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Inauguration of Technical Annals e-publishing

With particular joy, respect and commitment to the history of TEE, to the future of the scientific role of the
Chamber and to the work of Greek Engineers as a whole, the Technical Chamber of Greece is proceeding
with the publication of an international scientific journal. After several years without regular scientific publi-
cations, due to the special economic situation of the country, but having as a source of our history the
TECHNICAL ANNALS, published by the TEE for decades, we undertake this role again to give another
scientific podium to the Engineering community.

More specific, the Governing Committee of TEE, in accordance to Decisions No A14/X39/2021,
A16/X7/2022 and A41/216/2022, proceeded to publish of the Scientific Journal entitled « Technical Annals»
by the Technical Chamber of Greece (TEE) concerned with Advances in Engineering, in English lan-
guage. The content of the journal will be available electronically and via Open Access, through the e-
Publishing service of the National Documentation Centre (EKT).

The scope of the journal will include all Fields of Engineering:
1. Civil Engineering

Architectural Engineering

Mechanical Engineering

Electrical & Computer Engineering

Rural and Surveying Engineering

Chemical Engineering

Mining and Metallurgical Engineering

Naval Engineering

e AR o i

Electronic Engineering
. Engineering of Urban Planning & Regional Development

—_— —
— O

. Environmental Engineering

—_
N

. Engineering of Mineral Resources
13. Engineering of Production & Management

Furthermore, it will be concerned with Interdisciplinary Thematic Areas, which are at the cutting edge of

Research and Innovation, such as:
Agricultural Engineering and Food Processing, Artificial Intelligence, Aerodynamics, Bioengineering,
Circular Economy, Climate Change, Cultural Heritage, Education and Learning Processes, Energy, En-
vironment, Economy, Geoinformatics, Human Modelling, Industrial Symbiosis, Management and Qual-
ity Control, Material Science and Engineering, Naval Coastal and Maritime Design Engineering and
Planning, Spatial Planning, Sustainable Development, Systems’ and Processes Engineering, Technolo-
gy, Transportation, Processes, among others, and the thematic areas will be dynamically adjusted and
determined taking into account both the progress of Science and Engineering, as well as future trends
and the trending concerns and needs of Society.

Moreover, conferences, in which TEE is either co-organizing or participating in their Organizing and Scien-
tific Committee, will be able to submit a request to publish their Proceedings (in either Greek or English lan-
guage) always through the “e-Publishing” mechanism, as long as the request has been submitted to TEE and
has the approval of TEE’s Governing Bodies, either six months before the conference date (in cases where
the proceedings are to be published prior to the conference initiation), or three months before the conference
date (in cases where the proceedings are to be issued after the Conference).

The Governing Committee of the TEE assigned the responsibility of the publication to the Editorial Board
and the Scientific Board of the Journal; the list of members of each board is herein attached.

vi



We inform all Greek Engineers, the Academic and Research Community that we are proceeding with this
publication in order to give the floor for communication, publicity and recognition, by the International
Community, of the Research and Innovation that Greek Engineers produce in practice, on construction sites,
in urban space, in regional areas, in industry, in development, in environment, in energy, in the digital world,
in universities, in research centers, in startups, in businesses, etc.

We aspire to attract your interest, find in you critical readers, feed your scientific work and publish the re-
sults of your research through the International Scientific Journal of TEE.

Looking forward to an important publication that we'd like to become everyone's business,
The President

of the Technical Chamber of Greece

George N. Stasinos
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The Technical Chamber of Greece (T.C.G.) decided to republish in English a Scientific International Open
Access e-Journal. The “Technical Annals” - a journal which was counting decades of life following T.C.G.
activities — will be edited by the T.C.G. through e-Publishing Platform at the EKT (National Documentation
Centre) and will concern all the advancements in Engineering:

Referring to the Engineering Disciplines :

. Civil Engineering . Electronic Engineering

. Architect Engineering . Engineering of Urban Planning & Re-
. Mechanical Engineering gional Development

. Electrical & ComputerEngineering . Environmental Engineering

. Rural and Surveying Engineering . Engineering of Mineral Resources

. Chemical Engineering . Engineering of Production & Manage-
. Mining and Metallurgical Engineering ment

. Naval Engineering

Referring to interdisciplinary Thematic Areas at the forefront of Research and Innovation like:

Agricultural Engineering and Food Processing, Artificial Intelligence, Aerodynamics, Bioengineering, Circu-
lar Economy, Climate Change, Cultural Heritage, Education and Learning Processes, Energy, Environment,
Economy, Geoinformatics, Human Modelling, Industrial Symbiosis, Management and Quality Control, Ma-
terial Science and Engineering, Naval Coastal and Maritime Design Engineering and Planning, Spatial Plan-
ning, Sustainable Development, Systems’ and Processes Engineering, Technology, Transportation, Process-
es, et al as dynamically will be defined by the progress of science and engineering, the future trends and so-
cial needs as well.

The TCG is aiming through this e publication, of at least 3 volumes per year to connect Greek Engineers
with the International Community of Engineering Science and Innovation for the benefit of the public inter-
est and for the promotion of science through research, development, innovation in compliance with its con-
stitutional targets.

Technical Annals is a peer-reviewed journal.
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Preface

Innovative scientific methodologies and challenging projects marking future trends in the protection of cul-
tural heritage have initiated through a holistic approach, by merging competence from the scientific fields of
architecture, civil engineering, surveying engineering, materials science and engineering, information tech-
nology, and archaeology, a universal conversation among scholars, heritage professionals on restoration and
conservation, stakeholders, industry representatives, and policy makers. The combined utilization of digital
documentation technologies with innovative analytical and non-destructive techniques; numerical, computa-
tional; and 3D techniques; and archaeometric and archaeogene methods supports the development of a trans-
disciplinary multispectral modeling methodology towards the sustainable preservation of cultural heritage.
Innovation is enhancing and revealing a critical dimension of the preservation of cultural heritage along with
social participation and communication.

The 2nd International Conference on “Transdisciplinary Multispectral Modeling and Cooperation for the
Preservation of Cultural Heritage: Recapturing the World in Crisis through Culture” (TMM_CH 2021), has
being held during December 13—15, 2021, at the Eugenides Foundation in Athens, Greece, and discussed
modern trends in the original agora of our technological and democratic roots.

The conference was organized by the National Technical University of Athens (NTUA) in cooperation with
the Technical Chamber of Greece, under the patronage of H.E. the President of the Hellenic Republic, Kate-
rina Sakellaropoulou, inaugurated by H.E. the Vice President of the Government of the Hellenic Republic,
Panagiotis Pikrammenos, with benedictions bestowed by His All Holiness, Ecumenical Patriarch, Bartholo-
mew [ of Constantinople and His Beatitude Archbishop Hieronymus II of Athens and All Greece.

Distinguished scientists and representatives of the National Geographic Society, the Cultural Heritage Fi-
nance Alliance (CHiFA), the International Council of Monuments and Sites (ICOMOS), the International
Committee for Documentation of Cultural Heritage (CIPA), the Organization of World Heritage Cities
(OWHC), the European Society for Engineering Education (SEFI), the European Construction Technology
Platform (ECTP) and the Hellenic Construction Technology Platform (HCTP), the International Federation
of Surveyors (FIG), the World Monuments Fund (WMF), AHEPA Hellas, the Grand Priory of Greece at the
Sovereign Military Order of the Temple of Jerusalem, the UNESCO Chairs on “Digital Cultural Heritage”
and “Culture, Tourism, Development”, and other major international and European organizations, associa-
tions, networks, universities, and research centers in the field of cultural heritage preservation, vi Preface
participated in the international Steering and Scientific Committees, and addressed the conference at the
opening session.

At the 1st TMM_CH conference, which was held with great success in October 2018 at the Eugenides Foun-
dation in Athens, with the attendance of 350 delegates from 22 countries, the emblematic rehabilitation of
the Holy Aedicule of the Holy Sepulchre in Jerusalem was presented as an exemplary application, in the
field of monuments’ protection, of interdisciplinary and multispectral collaboration, as an outcome of inno-
vation in both research and implementation, with emphasis on technological advancements, not only inter-
secting all the scientific fields of engineering and natural science but also initiating an ongoing dialogue with
the humanities, such as archaeology, theology, sociology, diplomacy, and tourism.

The 2nd TMM_ CH conference focused on the latest developments in research and innovation and the identi-
fication of novel trends to build an interdisciplinary approach to conservation and holistic digital documenta-
tion of cultural heritage. The utilization and reuse of monuments, historic cities, and sites forms the frame-
work for the sustainable preservation of cultural heritage, in accordance with the principles of a circular
economy, in terms of the respect and protection of values, materials, structures, architecture, and landscape,



with an informed society able to participate effectively in the policies that will design and implement the new
strategies required.

Innovative knowledge transfer through practice and education is continuing the venture for the rehabilitation
projects in the Church of the Holy Sepulchre, joining the National Technical University of Athens and La
Sapienza University of Rome with the Bezalel Academy of Science and Arts in Jerusalem, in cooperation
with Israeli Antiquities Authority, the Hellenic Research Institute of Alexandrian Civilization, and Per-
petielSI SRL, through the Erasmus+ Strategic Alliance EDICULA “Educational Digital Innovative Cultural
Heritage related Learning Alliance”.

The issues discussed within the 14 sessions and 14 panel discussions at TMM_CH 2021 were as follows:
The Holy Sepulchre rehabilitation project: an emblematic source of innovation;

Resilience to climate change, natural hazards, and pandemic risks - biosafety;

Novel educational approaches for the preservation of cultural heritage;

Preserving compatibility, the materiality and integrity of structures, and architectural authenticity;
Advanced nondestructive and structural techniques for diagnosis, redesign, and health monitoring;
Earthquake and structural rehabilitation;

Archaeology, archaeometry, and archaeogene;

Bridging heritage stakeholders, science, and industry;

Transdiciplinary dialogue for world heritage at risk: the exemplary Hagia Sophia;

O 00 3 N L B W N —

Digital heritage: a holistic approach;

—_— —
i —

Green and blue deals for local and regional sustainable development: revealing and preserving cultural
and natural assets for isolated areas development with social participation;

—_
\S)

Green deal and blue deals for sustainable development of isolated areas: sustainable land management
and rural and urban development through preserving, reusing, and revealing cultural heritage;

13 Historic cities and centers: new Reuse and preservation strategies applying a circular economy;

14 Recapturing the world in crisis through culture.

Sharing knowledge, experiences, and recommendations about sustainable cultural heritage approaches and
practices, at a moment of great risk and a time of renewed possibilities, has reorientated conversation to ex-
plore the current conditions and contours of the world in crisis, recapturing itself through culture and re-
launching development.

The TMM_CH 2021 conference was held at the Eugenides Foundation in a hybrid format. Due to the pan-
demic both onsite and online attendance was facilitated for oral presentations, in compliance with govern-
mental directives against COVID-19. All sessions and panel discussions were accessible for the registered
conference participants using the unique link in their personal conference ticket. The opening session and all
panel discussions, as addressed to the general public, were livestreamed with free access via the conference’s
YouTube channel and website.

The 2nd TMM_CH Conference was highly anticipated, attracting researchers from all over the world. It was
held with great success, despite the pandemic, with the physical presence of 150 delegates and online attend-
ance of 500 delegates in real time.

Striving to ensure that the conference presentations and proceedings were of the highest quality possible, we
only accepted papers that presented the results of various studies focused on the extraction of new scientific
knowledge in the area of transdisciplinary multispectral modeling and cooperation for the preservation of
cultural heritage.

In total, 310 contributions were submitted, and 124 papers were accepted for oral presentation and publica-
tion (representing the work of 377 authors from 33 countries) after peer review and consequent revision, with
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a rate of acceptance equivalent to 40%. A single-blind peer review process was employed with each paper
receiving, on average, three reviews. Accepted papers were published in this volume of Technical Annals.
The interdisciplinarity in the preservation of cultural heritage requires holistic documentation with the fusion
of the various disciplines’ data on 3D models. Computer aided design and advanced computer science meth-
odologies support an interdisciplinary synthesis of the preservation state assessment, i.e. the evaluation of the
rehabilitation achieved in respect of the integrity of materials and structures, throughout the design of the
restoration of authentic architecture. In parallel, new technologies can be used to enhance research and edu-
cation and communicate the reuse and exploration of cultural and natural assets, providing, through tourism,
external economies to sustain local and regional development in a circular way.

Hence, 24 papers presented at the 2nd TMM_CH conference, integrating all of the above aspects, are pub-
lished in this volume as a special issue “Transdisciplinary Multispectral Modeling and Cooperation for the
Preservation of Cultural Heritage”. This is the first volume of the Technical Annals — International Scientific
Journal In Advances In Engineering by the Technical Chamber of Greece (T.C.G.)

This edition would not have been possible without the commitment of the TMM-CH editors of this volume
(Antonia Moropoulou, Haris Doukas, Charalambos loannidis, Sofia Avgerinou-Kolonia, Kyriakos Lam-
propoulos); as well as the valuable assistance of the editing team at Technical Annals (Fotini Kyritsi, Evridi-
ki Karathanasi, Panagiotis Vrelos, Maria Sinigalia, Manolis Erotokritos, Isabella Tsavari, Dimitris Psarris),
to whom we are most grateful.

December 2022 Antonia Moropoulou
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Abstract. Being at the crossway of trade routes, loannina, in northwestern
Greece, has known overtime an economic and spiritual flourishment reflected in
the city's urban web, which has, unfortunately, undergone major alterations.
Focusing on the city's Post-Byzantine period, starting in 1430, for tracing its
pluralistic physiognomy, studying the osmosis of its three cultures, Christian,
Jewish and Muslim, and figuring out the related cultural palimpsest, still surviv-
ing in the collective memory of the city, has been the great challenge of /4SS
Postdoctoral Research Project.!

Extensive documentation of various origin, dynamic and combined interpreta-
tion and processing of multiple data, cross-checking of the detected infor-
mation, have formed the basic principles of /4SIS project development.

The specific paper forms the first part of Hagia Paraskevi Christian Byzantine
Monastery-Namaz Giyah Muslim Mosque-Perifereia Hellenic State Adminis-
trative Building cultural landmarks’ integrated management, i.e., the part on the
landmarks’ integrated documentation in the framework of /ASIS Postdoctoral
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1 Introduction

The historian Prokopios, in his work On Buildings2 is the first one to report the
“founding”3 3of loannina (under the name New Evria4) by the emperor Justinian
1528 AD. [8] For the first time the city of the Castle is cited as loannina in the Pro-
ceedings of the Synod in Constantinople, of the year 879, Zacharias cited as the Bish-
op of loannina. [8] Until 1020 loannina is still a small diocese, under the Archdiocese
of Ohrid. [28] The Fall of Constantinople in April 1204 by the Crusaders, decisively
influenced the development of the city of loannina where Michael A" Komnenos
Doukas giving shelter and organizing cores of resistance, reinhabits the city, radical-
ly renovates its Castle and establishes the Despotate of Epirus. [1, 16, 20, 28] During
the following period, loannina flourished, developed and in 1285 the Diocese of lo-
annina was promoted to a Metropolis. [19, 28]5 Until 1430, the city of loannina has a
strong aristocracy. [28]

On October 9, 1430, during the reign of Charles B” Tocco, the city of loannina was
handed over to the Ottomans. [15] The terms of the surrender being determined by
Sinan Pasha Decree, [2, 3] according to which the Ottomans were committed to re-
spect certain privileges of the inhabitants, mainly property and religion, a fact having
contributed to ensuring the development of Ioannina. After 1430, the merchants main-
tained a privileged position in the social web of the city and enjoyed the favor of the
Ottoman ruling class, as they were the means of increasing its income. [13]

In 1611 a failed uprising of the Christians, will cause their violent expulsion from
the Castle, the widespread destruction of Christian churches and monasteries and a
general change of balance in the city. [13, 22, 28]

In 1913 the city was handed over to the Hellenic State.

2 Selection of Landmarks-Reasoning

In the framework of the specific paper, the following landmarks have been selected
to be presented, as representative case study concerning IASIS Project:
»  Hagia Paraskevi Byzantine Monastery. Status: destroyed.
»  Namaz Giyah Muslim Mosque. Status: destroyed
»  Perifereia [of Epirus]ﬁ Hellenic State Administrative Building. Status: exist-
ing.
In the aforementioned landmarks’ case study it is observed:

2 [Iepi Kniopdrwv.

3 Rather “re-inhabiting”, as Procopius' citation has not been confirmed, [16] given that, accord-
ing to archaeological findings, the city already existed before the times of Justinian. [24]

4 Néa Ebpora.

> However, certain scholars consider the year 1318 or 1319 to be the most probable for the
promotion of the Diocese of Ioannina to a Metropolis. [4, 16, 33] In the specific research
project we will accept the data cited in the synodic act of 1345, i.e., the upgrading of the Di-
ocese of loannina to a Metropolis in the year 1285.

6 “Perifereia” is the Greek word for “Region”.



»  Uninterrupted identical use of the same site as a religious one, until the end
of the Post-Byzantine/Ottoman period of Ioannina.

»  Successive construction of religious buildings of different religions, during
the Post-Byzantine period of loannina.

»  Construction of a state administrative building in modern times.

loannina
Urban plan
Confirmed & signed by Angelopoulos

with the urban plan of loannina/1915/Approved and signed by Angelopooulos. The green col-
oured area indicating the site represented in detail images, as parts of the urban plan of loan-
nina/1915/Approved and signed by Angelopooulos (bottom right corner) and the urban plan
proposal of Toannina/1919/Implemented by Hébrard (up left corner). [Imagery source: © 41, ©
31, © 29] Digital processing by Athina Chroni.

All the buildings are located at the same site, [Fig. 1] outside the Castle of Ioanni-
na, in the suburbs of the former Byzantine, later on Post-Byzantine city of loannina,
nowadays the center of the modern town, forming a stratigraphic and cultural palimp-
sest, thus reflecting the respective political and social alterations, revealing the plural-
istic physiognomy of the city.

The most challenging goals of the specific part of the research project have been:

»  Figuring out Hagia Paraskevi Byzantine Monastery’s dating, location and
form, in relation to Namaz Giyah Muslim Mosque, as depicted, mainly, in
Mellirrytos (& Christides) urban plan7 of loannina, dated in 1916-1918, and
to Perifereia Hellenic State Administrative Building, since only fragmentary
bibliographic data have survived.

»  Detailed documentation and 3D digital approach of Namaz Giyah mosque’s
prayer hall® and cemetery to the east.

7 Urban plan for “Awbypappa popotopiag” in Greek. [29]
8 A building still being officially under “preservation status”, although already destroyed.



3 Methodology

Perifereia State Administrative Building has been the starting point for the location
of the two religious buildings and their respective cemeteries, the urban plan of
Mellirrytos (& Christides), dated in 1916-1918, forming the link between Perifereia
and Namaz Giyah buildings, since the mosque’s plan view is depicted in the afore-
mentioned cartographic datum, forming thus, chronologically, the mosque’s last opti-
cal, official, trace.

Furthermore, additional cartographic data and artistic depictions of the 19th c. and
the beginning of the 20th c., postal cards and photographs of the first quarter of the
20th c. as well as an air photograph of the year 1944 and a color ortho photo of the
year 2015, have furnished further data for crosschecking the research’s results, thus
supporting the location of the Muslim mosque and the hypothetic location of the for-
mer Byzantine monastery’s katholikon, as well as both of the religious buildings’ re-
spective cemeteries.

Moreover, the research study has been strengthened by making use the following
documentation data:

»  Historical data on the city of loannina, as shortly outlined in the specific pa-
per’s “Introduction” Paragraph.

»  Bibliographic reports-testimonies-fragmentary archaeological findings.

»  Typological data on Byzantine Christian monasteries’ as well as on Muslim
mosques’ architecture.

4 Hagia Paraskevi Christian Monastery, Namaz Giyah Muslim
Mosque and Perifereia State Administrative Building:
Location and Dating

4.1 Location

Bibliographic references, archaeological findings and testimonies, under intensive
cross-examined study, lead to the safe conclusion that:

The Byzantine monastery of Hagia Paraskevi, a nun’s monastery [28], as derived
from the memoire of 1584, [5, 28] situated outside the Castle, probably a construction
of the Early Byzantine period, was still standing until 1431. [33] In the years 1431-
1584 it had been transformed to a metzit9 according to the memoire of 1584 as cited
by Athenagoras,10 [5, 28] and to the Holy Metropolis of Ioannina official citation.

9 Fulfilling the need for a praying site for the conquerors.

10 According to the 1584 memoire, as cited by Athenagoras [5] the religious building of Hagia
Paraskevi was not a church as cited by Aravantinos [3] but a monastery, from which the holy
icon of Virgin Mary had been taken away to be saved, when the Monastery was occupied by
the Ottomans. Nevertheless, it is not clear whether the nun Parthenia, commemorated in the
memoire might be the one to have taken away the holy icon a few years before 1584 or the holy
icon had already been saved long before Parthenia, who was, finally, the one to dedicate it to
Saint Nicolas Christian monastery, located on the island of loannina Lake. We will make the



[33] The replacement of Hagia Paraskevi Christian monastery by a Muslim metzit is
confirmed by Aravantinos’ citation. [3]

The former Christian religious building complex, later on a Muslim one, was locat-
ed at the southwestern entrance-exit of loannina, at the highlands of the greater area
of the city, as confirmed by Celebi’s description of 1670 in Kokolakis, [14] the alti-
tude map curves of Melirrytos (& Christides) urban plan of 1916-1918, and Smyris’
citation of an altitude of 500 m for the specific hill, [26] thus providing a panoramic
view over the greater area and fulfilling its role as a protective bastion.

Fig. 2. Screenshot from GIS developed for IASIS project. Layering of the map 1811-
1815/Implemented by Jean-Denis Barbié du Bocage with the urban plan of Ioannina/1916-
1918/Implemented by Melirrytos (& Christides)-Signed by Melirrytos. The green-coloured area
indicating the site of Namaz Giyah mosque, former Hagia Paraskevi monastery, and the yel-
lowcoloured area indicating the site of the two, out of three, respective cemeteries. [Imagery
source: © 30, © 31] Digital processing by Athina Chroni.

Namaz Giyah Muslim mosque and the respective cemeteries’ location apart from
various bibliographic citations as by Celebi in Kokolakis, [14] Aravantinos, [3] Lam-
bridis [19] and Athenagoras, [5] is also confirmed by:

»  Artistic depictions of the mosque and its surrounding area, one of the three
respective cemeteries to the east included, by C.R. Cockerell and J. Smith in
1820, Cockerell and T. Higham in 1832 and Edward Lear in 1849 clearly de-
picting the existence and form of the mosque. [11, 12, 23, 37]

»  The photograph on the postal card Registration Number No. 255-Aspiotis
Publications/year of publication 1913, depicting Namaz Giyah mosque from
the north side, confirms its existence in the urban web of the city, its form
and its condition with most of the damage at the minaret, from which the

assumption that Hagia Paraskevi Christian monastery had been transformed to a metzit
approximately in the year 1431, violating Sinan Pasha decree, dated in 1430, on the
preservation and protection of Christian buildings.



conical roof is absent. [42]

»  More postal cards of unknown publisher and publication year, as well as
photographs form private collection, further contribute in the documentation
of the mosque. The only datum, detected so far, depicting the mosque mina-
ret’s conical roof is the photograph on the postal card of unknown date and
publisher, as shown in Fig. 3 of the present paper.

Moreover, the mosque is further confirmed by cartographic data of the 19" and the
20" c., [Fig. 2] as following:

»  Jean Denis Barbi¢ Du Bocage’s map!! dated in 1811-1815, according to Ka-
netakis,'? [13] dated in 1820, according to Bibliothéque Nationale de France,
scaled 1:9000. [30]

»  Italo Bernasconi’s city plan, dated in 1895, scaled 1:2000, proposing a new
city planning. The original map is lost: an exact copy of it dated in 1904, in
the Greek and the Ottoman language, had been confirmed as accurately de-
picting the current state of the city by the Municipal Committee of the Hel-
lenic State in 1916. [29]

» A map by unknown author, dated in 1905-1908, scaled 1:2000, in the French
language, based on the aforementioned Bernasconi map of the city. [29]

»  Melirrytos (& Christides'4) urban plan, dated in 1916-1918, scaled 1:1000, in
the Greek language, based on the aforementioned Bernasconi map of the
city. [31]

»  Hébrard’s draft map, dated in 1919, scaled 1:4000, in the French language,
confirming the road network of the aforementioned Bernasconi map of the
city. [29]

4.2  Dating

Concerning the dating of Hagia Paraskevi Byzantine monastery only assumptions
should be made. Taking into account the historic framework of the city, there might
be two options:

»  The years between 528, when Justinian is supposed to “create”'’ the city of
Ioannina, [8] and 1020, when Ioannina is cited as a small Diocese under the
Archdiocese of Ohrid.

»  The years following the conquest of Constantinople by the Crusaders, in
1204, when Ioannina’s urban web in the Castle area is strengthened by Mi-
chael A" Komnenos Doukas. [6]

In both cases, the establishment of a monastery in the suburbs of the city, delimited
at that time, by the Castle wall, is probably revealing an early tendency to expand the
city beyond the Castle, in the context of meeting the need for new lands.

I Bibliothéque Nationale de France (D.C.P.) Ge. F. 14472

12 According to the Bibliothéque Nationale de France the map is dated in 1820. [30]

13 According to an official note in the Ottoman language, certified with signatures and stamps.
14 Christides D. cooperated in the first year of the urban plan’s designing project, i.e., in 1916.
Melirrytos P. was the one to fulfill the specific project for the Municipality of loannina. [29]

15 Rather to strengthen the urban fabric, by reinhabitation of the existing city and renovation of
its fortification.



An element that might contribute in reducing the aforementioned chronological
limits is the citation by Lambridis that the Muslim mosque, successive to the Byzan-
tine monastery, was decorated with four monolithic columns of mixed color, (white
and green), about two meters high, of “Byzantine art”. [19] It is likely that the four
white and green monolithic columns [28] either come from Pantocrator Byzantine
Cathedrall6 located at the southeastern citadel of the Castle [6] or were originally
built for Hagia Paraskevi monastery, if we take into account similar examples of other
Christian buildings, where we find architectural elements of a similar typology, as is
the case of Hagios Demetrius church, dated in 412-413 [10] and Acheropoiitos
church, dated in 431-450, [10] both churches located in Thessaloniki, Greece.

If we accept that the four columns originate from Hagia Paraskevi’s katholikon and
that this monastery reproduces architectural prototypes, i.e., in terms of architectural
elements, of the two aforementioned Christian religious buildings of Thessaloniki,
then Hagia Paraskevi should be dated after the end of the 5th century, more specifical-
ly in the years after 528, when Justinian is supposed to reinhabit the city of loannina,
as cited by Procopius.

Concluding:

v Hagia Paraskevi had been transformed to a Muslim religious building com-
plexl7 in the years 1431-1584, without leaving any optical traces, only bib-
liographic citations. [5, 19, 28, 33]

v Namaz Giyah Muslim Mosque, at the site where the former monastery, [5,
19, 28] a landmark completely destroyed approximately in 1930, [28] had
successive construction phases as following:
> 1431-1584"8: Destruction or reconstruction of the existing Christian

monastery, transforming its katholikon, first, to a Muslim metzit, i.e.,
a site for praying. [5, 19, 28, 33]
> 1617: Reconstruction of the Muslim metzit, transforming it into a
mosque, Mustafa Effendi Defterdar, Financial Supervisor from Con-
stantinople, covering the expenses. [19]
> 1715: A renovation of the mosque in the year 1715 confirms the
constant interest of the sponsors. [26]
> 1773: A second renovation is cited for the year 1773. [26]
> Demolition of the mosque in the years 1928-1929, according to Jo-
seph and Esther Ganis Foundation, [34] or in 1930,19 according to
Vranoussis’ citation. [17, 28]
The case of Namaz Giyah mosque is characterized by the following paradox:
»  The Greek Government Gazette No 152/A/16-6-1925 declares the mosque as

16 The second Cathedral of the city, in the Post-Byzantine period, after the destruction of Taxi-
archis Archangel Michael Byzantine Cathedral. As estimated, Pantocrator had also been de-
stroyed, approximately in 1612.

17 Namaz Giyah mosque.

18 The period 1431-1584 might be considered as the period of the transformation of Hagia
Paraskevi monastery, considering as period limits the surrender of the city to the Ottomans in
1431 and the memoire of 1584. [5, 28]

19 We will adopt the year 1930, as the mosque’s demolition year.



a protected monument, [40] thus, further confirming its existence for the year
1925.

» So far, no Greek Government Gazette has been found declassifying the
mosque to a non-protected monument. The mosque, standing at a key point of
the modern city’s center, was in a constant state of risk, finally concedingits
spacious open site to the new Hellenic State’s Administrative Building and
the city’s central square, a plan already scheduled from the mid-1910s, as
confirmed by the two urban plan proposals, in 1915, approved and signed by
Angelopoulos, Deputy General Governor of Epirus [31] and in 1919, pro-
posed by Ernest Hébrard, French architect, archaeologist and urban planner.
[29]

»  The relevant digital file of Namaz Giyah’s Declaration as a protected ar-
chaeological and historical site, is still posted on the official website of the
National Press Office of the Hellenic State/Permanent List of Declared Ar-

chaeological Sites and Monuments.” [39]

v Perifereia Hellenic State Administrative Building, constructed in the
years 1935-1970, in successive structural phases, a secular public
building, a modern landmark of the contemporary city, built at the site
where formerly Namaz Giyah mosque used to stand. Designed by the

Ioannite woman architect Eriketi Ioannidou,21 is one of the largest
buildings of loannina, its construction having been adventurous: hav-
ing been bombed in 1940, during WW 1I, it remained in ruins for
many years after the war. Later on, it was rebuilt, but not completed
until 1960. In 1970 a third floor was added. [38]

5 Data Processing

All of the geospatial data detected for the documentation of the two lost religious
landmarks, as aforementioned, have formed the basic components for the develop-
ment of a GIS. Their further study in a georeferenced geospatial digital environment,
contributed creatively in their crosschecking, as well as in their interpretation, ending
in conclusions derivation, by making use also of the related literary sources. The GIS
implementation product has formed the basic element for the development of a web
database.

Furthermore, composites of image products as derived from the GIS’ multiple lay-

ers activation Visibility,22 have formed the background image for developing the re-
spective landmark’s 3D digital model. Each one of the 3D digital models has been

20 As it is derived from the aforementioned, Namaz Giyah mosque, although destroyed, still
belongs to the category of monuments to be protected and preserved, according to the Greek
Government Gazette No 152/A/16-6-1925. [40]

2! Eriketi Ioannidou (1910-1984): in 1927 Eriketi loannidou graduated from the School of
Architecture of the National Technical University of Athens. [21]

22 Keeping always visible a layer representing the modern city, under the intention of rendering
possible a continuous observation of the hypothetic interaction of the building’s structure with
the modern urban web



chosen to be rendered in an abstractive way, focusing on its basic architectural ele-
ments, under the perspective of implying the building’s form and not imposing the
researcher’s point of view. Figuring out the alterations of the urban fabric and awak-
ening the city’s collective memory as well, have formed the basic axis of the scientific
procedure.

At a next stage of work, integrating the 3D digital models’ .mp4s in an online vir-
tual museum, as well as additional information, has been chosen as the most user-
friendly medium to communicate the digital product to the public. Furthermore, QR
codes set at the specific sites, where the landmark buildings used to stand and have
been now 3D digitally developed, under the intention to achieve more interaction of
the project with the local community, fulfill their role of active portals to I4SIS virtual
environment, as composed by the related website, the virtual museum and an online
routes platform proposing cultural walks in the city.

Given that the number of digital images that are freely available online today has
reached unprecedented levels, fruitfully making use of the specific data for develop-
ing 3D digital models through the implementation of significant breakthroughs such
as the Structure from Motion algorithm which creates 3D models of objects using
their 2D photographs [18] and “since the footprint of time sometimes imposes terri-
ble consequences on cultural heritage, it often becomes necessary to not only recover
the memory of original features of historical buildings, urban and landscape environ-
ments, but also understand its likely evolution”, [25] the 4D digital model develop-
ment and, furthermore, upgrading the digital model by incorporating the description
of additional semantic metadata information, thus rendering a 5D digital model [9]
might form another /4SIS project’s milestone in the future.

6 Conclusion

All places have hidden secrets, revealed when the cultural palimpsest goes under a
decomposition procedure by tracing and revealing its structural elements. loannina
being a city with a long Byzantine past, should have the chance to reveal its hidden
Byzantine secrets, given that “each place is a distinctive autonomous entity, as a
unique idea, which has spiritual power and emotional content, expressed through the
collective, overall and perpetual consciousness of its people.” [7, 27]

Concerning cultural heritage, the year 1830 is a turning point. According to the
Greek Law 3028/2002, Art. No 2: “(aa) As ancient monuments or ancient relics are
considered all cultural goods belonging to Prehistoric, Ancient, Byzantine and Post-
Byzantine times and are dated up to the year 1830, subject to the provisions of Article
20 ... bb) As newer monuments are considered cultural goods that are dated later than
the year 1830 and whose protection is imposed due to their historical, artistic or of
scientific significance, under the regulations of Articles 6 and 20.” [32]

The case of the successive destruction of a Christian monastery, initially, and a
Muslim mosque later on, calls for an urgent plan, globally, for saving cultural heritage
and strengthening collective memory. [Fig. 3]
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Fig. 3. Namaz Giyah Muslim mosque. View from the northeast. The specific photograph con-
stitutes the only datum, detected so far, depicting the mosque minaret’s conical roof. Postal card
of unknown date and publisher. [Imagery source: Private collection]
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Abstract. In recent years, the need to digitize and create digital twins of the ar-
chitectural and artistic heritage has been confirmed and accelerated. In this con-
text, the DIDA-LXR (Laboratory for eXtended Reality) of the DIDALABS sys-
tem, has carried out a series of research on the use of Virtual and Augmented
Reality solutions to create and support activities in digital surveying, workshops
for architects, and the establishment of a common knowledge basin regarding the
existing architectural heritage. In this paper, several experiences are presented,
and their workflows and results are shared. The selection focuses on the virtual
reconstruction of the Gothic apses in the Cathedral of Fabriano; the reconstruc-
tion of the frescoes in Santa Maria dei Bianchi in Gubbio and the virtual recon-
struction of the Horrea Agrippiana at the Roman Forum in Rome. Despite these
four case studies being different, they all aim at creating a series of products that
document the state and possible aspects of the past of significant elements of the
architectural heritage. In their own way, they fix the state of knowledge and con-
dition of these complex artefacts, preserving their memory and creating a valua-
ble basis for any further interventions. Simultaneously, the use of today's digital
tools in structures geared towards both sharing in working groups and dissemi-
nation activities makes this content available for a wide variety of processing.
The technologies for the visualisation of digital works are to be considered ex-
cellent tools for the use and enhancement of Cultural Heritage.

Keywords: Digital Survey, Virtual Reality, Augmented Reality.

1 Introduction

Digital tools for survey, documentation, presentation, creating multimedia content
and sharing information offers interesting possibilities with great potential in the field
of cultural heritage. The creation of a digital copy from the real object is an important
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step in bringing architectures, artworks, and archaeologies of any size into the present,
whenever this means bringing it in taking part of contemporary procedures of manage
ment, protection, and dissemination. From a single building to an entire museum to
large excavation sites and a system of ruins over a large area. The tools for this trans-
formation, thanks to their progressive dissemination over the last twenty years, are
available to heritage managers, researchers and, progressively, to any visitor interest-
ed in the consistency of built heritage. From 3D laser scanners to modern photo-
grammetry and components built into personal devices, digital copies are being pro-
duced ever faster and in even better quality. The numerous experiences of recent years
confirm the widespread use of digital innovations in the reality of individual build-
ings, architectural ruins, museums, and collections [4]. These changes and develop-
ments should be considered as part of the components at the base of Humanity 5.0,
defined as a "society of intelligence" in which physical space and cyberspace are fully
integrated [13]. The opportunity for a renewal of the logic and methodology of docu-
menting and sharing information about architecture and art should be provided by
digital innovations at all levels, starting with the tools that make it possible to move
from the real to the digital with the digitisation of architectural space and to imple-
ment valuable content aimed at creating a constructive experience for the public,
based on multimedia concepts and rich in qualities. The activities of the eXtended
Realities laboratory, which is part of the Didalabs system at the University of Flor-
ence, aim to explore and research solutions for the use of rich content in the different
situations that can occur in architecture, from design requirements to the presentation
of architectural and cultural-historical themes. The strategy aims to create accurate
documentation, establish a quality base, and enrich the resulting digital environment
with elements of valuable interest. These solutions are designed to attract attention
and convey the intrinsic values emanating from places and their history, helping
scholars, students, and casual visitors to gain new information about a building's orig-
inal appearance and its evolution over time. All this is done to communicate precisely,
far from any desire to make the subjects spectacular and to follow a possible division
of steps from the inventory to the study of the current state of the architecture to the
ideas and derivations that lead to the final result. The level of accuracy of each recon-
struction is always indicated, with the graphical solution used to represent the result-
ing model varies according to the wellconsolidated indications for the presentation
and sharing of research results [1]. On the side of the tools, in all cases, the alchemy
of digital surveying, mainly 3D laser scanning and photogrammetry, is used to pro-
duce correct documentation of the architecture "as is" and as a suitable basis for fur-
ther studies. The 3D laser scanner units and the cameras are selected on the basis of
the specific characteristics of the building, while photogrammetry is used and opti-
mised on a case-by-case basis for interiors with frescoes and/or rich details and for
objects that require a model with high accuracy. All 3D laser scanner data is pro-
cessed using each unit's proprietary software, then mostly aligned, and refined in Au-
todesk Recap. Photogrammetry is done using Agisoft Metashape or Reality Capture,
two well consolidated SfM/IM based software. The first can be considered a "classic"
and reliable solution since the early days of the renewal in digital photogrammetry,
while the second, developed by Capturing Reality, a company recently acquired by
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Epic Games, owner of Unreal Engine (a popular software for developing virtual reali-
ty environments), offers superior speeds and interesting possible future developments.
Both are used to process the collected data, and the choice depends on the specific
characteristics of the available images. Both use Structure from Motion/Image Match-
ing procedures (SfM/IM), a distance representation technique that, starting from
points extrapolated from 2D images, allows the reconstruction of three-dimensional
objects in the form of a textured mesh [7]. At the end of the process, the resulting po-
lygonal mesh surface, together with its texture, provides a digital model that can be
optimised for the following steps leading to the final virtual environment. The occa-
sion of developing virtual contents with full quality and dedicating a proper time to
research about virtual reconstruction and using the resulting models as a ground test
about the realism of the hypothesis took place in more than one occasion across the
last period, it took inspiration and reference from other researcher valuable experienc-
es [2, 3, 10], and found the benefit of exploiting previous initial experiences from the
DIDALXR laboratory [12] and then arriving to the case studies described in the fol-
lowing lines.

2 Case study one: Gubbio

2.1 The Church of Santa Maria dei Laici

Starting in July 2021, the complex of the crypt of Santa Maria dei Laici in Gubbio
alongside the entire church were surveyed panoramically from the inside and outside
photogrammetrically, with 3D laser scanning and VR. The survey formed the basis
for the subsequent virtual reconstruction of the complex. The church of Santa Maria
dei Laici, also known as the “Church of the Whites”, is located opposite the Basilica
of San Francesco and is situated between the piazza dei Quaranta Martiri and via Pic-
cardi. There are two entrances, both from via Piccardi and from under the loggias.
There are several important works in the church, but the most important is the cycle
of 24 panels painted by Felice Damiani around 1607 on the theme “Life of the Vir-
gin” [8]. The church is built on two levels, presumably due to a series of alterations
and transformations. On the first level, there is a frescoed underground chapel and on
the second level, the devotional space. An opening in the floor gives access to the
crypt, through which one can glimpse the level below, where part of the frescoes de-
picting the “Passion of Jesus” can be seen. These frescoes have always been a cause
for concern, as they are in a state of disrepair, mainly due to the dampness in the
place. The chapel was flooded by the Camignano torrent in 1858 and 1862. The dam-
age was considerable, as the basement has windows overlooking the torrent [5]. In the
course of the last restoration works in 1963/64, the frescoes were taken down and
moved to the former refectory of the monastery of San Francesco, but some were pre-
served as the degree of damage was considered too great to remove them from the
walls. During 1973 they have been moved to the Cathedral Museum. In the church, an
opening in the floor allows to see the level below, with parts of the walls from the
previous structure, enriched by some remaining frescoes. The artworks remained in
place, together with some traces and parts the past building of the former appearance
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of the church.

2.2 Digital survey campaign

The digital survey was considered the first fundamental step to allow the alignment
and specific reading of all the remains. The photogrammetric surveys were carried out
both in the church, inside the crypt and for a wooden Christ coming from the lower chapel
and now repositioned in an altar, and in the Diocesan Museum, where the remaining
frescoes are located. The photogrammetry for the crypt and the frescoes in the Diocesan
Museum was operated using a Fujifilm Gfx50s, a SOMP digital medium format equipped
with a Fujinon 32-64mm f4 lens, while a Nikon D850, a full-frame DSLR with a resolu-
tion of 47.3MP equipped with a Nikkor 16-35mm f4 lens. This second camera was used
for the wall fragments emerging in the church, and for the statue of Christ. For this last
specific survey, a total of 850 photos were taken and processed, the size of the statue was
defined using some direct measurements taken at strategic points on the statue to deter-
mine the actual dimensions. Reality Capture was used to reconstruct the three-dimen-
sional model of the statue, producing a polygonal surface of 267 million triangles. Addi-
tionally, a simplified version was made downsampling the model to nine million triangles
with the application of the texture with two atlases of 16,000x16,000 pixels, this lighter
model was then used for multimedia purposes, like its inclusion in the Sketchfab.com
online archive. The 3D laser scanner survey of the whole church and of the rooms in the
Diocesan Museum was carried out using the Z+F 5006h imager unit. This unit has a nom-
inal maximum range of 80 metres and a minimum range of 0.4 metres, with a speed of
max. 1.016 million points/sec. Nevertheless, this unit is not "that new" and has the disad-
vantage of weighing 14 kilograms, which thing requires some skill and planning to make
some practical passes. Concurrently, the device is well suited for this type of use due to
its excellent accuracy and high reliability.

2.3 Creation of the virtual tour

The structure of the virtual reconstruction assumes that the chapel was part of the
original structure of the church, in time transformed into the present configuration and
changed into a sort of crypt. The reconstruction process starts from the repositioning
of the frescoes from the Diocesan Museum back into the chapel, recreating a new
painted skin for the spoiled walls. Following the repositioning of the statue of Christ
in its original configuration, laying, dead, on the plate inserted at the side of the main
altar. The reconstructed system of the frescoes allows to have a new perception of this
space, reading the relationship between the artworks and the people of that time enter-
ing this space surrounded by the histories of the Passion of Christ from the bible with
an extreme description of details and the possibility of exploring them and getting
notes about the main characters and events.
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Fig. 1. The present state of the “Tomb of Christ” and its virtual reconstruction.

The whole reconstruction is available in the form of a virtual tour based on full
panoramic images; a solution based on HTML language that allows a complete structure
of the pages that remain independent from any proprietary software based on expensive
subscriptions. The virtual tour is enriched by the possibility of passing continuously from
the present state of the church to its virtual reconstruction with the insertion of virtual
interactive models available for being inspected, like the statue of Christ and the sche-
matic sequence of the evolution of the church.

3 Case study two: Fabriano

3.1 Digital survey campaign

This research was aimed to the reconstruction of the gothic apses of the St. Venanzio
Cathedral, heavily transformed in time from a central space with radial chapels into a
large central space hosting the main altar [De Marchi, 2017]. The study began with the
use of a 3D laser scanner to digitally survey the apsidal area of the cathedral of St.
Venanzio, followed by photogrammetric integration and final post-processing of the
acquired data. Several processing steps were performed on the point clouds and the
photographs taken during the survey to allow a complete interpretation of all the possi-
ble trace from the past aspect of this architecture. A first photogrammetric, 3D laser
scanning and VR panoramic survey of the cathedral's apsidal complex was carried out
in June 2020, then followed by a photogrammetry and panorama shooting campaign
held in February 2021. The survey formed the basis for the subsequent virtual recon-
struction of the complex as it presumably looked before the 15th and 16th-century al-
terations and putting back in evidence the frescoes by Allegretto Nuzi [9] and other
painters from the XIVth century. The survey work was carried out with the Z+F 5016
3D laser scanner, the photogrammetric images with the Fujifilm GFX-50s medium for-
mat digital camera with 50 MP resolution. The panoramic images of the present state
were taken using a Insta360 Pro2 camera.

After the individual scans were aligned using Autodesk Recap, the reference ele-
ments were extracted from the point cloud and used to adapt the photo coming from the
first survey campaign. The post-processing began with geometric straightening of the
photos in Autodesk Autocad using the Raster Design module and then pasting it into
Adobe Photoshop for further steps. Thus, this method was not satisfactory as the par-
ticular morphology of some surfaces combined with the narrow working spaces re-
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sulted in severe deformations in some photos that could not be properly corrected. So,
a new photogrammetric session was planned in which the remains of the frescoes were
entirely captured in high resolution. The photographs were processed in Reality Cap-
ture. In this way, high-resolution planar view of the frescoes was produced, and in a
solution well compatible with the previous 3D laser scanning dataset. The photoplanes
were mostly created with Reality Capture and, in some cases, with Agisoft Metashape.
They were later post-processed using Autodesk Autocad Raster Design to refine the
final geometry of these textures. The different photoplanes were connected to key
points at their original position on the point cloud in Autodesk Autocad after proper
colour and post-processing adjustments in Adobe Photoshop.

Each completed component was then shared with other members of the research
team to reconstruct the missing parts of the frescoes and provide a basis for any ideas
about the original architectural aspect of the building. The 3D model of the former St.
Venanzio cathedral progressively took shape, constantly adjusting the structure of the
frescoes, the traces left by the interventions in the masonry and some elements that can
testify to the former configuration. The final 3D model, showing the articulated form
based on a sequence of 6 chapels opening onto the central space of the apses, was later
textured with the reconstructed frescoes, and used as the basis for creating panoramic
images for the virtual tour.

3.2 Creation of the virtual tour

For the presentation of the reconstruction of the frescoes and the cathedral, the total
online option for visualising and using the preserved research material was preferred
among the various virtual options available. In order to put all the content in context,
a virtual tour of the present cathedral was created using an Insta360 Pro2 camera
providing panoramic images in 8K resolution. Everything was built around a virtual
tour with a very intuitive and simple initial structure with a simple menu with basic
instructions. Included in this virtual tour are panoramic views that offer the possibility
to access various detailed information about the different structural and decorative
elements; most of this additional information allows access to the virtual reconstruc-
tion of the cathedral "as it was". All the construction of the user interface and multi-
media content was done using Garden Gnome Pano2Vr 6.1, and the final virtual tour
was then exported in HTML format. In the end, the virtual tour was enriched with
hotspots and clickable areas that allow access to enlargements, information panels,
graphic diagrams, short videos, and other content that complement and enhance the
quality of the experience. Thanks to automatic gyroscope detection, the orientation of
the viewing angle can be changed in real time via smartphones and tablets. An addi-
tional button has also been added to switch to stereo 3D mode for VR headsets such as
Oculus Rift S/Quest and HTC Vive Pro (or even simple smartphone-based adapters).
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Fig. 2. The chapel of San Lorenzo by Allegretto Nuzi: present state and virtual reconstruc-
tion.

The wvirtual tour was presented on a dedicated website (available at
www.didalxr.it/fabriano) that can be adapted and used on smartphones/tablets, note-
books, or other devices. The same virtual environment has also been optimised for use
on a large touchscreen in the Fabriano Art Gallery, just in front of the cathedral of St.
Venanzio. The touchscreen in the art gallery is an 86-inch Philips screen (Signage So-
lutions line, model 86BDL3012T) connected to PC and providing direct access to the
online version of the virtual tour. The positioning of the screen has been optimised to
make the touch function as easy and practical as possible for each user. The main menus
have been positioned in the lower part of the screen and the height of the screen has
been adjusted so that the centre of the screen is about 1.5 metres above the ground so
that the virtual tour can be operated efficiently even by children or wheelchair users
thanks to the size of the screen and the gesture functions.

4 Case study three: Horrea Agrippiana

4.1  Historical background

This research is based on virtual reconstruction and the possibilities it offers to all
scholars in the field of archaeology and architecture. In recent years, technological de-
velopments, and the curiosity to investigate how certain sites or buildings might have
looked in the past have led to an awareness of the importance of survey technologies,
digital investigations and tools such as XR (augmented realities) for implementing the
collected data.

A Horreum was a public storehouse where different types of supplies were stored
during the Roman era, primarily of course those containing food and grain. At the end
of the imperial era there were about 300 of them, but today the Horrea Agrippiana are
the only ones in Rome whose remains can still be visited [11].

According to most researchers, the Horrea Agrippiana date from the time of Marcus
Vipsanius Agrippa and are dated to between 20 and 10 BC. They are located to the
northwest of the Roman Forum, between the church of Santa Maria Antiqua, the church
of San Teodoro and the Domitian group, and bordered by the Clivus Victoriae and the
Vicus Tuscus, the street that took its name from the Etruscan colony that came to Rome
with Tarquinio the Superior.
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The building was arranged around a large courtyard and surrounded by shops on the
street. It presents itself as a huge two-storey building consisting of large square rooms
made of tufa blocks, partly opening on to the courtyard with a porch and were later
occupied by other smaller rooms made of bricks. This area was one of the most feverish
for the economy.

4.2  Digital Survey

To reconstruct and virtualise the ruins, two types of surveys were carried out to ob-
tain the material necessary to achieve this goal: a digital survey for photogrammetry
and VR panoramic survey. A third survey was carried out onsite with a 3D laser scan-
ner, an Imager 5016 Z+F. The photogrammetric survey was carried out in three distinct
steps, comprising data acquisition, elaboration, and recovery, to get a comprehensive
and detailed documentation based on the SfM/IM technique. The instrumentation
used consists of a Nikon D850 camera with a Nikkor 16-35 mm F4 lens; the sensor,
thanks to the intense summer light, was set at a low sensitivity, whit an ISO value of
64, reducing to the minimum any possible presence of noise. The full series of shot
was finished counting a total of 1900 photographs.

For the VR panoramic survey, the aforementioned Insta360 Pro2 was used to cap-
ture spherical 360 HDR videos and images at 8k resolution. The surveyed area is very
large and therefore the stations were planned to achieve the most complete result pos-
sible and avoid repeating data. After shooting, the data was imported into the special
software Insta360Stitcher, which offers the possibility of setting useful parameters to
enhance the quality of the stitching and image correction, creating high quality pano-
ramic images rich of details and free from alignment defects.

4.3  Digital reconstruction and virtual environment

To achieve a high-quality result, the operations carried out in the reconstruction
phase must be accurate and based on solid archaeological and historical research. The
support by the archaeologists taking part to the research were fundamental in creating
a specific reconstruction as well as their indications about other similar building from
the Roman age, a fundamental match to allow a digital reconstruction.

To obtain a digital reconstruction of the anastyloses, the archaeological analyses for-
merly carried out was transferred into a 3D model. The model was created using Maxon
Cinema4D software and later inserted into the context of the Horrea Agrippiana cre-
ated by Reality Capture. Epic Megagames Unreal Engine 4 (UE4) was then used to
create virtual content that can be used to design the environment in which the digital
model can be visited and explored.

4.4  Virtual tours

The ultimate step of this research was to develop three different types of tours, de-
pending on the distinct possibilities we wanted to achieve. The first tour is an interactive
360° tour that was created using CGI technology with UE4. The 360° images are then
edited, exported, and imported into the Gnome Garden Pano2VR software to make the
tour accessible to everyone, with interaction and historical knowledge.
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(https://www.didalxr.it/202 1 FMHorrea).

Fig. 3. The treatment of the panoramic image in the Insta360stitcher and a view from the virtual
tour of the Horrea Agrippiana.

In the second type of tour, which always starts from the same environment created
in UE4, an immersive virtual tour has been created that gives the user a fully experien-
tial interaction with the virtual environment they are immersed in. Access is via the
headset VR. Finally, a 360° tour with panoramic images of the insta360 pro2 was cre-
ated, offering a picture of the current state of the archaeological site, in contrast to the
previous tours that rather try to tell the story of the site in the past. The possibility of
using these tools to verify the effectiveness of the results of research and studies in
archaeological and architectural philology should be a starting point for a new approach
to the study of the existing architectural heritage.

Conclusions

The experiences conducted in the past two years by the DIDALXR laboratory con-
firm how the digital reconstruction and be a way for learning and better understanding
the built heritage values, with the production of valuable contents that can be shared
with other users and visitors to allow them to make a step forward in the comprehen-
sion of a distant, but extremely fascinating past. Most of all, these experiences demon-
strate that spectacularizing the virtual reconstruction is not the most preferable way to
communicate Cultural Heritage values. The honest sharing of the reconstruction pro-
cess and the right balance between each contribution in the research teams allow to
build positive experiences that add qualities to the rich, but often misinterpreted, pat-
rimony from archaeological and very old sites. The virtual reconstruction when pre-
sented in immersive solutions is capable of conquering a robust grip in the interest of
visitors, but most of all it is a significant test ground for the quality of the contents
and the reliability of the final result. The direct exploration from the virtual environ-
ment leaves no space to weakness or unsolved parts, it requires more completion than
a single static image or a video sequence. The three experiences presented here are
part of a patrimony that in the past suffered from abandon and neglection, before been
recognized for their real value as important witness of a distant and fascinating past.
The digital solutions allow to bring these architectures closer to a public interested in
technologies and capable to appreciate the integration of digital solutions and art-
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works. A challenge that passes by creating proper contents, enhancing the inner value
of a patrimony characterized by an incredible beauty.
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