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a  b  s  t  r  a  c  t

Cultural  Heritage  is  a  precious  resource  that witnesses  our past  and  that  should  be  transmitted  to  future
generations.  The  creation  of  digital  3D representation  of monuments  and  sites  have been  demonstrated
to  be  a reliable  method  for preservation  and  historical  purposes.  In  order  to preserve  a high  level  of  detail,
the reconstructed  point  cloud  will  typically  contain  millions  of  points,  which  could  result  in several  GB
of data  when  stored  on  disk.  For these  reasons,  a  challenge  for the  scientific  community  is  to  find  new
ways  to  visualize  and  disclose  3D  digital  contents,  obtaining  a better  access  and communication  of  the
Cultural  Heritage  information.  In  this  paper,  Virtual  Reality  (VR)  devices  are  employed  to provide  not  only
culus Rift
icrosoft Kinect

arge 3D models
isualization
ccess

a simple  visualization  but also  an immersive  experience  for digitally  reconstructed  heritage  scenarios.
Oculus  Rift (VR  visualization  headset)  and  Kinect  (depth  sensor  for user  interaction)  are  integrated  in  order
to interact  and  navigate  in  a  complex  3D  or  4D  (temporal)  archaeological  scene  as well  as  to  have  access
to digital  media  contents  of several  MB of size.  In this  way,  archaeological  sites  or  fragile  environments
with  forbidden  access  due  the  preservation  policies  can  also  be  virtually  visited  and  inspected.

©  2016  Published  by  Elsevier  Masson  SAS.
esearch aims

The paper presents a visualization pipeline developed to exploit
nd access large and complex heritage 3D contents in an easy and
nteractive way through VR methodologies. In particular the work
ocused on (i) visualizing and managing complex reality-based 3D

odels with a real-time fluent interaction, (ii) investigating the
ntegration of specific VR devices – such as Oculus Rift and Microsoft
inect – for heritage applications and (iii) offering to the scien-

ific community, as well as common users, an innovative way  to
romote the knowledge of Cultural Heritage sites.

. Introduction
Nowadays, the incessant development in the field of 3D
ecording techniques together with the latest technological
rogress in hardware, software and digital content delivery
llow the remote exploration of complex archaeological sites and
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monuments. Actual reality-based 3D surveying techniques like
laser scanning [1] and photogrammetry [2] are currently able to
produce precise, detailed and photo-realistic 3D digital represen-
tations useful for documentation, archaeological and architectural
analyses, visualization, divulgation and educational purposes,
museum exhibitions or virtual tourism. According to the location,
dimension and complexity of the heritage sites as well as the project
goals, these 3D methodologies are very often combined exploiting
the intrinsic advantages of each technique [3–8]. In a reality-based
3D digitization project, the main goal is to produce an accurate and
photo-realistic digital replica of the surveyed reality, considering
not only the specifications of the desired output (e.g. 3D models
or other suitable representations) but also cost’s and execution
time’s minimization. The design and realization of such activities
require not only expertise in several disciplines but also the knowl-
edge of the employed sensors as well as the understanding of the
application and its environment. According to [9], the steps for a
reality-based 3D digitization project are:

. Site overview (or object examination) and planning.
. Selection of the appropriate 3D surveying and recording technol-
ogy and parameters (or a combination of multiple technologies).

. Data collection after positions planning and configuration design.

. Data acquisition workflow based on best practice.

dx.doi.org/10.1016/j.culher.2016.09.003
http://www.sciencedirect.com/science/journal/12962074
http://crossmark.crossref.org/dialog/?doi=10.1016/j.culher.2016.09.003&domain=pdf
mailto:belenjfp@gmail.com
mailto:morabito@fbk.eu
mailto:remondino@fbk.eu
dx.doi.org/10.1016/j.culher.2016.09.003
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. Selection of data processing tools, 3D model representation
method and suitable file formats.

. Selection of software tools able to handle processing and visual-
ization requirements.

Following this workflow, detailed 3D models are normally gen-
rated, consisting of millions of polygons and high resolution
mages, making them very “heavy” and difficult to be handled by
ommon computers. In fact, despite technological developments,
he management of large polygonal datasets can be limited by sev-
ral technical problems, i.e. very long processing and editing time
r real-time visualization constrained by the graphics card per-
ormance. Computer performance is highly needed otherwise it is
ecessary to reduce the final size of the models in terms of geom-
try and textures. From a geometric point of view, it is possible to
educe the number of vertices and optimize the geometry [10]. In
ddition, in order to maintain a high quality visualization and not
o miss geometric details for studies and analysis purposes, normal
nd displacement maps can be used [11–13]. From a radiometric
oint of view, it is possible to reduce and compress the high reso-

ution images or, if necessary, a single texture can be generated for
ach model [12]. In all cases, it is necessary to find a compromise
etween accuracy, size and visualization of the 3D model. The sci-
ntific community continuously looks for new ways to document,
isualize, study, manage and divulge digital replicas of Cultural Her-
tage sites without losing quality or information. In particular the
ocus is now towards new solutions in the field of Virtual, Aug-

ented and Mixed Reality to find reliable ways to share, access
nd communicate the outcomes of a 3D digitization projects.

New ICT (Information and Communication Technology) tech-
ologies are quickly advancing and they allow different ways
o access digital 3D information. Informatics resources are being
xploited to create new platforms, applications and systems, with
he aim of managing complex reality-based 3D models in real-time.

eb-based platforms have been developed to visualize, study and
anage them, for research and dissemination purposes without

nstalling specific software [13–16]. Virtual Tours (VT) applications
17] allow the user to visit and explore heritage sites through a pre-
efined path of panoramic images, supporting also digital media
ontents such as texts, documents, images, as well as sophisti-
ated 3D models. Augmented Reality (AR) applications [18] allow
o integrate and interact with this kind of 3D models into a real-
orld environment, through computer-generated sensory inputs

images, video, GNSS, etc.). 3D reconstruction can be applied not
nly to existing archaeological sites, historical buildings and arte-
acts but also to recreate environments. Virtual Reality (VR) is an
mmersive multimedia technique which replaces the real world

ith a virtual one where the physical presence is simulated [19,20].
n addition, Mixed Reality (MR) combines both the virtual world
nd the real world in order to create new environments where
igital and physical objects coexist [21].

As a consequence, in order to exploit new resources and tech-
ologies, as well as to valorize and divulge Cultural contents, VR
as been tested to create an immersive and reality-based virtual
orld, taking advantage of accurate 3D models. VR is a techno-

ogical system that generates scenes and virtual representations
hat can be visualized by the user in a CAVE or through Headset

ounted Display (HMD), such as Oculus Rift VR [22–24], Samsung
ear VR [25], Neo Pro [26] or Project Morpheus (today known as
laystation VR), the Sony VR headset [24]. Also, thanks to low-cost
upports as Google Cardboard [27] or OpenDive [28,29], smart-
hones can be used as virtual headsets. These technologies can be

xploited to recreate the user’s head movements in real time. More-
ver, it is possible to capture whole user body movements using
everal devices, projecting real movements into the virtual world
nd enhancing self-awareness. Among them, we  can find different
 of Cultural Heritage 23 (2017) 40–48 41

kinds of devices: (i) deep sensor for user interaction such as Kinect
[30–32], Structure [33], Leap Motion [34], etc., (ii) gloves equipped
with sensors [35] designed to simulate the perception of different
stimuli such as Control VR [36], (iii) bracelets [37,38], etc. In this
way, VR allows the user to fully immerse into and interact with a
virtual world.

The vast growth of computer performances (especially of graph-
ics cards) has allowed the combination of new display technologies
– such as VR tool – with 3D models in order to provide a bet-
ter understanding of phenomena or facts by its 3D simulation
and interaction with specialized equipment. VR can be applied to
several daily life activities, such as gaming, entertainment and edu-
cation but also industry-related applications, including engineering
and telecommunications [39]. VR can help engineers to visualize
different technical solutions in a 3D environment. VR can be also
applied to fields where safe training is required, such as in medicine,
(especially surgery and neurology) [40], in military contexts and in
emergency situations (flight simulators) [41,42]. These new tech-
nologies play an important role in museums to recreate different
epoques and give the possibility to explore them again [43–45]. VR
is paving the road to a new and exciting way to communicate infor-
mation, where the user is completely immersed in an interactive
world. For instance, Europeana (a multi-lingual online collection
of millions of digitized items from European museums, libraries,
archives and multimedia collections) experimented VR technology,
together with ArchiVision (a Dutch design agency). They developed
a virtual museum (“The museum of the future”) where a user can
play with masterpieces from the Dutch Rijksmuseum [46]. The V-
Must project (Virtual Museum Transnational Network) aimed to
provide tools and support to develop virtual museums with com-
municative and educational purposes. They used VR technologies
and devices for the exhibition “Keys to Rome, The City of Augustus”,
where the focus was  the Augustan age. Companies like ArcTron
[47] or ETT [48] are beginning to include VR applications exploiting
the Oculus Rift technology among their products. Research centres
and universities [18,49] are also involved in using VR for heritage
applications.

2. Developed pipeline

The workflow is based on the Unity game engine coupled with
natural interface devices to create a VR application able to visualize
and disclose digitized Cultural Heritage properties to any user. Sev-
eral case studies have been performed (Section 3), using 3D datasets
surveyed with laser scanning and photogrammetry, in order to test
the reliability and replicability of the VR methodology under differ-
ent operative conditions. The pipeline manages detailed 3D models
without losing quality, in terms of geometry and textures, with a
fluent real-time interaction. This is a mandatory requirement to
fully exploit all the contents of a 3D modelling project for visu-
alization, communication, analyses and educational purposes. An
intuitive interface was  implemented where the user, assisted by the
tracking system of the Oculus Rift headset, can obtain the model
metadata. This methodology, coupled with Kinect, allows also to
obtain complete control of the user’s body movements.

2.1. VR implementation and devices

The implementation of the developed architecture (the hard-
ware used to visualize and manage the data) (Fig. 1) merged
open-source software/script and proprietary software. In particu-

lar Unity (3D engine) and OpenNI (Open Natural Interaction) were
employed. Unity is a commercial game engine application that
allows fast implementation time and the management of external
devices for the integration of the user’s body movements during
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Fig. 1. (a) Software and hardware layers of the experimental architecture: a laptop (GPU: Intel HD4000 – 1 GB RAM, CPU: Intel Core i5 2.5 GHz – 4GB RAM) controls Kinect
a  of th
K

t
f
w
m

R
s
i
t
o
m
a
a
t
h
l
K
c
I
a
u
M
c
t
a
a
a
s

K
a
m
a
t
s
s
fi
t
a

i
i
c
t
a

nd  Oculus Rift devices through Unity engine and related wrappers. (b) The set-up
inect sensor to observe the body movements and activate multimedia contents.

he visual simulation. OpenNI is an open source software project
ocused on certifying and improving interoperability of natural (as
ell as organic) user interfaces, i.e. devices that capture body move-
ents to allow a more natural interaction of users with computers.
From a hardware point of view, the set-up integrated an Oculus

ift and a Microsoft Kinect. Oculus Rift is a VR headset designed
pecifically for video games to make the gaming experience more
mmersive. Thanks to its hardware, Oculus Rift allows to replicate
he natural movements of the user’s head, increasing the perception
f the user within the VR environment. Three important features
ake Oculus Rift (Development Kit 2) a very powerful and valu-

ble device for VR applications: a display (960 × 1080 per eye),
n internal tracking (accelerometer, gyroscope and magnetome-
er) and a viewing optics (100◦ nominal field of view). On the other
and, the Microsoft Kinect device was used given its flexibility,

ow-cost, portability and acquired experience with past projects.
inect is a motion sensing input device used for video games and
reated by Microsoft. This device is composed by an RGB camera,
R depth sensor, motorized tilt function, a multi-array microphone
nd custom processor running proprietary software and it can be
sed to make applications thanks to software developer kit by
icrosoft and OpenNI library. It allows the user to take remote

ontrol of the application, in an interactive way, from a distance
hat ranges between 0.8 and 4 m.  Comparing to the other avail-
ble low-cost solutions, Kinect is able to track and reconstruct full
nd partial markerless skeletal with a discrete precision, it has

 good working range and it can be easily integrate with other
ensors/devices.

In order to design a user-friendly interface, Oculus Rift and
inect were tested with different kind of people (from children to
dults). Based on the performed tests, the most natural and intuitive
ovements were chosen. Using Oculus Rift, the head movements

llow the user to take control of the application (to obtain informa-
ion, to change 3D scene, etc.). On the other hand, the Kinect sensor
hould only control the movement of the user’s body into the VR
cene. This is possible only when the user remains into the Kinect’s
eld of view. The user will be able to walk forward through a slight
hrash and respectively rotate (clockwise or counter-clockwise) by

 slight movement of his right or left arm.
The two devices were integrated using OpenNI inside Unity,

mplementing an interaction process between the user and the dig-

tal contents. This method exploits a pointer centred in the main
amera (Oculus Rift developed interface) and moves according to
he head movements. The pointer is similar to the mouse pointer
nd it allows the visualization of visual contents. Invisible hot spots
e developed procedure: the Oculus device for the immersive visualization and the

were placed in different points of interest. Once the user looks at
a specific part of the virtual scene (named “hidden hot-spots”) the
access to the information becomes visible. The method is able to
control these hot-spots and, depending on the pointer position, it
also controls if the contents should be displayed or not (Fig. 2).

3. Case studies and results

Different digital 3D datasets have been used to test and assess
the suitability and performance of the developed VR visualiza-
tion application and to consider the potentiality of the presented
methodology. For these purposes, various reality-based 3D models
have been chosen based on their variety, in terms of dimension,
shape, material, colour and size. In particular, we considered 3D
models of various Etruscan tombs composed of multiple frescoed
chambers. The used 3D models were produced collecting data
through accurate 3D recording techniques such as laser scanning
and photogrammetry (see [50,51] for more technical details). A
Leica ScanStation, Time-of-Flight (TOF) terrestrial laser scanner
(TLS), was  used to acquire geometric data. This geometric data was
recorded from different positions in order to survey the areas of
interest with an average sampling step of 3–5 mm.  The obtained
unstructured point clouds were cleaned and aligned in a common
reference system, followed by the generation of the final struc-
tured polygonal 3D models. The produced surfaces were edited
and optimized, removing redundant data and merging together all
the vertices within a specified threshold (tolerance). In addition,
in order to create photo-realistic 3D models, a Nikon 3DX  camera
with fixed lenses (Nikkor 24 and 50 mm)  was  used to acquire high
resolution images.

According to the complexity of the objects and the final
purposes, the TLS 3D models were textured using different
approaches: (i) panoramic and normal images were mapped onto
the reconstructed 3D geometry of the painted chambers through
photogrammetric techniques whereas (ii) virtual textures were
used to realistically reproduce materials (e.g. tufo) in specific areas
of the heritage sites. Furthermore orthophotos and rectified images
showing virtually restored frescoes were used to map  damaged
areas and create hypothetical reconstructions (“virtual restora-
tion)”. The resulting photo-realistic 3D models are composed by
millions of polygons and high resolution images, with a file size (in

OBJ format) ranging from 200 MB  to 700 MB  (Fig. 3 and Table 1).
Due to the huge size of the 3D models and the hardware used the
upload time can be too long. In addition, a small delay can be noticed
which could affect the fluidity of the 3D scene. To avoid this, the
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Fig. 2. A typical workspace inside Unity: (a) workspace for digital content visualization and data interaction through Oculus Rift, (b) retrieval of historical data information
and  (c) scene change.

Fig. 3. Cases studies: 3D models of the (a) Bartoccini tomb, (b) Inscriptions tomb and (c) Bettini tomb.

Table 1
Characteristics of the employed 3D models. The uploading and visualization delay of the optimized 3D model depends on the employed hardware.

Bartoccini Inscriptions Bettini

Period of the heritage site VI cent. BC IV-II cent. BC V cent. BC
Location of the heritage site Tarquinia (Italy) Vulci (Italy) Tarquinia (Italy)
Dimensions of the site 4 rooms, 44 m2 7 rooms, 90 m2 1 room, 12 m2

Num. of polygons ca 3 millions ca 5 millions ca 2 millions
Size  of the original 3D model (including texture) ca 520 MB  ca 700 MB  ca 200 MB
Num.  of polygons (reduced model) ca 450,000 ca 750,000 ca 300,000
Size  of the optimized 3D model (including texture) 71.4 MB  92.7 MB 53.1 MB
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Fig. 4. Two examples of the VR application seen through the Oculus eyes: (a) the Bartoccini tomb with (b) a hotspot to text information and (c) the Inscription tomb with
(d)  a view to an engraving and its translation.

Fig. 5. (a) The current condition and (b) the virtual restoration of the frescoes in the Bettini tomb based on iconographic studies and historical information. The VR application
for  the immersive and real-time access to the Bettini digital 3D model: (c) the 3D model seen in the Oculus eyes, (d) the developed user interface to change scene and (e) the
access  to the virtual restoration of the frescoes.
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ig. 6. The VR application deployed for the immersive access of the Paestum Virtu
o  the additional media content and (c) historical information. (d) Users enjoying th

nal photo-realistic 3D models were reduced using different opti-
ization techniques. It could be possible to reduce drastically the

D data by CAD modelling but this involves the loss of complex
urface details. Normal maps were used to optimize the geome-
ry without losing visible quality [13]. To achieve a reduction the
umber of faces, the mesh of the reality-based 3D models have
een optimized (using the “ProOptimizer” tool in 3ds Max), from
igh to low resolution. The texture mapping was  preserved and the
aterial information was maintained in the optimized polygonal
odels. Then, the geometry of the high resolution 3D models detail
ere projected onto a low resolution 3D models through normal
aps (using the “Render to Texture” tool, in 3ds Max). In this way, it
as possible to maintain the visual appearance at high resolution,

educing the weight of the 3D models. In the other hand, unwrap-
ing techniques were used to obtain singles texture and reduce the
exture size. The final optimized 3D models ranging from 50 MB  to
0 MB  (Fig. 3 and Table 1). In the following three case studies are

resented: (a) the Bartoccini tomb, (b) the Inscriptions tomb and
c) the Bettini tomb. In Section 3.4 a further development of the
R application to a Virtual Tour (VT) of an archaeological areas is
resented.
r: (a) access to the Basilica monument, (b) internal view of the Basilica and access
ersive VT with the Oculus headset during the 2015 EU Research Night.

3.1. Bartoccini tomb

The Etruscan Bartoccini tomb (VI cent. BC) is composed of four
rooms – a principal burial chamber, with beautiful frescoes, which
give access to the other three rooms. The tomb is approximately
2.7 m high with an area of ca. 44 m2. The survey delivered ca. 1.5
millions of points and the final polygonal model is composed of ca.
3 millions of faces. The texturing was  done using high resolution
panoramic images mapped onto the polygonal 3D model of the
tomb. The final file size is ca. 520 MB  (including the texture). These
characteristics deny a fluent and interactive real-time access to the
virtual tomb to non-expert heritage users. Contrarily the developed
VR application allows to walk-through the digitized tomb, access
to digital contents and easily analyze the chambers frescoes (Fig. 4a
and b).

3.2. The Inscriptions tomb
The Etruscan Inscriptions tomb (IV-II cent. BC) is composed of
seven rooms – a central atrium with access to six burial cham-
bers. The hypogeum is approximately 3.4 m high with an area of
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a 90 m2. The tomb lacks of frescoes, however it is characterized
y many inscriptions on the walls (in Etruscan and Latin language)
hich describe persons from different families buried there. The

urvey collected ca. 2.4 millions of points, delivering a final polyg-
nal model with ca 5 mil  faces. Due to the homogeneity of the
aterial (tufo) and the complex geometry that characterizes the

omb (irregular rooms full of tombstones and sarcophagus creat-
ng occlusions), virtual textures were used to texture the materials,

hile, high resolution images were used to map  the inscriptions
hrough photogrammetric methods. The final file size is ca. 700 MB
including the texture). The textured 3D model was imported in
nity and different lights were used in order to highlight not only

he three-dimensional perception but also to better recreate the
eal environment. The inserted hot-spots allow the user to inter-
ctively obtain historical information about the tomb and visualize
he various inscriptions [52] together with their translation (Fig. 4c
nd d).

.3. Bettini tomb

The Etruscan Bettini tomb (V cent. BC) is a single room struc-
ure with a gabled roof, various frescoes and a burial moat dug in
he ground. The tomb is approximately 2.5 m high with an area of
a. 12 m2. The final photo-realistic 3D model of the tomb has ca.

 millions of polygons. The geometry of the chamber was texture-
apped through panoramic projections while the burial moat, due

o its narrow dimensions, was textured by flat projections of high
esolution images. The file size of the tomb is ca. 200 MB (includ-
ng the texture). It faithfully represents the current status of the
truscan burial with many ruined frescoes. For conservation and
rchaeological purposes, a virtual hypothetical reconstruction of
he frescoes was performed using Etruscan paintings analyses [53]
nd iconographic studies of similar tombs and materials (Fig. 5a
nd b). For this purpose, orthophotos and rectified images of the
urrent status of the tomb were produced using high resolution
mages (acquired by a Nikon D3X camera, 24.5 megapixel Full-
rame (36 × 24 mm)  sensor with fixed lenses Nikkor 24 and 50 mm)
nd reality-based 3D models. The obtained flat images were used to
esign the hypothetical reconstruction of the frescoes and subse-
uently restored digital images were used to texture the geometry
f the 3D model. In this way, a new 3D model of the virtual hypo-
hetical status of the Bettini tomb was created. Both 3D models
actual and hypothetical situation) were imported in Unity in a
ommon reference system, overlapped with the same origin and
rientation and used to create a temporal VR visualization to com-
are the different situations (Fig. 5c–e). Thanks to the Kinect sensor,
hich observes the gesture of the user while he/she navigating

nside the tomb, within the Oculus headset the different temporary
cenes can be activated and observed.

.4. Further application

The developed VR application can be used not only for huge and
omplex reality-based 3D models but also for different purposes
uch as Virtual Tours (VT) of archaeological sites. In order to verify
he reliability of the presented methodology, a VT realized for the
rchaeological area in Paestum [54] was tested. The Paestum VT
s composed of 20 very high-resolution panoramic images spread
ll over the site (ca 1 × 0.6 km). In addition, historical information
elated to the main monuments was collected to enrich the tour.

he high resolution panoramic images as well as the historical dig-
tal information are integrated inside Unity, and through Oculus
ift an immersive visualization of the enriched images is realized
Fig. 6). The user can navigate through the different panoramic
 of Cultural Heritage 23 (2017) 40–48

scenes and landscapes and retrieve access to the information of
archaeological site without being at the site.

4. Conclusions

The paper presents the interactive and immersive visualiza-
tion and access of large and complex reality-based 3D model using
Virtual Reality (VR) techniques. The developed and implemented
methodology rely on VR devices and natural user interfaces inte-
grated using a game engine software. The outcomes allow to access,
visualize and divulge digital archaeological sites which are nor-
mally not accessible due to hardware limitations and large file
sizes. Unity plays a fundamental role (i) for the management of
complex reality-based 3D models and high resolutions panoramic
images and (ii) for the integration, synchronization and processing
of various devices and data. Indeed Unity must communicate with
different devices in order to coordinate a second display (Oculus
Rift) and acquire and process the 3D data observed by the Kinect.
The presented VR solution includes also an easy and intuitive user
interface that allows the user, once immersed into a virtual world,
to explore a 3D scene and, simultaneously, to retrieve digital media
contents (like historical data). Such user interface was  realized
considering to whom the application is addressed (scientific com-
munity, tourists, students, etc.), in order to design and implement
it with the best results, in an intuitive and user-friendly way.

The limitations of the developed VR solution are the uploading
time of large 3D datasets into Unity, the actual constraint of CPU
and GPU as well as the working range of the Kinect sensor. All these
issue will for sure be soon solved by the continuous ICT develop-
ments. Nevertheless the presented work represents an innovative
application in the Cultural Heritage field. Even huge and complex
reality-based 3D models could be integrated into a unique VR appli-
cation, in order to exploit the intrinsic advantages of the different
digital datasets. It can be used not only for visualization, enriching
unique experiences for visitors in museums, exhibitions and educa-
tional purposes but also for scientific applications of heritage sites.
VR technology can offer scholars to visit digital archaeological areas,
like in a real-world context. It enables a non-destructive way for
archaeologists, historians, and other academics to inspect archaeo-
logical sites, providing accurate and precise details of monuments
(based on the resolution of the 3D model used), without damag-
ing, dirtying or altering heritage sites. Advanced tools allow the
access to digital media contents, thus the VR application becomes
a container of data. Furthermore, it is possible to travel through a
temporary space as the 3D data visualized in the VR application
can represent the same Cultural Heritage site at different times,
turning into a reality-based 4D virtual world. Adding multiples
layers allows to create different levels of information (e.g. differ-
ent conservation states, various hypothetical reconstructions, etc.).
As a result, the users will be able to virtually travel to locations
with difficult access, distances places or different eras in order to
know the past and present of the site. Additionally, people with
limited mobility can virtually visit, explore and enjoy Cultural Her-
itage sites through reality-based VR applications. In the researcher
field, scientists, archaeologists, conservator and architects could
be able to use the VR application as a database with dedicated
cultural information (textual information, images, metadata, etc.),
aside from planning, predicting, simulating and visualizing future
interventions. Scientists and researchers located in different places
could visualize and investigate the same archaeological sites, at the
same time, in order to facilitating collaborative research and data

sharing.

The presented methodology was  showcased during the 2015
EU Research Night (Fig. 6d) and it is now on show in the travelling
multimedia exhibition about the Etruscan civilization.
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