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Abstract: The Earl’s Palace of Oliva was one of the finest examples of late Gothic and early
Renaissance architecture in the Valencian region. Inside, it featured some of the period’s most
exquisite curtain portals, handcrafted from gypsum. Despite being designated a Cultural Heritage
Site (CHS) in 1920, the palace was demolished in the 1950s and replaced with residential buildings.
This study presents research aimed at digitally reconstructing one of its Golden Halls (Hall Nr. 12),
based on graphic documentation created by Danish architects Egil Fischer and Vilhelm Lauritzen
between 1917 and 1920. These documents, currently preserved in the Archaeological Museum of
Oliva (AMO), provide valuable insights into the hall’s original design. By utilizing Virtual Reality
(VR) and Augmented Reality (AR) techniques, this work allows us to visualize how the hall appeared
in the early 16th century when it was remodeled by Serafin de Centelles. Furthermore, to enhance
accessibility for visually impaired individuals, the study introduces tools designed for the haptic
interpretation of this historical space.

Keywords: cultural heritage; late gothic; curtain doorway; digital reconstruction; virtual reality;
augmented reality; haptic interpretation

1. Introduction

The physical visit to real architectural spaces is considered an unparalleled experience in which
the multitude of stimuli and sensations received are very difficult to reproduce by virtual systems.
However, the generation of three-dimensional models of architecture is still interesting, being
especially relevant in the case of the disappeared architecture, since they are the only way in which
its configuration and characteristics can be observed.

There are different techniques that have been developed in recent decades in the field of Human
Computer Interaction (HCI) and Computer Graphics around experimenting with digital
environments and objects. The most widespread are VR [1 & 2] and AR [3]. These techniques are
generated by computers and the use of specific devices that allow users to be provided with
immersive experience in a simulated (VR) or semi-simulated (AR) world. However, more complex
systems such as the Cave Environment have been developed [4].

These technologies offer a new way of perceiving our world, and we are constantly working to
find the most real experience possible and/or stimulate a better experience of interaction with the
computer. This way of interacting with the environment and objects has multiple applications in
various fields such as the military, health, video games, museums [5], education [2] or Architectural
Heritage. The latest developments in these technologies are based on the use of the cloud and greater
ease of use that enables better usability and accessibility to the technology by non-expert users.

The most common VR and AR case studies are archaeological sites where historical elements
need to be reconstructed by CAD systems based on historical information, such as the archaeological
site of Pausilypon in Naples (Italy) where a hypothetical CAD reconstruction of a maritime villa from
the Roman period was carried out and concluded that immersive systems could increase the interest
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of non-expert users in the site studied, such as the study by Bakar et al., on user requirements for VR
exposures [6]. Immersive systems offer the possibility of visualizing hypothetical reconstruction [7].
In addition, the fact that the 3D reconstruction of the place has been developed implies an advance
in the pedagogical goals of cultural heritage studies [8], specifically in its application to architectural
heritage, and its relationship with both urban environments [9] and the landscape [10].

Sometimes the role of VR or AR in cultural heritage is closely related to tourism objectives, such
as the Roman theatre of Byblos [11]. In these experiences, it is interesting to have studies that assess
the public’s reactions [12].

Augmented Reality (AR) has proven to be a key tool in education, research, and the
dissemination of architectural heritage, enhancing spatial understanding and interaction with
historical environments. Its implementation in education requires high-quality standards in content
and accessibility [13], while in heritage tourism, it has developed as a strategy to provide immersive
experiences and increase visitor engagement [14,15]. Additionally, its use in the conservation and
digital reconstruction of heritage facilitates its study and dissemination [16]. However, challenges
remain in terms of cost, acceptance, and technological development [17].

The main objective of this work is the creation of educational materials with various
applications, including their use in museums. In this regard, it is relevant to highlight certain aspects
of the definition of a museum [18], which describes it as an institution that serves society by
researching, collecting, preserving, interpreting, and exhibiting heritage. Museums must be open to
the public, accessible, and inclusive, promoting diversity and sustainability while offering diverse
experiences for education, enjoyment, reflection, and the exchange of knowledge.

Another important objective of this work is to ensure the accessibility of the dissemination
materials produced. In this case, special consideration has been given to individuals with visual
impairments. In this regard, the contribution of Tiflological Museums to society should be
acknowledged, such as the ONCE Museum in Madrid, which dedicates one of its halls to
architectural monument models [19].

In addition, it is worth noting the importance of generating inclusive resources to facilitate access
to architectural heritage to the widest possible range of people, regardless of their cognitive, visual,
auditory and/or motor abilities, in line with the philosophy of inclusive design [20]. The creation of
educational materials for museums plays a key role in fulfilling the mission of these facilities to
educate, interpret and engage the visitors. These materials can take a variety of forms, such as
interactive exhibits, guided tours, multimedia presentations and even tactile-visual exhibits, all
designed to enhance the visitor's understanding and appreciation of the architectural or cultural
heritage being presented. By developing diverse and accessible educational resources, museums can
cater to a wide range of learning styles and abilities, ensuring that the knowledge and cultural
significance of their collections are effectively communicated to all visitors, while democratizing and
expanding access to knowledge.

Accessibility is a crucial aspect of museum education and architectural heritage education,
particularly for individuals with visual impairments in the case of this study. The development of
tactile models, audio descriptions, and Braille labels are examples of how museums can make their
collections more inclusive. Tiflological Museums, such as the ONCE Museum in Madrid, showcase
the potential of these approaches by featuring architectural monument models that can be explored
through touch. This inclusive approach not only benefits those with visual impairments but also
enriches the experience for all visitors by providing multi-sensory engagement with the exhibits. By
prioritizing accessibility and inclusiveness in the creation of educational materials, museums can
fulfill their role as institutions that serve the entire community, promoting diversity and fostering a
deeper understanding of our shared cultural heritage.

Finally, within the scope of this study, it is useful to address at least three major groups of
resources that are used primarily in the field of education and museology, among other disciplines.
Firstly, it is worth mentioning conventional visual and text resources commonly used. Secondly,
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digital resources such as Augmented Reality and/or Virtual Reality and, finally, haptic resources
[21,22].

The work presented is based on a previous work of graphic restitution that has made it possible
to define a relevant case of disappeared architecture. It is a work developed with a specific research
methodology, which through the study of different documentary sources allows the generation of
complete graphic documentation [23-25]. Likewise, the work has been based on previous experience
from other research studies conducted by the authors [26-28].

2. The Study Case

The Earls’ Palace in Oliva was one of the most significant buildings of late Gothic and
Renaissance Valencian architecture. Today, only some remnants remain; however, the graphic study
and inventory carried out by Egil Fischer and Vilhelm Lauritzen (1919-20) have left behind an
extensive collection of sketches, drawings, and photographs [29,30]. Built by the Centelles family of
Oliva and Nules, construction began in the 14th or early 15th century. The “Roman-style”
embellishments made between 1480 and 1536 [31] are attributed to Serafi de Centelles Riu-Sec
(t1536). Among its most distinctive architectural features were its Gothic-Renaissance portals and
windows [32], as well as its polychrome wooden coffered ceilings and beams, typical of the period.

The Golden Hall [33], or Room 12 according to Fischer’s inventory, was located on the first floor.
With its late Gothic-style portals and polychrome rhomboidal coffered ceiling, it was, along with the
Hall of Arms, one of the most remarkable halls in the palace (see Figures 1 and 2). It was almost
entirely documented by the Danish architects [35].

® S

Figure 1. Main Floor of the Palace. Location of the Golden Room. Source: author.
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Figure 2. Floor plan of Golden Room. Source: author.

2.1. Portals

The three portals in the Golden Hall (Door 12, Door 13, and Door 28) display distinct late Gothic
features in their arches and the bases from which the main moldings emerge. These bases consist of
two small columns with varying diameters and a convex molding that shapes both the jambs and
arches.

e Doorway 12 is made up of a mixtilinear carpanel arch on its lower surface, transitioning into a
mixtilinear flamboyant Gothic on its upper surface. The convex molding does not maintain a
consistent diameter throughout the arch, introducing additional complexity that was accurately
defined through its 3D layout. The initial documentation prepared by architects Fischer and
Lauritzem, used for the reconstruction of this portal, consists of two blueprints (LA1138 and
LA1139) and a photograph (Picture Nr. 77, Large Photo Album, p. 17A) [34] (see Figure 3).

o

Figure 3. Portal 12 documentation: left: blueprint Nr. LA1139, right: picture Nr 77. Source: E. Fischer and V.
Lauritzem, 1919-20. AM.O.
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e Doorway 13 features a depressed trilobed arch with moldings similar to those of Doorway 12.

The documentation used for the reconstruction of this portal consists of two blueprints (LA1145
and LA1146) and a photograph (picture Nr. 63, Large Photo Album, p. 14R) [34] (see Figure 4).

Figure 4. Portal 13 documentation: left: blueprint Nr. LA1146, right: picture Nr 63. Source: E. Fischer and V.
Lauritzem, 1919-20. A.M.O.

Doorway 28 has a depressed arch on its lower surface, transitioning into a pointed arch on its
upper surface with moldings consistent with the other portals. The documentation used for the

reconstruction of this portal consists of two blueprints (LA1143 and LA1144) and a photograph
(picture Nr. 64, Large Photo Album, p. 14R) [34] (see Figure 5).

Figure 5. Portal 28 documentation: left: blueprint Nr. LA1144, right: picture Nr 64. Source: E. Fischer and V.
Lauritzem, 1919-20. AM.O.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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2.2. Window

Window W-4 is significantly taller than the portals and features a depressed arch. Its main
moldings are identical to those of the portals with one key distinction: its bases do not originate from
the flooring but instead rise from the wall supported by a crown-shaped base. The columns are
adorned with capitals featuring vegetal and zoomorphic decorations. The most distinctive feature of
this window, however, is its festejadors, a built-in stone or masonry bench located on the interior sides
of the window, characteristic of Mediterranean Gothic architecture. These architectural elements
were commonly found in palaces and noble residences in regions such as Catalonia and Valencia
during the late Gothic and first Renaissance. The documentation used for the reconstruction of the
window consists of two blueprints (LA1196 and LA1197) and three photographs (pictures Nr. 76, 77,
and 78, Large Photo Album, p. 17A) [34] (see Figure 6).

i
ety
[_1
ol

Figure 6. Window 4 documentation: blueprint Nr. LA1197. Source: E. Fischer and V. Lauritzem, 1919-20.
AM.O.

2.3. Wood-Coffered Ceiling

One of the most striking elements in this architectural space is undoubtedly its rhomboidal
coffered ceiling, which bears similarities to those found in other buildings of the era, such as the
Generalitat Palace in Valencia and the Palace of the Dukes of Segorbe [35]. The coffered ceiling was
decorated with gold leaf, which is why the room is called the Golden Hall. The documentation used
for the reconstruction of the coffered ceiling consists of four blueprints (LA1114, LA1115, LA1116,
and LA1117) and a photograph where it can be partially seen (picture 77, Large Photo Album, p. 17A)
[34] (see Figure 7).
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Figure 7. Coffering ceiling documentation of hall 12: blueprint Nr. LA1116. Source: E. Fischer and V. Lauritzem,
1919-20. AM.O.

2.4. Flooring

Although the exact design of the flooring is unknown, we know that it was covered with white
tiles decorated in blue. To reconstruct its possible appearance, a hypothesis has been developed based
on the original flooring found at the Palace’s Tower of the Comare, now in the MAO (see Figure 8
left) based on the flooring design of the Golden Halls in the Generalitat Palace of Valencia. (see Figure
8 right). The dimension of the tiles is 12 x 12 cm.

’./AV
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Figure 8. Left: Original flooring found at the Palace’s Tower of the Comare (MAO). Right: Hypothesis for
flooring design based on the tiles from the Tower of the Comare and the design of flooring of the Golden Halls
of the Generalitat Palace.

3. Materials and Methods

This section will present the starting materials available, as well as the equipment, graphic tools,
and work methodology used for the development of this study.

3.1. Materials
3.1.1. Digital Restitution

As the starting material for this work, a CAD file containing the entire geometry of the Golden
Hall in a single 3D model was available.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Based on the original plans by Fischer and Lauritzen, a process of graphic restitution has been
carried out by rectifying and scaling the digital files of the original plans and modeling each of the
pieces in 3D using CAD, relying on the information contained in these plans and supported by
photographs [34]. To interpret these complex forms, similar facades of contemporary existing
buildings have been analyzed. The general dimensions have been obtained from the measurements
included in the plans by Fischer and Lauritzen, while the rest were determined by scaling and
dimensioning the original plans. Once the elements were individually modeled, they were assembled
into a single CAD file (see Figure 9).

The floor plan measurements of the hall were obtained from the coffered ceiling plan (12.04 x
5.46 m), and to determine the total height of the hall, the blueprint of doorway 12 was used and
proportioned according to the height of the doorway in photograph 77, resulting in a total height of
5.60 m. The CAD file was exported to an OBJ format consisting of 136,600 polygons. This complete
graphic process was carried out in previous research works [24-26] and has been used as the starting
material for this study.

Figure 9. Golden Hall. 3D CAD file.

3.1.2. AR Tools

For the visualization of architectural elements using AR techniques, the following tools have
been used:

e  Sketchfab 2.17.0 mobile app installed on a smartphone or tablet.
e  Sketchfab’s online platform for uploading the 3D model to its server and sharing it for viewing
[36].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.2180.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 May 2025 d0i:10.20944/preprints202505.2180.v1

9 of 25

e A smartphone with the following specifications: Android v. 8.0.0, 2 GB of RAM, ARCore
Technology v. 1.19.202100823 [37] (Open-Source License); and the Google Chrome browser of
Google services to compose and share the link on an Internet server.

3.1.3. VR Tools

For the visualization of the Golden Hall using VR techniques:

e Meta Quest 3 VR glasses with the following features: 512 GB storage, 2 RGB cameras with 18
PPD, 8 GB DRAM, 2064 = 2208 pixels per eye display resolution, refresh rate 72,9-120 Hz, 110°
horizontal and 96° field of view, 2.2 hours battery life, Wi-Fi connection.

e  Minimum PC Requirements: Processor, Intel i7 / AMD Ryzen 7; Graphics Card, Nvidia RTX 20
Series* / AMD Radeon RX 6000 Series; Memory, 16 GB DDR4 RAM.

e  Sketchfab’s online service to upload the 3D model to this website’s server and share it for
viewing (Sketchfab, 2025).

3.1.4. Multimodal Panels

For the realization of the multimodal panels, the following tools have been used:

e  Fused Deposition Modelling (FDM) Ultimaker S3 Printer for the printing of tactile models. Fused
Deposition Modeling (FDM) is an economical technique within the domain of rapid prototyping
[38], which facilitates the production of tactile scale models intended for haptic applications.

e  WIX Platform for the design of the web page. WIX is a platform designed for the creation of
websites. It provides tools and features that facilitate the design and construction of web pages,
even for individuals lacking advanced technical skills. Users have the option to select from
various templates, utilize drag-and-drop elements, and customize multiple aspects of their site’s
appearance and functionality through WIX’s user-friendly interface.

3.2. Methods

In this section, the methodology followed for each of the tools applied in this case study will be
presented.

3.2.1. Restitution Process

To apply VR or AR, it is necessary to generate a digital environment or object using specific CAD
files and software. These digital models allow the space of the room to be shown, with its shape and
its general dimensions. Unique elements such as the coffered ceiling, the portals and the large
window are also defined. Different finishes have been incorporated: the white of the walls, the gilding
of the coffered ceiling and the design of the flooring, as well as the natural lighting through the large
window. It has not been possible to incorporate other elements such as furniture, due to the lack of
sufficient information. The work has focused exclusively on the reconstruction of the architectural
space.

The steps to visualize a model, with AR or VR, in this case have been:

Creation of a CAD model generated with modeling.

Export CAD model to OB]J format.

Conversion, transformation, or editing of CAD models to AR or VR.
Share the 3D model through a host (Sketchfab).

Add textures to the model (walls, flooring and coffer ceiling).
Viewing from a device.

Due to changes in technology, this process could change in the coming years. There is a large
body of literature dealing with this issue in the field of architectural heritage, archaeological sites and
museums which describe cases and typical workflow to ensure a successful application of these
techniques of VR an AR to the architectural heritage. [39-41].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3.2.2. AR creation process

AR is a mixed reality that allows reality to be visualized through a device that superimposes
additional information, such as the restitution of missing elements.

There are several ways to generate a virtual object or environment using 3D modeling. On one
hand, CAD tools such as SolidWorks, Autodesk Revit, Rhinoceros, and SketchUp, among others, can
be used. On the other hand, many mobile applications are available for visualizing CAD models in
augmented reality (AR). However, Google technologies provide a free method to facilitate the final
step of this process for use on Android devices.

The first step involves starting with a 3D CAD file. In this case, a 3D CAD model of the
reconstruction of window W-4 of the Palace of Oliva (see Figure 10) and the Palace of Oliva (see
Figure 11) have been used.

Figure 10. 3D CAD model of window W-4 of the Palace.

o

Figure 11. Rendered 3D CAD model of the Palacio de Oliva.

Once the CAD file is obtained, it must be exported (preferably in an optimized STL format) with
fewer than 10,000 polygons to ensure compatibility with the AR system.

Next, the STL file must be uploaded to a Sketchfab (https://sketchfab.com/) account to be shared
on a public host for AR visualization.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The final step is viewing the model using a device, typically a smartphone. In this study, an
Android smartphone (v. 8.0.0) with an open-source license of the ARCore Service
(https://developers.google.com/ar/arcore) was used (see Materials section). Finally, the generated
link must be opened on the smartphone for visualization (see Results section).

3.2.3. VR Creation Process

VR allows immersive experience inside the room. By means of its actual displacement, it can
experience the sensation of space and visualize different points of view.

For VR, one of the simplest methods is to use an online platform dedicated to sharing 3D CAD
models, allowing the model to be prepared for free.

The process begins with a 3D CAD file—in this case, a model of the Golden Hall. The three-
dimensional model was developed utilizing the computer-aided design software Rhinoceros version
8.

Next, the CAD file must be exported in one of the formats supported by the Sketchfab platform,
such as FBX, OBJ, DAE, BLEND, or STL. In this study, an Obj file was utilized, and additionally, it
was necessary to include an mtl file containing the material structure data of the maps and textures,
as well as the textures employed in the scene configuration.

Then, the uploaded model must be shared on Sketchfab, ensuring that the VR display mode is
enabled.

Finally, the 3D model is visualized using a device. In this study, the Meta Quest 3 headset was
used (see Figure 12). However, a simpler alternative is to use a smartphone with a VR Cardboard
viewer (see Figure 13). In this instance, to visualize the model using the Meta Quest 3 VR headset, it
was necessary to synchronize the VR headset with the computer via a shared Wi-Fi network.
Additionally, the computer must have the appropriate control software from the Meta company
installed.

Arquitectura
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Figure 12. Visualization of an architectonical model with Meta Quest 3 headset.

Figure 13. Caption of the Hal with a VR Cardboard viewer.

3.2.4. Multimodal Panels

They incorporate, on the one hand, physical models, interesting for all types of audiences and
that allow tactile interpretation. It also introduces additional material in the form of texts, with a
Braille version. It is complemented by the link to the website, incorporating new information such as
audio in different languages.

For the creation of the tactile models of the portals, window, and coffered ceiling, the same 3D
digital models used in the rest of the tools have been utilized. The CAD files were exported in STL
format, and the meshes were reviewed and repaired using Meshlab software. For the floor plans, 2D
CAD files were used as a starting point, their shapes were simplified to facilitate interpretation by
visually impaired individuals, and the walls were extruded to obtain 3D models. These models were
then exported in STL format, following the same process as the other pieces.

For the realization of the multimodal panels, the design recommendations of various
organizations with extensive experience have been followed in order to design the visual text aspects
and the Braille Code [42—45].

In addition, for the realization of the haptic model, additive manufacturing techniques have been
used to produce the model, specifically a Fused Deposition Modelling (FDM) Ultimaker S3 Printer:
the models have been made in Polylactic acid (PLA), using the Ultimaker Cura 5.8 slicer program.
For the creation of the tactile embossed floor plans, a dual extruder was used, printing in two colors
(white base and black walls). This approach facilitates the comprehension of these panels for sighted
individuals or those with visual impairments (see Figure 14).
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Figure 14. Tactile map of the main floor printed in two colors.

For the design of the web page the free WIX Platform has been used, trying to follow the
pertinent recommendations to expose the information in an accessible way to any User [46].

4. Results

This section may be divided into subheadings and should provide a concise and precise
description of the experimental results, their interpretation, and the conclusions drawn from the
experiments.

4.1. Graphic Restitution

For the graphic reconstruction of the Palace of Oliva, the starting point was the graphic material
produced by the Danish architects Fischer and Lauritzen, stored at the AMO. This material consists
of plans, notebooks, and photograph albums. All this documentation has been digitized, making it
easier to handle and having been previously classified.

After analyzing the existing graphic documentation of each architectural element, the plans and
photographs were corrected and scaled to determine the dimensions of elements not specified in the
plans. This process allowed for the drafting of elevations and sections of the different components.

Subsequently, 3D models of the various elements (portals, window, and coffered ceiling) were
created and then assembled to form the 3D model of the hall, which was exported as an OB] file.

To reconstruct these architectural assets and represent them digitally and virtually, the
reconstruction was based on the graphic documentation prepared by Fischer and Lauritzen for the
Palace of Oliva, along with archival documentation [24-26].

Table 1 shows the characteristics of the files for each of the models that make up the hall, as well
as for the complete. Since these files were obtained through digital modeling, their size is moderate
and it has not been necessary to perform mesh retopology, so their geometry has not been altered.

Table 1. Characteristics of the files for each of the models that make up the hall and of the Golden Hall.

Architectonic CAD File OBJ File
Element MB Triangles (K) [ Sides (K)
Door 12 8,38 24,50 12,30
Door 13 2,03 23,80 11,90
Door 28 2,55 58,20 28,20
Window 4 2,04 11,90 6,00
Coffer Ceiling 13,63 67,60 33,80
Golden Hall 14,61 136,60 64,10

4.2. VR vs. AR for Architectural Visualization

There are certain differences between the two techniques used, VR and VA. Although it is true
that at the level of the process of creating scenarios and objects with these methods (VR and VA) it
can be considered accessible, it cannot be ignored that the creation of 3D scenarios and objects
requires a minimum knowledge of 3D modeling and digitization. In this sense, the development of
applications in the cloud has improved access to certain cultural content.

4.2.1. Augmented Reality

Access by users is simple when it comes to using the AR technique, since visualization can be
done from most devices (desktops, laptops, tablets, smartphones, etc.). Navigation through the
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platform can be done at different levels: from the 3D Visualizer-Renderer on the device’s screen with
which the 3D model is accessed, or also from the device’s camera in AR (see Figure 15).

Figure 15. 3D model of window W-4 of the Palace of Oliva visualized using AR.

4.2.2. Virtual Reality

On the other hand, VR requires a specific device such as “glasses” (see Figure 8) that replaces
the display on a flat screen and the use of gloves or controllers that make it possible to interact with
the scene. The latter technique allows a greater degree of immersion than the previous one by
“isolating” the user in the digital environment (See Figure 16).

Figure 16. View of the Golden Room of the Palace of Oliva (VR).

In any case, these techniques based on free applications on the cloud have significant
shortcomings: limitation of the polygonization of 3D models and the reproduction of textures in a
realistic way.
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Finally, the possibility of including tags that include metadata allows additional information to
be added within the model, such as explanatory texts and old photographs and documents that help
to understand and contextualize these architectural elements (see Figure 17) in an immersive
experience.

Se trata de la portada
numerada como “Door12”en el

inventario de Eguil Fischer. Es
una portada “de cortina™ de
arco conopial mixtilineo. Las
dimensiones de su hueco de
paso eran de 1,05 x 236 m. A
través de ella se accedla a la
Sala 11, otro de los “estudis
daurats™.

Portada 12

Figure 17. View of cover 12 of the Golden Room of the Palacio de Oliva with metadata tag (VR).

4.3. Multimodal Panels

The Hall’s architectural components are elucidated through a series of 9 multimodal panels,
which have been strategically implemented to provide comprehensive contextual interpretation:

¢ Main Floor Plan

¢  Golden Hall Plan

¢  Hypothetical Flooring Design

*  Coffered Ceiling

*  Window W-4 (see Figure 21)

¢ Doorway 12 (see Figure 18)

¢ Doorway 13 (see Figure 19)

*  Base of Doorway 13 (see Figure 20)
¢ Doorway 28

[Eg2E PALAU CONDAL OLIVA portaca 12
GR28 SEpRR0 SHERR G2 GURRER hd o]
ols
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Figure 18. Multimodal Panel of curtain doorway Nr. 12 of the Golden Hall.
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Figure 19. Multimodal Panel of curtain doorway Nr. 13 of the Golden Hall.
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Figure 20. Multimodal Panel of the left base of curtain doorway Nr. 13 of the Golden Hall.
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Figure 21. Multimodal Panel of the Window W-4 of the Golden Hall.

These informational panels have been manufactured by direct printing on 3 mm composite
(Dibon), with dimensions of 680x290 mm, according to the recommendation of maximum size for an
optimum haptic exploration in terms of usability [45]; direct printing allows the creation of elements
in ink, braille and embossing if required. These information panels are divided, from an informative
point of view, into five parts, following the recommendations on information panels oriented to
visually impaired people [45]:

e  Title of the components with access codes (QR code and Navilens code) to accessible hypertext
web (W3C, online) for further information and translation of the title to Braille reading and
writing code. These elements are located on the upper left side.

e  Haptic scale model for haptic scanning in the left area of the panel.

Large and contrasted text in the middle area of the panel, for reading by people with low vision.

The text is presented in three different languages, Spanish, Catalan and English.

Corresponding text in Braille code on the right side of the panel.

Institutional logos of the public entities that have financed the Project, in the lower left part of

the panel.

The arrangement of these elements in their respective positions is attributable to ergonomic
considerations, primarily to facilitate simultaneous haptic exploration and braille code reading,
should the user prefer this approach.

The typography employed in the title and body of the panels utilizes rectilinear forms,
specifically Helvetica typeface, with a 28-point size for the title and 14-point size for the descriptive
paragraphs. The contrast between text and background has been optimized to facilitate reading for
individuals with low vision. The content of the texts has been adjusted to an appropriate cognitive
level, avoiding excessive technical vocabulary that would impede comprehension, as well as
excessive length (150 words) to maintain visitor attention. The embossed text of the Braille code has
been contrasted for users with visual impairment, and its size has been adjusted to the relevant
standards [43]. Furthermore, the model has been dimensioned for a haptic display accommodating
both hands, in which at least the basic general shapes can be perceived [42,44]. Additionally, two
codes have been incorporated to facilitate access to a website where the documentation is expanded.
These codes (QR and Navilens) provide enhanced flexibility of use by functioning as elements that
direct the user to a hypertextual scenario. The web page has been designed adhering, to the extent
possible, to minimum accessibility standards [46] that enable reading for diverse user types,
including visually impaired individuals who, with a verbal text reader on their access device, can
navigate through it (see Figure 22).

Figure 22. Accessible QR code of web page.
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5. Discussion

While numerous studies have investigated the digital reconstruction of architectural heritage
spaces, this work stands out for focusing on a completely lost architectural site: the Golden Hall of
the Earl’s Palace in Oliva. This hall has been reconstructed using high-value heritage graphic
documentation (sketches, plans, and photographs) produced by Fischer and Lauritzen in the early
20th century. This material has enabled a faithful recreation of the original architectural elements and
their dissemination through a range of visual and interpretive resources, making the space accessible
and understandable to a broad and diverse audience.

AR and VR techniques based on free applications on clouds have significant shortcomings:
limitation of the polygonization of 3D models and the reproduction of textures in a realistic way (see
Figure 23).

Figure 23. QR code of Golden Hall at Sketchfab platform.

The values of historical architecture are manifold, and it is essential to reflect on the possibilities
of their transmission. The development of educational materials should consider the advantages and
disadvantages of applying different media and technologies.

For the development of this work, prior experience from other projects in which some of the
techniques used in this work were applied has been considered [26, 27, and 28]. The originality of
this work lies in an integrated strategy for graphic restoration and accessibility, combining different
tools:

e Detailed 3D modeling using CAD tools.

e Augmented Reality (AR) visualization, accessible from mobile devices.

e Immersive Virtual Reality (VR) experiences using state-of-the-art headsets.

e  Haptic and multimodal resources integrated into multimodal panels: tactile models, raised
maps, Braille texts, and QR codes/NaviLens.

This simultaneous combination of tools, aimed at all audiences (with and without visual
impairments), is innovative and pioneering due to its inclusive approach.

The complexity of architectural heritage values and the diverse contexts in which different cases
exist create a broad range of opportunities for material generation and dissemination techniques. This
study applies these Considerations in a specific case, developing various systems for analysis. It
further reflects on the unique characteristics and potential of each system concerning the information
conveyed and the diverse audience it aims to reach.

Table 2 analyzes the four techniques used in this study to represent these architectural elements
(Graphic Restitution, VR, AR, and Multimodal Panels) and the results obtained in this specific case
study, considering both the information provided by each tool and their level of accessibility.
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Table 2. Comparison between different tools.
APPLICATION
Graphic Multimodal
Restitution VR AR Panels
Location Emplacement X X
General space Shapes, dimensions X X X
g Portals & window X X X X
E Unique elements Coffered ceiling X X X X
b Floor X X X X
g Detail Color, texture X X X X
B Environment nght.lng . .S
Sunlight X
Additional information (text - tags) X X X
Remote | X X X
Z |Dynamic vision X X X
;'—: Immersive X
7 Motor X X X X
O |Adapted to different  |Cognitive X X X X
2 |abitities Visual X
Auditive X X X X

5.1. Information

A comparative analysis has been conducted on the information contained in the different media
applied in this studio.

5.1.1. Emplacement

The location of the hall within the palace, as well as the placement of its architectural elements,
has been represented in the graphic restitution documentation through site plan and floor plans.
Specifically, a floor plan of the main level of the palace was developed to identify the position of the
Golden Hall. Additionally, two multimodal panels featuring embossed floor plans were created: one
illustrating the first floor of the palace with the Golden Hall clearly marked, and another detailing
the interior layout of the Golden Hall itself, showing the locations of its various portals and the
window.

5.1.2. General Space

The digital model allows for the interpretation of shapes and dimensions, either through direct
measurement within the digital environment, through graphic or numeric scales in printed formats,
or through graphic scales in digital formats. In the case of VR, the models are scaled in relation to the
user’s avatar, enabling them to be experienced at a real-life scale (1:1), thus offering an immersive
experience of the Golden Hall with all its architectural elements. In this case, since it is an interior
space, a complete AR visualization model has not been developed. The multimodal panels allow the
interpretation of the hall’s overall dimensions through tactile reference scales.

5.1.3. Unique Elements

All the tools make it possible to recreate and interpret the architectural elements individually:
portals 12, 13 and 28, window 4, rhomboidal coffered ceiling and the flooring.
5.1.4. Details

Texture and color can be applied in all tools. In the case of multimodal panels, color can be
applied through painting techniques or color printing for mockups. Indirectly, color and textures can
be found in digital models through the website. In this case, the textures and colors have only been

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.2180.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 May 2025 d0i:10.20944/preprints202505.2180.v1

20 of 25

applied in the digital model, while the coffered ceiling mockup has been given a golden finish,
emulating the original color of the ceiling.

Figure 24. Mockup of the coffered ceiling with golden finish.

5.1.5. Environment

Specific lighting and sunlight conditions can only be obtained through specialized software
using the digital model, although in VR, different lighting conditions could be applied. In the case of
multimodal panels, these parameters can be included through renders or videos created from the
digital model. In the VR model, it has been simulated that the room is illuminated by natural light
coming through Window V4, just as it might have appeared during the day in the past.

5.1.6. Additional Information (Tags)

Different tools can be used to apply tags to digital models, incorporating additional information
such as explanatory texts, images, or old plans that served as a starting point for their creation. Each
element in the room includes a tag with its name, a brief description, as well as historical images that
serve as a starting point for the present work. These tags can be viewed through virtual reality,
allowing for an immersive museum visit by adding additional information to the model. Likewise,
this information can be accessed from multimodal panels by linking to the website through QR codes.

5.2. Accessibility

This section will analyze different aspects related to the accessibility of each tool.

5.2.1. Remote

The different tools allow access from anywhere, offering advantages in cases of complex access
and eliminating the need for travel. This facilitates global accessibility. This aspect does not apply to
multimodal panels, although it does to the website that serves as a supporting tool for them.

5.2.2. Dynamic Vision

The different tools enable users to explore the room and adjust their viewpoint. Nevertheless,
the same constraint discussed in the previous section remains applicable.
5.2.3. Immersive experience

The use of a device such as glasses or a headset enables the simulation of real experience in an
environment where movement and interaction are possible. Only VR provides fully immersive
experience.

5.2.4. Adaptation to Different Abilities

This refers to how each system accommodates users with different abilities: motor, cognitive,
visual, or auditive. All tools ensure accessibility for people with motor, cognitive, or auditory
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impairments, either directly or through an inclusive website. For visually impaired individuals, only
multimodal panels provide a haptic interpretation of the models. However, through the website,
users can print the models themselves by downloading the models, allowing them to interpret them
through touch.

An agreement has been established with the Archaeological Museum of Oliva (AMO) to produce
these multimodal panels, which will allow for future empirical testing of these materials. This will
make it possible to assess their usability and identify any potential weaknesses to be addressed in
future work.

5.3. Exclusion Calculator Analysis

This section presents an analysis of the proportion of the population excluded by the use of
conventional panels compared to the multimodal panels developed in this study, with consideration
given to the capabilities required for their use. These results have been estimated using the Exclusion
Calculator Lite v2.1 [48], a tool developed by the University of Cambridge. To validate the findings,
two analyses were conducted: one involving a visit to a comparable real building (Conventional
visit), and the other examining the multimodal panels developed in this research. The capabilities
assessed include Vision, Hearing, Thinking, Handiness, and Mobility.

5.3.1. Conventional Museum Visit

In this initial assessment, we examined a museum visit to a comparable room situated on the
second floor of a historic building, accessible solely via a staircase lacking handrails, and featuring
panels with explanatory texts and figures. This scenario is typical of many small-scale museum
centers. The resulting exclusion level was determined to be 13.3% (see Figure 25).

Exclusion by capability

Figure 25. Exclusion chart for a conventional visit to a similar building.

5.3.2. Multimodal Panels Visit

In the second evaluation, the interpretation of the Golden Hall was assessed utilizing the
multimodal panels developed in this study. The resulting exclusion level was determined to be 5.6%
(see Figure 26).

Exclusion by capability
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Figure 25. Exclusion chart for the visit using multimodal panels.
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Based on the aforementioned data, there is an enhancement in accessibility, as multimodal
devices have become less exclusive and discriminatory, thereby fostering greater inclusivity for
individuals with diverse abilities. This development not only signifies an improvement in the level
of inclusion but also contributes to a generally enhanced experience for all kinds of visitors.

6. Conclusions

The use of VR and AR in architectural heritage is currently being developed for a more accessible
and simple use, as can be seen in this study. Moreover, if these models, created at local level, are
presented on internet platforms, their dissemination is extended on an international scale, without
restrictions of time or space. These tools facilitate access to historical information and enhance user
experience in educational settings and museums.

Therefore, we can conclude that current techniques, both data collection and modelling, specific
software, as well as the use of VR or AR technologies, together with the exhaustive scientific study of
historic architectural assets, allow us to enjoy all or part of the lost historic buildings in an efficient
way, recovering these partially disappeared architectures.

It would seem appropriate to implement more powerful rendering engines capable of
reproducing volumes and textures with higher definition on free-to-air VR and AR viewing
platforms.

Multimodal panels, such as tactile models with Braille and acoustic information, have been
developed to ensure accessibility for visually impaired individuals. The combination of different
presentation formats (graphic, haptic, and digital) promotes greater inclusion in architectural
heritage dissemination.

Free cloud-based platforms have limitations in realistic texture reproduction and 3D model
resolution. Improving rendering engines and exploring more advanced interactive systems could
optimize the visualization and understanding of architectural heritage in the not-too-distant future.

Given the numerous possibilities of techniques and devices for providing immersive experience,
it is essential to conduct an initial analysis of the target audience and the type of information to be
conveyed, relating this to the effectiveness of each system. This approach makes it possible to
establish an overall strategy for determining both the content and the technologies required to
achieve the optimal result.

This work makes it possible to interpret and visualize this now-disappeared architectural space
in an immersive and accessible way, bringing it closer to all types of audiences. Currently, the only
way to appreciate these architectural elements is through the photographs and plans created by
Ficher and Lautitzem, which makes their interpretation and contextualization challenging. The
architectural pieces created have been adjusted to the measurements of the original blueprints, which
were carried out with great technical precision by the Danish architects. Those elements for which
measurements were not available have been scaled based on the existing blueprints and photographs,
and in some cases, they have been based on similar pieces from the period that still exists today.

This study adopts a multidisciplinary and inclusive approach that goes beyond the digital
documentation and reconstruction of a lost architectural space by adapting it into accessible formats
for a wide and diverse audience. The integration of historical accuracy, technical precision, and a
strong commitment to social inclusion makes this work a novel and meaningful contribution to the
field of digital cultural heritage.

The upcoming implementation of the materials developed in this project at the Oliva
Archaeological Museum through a collaboration agreement will make them accessible to a wide
range of audiences, thereby enhancing the museum’s overall accessibility. Testing the usability and
inclusivity of these tools will allow for identifying their weaknesses and detecting areas for
improvement in future applications.

In conclusion, each of the tools used in this study should be evaluated based on the type of
architecture and its real possibilities. They can be adapted to each specific case, with the potential to

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.2180.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 May 2025 d0i:10.20944/preprints202505.2180.v1

23 of 25

combine different tools within the same study, improving the inclusivity index of the visit. These
technologies can improve the immersive experience and accessibility of these resources in the future.
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