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Foreword

Virtual reconstruction and restoration is gaining momentum at a surprising pace and
this is only partially due to the availability of powerful information and compu-
tational technologies. Indeed, virtualization has proved to be a multidisciplinary
subject whose applications can go beyond what initially expected. Virtual represen-
tation of archeological sites and architectural artefacts, as well as digital exhibitions
and installations involving virtual, augmented, or mixed reality have already made
their path in the framework of cultural heritage and new techniques and solutions
appear at daily frequency.

From the perspective of the preservation and use of cultural built heritage,
however, the digital restoration has still some exciting steps to take. In countries
like Italy, where the built heritage is extraordinarily large and in the vast majority
of cases still used for public and private purposes, one of major challenge is to
manage the “trade off balance” between philological restoration and modernization
of ancient, but still “alive” constructions.

Aside from museums and other cultural buildings, there are in Italy thousands of
constructed facilities belonging to the monumental built heritage hosting various
crucial activities like hospitals, schools, universities, banks, and public offices.
Furthermore, a significant part of the road and railways bridges are centuries old
and built in masonry, therefore in many case it has the “right” to belong to our built
heritage. In such cases, in order to keep these facilities running for their functions, a
specific maintenance is needed to reach satisfactory safety levels in terms of struc-
tural behavior and sufficient service levels in terms of comfort performance. This, in
turn, means the need for the adoption of structural measures and for the installations
of plants (i.e., HVAC systems, energy production or transformation elements, etc.)
in a complex and tight path where unavailable constraints of restoration should meet
the need for new or upgraded structural and plant elements.
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From this point of view, thus, the exploitation of digital restoration techniques
and technologies can be looked at as a tremendously powerful tool for evaluating
advantages and drawbacks of any single maintenance operation on the built heritage.
The articles included in this issue yield the seeds of this powerful application of
Virtual reconstruction and restoration.

Antonio Occhiuzzi
Head of ITC-CNR
San Giuliano Milanese, Italy
occhiuzzi @itc.cnr.it
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Preface

The digital technologies currently in use for the virtual representation of archaeolog-
ical sites, and architectural artefacts offer researchers and scholars a wider range of
possibilities than a few decades ago. The rapid evolution of ICT applied to the Cultural
Heritage field has greatly advantaged the archaeological interpretation process; the
latter, thanks to the development of three-dimensional acquisition, analysis, and
visualization methodologies, is now able to extract previously unthinkable infor-
mation and advance reconstructive hypotheses for landscapes, sites, and artefacts.
Simultaneously, in the architectural domain, ICTs have made clear the interpreta-
tion process by integrating data resulting from the field survey with those relating
to the state of surface degradation, finally making them readable directly on the
virtual models, thanks to accurate ontologies. This has made it possible to create
virtual restoration and simulations or, when possible, three-dimensional reconstruc-
tions based on analytical interpretation obtained by crossing the documentary sources
with the material evidence that can be read directly on the artefacts.

Within this framework, archaeology, architecture, and conservation have often
operated independently by referring to their theoretical background, operational
needs, and fields of application. Although with extensive cross-contamination, each
discipline has adapted or developed its methodologies, processes, and terminologies
based on its own operational needs and aims.

According to scientific literature, Digital (or Virtual) Restoration (DR) consists
in applying digital techniques in the field of restoration. Given that, DR is limited to
the digital domain without any intervention on the physical artefacts. This definition
is rather fuzzy, vague and it is used with different connotations according to the
contexts and field of applications (architecture, sculpture, artworks, paintings, etc).
Some of the most widespread meanings in academia are presented below.

DR can be intended as a digital intervention to simulate the result of physical
restoration. Most often this is a digital reassembling or anastylosis where digitised
fragments of artworks are digitally manipulated to find matches. In this case, digital
restoration tools allow restorers to perform actions, in a virtual environment, that
would be difficult or impossible to do in a physical context. Indeed, in many cases,
the size or weight of fragments or their fragility limits the possibility of physical
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intervention. An example is the case of the restoration of Madonna di Pietranico
(" Aquila, Italy). An earthquake struck L’ Aquila in 2009, damaged the city and
the terracotta masterpiece was destroyed. The recomposition of the fragments was
assisted by computer simulation: after complete digitisation of the fragile fragments,
the researchers analyzed the matches among the fragments in a virtual environment,
preventing damages, and allowing to simulate different reassembly alternatives.

In other cases, the term refers to digital actions to support the physical restoration,
such as the recreation of missing parts of a broken artefact using automatic algorithms
or manual photo retouching and 3D modelling techniques. An example is the case of
the ancient funerary busts, dated between the 2nd and the 3rd century A.D., rescued
from Palmyra (Syria). Firstly, the researchers designed the missing portions using
3D modelling and subsequently printed them using synthetic nylon powder and rapid
prototyping technologies.

DR is also used to describe the digital rehabilitation of lost heritage, destroyed
by natural or human-caused catastrophic events, in its former state of preservation
and beauty. The recent cases of destruction of cultural heritage caused by war, as
in the case of the ancient city of Palmyra (2016) and the Buddha of Bamiyan in
Afghanistan (2011), or by accidental events, as in the case of the fire which caused
severe damage to the Notre Dame cathedral (2019), has led international commu-
nities to an unprecedented need for digital preservation through projects of virtual
restoration. In the first two cases, physical restoration is not always possible and the
only way to restore these sites to their former beauty and make them accessible is
only through 3D modelling and virtual reality technologies.

In some areas, like music, photography, or cinematography—related to visual or
acoustic assets—DR is, de facto, the only restoration possible especially when the
matter of the work of art cannot be restored or when the restoration to the tangible
support (films, vinyl records) is limited. For instance, in film restoration, there are
procedures of colour correction for recovering and enhancing the detail, look, and
tone of the films that can be done only on the digital copies without endangering the
original materials. When the restoration was performed only on analogue films, the
operations were limited by the state of conservation of the product, but nowadays,
this kind of digital procedure makes it possible to scan, edit and reconstruct images
for which the advanced level of degradation precludes any physical interventions.

Finally, DR is also defined as the process used to reconstruct the unity of style
or, in other words, the hypothetical original aspect of an artefact. The main goal of
this digital edition is to provide an undisturbed reading of the whole artefacts in its
integrity and improve better legibility for interpretation and dissemination purposes.

DR is then used to remove alteration from the digital copy of a painting and
bridge the gaps in a mimetic way gathering the missing information from analogous
elements present on the surface of the artwork. This stylistic restoration is carried on
many fields, from paintings and mosaics restoration to written work and sculpture,
especially when the gaps are small and easy to fill through unassailable evidence.
When the evidence is not enough to complete the reconstruction, then “traditional”
approaches from the physical restoration are commonly used to complete the work
(neutral retouching, chromatic dampening, etc).
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A complete stylistic restoration of large gaps, on the other hand, can be carried out
under certain conditions. However, in this case, we are dealing with Virtual Recon-
struction (VRC) rather than restoration. According to literature, stylistic restora-
tion is sometimes used as synonymous with virtual reconstruction, especially in the
field of historical architecture and building archaeology where the artefactsts are
often preserved as ruins. Both terms refer to processes of simulation of the past
aimed at restoring the unity of style of an artefact, however, in VRC the concepts of
“hypothesis” and “conjecture” play an important role and specific precautions must
be evaluated to ensure the reliability and consistency of the work.

According to the Principles of Seville, VRC is a digital process that uses “a
virtual model to visually recover a building or object made by humans at a given
moment in the past from available physical evidence of these buildings or objects,
scientifically reasonable comparative inferences, and in general, all studies carried
out by archaeologists and other experts in relation to archaeological and historical
science”. Given that, when the gaps exceed what is preserved and the evidence is not
sufficient to complete the reconstructive model and guarantee the legibility of the
artefact, it is necessary to push the critical hypothesis beyond the context and rely
on sources and comparisons.

The most criticized issue regarding VRC stands on authenticity. Advantages and
drawbacks of the simulation models of the past have been widely discussed in
academia, leading to the development of guidelines and best practices, particularly
for what concerns the issues related to the philologic study, authenticity, and scien-
tific transparency which are the fundamental background to guarantee the reliability
of the work and avoid arbitrary interpretations and reconstructions. Especially in the
field of archaeology and ancient architecture, the debates have led to the creation of
international documents such as the London Charter and the Principles of Seville.

As noted above, the case studies presented within this volume cover a variety of
chronological contexts with methodologies specific to archaeology, architecture, and
conservation. Thus, there are some elements that unify the various approaches. In
almost all cases the authors present, albeit sometimes in a sketchy way, the use of the
reconstructive model for valorization purposes. It is worth noting that the first wave
of virtual reconstructions in the 1990s and 2000s was strongly aimed at a visualiza-
tion for enhancement while in the last decade, thanks to increased methodological
awareness, the visualization approach is becoming more widespread to increase
scientific understanding of the cultural context. Given this premise, the addition of
a valorization step, even where it is merely a sketch or a forecast of future develop-
ment, seems to indicate a still-living link between reconstruction and valorization.
This link, although on the one hand, it remains legitimate for the natural develop-
ment of project analysis and synthesis, on the other hand, it seems to demonstrate
a widespread expectation of the public (including the “academic” public) towards
“compulsory” reuse of reconstruction for valorization and educational purposes.
This, in our opinion, can be seen as a sign of not complete autonomy of the scien-
tific reconstructive process from the needs of musealization and valorization, which,
although absolutely legitimate and important, represent only a part of the purposes
of the reconstructive process and should not be considered “obligatory” within the
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study project. In other words, virtual reconstruction is still struggling to be distin-
guished from valorization, probably because it is still not fully considered an integral
part of the analytical and study aspect of the monument or archaeological context.

Given this premise, in this volume, we would like to focus on the current applica-
tion of virtual restoration and reconstruction in different Cultural Heritage domains
by comparing and discussing several case studies. The book can provide a repre-
sentative state of the art for archaeologists, architects, restorers and experts in the
representation, enhancement and protection of cultural heritage.

L’ Aquila, Italy Ilaria Trizio
Montelibretti, Italy Emanuel Demetrescu
Montelibretti, Italy Daniele Ferdani
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