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Abstract: Nowadays, a great interest in historical installations like museographic devices in inter-
national museological studies (capable of giving space form during user communication) is largely
attributable to new techniques of immediate communication. Tools and libraries for virtual, aug-
mented, and mixed reality content have recently become increasingly available. Despite its increased
cost and investment, these are new ways for increasing visitor presence in museums. The purpose of
this paper is to describe the potential of a tourist/archaeological application suitably developed and
implemented by us. The application was developed in Unity3D and allows the user to view cultural
heritage in a virtual environment, making information, multimedia content, and metrically precise
3D models available and accessible (obtained after a phase of reducing the mesh border), useful for
obtaining good 3D printing reproduction. The strengths of our application (compared to the many
already in the literature, which are also used as research ideas) stem from the possibility of using
and easily integrating different techniques (3D models, building information models, virtual and
augmented reality) allowing the choice of different 3D models (depending on the user’s needs) on
some of which (again depending on the application needs) were tested and performed simplification
and size reduction processes, to make the application loading phase faster and the user experience
easier and better. Another application cue was to finalize an application to relate the elements of
the museum with some archaeological elements of the territory according to historical period and
element type.

Keywords: 3D model; photogrammetry; augmented reality; virtual reality; mixed reality

1. Introduction

The role of virtual reality (VR) in museums context is growing in importance because
it helps museums to resolve two main problems: authenticity and the new museology.
In other words, today’s museums are expected to present an authentic experience and
enhance visitor experience with both educational and entertainment content. VR helps
overcome these concerns because immersive VR environments are conveyed to the visitors
who experience virtual images of the artefacts as original and obtain information about
the different collections present. VR technology therefore represents an ideal means for
disseminating cultural heritage (CH) in museums and other cultural institutions.

Indeed, a considerable number of museums, such as the British, Prado, and Vati-
can City Museums, have long been using VR devices to offer their visitors spectacular
immersive experiences.

VR has therefore been adopted in cultural tourism due to its characteristics of helping
to achieve the tourism sector goal of generating unique experiences for tourists [1]. VR
improves tourists’ experiences by facilitating their interactions with tourist/exhibition
routes [2], barriers and distances, providing immediate and more understandable infor-
mation before the tourist even visits (on site) [3]. Added to this, VR offers a complete
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environment in which users can be completely “immersed” in an educational and enter-
taining experience [4,5].

Contrary to the aforementioned advantages, some scholars have considered VR as
a substitute or even a threat to tourist sites [5,6], highlighting that although VR reduces
certain inconveniences experienced in a real tour, it leads tourists to think that visiting real
tourist sites is no longer necessary, and therefore completely replaces visits with advanced
and realistic VR simulations [6]. However, it has nevertheless been shown that most people
do not believe that a virtual visit can completely replace a real visit, but rather perceive it
as an effective preparation tool for the face-to-face visit [7,8].

Therefore, as the museum is currently a destination for many visitors, many re-
searchers and experts are working on new technologies to make the visitor experience even
more attractive and accessible. So, in recent years guidelines have been drawn on how to
represent CH through virtual instruments, such as the London Charter [9] and Principles
of Seville [10,11].

The Augmented Reality (AR)/VR revolution will almost certainly use 3D digital mod-
els, replacing traditional graphic documentation of CH. These visuals will be used to moni-
tor the state of conservation, reconstruction and restoration activity, virtual use, etc. [12].

Furthermore, 3D models created are suitable for AR applications for promoting ar-
chaeological, architectural, and CH [13].

However, 3D models built with photogrammetry or laser scanning processes have a
considerable amount of data and a very great number of “faces” that make the process of
loading scenes within applications very difficult. So, it is necessary to simplify the models
by reducing the number of surfaces that make up the model mesh. However, this operation
may risk the loss of both graphic information (details) and metrics (dimensions), and in this
regard it is necessary to act carefully to avoid results that are an unreliable representation
of the reproduced reality.

In this regard, a possible alternative to the practice of simplifying models could also be
the reconstruction of models in the building information model (BIM) environment, which
would simplify the models whilst producing excellent results that are easily exploitable for
the proposed purposes.

Therefore, these different models created by different methodologies can be inserted,
integrated, and connected within a single application.

In the broader phase of preservation and spread of archeology heritage, the Geomat-
ics laboratory of the Mediterranean University of Reggio Calabria (UniRC) is creating a
tourism-related educational application and a first experimentation of mixed reality (MR).

Our purpose is to present these processes that lead to the realization of the application
(3D models), to the assignment of AR and VR content, to the virtual user tracking system,
and to collect, store, and distribute archaeological data, using 3D modelling, BIM, VR, AR,
and MR. The application is designed to maximize and facilitate user experience, helping
choice in where to visit [14].

The proposed methodology therefore offers the advantage of making the virtual
images of the artefacts authentic to users who obtain information on the collections [15].

As an application case, the proposed application was designed to be used and inte-
grated to allow the user to record, study, and provide information on the archaeological
finds preserved in the city and in the National Archaeological Museum of Reggio Calabria
(MArRC), both from a metric and a graphic point of view. The authors’ idea was to develop
an application that would relate the museum’s elements to certain archaeological features
in the area according to historical period and type of element.

The MArRC is a rare example of a building designed and built to house museum
collections. It is one of the most representative archaeological museums for the period of
Magna Graecia and ancient Calabria, known worldwide for the permanent exhibition of
the famous Riace Bronzes (very ancient masterpieces of bronze statuary) and for its rich
collection of artifacts from all over Calabria, from prehistoric times to the late Roman age.
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The Museum was constructed between 1932 and 1941, and on its main façade is carved
a series of large decorations reproducing the coins of the cities of Magna Graecia. From
2009 to 2013 it was closed for renovation and expansion works [16], and on 21 December
2013 the room housing the Riace Bronzes was temporarily reopened. The museum was
definitively reopened on 30 April 2016.

From 2009 until 2016, the building underwent an important restoration (about
11,000 square metres) consisting of architectural redevelopment of the historic building and
the realization of a new, enlarged, and better organized structure, in order to create a better
equipped museum itinerary.

The new museum itinerary starts on the second floor, with a section dedicated to
Protohistory, and extends to the ground floor through the exhibition of the great architecture
of the temples of the territories of Locri, Kaulonia, and Punta Alice, guaranteeing temporal,
spatial, and logical continuity with the display of materials. This path is also important for
links to other historical periods. Captions, panels with explanatory texts, and dedicated
support help to “narrate” the history of Calabria to the visitor.

Nowadays, the function of a museum should be to help non-specialists understand
information and context through short-lived interaction. Ideally, museums should also
increase visitor interest. In accordance with their educational mission, museums must
consistently present and represent complex themes in ways that are both informative and
entertaining, thus providing access to a wide audience.

Within this scientific panorama and for improving the usability of the MArRC, the
UNIRC’s Geomatics laboratory, as part of a broader project of conservation and enhance-
ment of CH, developed an application that enables users to make a CH Virtual Tour in the
Museum and in the parts of the city that in certain ways interconnect. For this reason, the
author’s project, developed for the conservation of the city’s CH, offers virtual connections
(e.g., era or of same type) to even less experienced tourists in the sector, making each visit
much more fluid, practical, and instructive, and transforming it into something unique.

This application is a mobile tourist application therefore allowing the user to follow a
real time virtual tour inside the museum, or view the media associated with the various
artefacts (AR), connecting them to both documentation and historical information and the
most well-known discoveries and CH of the same reference period, in or out of the city [17].

With this application, users can take virtual tours as spectators (simply on the device
screen) or as active participants “accompanied” by a virtual guide who interacts with
the surroundings [18]. The application, still in the definition and development phase, is
currently used exclusively for educational purposes.

The application, in the tours and demonstrations of the elements represented, uses
3D models made with both fast techniques (photogrammetry from Google Heart survey)
and precision (laser scanner photogrammetry), which users can then use by associating
them directly to the element observed inside the museum [19]. The types of models used in
the proposed application were chosen based on their application within the application; in
fact, the purely graphic models are reproduced with simplified models, while the models
from which it is necessary to extrapolate more information are created by purely geomatic
techniques and subsequently simplified in the less important parts.

In summary, the proposed application allows viewing from the visitor’s position
within the museum, naming exhibition rooms and multimedia content of the artefacts
present. It provides easily understandable artefact details directly, along with a virtual
guide (video) who tells the artifact’s history, or the reconstruction, in a virtual environment
of possibly broken artefacts [20].

The application also connects to virtual representations of CH (concerning the same
historical period or historical links) in order to allow further information on the dis-
played themes.

Finally, beginning from the 3D component and VR construction methodology, we
carried out a first experimentation of MR using Microsoft HoloLens for the interaction,
when the real world meets VR.
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2. Materials and Methods

The proposed application in this paper (currently still being defined) allows users to
choose the service needed to implement their exploratory experience in CH field and find
any marketing-oriented offers.

This application is developed to:

• identify the minimum path to reach the museum through the user’s location coordi-
nates by viewing it in 3D on the map,

• provide the user with a virtual tour of the museum and the surrounding area (noting
other artifacts),

• allow the user to tour the museum as a passive observer or as an active participant
by interacting via their device’s screen (the choice of the basic scenario was made
partly through photogrammetric models of the environments and partly through the
realization of BIM models),

• display the visitor’s position on the museum floor plan with the names of the rooms
where the users are located, where the red dot represents the user’s position in real
time in the various sections of the museum,

• create references and links to 3D models of artefacts from the same historical period in
advance using fast or precision techniques, showing various information regarding
the history of the artefacts that the smartphone camera is capturing,

• view multimedia content (video or audio) associated with the user’s framed object,
• draw attention to “details of interest” on the artifact being framed,
• view the 3D model of the product with the possibility of transforming it (disassembly

and assembly),
• ingeniously reassemble three-dimensional models, and
• pre-order a 3D print collectible.

Specifically for the functions of the application, we observe that once the application
is launched, the device’s coordinates match those of artifacts found in the city and with the
museum location coordinates, so that the application calculates the minimum route. The
user can then decide whether to reach the museum or continue the tour in the city. In the
first hypothesis, the three-dimensional model of the museum is shown on the map, and
whenever the coordinates of the user’s position enter the surroundings of a monument of
interest on the display, a warning icon appears on the screen. The application therefore
acts as a navigator to the museum, indicating the places of interest in the vicinity of the
user [21].

Once the place of interest has been reached, the user can decide to activate the camera
of the device and then frame the object of study, so that multimedia contents, VR, and
links to artefacts of the same type can be associated. In particular, once the museum is
reached, the user can decide whether to take the tour from the outside or, once inside, he
can be assisted by a virtual guide who explains the various content associated with the
object framed by the camera. Once the object of study is framed, the application allows
the reassembly of the various parts of the artefact and even its printing. The case studies
are listed and can also be implemented within the application in a section suitable for
integration. The flow chart in Figure 1 describes the main potential of the application.

The peculiarity of the application therefore consists of the integration of several
simplified models, produced with different methodologies, allowing a fluid navigation
without blocking or long waiting times for loading [22,23].

Ultimately, modern technology helps make learning attractive by presenting it in new
and often amusing ways; that is, interactive activities that can inform the visitor about
more things than those that physically are in the museum, abandoning the concept of
a basic container design, but a more alive and a richer reality capable of attracting the
public through the use of modern technology. 3D models in AR environments are another
important use; 3D models could be used to show past events in a more contemporary
context to inform and entertain the public.
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Figure 1. Flow chart application.

3D models used within the application were created using different methodologies,
based on the precision of the details deemed necessary and the practicality inherent in
their use.

The methodologies for 3D models realization are various and each has a different
level of detail accuracy (instrumentation and methodology used) related to the final use
for which the work is intended. In some parts of this case study, the metric precision of
the 3D model is of little importance due to the didactic nature and the tourism purpose
of the application [24]. For example, during the initial visualisation of the app, a simple
visualisation of the 3D model of the museum building (compared to the metric one) is
not of primary importance to the tourist, it was decided to survey the 3D construction
in a relatively “fast” manner, directly using a dataset obtained from Google Earth and
subsequently processed with classical photogrammetric techniques. We used the Google
Earth Pro program, setting the view of the castle at a 45◦ angle. Next, we created a tour,
completing a 360◦ turn around the building and maintaining the same viewing angle, thus
simulating drone flight.

The survey of the artefacts and the interiors of the museum were instead made using
classic photogrammetric techniques (Computer Vision and BIM modelling) [18] and with a
laser scanner, using the classic methods of reconstruction.

Photographic acquisition was performed by a Canon Eos 7D with a “convergent axis”
scheme, to get both geometrically accurate models and photorealistic renderings.

The captured frames were processed with Agisoft Metashape. Image orientation,
model generation, and final reconstruction are fully automated. This condition improved
processing times and the machine/software complex’s performance [25,26].

The processing steps were as follows:

1. Our photos are aligned by software, calculating their spatial position, and reconstruct-
ing the so-called grip geometry. Then, it calculates photograph’s elements spatial
position using geometric triangulation. Clearly, the final 3D model’s quality deter-
mines the alignment’s quality. This phase produces a scattered point cloud. To record
block in real coordinates, control points were measured after the alignment.

2. Create a dense cloud using dense image matching algorithms that find matches in
multiple images using a stereo pair.

3. Create a polygonal model of the new dense cloud. Mesh is a polyhedral solid subdivision.
4. Texture; allowing association of colorimetric values to the mesh for a correct 3D model.
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The final step is to scale the model, which assigns it the correct metric size for precision
measurements [27,28].

As mentioned, one function of the application is to connect the exhibited and framed
objects with other artefacts external to the museum and connected to them (same historical
period, same types, same area of discovery, etc.).

Regarding the laser scanner survey in particular, 3D Faro Focus and The Scan Arm
were used, using classic reconstruction methods offered by proprietary software.

With a 0.2 mm grid and 1.0 mm line spacing, the laser scanner information was
reprocessed.

For aligning the scans, each was performed on both sides of the object. After scanning
both sides, the point clouds were cleaned to remove the table surface where the objects
were placed and any other unnecessary data.

To create a single point cloud representing all sides of an object, each side’s point cloud
was aligned with the other.

The photogrammetric and the laser scanned model were both imported into Geomagic
Wrap after the point clouds were merged. To replace photogrammetric mesh with a laser
scanned one, it had to be aligned first.

We used realistic and metrically accurate three-dimensional models obtained from the
laser scanner and photogrammetry to create an application that allows for the end user to
obtain an overview of built environments.

This last aspect, thanks to the integration with virtual and mixed realities, allows for
new and more modern methods of interaction with the building and, therefore, a better
and broader understanding of its historical heritage.

The result was a photogrammetric 3D model with laser scanner precision [29]. Because
the underlying mesh is more accurate, measurements taken from visual photographic
texture cues are more accurate [30].

On the other hand, it should be remembered, due to the high level of detail that 3D
models can offer, it is difficult to manage the models for their size, and therefore it is
desirable to minimise the size, making the models more usable, acting exclusively on the
minimum entities that compose the model mesh (vertices, sides, and faces).

Polygonal models use simple, regular rendering algorithms that embed well in hard-
ware; so, polygon rendering accelerators are available for every platform. The number
of polygons in these models grows faster than our ability to render them interactively.
Polygonal simplification techniques simplify small, distant, or otherwise unimportant
portions of the model, reducing rendering cost without a significant loss in the scene’s
visual content (from 1976).

There are numerous traditional automatic methodologies for mesh reduction that can
only be used on the minimum entities of the mesh (vertices, sides, and faces) [31]. However,
in most cases, manual attempt to reorganise the mesh remains the most popular approach.
Therefore, Blender and Maya software was used.

Depending on our objective, we have several possibilities: whether we seek to preserve
geometric accuracy by reducing redundancies, visual fidelity, or pre-processing time,
whether we want drastic simplification or a fully automatic process, or, finally, to simplify
the code, we can apply some of the many available algorithms. However, we have chosen
to operate manually using BIM, and still obtained a result that meets our expectations.
The 3D models to be handled have been reduced to 500,000 faces because this is the size
usable by Unity, as problems can occur with higher values; therefore, each 3D model,
after construction, regardless of the number of faces it originally had, has been reduced to
500,000 faces or alternatively to distinct blocks of 500,000 faces, in order to be managed by
Unity. In other words, a complex 3D model has been broken down into many blocks, each
containing 500,000 faces.

In terms of vertices, it must be borne in mind that since the meshes are triangular,
each face loses two vertices or, rather, by eliminating a face that is originally composed
of three vertices, two vertices are lost for each face. Furthermore, this elimination of faces
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and vertices is carried out in our case, first with the programmes shown in the paper and
then manually.

We are planning for the future to operate with some of the simplifying algorithms.
We will work to improve even this application, trying to automate it according to the

need for reductions in functions and of the use the tourist must make of the 3D model.
In any case, an average reduction value must be set in some way, always bearing

in mind the considerations we made above, namely that, for Unity to work well, the
application must have model portions of, at most, 500,000 faces.

With reference to the artefacts inside the museum, given the complexity, different
manual techniques were adopted and applied simultaneously, even on a single artefact.

Among the various manual techniques, those of the curve approaches (creation of
new vertex by the intersection of the new drawing curves on the surface) was found to be
more convenient in the more geometric areas of the models (such as the pedestal and the
rear column), but less so in the organic parts (such as the face, hands, and feet). Since this
approach does not facilitate the reduction of the mesh, the vertices (minimum entities of the
mesh) were manually positioned, based on a preventive topological study performed in 2D.
In the more geometric areas, on the other hand, the edge-flow was determined by the shape
itself, without necessarily resorting to singularities; the curves were simply positioned
along the edges.

As for the scenario to be explored in the VR application, the 3D models obtained,
once simplified and reduced, are associated with markers, to recreate navigable scenes
within which users can “navigate” [32]. For simple scenes (not rich in interior elements)
3D models of the environment scene were used directly. These same models replace the
reconstruction of the scenario in a box, on whose walls are the default background images.
Alternatively, for some scenarios, it is possible to use environments reconstructed directly
in BIM as a navigable scene (Figure 2). Figure 2 provides the example of 3D reproduction
of a medieval church in a BIM environment.
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Technical Development: The Developed Application

Today, developing an application in VR is possible thanks to Vuforia and Unity appli-
cations that make the application’s creation easy and immediate, even for non-professionals.
In this regard, the application developed by the laboratory mainly integrates a series of
contents created by students during their various didactic activities, highlighting weak-
nesses and strengths for each subsequent implementation, and improving the main aspects
from time to time [33].

Unity is a cross-platform 3D content creation tool, as architectural visualisations or real
time 3D animations, using two different programming languages: C ++ and NET. The work
of programming basing on so-called “Game Objects”. Scripts can indeed be connected with
these components, which can be graphic or not, all extensions of the “Mono-Behaviour”
class base. This script in Unity, connected to a client-server Game Object, has, as a main
task, checking for new data in the Buffer and updating the representation for both the
customer and the server [34].

This effect is achieved by using the remote procedure call (RPC) functions.
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The object action to be performed is based on the buffer’s content and is performed
and chosen both on the server and client versions of the object.

Vuforia software is the world’s most popular platform for developing AR with the main
mobile devices. It simplifies work, such as solving complex problems in VR development.

From a practical standpoint, the software development kit (SDK) uses real-time image
and object monitoring. Virtual elements (e.g., 3D models) can be placed on these “Markers”
and displayed on the screen adopting the observer’s viewpoint. The freedom to choose
these Markers is so important because the framework allows the recognition of previously
scanned (through special tools, words) objects, and images, even more than one at the same
time, and is made developer-friendly [35].

The Unity 3D application is divided into scenes. There are opening, loading, and
exploration scenes, the order of which is determined by the user’s choices. The scene
manager script performs initialisation operations, while the scene loader script loads the
desired scene and controls scene transitions. The application is designed as a timeline of
scenes [36]. The first part of the work focuses on creating the main scene corresponding
to the virtual tour containing all the information we want to create. So, the virtual tour is
conceived as a series of scenes presented sequentially over time, creating the illusion of
movement. Besides triggering animations or videos based on the device’s position and
orientation, motion tracking allows people to move around objects and interact with them
as if they were part of the environment. Concurrent odometry and mapping (COM) is a
process that is able to determine that the smartphone’s location correctly renders the three-
dimensional model in AR so that it appears realistic, autonomously defining floor plans
and characteristic points to determine the proper constraints for the object’s spatial and
camera positioning. Essentially, it allows the smartphone to understand its position as it
relates to the world around it, allowing it to realistically interact with the environment [37].
Furthermore, you are able to observe the surrounding light and illuminate objects as if they
were part of the environment.

We ran the test on Unity with Arcore SDK, loading the latter in the Unity environ-
ment and activating it from Player Settings => XR Settings => Arcore, disabling the Auto
Graphics Application Programming Interface (API) from Player Settings => Other Set-
tings > Rendering. Then, the three-dimensional model was imported into the scene, the
pose position (Center Eye) was defined, to achieve the desired effect within the GameOb-
ject MainCamera, the Track Pose Driver and ARCore Session components were added,
configured, and finally, we defined the Background as an ARBacground.

To make the experience as realistic as possible, while increasing user involvement, we
allowed the user to pause and resume the experience later, without having to start over,
which could reduce user interest considerably. This brings up a full screen image when
paused and allows you to resume exactly from the point where it was interrupted. We
found it necessary to proceed in this direction rather than using ARCore’s native pauses
because the latter forces the user to resume playing the entire scene from the beginning for
a medium-long pause, such as a phone call. Using an RPC (Remote Position Call) function,
it was possible, based on the contents of the buffer, to make the object in question perform
an action defined for a predetermined event, and this action is performed on both the client
and the server object.

The proposed application in this paper (currently under definition):

• Allows users to identify the minimum path to reach the museum through the user’s
location coordinates by viewing them in 3D on the map (Figure 3). The application
uses the global position system (GPS) position received from the device to identify
a series of alternatives to reach the place of interest, highlighting the shortest route
as the first alternative. In Figure 3, we can see an example in the application for the
minimum route to reach the museum (which appears in 3D on the map) from the
user’s position (red dot).

• Offers the user a virtual guide that accompanies him to the museum and connect him
with the surrounding environment (detecting the presence of other artifacts) (Figure 4).
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This feature aims to prevent a less experienced tourist from being able to visualize
(due to the lack of information) all the places of interest in the environment around
him. Figure 4 displays a cartoonized “Bronze”, used as a virtual guide.

• The other places of interest present in the city are highlighted on the map in a range of
100 m from the user, allowing the tourist also to mark or delete a place from the map
as interesting or already displayed.

• Figure 5 is an example in the application, where the user is represented as red dot.
• The user can also take a virtual tour of the museum as a spectator or as an active par-

ticipant by interacting via your device’s screen (choice of the basic scenario was made
partly through photogrammetric models of the environments and partly through the
realization of BIM models) (Figure 6). Figure 6 displays a complete 3D reconstruction,
in a BIM environment, of the surrounding environment where the 3D model, obtained
with photogrammetric techniques, is located. You can move between different scenes
using the arrows.

• The application displays the visitor’s location on the museum floor plans, with the
names of the rooms, where a red dot represents real-time user position in the various
sections of the museum (Figure 7). Figure 7 displays a visualization with the visitor’s
position in red on the floor plans, the room’s name, and the main attraction.

• This feature aims to make the tourist self-sufficient in choosing and customizing their
route during their visit. The possibility of marking the areas already exhibited provides
a “free” choice of what to see.

• The application creates references and links to 3D models of artefacts from the same
historical period, made in advance with fast or precise techniques and displaying
various information regarding the history of the artefacts that the smartphone camera
is capturing. Also, in this case, the possibility of inserting links between various
scenarios makes the tourist’s browsing experience much more fluid and simpler; more
than 50 connections have been made for each element represented. In this regard,
to make the application more intuitive, the various objects have been cataloged into
areas, sections, and sub-sections. In Figure 8, the red dot demarks the user’s position
in the room and the information of the artefacts closest to him.

• The application allows for multimedia content on the user’s device, such as audio or
video (Figure 9). In Figure 9, we can see how the application starts a video playback
that frames the statue “Bronze A”.

• The application draws attention to “details of interest” on the artifact being framed.
Thanks to this function, the user is able to view the details of the most important works
of art without necessarily having to approach them [38]. Figure 10 displays a zoom on
a 3D or real image, highlighting some more interesting details.

• The user can view the 3D model of the product with the possibility of transforming it
(disassembly and assembly). Figure 11 illustrates an application example on a bronze;
users can apply shields or spears to the statue and change its’ color.

• Users can reconstruct and assemble (even with imagination) one or more 3D models
(Figure 12). Figure 12 displays how the user can reconstruct a broken climbing mask.

• Users can book a 3D print to be collected in the future (Figure 13). Figure 13a displays
a 3D print of the “Bronzo di Riace” reconstructed by photogrammetry; Figure 13b
displays the printing of a Saracen tower.

Once you have learned the main functions, it is good to stress that the peculiarity of
the application is its’ ability to locate the connection between the detected internal artefact
and the external one, the ability to locate the connection between the detected internal
artefact and the external one. The connection between the artefacts outside the museum
and the internal ones was made mainly on the basis of the historical period, foundation
area, and symbolic importance for the city.
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Figure 12. Reconstruction of a 3D Model of a climbing mask.
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For example, we report the connecting information relating to Athena: a clay mask,
Kouros: a Dressel amphora, and Aragonese Castle: bronzes.

In particular:

• The clay mask is linked to Athena Vest, thanks to studies related to the manufacture of
this artefact in the same period (Figure 14).
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Indeed, the Robe of Athena (made of marble, in excellent condition, particularly
appreciated by tourists for the harmonious and detailed workmanship) and the clay mask
(the cult of Dionysus present in the art) dates back to the period of Magna Graecia, the
funerary of Magna Graecia, which is part of a great collection of theatrical masks and
statuettes found in the funerary equipment and conserved in the classic section of the
Museo Eoliano di Lipari, dating back to the 4th and 3rd centuries BC;
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• The Kouros statue has been connected to the Dressel Amphora, thanks to studies
linking the manufacture of this artefact in the area where they were found (Figure 15).
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Figure 15. 3D Model of Kouros and the Dressel amphora in a virtual scenario.

Indeed, the statue of Kouros (500 BC circa) is an important example of Calabrian
archaic sculpture. With a thick head of hair styled with 4 rows of curls on the brow, long
vertical curls, and braids knotted at the nape of the neck, the statue depicts a young man
aged 18–20 in all his spiritual and physical beauty, and the Dressel amphora (that is the most
common amphorae, the late Roman republican era, produced between 140/130 BC and the
middle of the 1st century BC) were found closer to the same study area, as illustrated by
documentation preserved in the archives.

• The Bronzes were linked to the Aragonese Castle because both are considered the
symbol of the city (Figure 16).
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Figure 16. 3D Model of Aragonese Castle and Bronze A in a virtual scenario.

In fact, the bronzes (which are two magnificent bronze statues, known all over the
world and considered among the most significant sculptural masterpieces of Greek art;
the “Riace Bronzes” represent one of the greatest moments of sculptural production of all
time and are the most important archaeological find of the last century) and the Aragonese
Castle (although the current structure is typical of Aragonese defensive fortresses, the castle
of Reggio actually has much more ancient origins; traces of a pre-existing fortification have
been found throughout the area adjacent to the castle itself) are very important symbols of
the city to which the citizens are very attached.
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3. Create MxR Interactivity and Visualization

MR (or MxR) combines the real and the virtual. It allows you to immerse yourself in
the virtual world and interact with it [39].

There are many standalone Head Mounted Displays (HMDs). Magic Leap, HoloLens,
and Meta 2 are just a few popular MxR displays. Other (less expensive) options include
Holoboard and Mira, which use a smartphone to process and display data (they are still
in development).

Microsoft HoloLens (Figure 17) is a transparent head-mounted optical display (HMD)
designed for AR/MR interactions. This device can be controlled by gaze, gestures, and
voice. Head-tracking, for example, allows the user to focus the application on what they
are seeing. Multiple interactions with the virtual object or interface are supported using
bloom, air tap, and pinch. Touching the air selects any virtual object or button, just like
clicking a mouse. Touch and pinch can also drag and move virtual objects. A “bloom”
gesture opens the shell/interface. Actions can be triggered by voice commands.
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Figure 17. Microsoft Hololens.

HoloLens are used for different application areas; however, they are still used infre-
quently in the field of CH.

Below we outline the main steps required to deploy 3D models on HoloLens for a
MR experience.

Unity 3D (or Unity) is a popular cross-platform game engine. Due to Unity’s popu-
larity, most AR/VR headsets use it as a development platform. Therefore, HoloLens uses
Unity to create AR/MR experiences.

The first step is to set up the Unity development environment. This can be done in
two ways. The first option is to use Unity’s standard configuration.

The Mixed Reality Toolkit, a Unity package containing a collection of custom tools de-
veloped by the Microsoft HoloLens team to help develop and deploy AR/MxR experiences
on the device (HoloLens), is used.

The Mixed Reality Toolkit was downloaded from GitHub and imported as a resource
pack into a Unity project. After importing the Toolkit, the project environment was con-
figured twice. The first level of configuration involves changing the “Project Settings”
using the Mixed Reality Toolkit’s “Apply Mixed Reality Project Settings” option. This
option configures Unity project-wide. Make sure “Universal Windows Platform Settings”
is checked, as well as “Virtual Reality Supported” in the XR settings list. Include the script
backend, rendering quality, and player options. All settings in this Unity project have been
applied to the current “created scene”.

Unity can make projects for various platforms. However, in this case, the project was
created for UWP (UWP). UWP is a Microsoft open source API introduced in Windows 10.
This platform helps developers create universal applications that work on Windows 10,
Windows 10 Mobile, Xbox One, and HoloLens without having to code for each device. So,
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a single build can target multiple devices. Before starting the UWP project, add a scene to
the “Integrated Settings”, enable C# debugging, and select HoloLens as the target device.

The second configuration level affects a scene created “as part of a project”. This was
done using the Mixed Reality Toolkit’s “Apply Mixed Reality Scene Settings” option. The
toolkit was used to configure the scene-level camera position, add the custom HoloLens
camera, and render settings. The generated 3D model was then imported into the Unity
project using the platform asset import option. Finally, the 3D model now supports gesture
interaction, allowing users to interact with the model using HoloLens-recognized gestures.
The Mixed Reality Toolkit includes scripts and tools to enhance the MxR experience. The
toolkit enabled gesture and gaze-based interaction.

Figure 9 depicts the built environment and construction phases for UW. First, select
“Build Settings” from the menu, then “Add Open Scenes” and select the scenes to distribute.
Select “Universal Windows Platform” as the Platform, then “Target Device” as HoloLens.
Then select “Unity C # Projects” to enable C # debugging and click “Build”. At this stage,
all files (including *.sln) required for HoloLens deployment are created and stored in the
user-specified location.

The *.sln file from the previous “Building with UWP” step is imported into Microsoft
Visual Studio for debugging and HoloLens use. Start the deployment process from the
Debug menu by connecting the HoloLens via Wi-Fi or a USB cable.

The HoloLens must be connected to the computer via USB to open the *.sln file. Select
“Start without debugging” from the drop-down menu under “Debug”. Input and output
details are then displayed. Ensure that “Distribution” is 1 and “failed” is 0. Once uploaded,
HoloLens will launch the application.

After streaming an application on HoloLens, a user can connect the smartphone to
a larger screen via Wi-Fi to share the experience with others. It was used to stream the
HoloLens user experience. The actual experience and the content flowing to the other
person’s screen differ slightly. Specifically, regarding our application case, in Figure 18 we
can see how the sensors contained within Microsoft Hololens recognize the movement
of the hands and allow the user to interact with the virtual world we have created. The
user can then virtually reconstruct the Riace Bronzes by moving the missing elements such
as the helmet, spear, and shield with his fingers. Furthermore, people who do not wear
the headset are able to share the user experience thanks to the possibility of viewing their
experience on a monitor connected to the same Wi-Fi Network.
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Figure 18. A HoloLens user experience shared on an external monitor.

In this other image, we can also observe the user interacting with and exploring the
various architectural parts of the BIM model with his fingers and sharing his experience
with other viewers through an external monitor (Figure 19).
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4. Discussion

Consequently, the use of 3D models, associated with AR/VR/MR, is aimed at ac-
quiring a knowledge of CH otherwise closed to the masses or difficult to access with-
out being invasive for such an important, ancient, and, in most cases, delicate heritage
(Cuca, et al. 2011).

While many museums still maintain conservatism for presenting their exhibits, a great
number of them understand that the modern generation needs more modern ways to be
entertained and therefore make continual efforts to find different ways to interact with
their audiences. Right now, that means embedding experiences in AR.

AR allows us to see, in a real-life scenario, a level of digital content that, in this case,
offers visitors a richer view of history, bringing it back to life.

This VR system consists of combining the user’s view to a pre-recorded digital virtual
scene that is heavily influenced by the active subject’s actions. On the other hand, the
subject can “explore” a real environment on which virtual elements are overlaid. In this
reality, by using labels and tags, it is possible to view and share knowledge outside of
mere verbal communication, where once it was confined to linguistic communities through
visual communication and therefore understandable to everyone, at a global level.

Unlike VR, AR does not replace physical reality. It superimposes the computer data
on the real environment so that the user has the sensation of being physically present in the
landscape he sees.

The founding elements of any AR system are tracking, real-time rendering, and
visualization technologies [40–45].

In particular, tracking is fundamental as a recording of the observer’s position and
of real and fictitious objects. Tracking accuracy and speed are essential for the correct
visualization of the virtual components of the scene [46,47].

The use of MR allows the user to interact with the virtual world using their hands as
tools, thus allowing them to immerse themselves in a completely new playful/emotional/
educational experience. However, this new methodology is limited by the number of
hardware devices and by the little software experimentation in this field [48,49]. Recent
developments in the literature are consistent with the effort to apply these recent technolo-
gies to CH also in museums, in particular eye-tracking support, which presents itself as an
interesting system very much connected with the perception of CH, and which, although
not considered in this study, we could study and implement for the future [50–52].
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5. Conclusions

The improvement of CH using 3D acquisition and simulation models’ tools is a rapidly
growing field of study. In fact, new technologies like AR/VR/MR allow us to enhance
our CH while completely changing user experience. They allow us to live an experience
on multiple levels, including a virtual level with a huge amount of information, through
video, audio, or three-dimensional reconstructions, that would otherwise be impossible
to provide.

Today, we are experiencing a revaluation of CH, which is no longer viewed as the ex-
clusive domain of specialized scholars, but also as a resource for the economic development
of local communities and regions.

3D modelling systems can favour the dissemination and enhancement of CH.
All the examples explained for using technologies in the field of CH attempt to

demonstrate a triumph over the tradition/innovation dichotomy; we attempt to pave the
way towards sharing the latter with new technologies through AR/VR/MR.

In this reality, the observer uses more than just sight to experience something real
and memorable. Thanks to 3D digital models and new technologies allowing interactive
exploration, the “passive” viewer becomes an “active user” who decides what to see and
what paths to take, and to interact with objects or virtual environments, sharing their
sensations and opinions; in this way, the experience remains in the visitor’s memory.
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