. Photogrammetric Processing and StoryMaps Development 

The integrated set of aerial and terrestrial images was processed 
photogrammetrically in RealityScan 2.2, within the Unreal Engine 5.7.4 
environment. The process included image loading and organization, alignment, 
and point cloud generation, followed by generation of a preliminary mesh for 
verification of reconstruction. The model was subsequently cleaned by 
eliminating isolated or irrelevant components, after which a high-detail mesh was 
generated. Final stages included UV unwrapping and texturing of the model 
based on photographic information. Processing was conducted using the 



application's default settings, without manual modification of parameters. The 
final model was spatially cropped according to the analysis objective, preserving 
the zone corresponding to the ruins and, where necessary, a portion of adjacent 
space for contextualization. The 3D representation was exported in .OBJ, .STL, 
and .LAS formats, depending on subsequent requirements for use and 
visualization. 

Preparation of content for ArcGIS Online StoryMaps involved 
organization and integration in a unified structure of multiple types of data and 
materials. ArcGIS Pro was used for preparation of cartographic and spatial 
components. These included maps regarding positioning of Țara Călatei, location 
of Bocskai Castle, access infrastructure, and distribution of noble residences in 
the study area. 3D materials were prepared for online visualization, and video 
representations were uploaded to YouTube and used subsequently in StoryMaps. 
The StoryMaps structure was organized progressively, from territorial and 
cultural contextualization of Țara Călatei and presentation of noble residences to 
focus on Bocskai Castle. Materials on location and access, historical context, 
architecture, and three-dimensional representation were integrated successively, 
each section bringing together, as appropriate, textual, cartographic, 
photographic, graphic, and multimedia components. The 3D virtual tour 
component consists of three complementary sections, presented in Section 4.3. 
StoryMaps also includes a methodological section on UAV data acquisition and 
processing, completed by representation of the point cloud resulting from 
photogrammetric processing. 

 
4. RESULTS 
4.1. Historical Significance and Current Perception of Bocskai Castle 

Information obtained from the interview with the local history specialist 
outlines the castle's evolution in relation to changes in ownership, function, and 
economic profile of Aghireșu locality. Constructed between 1569 and 1572 by 
the Bocskai family, the castle constitutes an example of Transylvanian 
Renaissance architecture, characterized by a quadrilateral plan with interior 
courtyard, massive walls, and stone decorative elements (Fig. 3). Its initial 
function was as a noble residence, and the architectural configuration denotes the 
social status of the owner. In the context of political and military instability in 
Transylvania in the sixteenth century, the castle also had a protective function for 



the domain population, without constituting, however, a proper military 
fortification. 

 
Fig. 3. Planimetric configuration and aerial view of Bocskai Castle in Aghireșu. Left: 

castle plan, adapted from https://varak.hu/sight/index/1473-Egeres-Bocskay-
varkastely/; right: author’s UAV image of the surviving ruins. 

 
After the period in which it was owned by the Bocskai family, the castle 

successively passed to other noble families, including the Csáky family, and its 
function within the domain gradually changed. 

“The castle ceases to be a noble center, it will no longer be a noble 
residence, subsequently becoming a feudal domain center and a 
space for collecting tithes” (local historian M. M.). 

Use of cellars for wine storage and existence of a distillery indicate 
orientation of the complex toward economic activities of the domain. With 
development of the mining-industrial profile of Aghireșu, the castle was 
subsequently also used as residential space for mining families. Degradation of 
the castle occurred progressively, with loss of its functions and reduction of 
building use. According to the respondent, the decisive moment was the winter 
of 1948, when ,,the wooden ceiling was rotten, it was not maintained [...] and 
one night it collapsed” (local historian M. M.), after which the castle became 
impassable. 

Currently, Bocskai Castle is listed in the List of Historic Monuments with 
code CJ-II-m-B-07511 and is registered in the National Archaeological Repertory 
with code 55482.07, where it is recorded with severely affected conservation 



status (Fig. 4). At the level of local public administration, the monument is 
included in Aghireșu Commune's Development Strategy 2019–2029, in the 
context of measures regarding renovation and valorization of local heritage. 

 
Fig. 4. Current condition of the ruins of Bocskai Castle in Aghireșu. Left: aerial view 

of the ensemble; right: view of the surviving walls. 
 
Analysis is completed by examination of the 80 reviews published on 

Google Maps in the period 2018–2026. Based on expressed sentiment, reviews 
were classified into three categories: 37 positive, 22 negative, and 21 neutral. 
Comparison of this distribution with the frequency of themes addressed in 
comments shows that the overall rating does not always reflect the experiences 
and problems described by visitors. The most frequently encountered themes 
were sentiment expressed by commentators (n = 17) and state of ruins and 
landscape (n = 13), followed by accessibility (n = 6) and aesthetic aspect of the 
site (n = 5) (Table 2). 

 
Table 2. Frequency of themes and sub-themes identified in Google Maps reviews of 

Bocskai Castle 
Theme Subtheme Number of reviews 

Sentiment expressed by the 
reviewer Disappointment 7 

 Dissatisfaction 4 

 Sadness 3 

 Nostalgia 2 

 Hope 1 
Condition of the ruins and 

landscape Poor condition 13 



 Good condition 0 
Accessibility Low accessibility 4 

 Moderate accessibility 2 

 Good accessibility 0 
Appearance Beautiful appearance 5 

 Ugly appearance 0 

 Mediocre appearance 0 
Stories and descriptions Historical references 2 

 Personal impressions 1 
Recommendations and 

observations Positive recommendations 1 

 Negative recommendations 1 
No informational value Low informational value 2 
Note: The frequencies indicate the number of reviews in which each subtheme was 

identified. A review may contain multiple themes or subthemes, so the values are not 
mutually exclusive and should not add up to the total of 80 reviews. 

 
Analysis of sub-themes highlights that most critical references concern 

the state of ruins and landscape, evaluated as poor in 13 reviews, without any 
assessment of the state as good. Abundant vegetation, absence of maintenance 
interventions, and building degradation are illustrated through observations such 
as 'The location is not maintained, weeds are abundant and access is difficult'. 
The negative character of these evaluations is also reflected in the affective sub-
themes, with disappointment in 7 reviews, dissatisfaction in 4, and sadness in 3. 

Accessibility is evaluated as poor in 4 reviews and moderate in 2, without 
any positive evaluation. Comments particularly indicate lack of signage and 
difficulty navigating the path to the ruins. One review mentions that there is 'easy 
vehicular access nearby', but pedestrian access is hindered 'both by lack of an 
indicator and by abundant vegetation'. Access to the vicinity of the site therefore 
differs from access to the monument itself. Despite these evaluations, the 
aesthetic and historical value of the ruins remains present in visitors' perception. 
The sub-theme regarding beautiful appearance of the site appears in 5 reviews. 
The castle is described as 'a majestic and beautiful Renaissance building'. 

Taken together, the interview and the review analysis reveal a contrast 
between the historical and architectural significance of Bocskai Castle and 
current conservation and visitation conditions. 



 
4.2. Reality-Based Digital Reconstruction of Bocskai Castle 

Processing of the set of 6,986 images generated a series of 
complementary digital products used for investigating and representing Bocskai 
Castle. The processing workflow included generation of the point cloud, digital 
surface model (DSM), orthophotoplan, and textured three-dimensional 
representation. 

The point cloud constituted the three-dimensional geometric foundation 
of the research, bringing together points with three-dimensional coordinates 
resulting from photogrammetric processing. With estimated precision of 
approximately 2–3 cm, it preserved the spatial distribution of built elements, 
terrain, and other surfaces recorded during acquisition (Fig. 5). 

 

 
Fig. 5. Georeferenced point cloud of Bocskai Castle generated from the UAV 

photogrammetric dataset. 
 
The digital surface model (DSM) rendered the altitudinal configuration 

of the site at moment of data acquisition, including relief, built structure, and 
vegetation. This enabled examination of the relationship between Bocskai Castle 
and immediate topography. Within the analysis, the DSM was also used to 
identify areas requiring completion of photogrammetric coverage before the third 
flight mission. 



The orthophotoplan provided a georeferenced two-dimensional 
representation of investigated surfaces, obtained through geometric correction of 
images. With average resolution of approximately 2 cm/pixel, this enabled 
examination of visible details of construction in a plane related to its actual spatial 
position. Could be identified fragmentation of masonry, chromatic variations and 
materials of surfaces, zones affected by erosion, and the relationship between 
built structure and vegetation partially covering the complex. 

Based on photogrammetric data, a three-dimensional mesh was 
generated, composed of a network of polygons through which the form and 
volumetry of the conserved components of Bocskai Castle are represented (Fig. 
6). Unlike the point cloud, in which geometric information is preserved in the 
form of discrete points, the mesh constituted a continuous three-dimensional 
surface of the castle structure. It preserved structural discontinuities, gaps, and 
material losses existing at moment of UAV survey, without completing missing 
elements. 

 

 
Fig. 6. Triangulated mesh generated from the photogrammetric reconstruction of  

Bocskai Castle 
 

For application of photographic textures, the three-dimensional geometry 
was prepared through UV mapping, a process through which the mesh surface 



was unfolded in a two-dimensional plane and correlated with images used for 
texturing (Fig. 7). This stage ensured correlation of reconstructed geometry with 
photographic images used for generation of the final model. 

 

 
Fig. 7. UV unwrap generated for texture mapping of the reconstructed surface. 

 

 
Fig. 8. Final textured three-dimensional representation of Bocskai Castle derived 

from UAV photogrammetry 
 



The three-dimensional model was generated through association of 
photogrammetric geometry with photographic information, with the aim of 
rendering the physical configuration of the monument at the moment of data 
acquisition. It preserved degradations, discontinuities, and material losses, 
without completing or reconstructing missing components (Fig. 8). The resulting 
model subsequently formed the basis for creation of video sequences integrated 
in spatial storytelling. 
 
4.3. Spatial Storytelling for Virtual Exploration of Bocskai Castle 

Research results were integrated, through the ArcGIS StoryMaps 
platform, into a digital narrative that begins with the territorial context and noble 
heritage of Țara Călatei and leads toward virtual exploration of the case study of 
Bocskai Castle (available at: https://arcg.is/1jHqni2). Titled From ruins to digital 
stories: Bocskai Castle, a landmark of noble heritage in Țara Călatei, the 
StoryMaps integrates textual content, maps, historical images, photographs taken 
during documentation, photogrammetric products, and video materials (Fig. 9). 

 

 
 

 
Fig. 9. StoryMaps interface 

 
The narrative pathway is structured in eleven sections. The first of these 

are dedicated to the territorial and cultural context of Țara Călatei through 
presentation of landmarks defining the region's specificity. Location, relief 



characteristics, and predominantly rural character are associated with elements of 
ethnographic and architectural heritage, such as traditional homesteads and 
buildings associated with former noble estates. 
Subsequently, noble residences identified in the region are presented through a 
map highlighting their spatial distribution and a comparative inventory. The 
narrative sequence synthesizes information regarding typology of monuments, 
construction period, current functionality, conservation status, and existence of 
resources for visitation. This component positions Bocskai Castle within the 
context of noble heritage of Țara Călatei and permits comparison of its situation 
with that of other residences, particularly from perspective of conservation, use, 
and valorization. 

The narrative for the case study begins with the location of Bocskai 
Castle in relation to the region, county, and Aghireșu locality, continuing with 
presentation of historical evolution and architectural characteristics of the 
monument. Bibliographic information is completed with fragments from the 
interview conducted with a specialist in local history, referring to evolution of 
property, change of functions, and castle degradation. 

Virtual exploration of Bocskai Castle is structured in three successive 
sections, based on video renderings generated from the reality-based three-
dimensional representation (Fig. 10). The first section, 3D Rendering: Aerial 
view of Bocskai Castle and surroundings, provides a comprehensive perspective 
on building configuration, its location in the local context, and access to the 
castle. The second section, 3D Virtual Tour: Castle components, presents the 
three-dimensional model of the complex from exterior perspective, highlighting 
its principal components, such as the main building, southeastern bastion, 
southwestern bastion, and interior courtyard. The third section, 3D Virtual Tour: 
Exterior and interior of the castle in detail, continues exploration at closer range, 
with emphasis on architectural details of the construction. The sequence reflects 
elements such as entrances, windows, and frames, alongside other particularities 
of conserved structure, identified through explanatory labels. 

 
 



Fig. 10. StoryMaps 3D virtual tour sections 
 

The story maps continues with a photo gallery with images of Bocskai 
Castle, inserted with role of illustrating principal visible characteristics of the 
structure, such as masonry, materials, degradations, and conserved architectural 
fragments. 

After the sections dedicated to presentation and exploration of the castle, 
StoryMaps introduces the methodological component, dedicated to UAV data 
acquisition and processing. This is followed by the 3D Point Cloud: Structural 
study component, which integrates a video published on YouTube showing the 
points resulting from photogrammetric processing. 

Combined in a single digital pathway, these components make 
StoryMaps function as support for monument presentation and as an instrument 
for promotion and valorization of noble heritage from Țara Călatei and 
dissemination of research results. 

 

5. DISCUSSION 
The results align with research using UAV photogrammetry and reality-

based technologies in study of cultural heritage, where three-dimensional 
representations based on empirical data are used for analysis, conservation, and 
valorization of historical monuments (Bekele et al., 2018; Ulvi, 2021; Ke et al., 
2025). Literature in the field of virtual heritage differentiates these 
representations from hypothetical digital reconstructions through direct 



relationship between digital model and physical characteristics of the existing 
structure (Dellepiane et al., 2013; Champion, 2015). The results obtained for 
Bocskai Castle provide an example of application of reality-based technologies 
to a degraded noble residence in rural environment. The three-dimensional model 
reproduces the conserved configuration of the monument, including visible 
degradations and discontinuities, without completing missing components. The 
research thus contributes to extending application of this approach to partially 
conserved and difficult-to-access structures, and the resulting model can be used 
as support for presentation and digital valorization of heritage. 

A second contribution of the research concerns integration of reality-
based representations in spatial storytelling approaches. Recent literature on 
digital storytelling highlights the potential of interactive narrative structures to 
organize information and user experience in digital environments (Mason & 
Vavoula, 2021; Pressgrove & Bowman, 2021; Giovannini, 2025). The study 
applies this perspective to degraded architectural heritage through correlation of 
three-dimensional representation of Bocskai Castle with geographic, historical, 
and architectural information. The proposed approach addresses limitations 
highlighted by analysis of virtual tours in Romania, where rural heritage has 
reduced representation, and narrative components are integrated only to limited 
extent (Pop et al., 2025). Spatial storytelling is thus used as an instrument for 
digital valorization of architectural heritage, adapted to monuments for which 
physical access, conservation, and integration into visitation circuits may be 
limited. 

From a practical and managerial perspective, the results indicate uses of 
digital products that exceed virtual exploration of the monument. The three-
dimensional model, orthophotoplan, and spatial data obtained through 
photogrammetric processing can support further investigations of the structure 
and provide useful information for conservation, rehabilitation, or cultural 
management projects. The România Atractivă programme, developed through the 
National Recovery and Resilience Plan (PNRR), includes 12 cultural routes and 
275 objectives, including the Route of Manor Houses in Transylvania, dedicated 
to Hungarian noble residences (Ministry of Investments and European Projects, 
2024). In parallel, the ePatrimoniu project, implemented by the Ministry of 
Culture, aims to develop a digital infrastructure for centralization, management, 
and accessibility of information regarding cultural heritage, including through use 



of 3D digitalization technologies 
(https://mfe.gov.ro/map2021/project.php?smis=320807). The case of Bocskai 
Castle highlights the potential of using digital technologies for degraded rural 
monuments, difficult to integrate in conventional visitation circuits or short-term 
restoration projects. For this category of heritage, photogrammetry can contribute 
both to increasing public visibility and generating data usable in processes of 
evaluation, conservation, rehabilitation, and cultural planning. 

 
6. CONCLUSIONS 

This study aimed to develop and apply a methodological approach that 
integrates UAV photogrammetry and spatial storytelling for exploration and 
promotion of degraded historical architectural heritage, using Bocskai Castle in 
Aghireșu as a case study. The research produced a virtual tour, presented through 
ArcGIS StoryMaps, in which three-dimensional representation of the monument 
is integrated in a spatial narrative bringing together geographic, historical, and 
architectural information. 

Data acquired through UAV enabled generation of a 3D model, an 
orthophotoplan, and a point cloud, usable for analysis of spatial configuration, 
construction characteristics, and conservation status of the monument. Results 
show that, even in the case of a degraded and partially inaccessible structure, 
UAV photogrammetry can provide spatial and visual data sufficient for 
investigation of the existing structure and its translation into a virtual experience 
(RQ1). Use of ArcGIS StoryMaps enabled valorization of these results in an 
openly accessible online digital product and organization in a narrative form 
oriented toward monument presentation (RQ2). 

StoryMaps is structured in 11 sections, three of which are dedicated to 
the virtual tour. A separate section presents the point cloud resulting from 
photogrammetric processing. 

The research was complemented by information obtained from the 
interview conducted with a local historian and from analysis of reviews published 
on Google Maps. These brought into discussion both the historical significance 
of the monument and the manner in which visitors appreciate the cultural value 
of the castle in relation to its current conservation status. The methodology used 
can be adapted to other noble residences from Țara Călatei, with adjustment of 
content and modes of presentation to the particularities of each site. 



The research has three main limitations. First, the methodology was 
applied to a single case study, without the possibility of comparing results for 
monuments with different architectural configurations and degradation degrees. 
Second, the digital product was not empirically evaluated among users, so its 
impact on understanding of the monument, interest in heritage, and appreciation 
of its cultural value was not measured. Third, the level of tour interactivity is 
limited by the predominantly guided character of the pathway. Exploration relies 
on labels, pre-established sequences, and video materials integrated through 
YouTube, without the possibility of direct and autonomous navigation in the 
three-dimensional model or interactive selection of elements of interest. 

Future research could extend this approach toward a larger sample of 
noble residences from Țara Călatei, to analyze adaptability of the methodology 
to different architectural contexts and conservation degrees. Subsequent 
development of the tour can include more interactive features and immersive 
technologies, such as VR and AR, as well as evaluation of how different modes 
of representation and contextualization influence user experience and their 
relationship to degraded heritage. 
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