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Abstract

The dissertation addresses the still not solved challenges concerned with the
source-based 3D reconstruction, visualisation and documentation in the do-
main of archaeology, art and architecture history.

The emerging BIM methodology and the exchange data format IFC are changing
the way of collaboration, visualisation and documentation in the planning, con-
struction and facility management process. The introduction and development
of the Semantic Web (Web 3.0), spreading the idea of structured, formalised and
linked data, offers semantically enriched human- and machine-readable data.

In contrast to civil engineering (BIM/IFC) and cultural heritage (CIDOC CRM), aca-
demic object-oriented disciplines, like archaeology, art and architecture history,
are acting as outside spectators. Since the 1990s, however, it has been argued
that a 3D modelis not likely to be considered a scientific reconstruction unless it
is grounded on accurate documentation and visualisation (Strothotte, Masuch,
and Isenberg 1999; Kensek, Dodd, and Cipolla 2004).

Thus, there have been many calls for an approved e-documentation related to
3D reconstruction projects and addressed to the mass, but these standards are
still missing and the validation of the outcomes is not fulfilled. Meanwhile, the
digital research data remain ephemeral and the 3D reconstruction projects con-
tinue to fill the growing digital cemeteries.

This study focuses, therefore, on the evaluation of the source-based 3D digi-
tal reconstructions and, especially, on uncertainty assessment in the case of
hypothetical reconstructions of destroyed or never built artefacts according to
scientific principles, making the models shareable and reusable by a potentially
wide audience.

In particular, the main questions that are here analysed are:

- How can we express the scale and levels of uncertainty in the visualisation of
the (human- and machine-readable) data model?

- What kinds of tools do we have to make uncertainty data shareable and inte-
roperable?

These are interrelated questions that lead, first of all, to the exploration of the
attempts to define a series of standards for 3D models, from the Nara document
(1994) to the London Charter (2006) and the Principles of Seville for archaeologi-
cal 3D reconstructions (2011).

To achieve this result, on the basis of these documents, some rules (or good
practices that have been or should be applied) have already been defined and
they mainly concern authenticity, transparency, uncertainty representation, su-
stainability (‘The London Charter’ 2006; Rocheleau 2011).

Authenticity is often confused with photorealism, and thus the abundance of
detail; conversely, it should refer to historical accuracy and data fidelity, based
on physical, written or iconographic sources. As a result, a model of a destroyed
or never built artefact remains, in some respects, an interpretation: this means
that, instead of being considered a final representation, it should retain the pos-
sibility of being adjusted by other users.



Consequently, the transparency of a model becomes a significantissue: the sour-
ces and the methodology adopted in the reconstruction should be accessible, in
the form of “metadata” associated with the model, ensuring that the decisions
that led to it can be reconstructed and the scientific validity can be assessed.

The comparison of a certain number of documents may sometimes result in the
formulation of different reconstruction hypotheses and, thereby, in the intro-
duction of a method to visualise these alternatives by attributing to each one of
them a level of uncertainty, in other words, a measure to indicate certainty about
a reconstruction.

However, there is still a lack of uniformity, for instance, in the terminology and
in the scale of values used to visualise this “uncertainty”, which is also (less fre-
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quently) defined with the words “plausibility”, “reliability” or even “probability”.

Many different strategies have been adopted to identify the levels of uncertainty
(Kensek 2007; Apollonio 2016), for example acting upon the different curvatu-
re, sharpness or detail of lines (Strothotte, Masuch, and Isenberg 1999; Potter,
Rosen, and Johnson 2012), applying optical transparency (De Luca et al. 2010),
wireframe (Kensek, Dodd, and Cipolla 2004), the superimposition of a schematic
rendering on a photorealistic one (Zuk, Carpendale, and Glanzman 2005), diffe-
rent colour scales (Dell’'Unto et al. 2013; Grellert et al. 2019; Ortiz-Cordero, Ledn
Pastor, and Hidalgo Fernandez 2018; Landes et al. 2019). These different strate-
gies will be discussed and validated.

Furthermore, the application of these three principles (authenticity, transpa-
rency, uncertainty) will only make sense if our models, instead of filling digital
cemeteries, are shared among people according to the principle of sustainabi-
lity. In this framework, virtual research environments are becoming increasingly
important because they allow users to upload their models (with metadata and
paradata) online, where they can be visualised, shared, adjusted by other users,
with a view to promoting not only open access and citizen science, but also the
use of Linked Open Data, which should be readable by humans and machines
through systems of data sharing such as BIM/IFC and according to the concept
of Semantic Web (Berners-Lee, Hendler, and Lassila 2001).

The proposed work will initially focus on terminology and on the definition of a
workflow especially related to the categorisation and visualisation of uncertain-
ty in hypothetical 3D digital reconstructions. The workflow will then be applied
to specific cases of 3D models uploaded in the DFG repository that is being deve-
loped by Al Mainz. In this way, the available methods of documenting, visualising
and communicating uncertainty will be analysed.

In the end, this process, which is being discussed in international networks, will
lead to a validation or a correction of the workflow and the initial assumptions,
but also (dealing with different hypotheses) to a better definition of the levels of
uncertainty.

This study will be conducted keeping in mind that a model is “a simplification
and an idealization, and consequently a falsification” (Turing 1952); anyway, as
the statistician George Box wrote, “all models are wrong, but some are useful”
(Box 1976).
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1 As we will see further in this
study, what we call “recon-
struction” should be more preci-
sely considered a “construction”
of something lost that we don’t
completely know (Clark 2010).
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1. Introduction

1.1 Object of the research: some definitions

As declared in the title, this study considers digital 3D reconstruction as a
tool for research in the field of cultural heritage, especially in art and archi-
tecture history. In particular, we refer to source-based models of destroyed
or never built artefacts, reconstructed not - or just partially - from reality,
which is the reason why they have to be integrated with other sources such
as images, drawings, written texts: this means that they remain, to some
extent, hypothetical.

Theissue of “right” and “wrong”, or “certain” and “impossible”, intended not
just as a binary opposition, but as the two poles of a continuous gradient of
possibilities, is the driving force of every reconstruction process of this kind,
even though an analysis from this point of view is often lacking.

In this context, reconstructions should be scientifically grounded, docu-
mented, accessible and shareable. That’s why the documentation of the
process, indicating the choices we make while reconstructing an object,
becomes vital, as well as the definition of the level of uncertainty of our re-
construction, which will be based on a value scale and translated into a
graphical representation. This will be the focus of our research, which will
deal with the classification and visualisation of uncertainty, especially with
the aim of making data interoperable.

Let’s start with some definitions explaining the object of the research and
its context.

Virtual reconstruction

With the term “virtual reconstruction” we refer to the process of creating a
simplified copy (@ model) of an object in a space that is different from the
original - “real” - one in which the object is, or was, or should have been si-
tuated. In our case, which is very common nowadays, by “virtual” space we
mean a “digital” one, created with the aid of computer graphics to highlight
particular features of a model and especially, in this study, to re-construct?
something lostin order not only to presentit, but also to study it and impro-
ve our knowledge of the past. We know that virtual reconstructions in the
form of digital models are a widely used solution to communicate a step of
anongoing process or to summarise the results obtained in a certain period
of time or during a project (Demetrescu 2018). However, we should keep in
mind that the concept of “virtual reconstruction” existed long before the
use of digital technologies (Piccoli 2017): among the most famous exam-
ples we can mention the Envois de Rome de [Académie de France, which
were the reconstruction exercises that the winners of the Prix de Rome had
to do. We have recordings of them dating back to the 17th century; they
became then mandatory from 1778 (Pinon and Amprimoz 1988).

In our research the word “virtual”, similarly to “potential”, also expresses the
«likelihood of a certain artifact having existed in the past» and obtained by



“reconstruction”, which is «part of research from the earliest stages»: since
it influences reasoning, it has to be considered «a scientific tool to improve
the understanding of a phenomenon» (Demetrescu 2018). This is the reason
why it is important to create validated contents. This constitutes a crucial
topic, since the field of virtual reconstructions obtained with digital tools,
with which this study deals, has enormously grown up in the last thirty ye-
ars, but without defining actual standards for methodology (and, even be-
fore, terminology) that would lead to a scientific use of these models.

Reality-based and source-based (hypothetical) 3D models

A virtual reconstruction can be reality-based (based on physically existing
objects) and/or source-based (based on documents depicting objects - or
parts of them - that do not physically exist).

Reality-based 3D models are thus grounded on data that can be collected
during a survey. In this case, accuracy is mainly expressed in usual units of
measure or as a human error in the measurements.

Source-based 3D models deal with artefacts that were partially or totally
destroyed or have never been built. Therefore, the digital reconstruction
should take into consideration all the available sources, for instance pictu-
res, drawings, written texts, which can help virtually restore it as far as pos-
sible.

The research here presented refers to totally or partially source-based 3D
models, thus to reconstructions that remain to some extent hypothetical.
Accuracy here derives from the uncertainty degree of the used sources, whi-
ch is the central issue of this work.

Geometry of the model

3D models can be based on different types of geometry, partially depending
on the software used, which sometimes gives a range of possibilities in this
regard.

Nowadays reality-based models are often built starting from a point cloud
and then creating a mesh. The most used techniques are, in this case, laser
scanning? and photogrammetry’.

Itis clear that these procedures cannot be applied to source-based models,
where the reconstruction, mainly obtained starting from archival documen-
tation, is made through design software that may use different kinds of ge-
ometries. Here the main difference is between the use of continuous curves
to create the objects (NURBS and curve modelling®) or the use of discrete
surfaces (polygonal modelling®). Other techniques that can be used, alone
or together with the previous ones, without constituting a disjoint classifi-

2 Inthistechnique, a real objectis

laser-scanned to create a digital
representation of it, in a quick
process in which, however, the
generated geometry has to be
cleaned up before use. http://
www.laserscanning.it/  (acces-
sed 05.05.2023).

3 A camera, in this case, is used

to photograph an object mul-
tiple times from all angles in
an even lighting condition. The
collected images are then uplo-
aded to a program that inter-
prets them and generates a 3D
representation of the object.
https://en.wikipedia.org/wiki/
Photogrammetry (accessed
05.05.2023).

NURBS is a shorthand for non-u-
niform relational B-spline. This
kind of model uses basis splines
(B-splines) to represent curves
and surfaces and it is suited
when a high degree of geome-
tric accuracy is required. https://
en.wikipedia.org/wiki/Non-uni-
form_rational_B-spline (acces-
sed 05.05.2023).

This type of modelling builds 3D
objects out of smaller compo-
nents called “tris” (triangles) or
“polys” (polygons). Each poly or
tri is a flat shape defined by the
position of its vertices (or poin-
ts) and its connecting edges.
https://en.wikipedia.org/wiki/
Polygonal_modeling (accessed
05.05.2023).
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Object-oriented modelling is
based on the manipulation
of ready-made components,
such as walls, roofs, windows.
https://www.techopedia.com/
definition/28584/object-orien-
ted-modeling-oom  (accessed
15.12.2022).

Here the geometry of an
object is created by taking two
objects and making them a
new one; either by cutting one
out of the other, combining
the two, or using the negati-
ve space of the intersection
as the new object. https://
www.openworldlearning.org/
unlock-the-power-of-boole-
an-operations-in-3d-modeling/
(accessed 05.05.2023).

Sculpting is a process akin to
clay modelling, where a digi-
tal brush has an influence area
and more organically reshapes
the geometry based on the bru-
sh type and settings. https://
en.wikipedia.org/wiki/Digital_
sculpting (accessed 05.05.2023).

Procedural modelling creates
3D models and textures from
sets of rules, instructions, or al-
gorithms. The set of rules may
either be embedded into the
algorithm, configurable by pa-
rameters, or be separate from
the evaluation engine. https://
en.wikipedia.org/wiki/Pro-
cedural_modeling  (accessed
15.12.2022).

This is the case of BIM, HBIM,
CityGML. https://www.ogc.org/
standards/citygml, https://
www.bimframework.info/

conceptual-model/  (accessed
15.12.2022).
See http://cerhas.uc.edu/

troy/about.html (accessed

12.12.2022).

cation, are object-oriented modelling®, Boolean modelling’, digital sculpting®
and procedural modelling®. The 3D model can also be integrated with a con-
ceptual data model through the so-called conceptual modelling, that is the
creation of a database with metadata about the different elements of the
model™.

In this study the software used is based, in some cases, on NURBS, curve
modelling and Boolean modelling (Rhinoceros), in other cases on polygonal
modelling (SketchUp); eventually, it has also been translated into concep-
tual modelling (CityGML, through the CityEditor plugin for SketchUp).

Photorealistic and non-photorealistic models (and the audience we refer
to)

Photorealistic models are very popular in the entertainment field, however,
from a scientific point of view, they are rarely free of subjective interpreta-
tions. This is why, if they are used for research purposes, they have to be
clearly documented both at a level of modelling and at a level of texturing
(Apollonio, Fallavollita, and Foschi 2021). The choice of the type of model
here depends on our goal: it is clear that, if we address to a wide non-spe-
cialist audience with products such as movies, games, but also applications
for cultural sites that should result appealing and captivating, a higher level
of photorealism is required.

Karen Kensek (2007) takes as an example the city of Troy, which, in the col-
lective imagination, is mainly connected to its representation in the 2004
movie. We must nonetheless remember that there are many different
“Troys”, among which, first of all, we should mention the city discovered by
Schliemann (1872-1874), composed at least of eight different stratifications,
and the one described by Homer (8th century BC). Kensek also mentions
a reconstruction of Troy that was done in the same years of the movie by
CERHAS! (Center for the Electronic Reconstruction of Historical and Archa-
eological Sites), composed of a group of archaeologists from the Cincinnati
University, even though it has obviously had a minor impact on the public’s
perception.

Computer visualisation is a powerful tool that can influence a large number
of people, who have potential access to a wide selection of representations
of the past, but are somehow subject to the intention of the creators of the-
se models, in a field in which «there are big differences between research,
education, entertainment and propaganda, butitis not always easy to draw
sharp lines between them» (Miller and Richards 1994).

The present study mainly addressed to a public of academics, students and
in general people who intend to use digital models for heuristic purposes,
asking to which extent a model can be considered likely and accurate, whi-
ch is the historical period that has been reconstructed, with the aim of po-
tentially make new discoveries. To answer these questions, it is better to
focus on non-photorealistic models, because photorealistic ones would be
misleading, giving the impression that the reconstructed reality is indubi-
table. Conversely, non-photorealistic models might be used to obtain more



transparent and replicable reconstructions and to convey more informa-
tion through the use of several visual techniques.

The models produced during this research have been uploaded to the DFG

Repository*? that is being developed by Al Mainz for the dissemination of hi- 12 See https://3d-repository.
storical 3D reconstructions. Non-photorealistic representations have been Q;T;O'zgfde/ (accessed

primarily used for this purpose.

Scientific approach

This work focuses therefore on a scientific approach for the documentation
and visualisation of source-based 3D models, with the aim of increasing our
knowledge. Consequently, these models, as we said in the previous para-
graph, should have a heuristic dimension, rather than being just produced
for entertainment.

By “scientific model” we generally mean an accurate digital representation
of an object; sometimes by “accurate” we mean “authenticated by experts”
(Frischer et al. 2000). The scientific approach will be discussed in general in
§1.3 and, more specifically related to the hypothetical 3D reconstructions,
in§1.3.2.

In this context «scientificity doesn’t mean that the result must be 100%
correspondent to the original one, because no matter the efforts and the
number of sources the reproduction will always be an approximation of
the original artefact. Scientificity means that the process is documented so
that any other researcher that follows the same process based on the same
sources would end up with the same result. So given this definition we can
certainly assert that, yes, photorealistic texturing can be scientifically ac-
ceptable as far as uncertainties and subjective conjectures are clearly iden-

tified and documented» (Apollonio et al. 2022, draft)®. 13 Apollonio et al,, draft of the vi-

- e ) . ) sualisation chapter of the DFG
Scientificity” depends therefore on four main factors: critical analysis of network book, June 2022.

sources, accurate documentation, visualisation techniques and reusability

of the model* (see §13 2) 14 Apollonio et al., draft of the vi-

sualisation chapter of the DFG
network book, June 2022.

Interpretation

The central topic on which this dissertation focuses is uncertainty. Un-
certainty arises in the creation of source-based models, i.e. models of de-
stroyed or never built artefacts, when we have to interpret the sources we
have found according to their type, quantity and quality, but also to our
knowledge. This leaves some space to subjectivity, which should be limited
as far as possible.

The problem that arises reminds the opposition between the sentence
by Nietzsche (1901), according to which «there are no facts, only interpre-
tations», which had great success in the postmodern culture (going far
beyond the initial declaration by Nietzsche), and the statement by Wittgen-
stein (1922) defining the world as «the totality of facts», adding that «the
facts in logical space are the world» and «the world divides into facts».

13
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A realistic point of view, for which an object exists independently from us,
collides with an anti-realistic one, that assumes reality as a cognitive con-
struct that can be subjective or collective.

Anyway, in our field, we are considering a reality that we cannot comple-
tely know and that is bound to generate, to some extent, ambiguities - this
would be closer to the topics of the more mature production by Wittgen-
stein (1953). So how do we act when we have to interpret a series of docu-
ments related to a past stage of our world?

When multiple (we would virtually say “infinite”) interpretations are allowed
and it is impossible to choose the best one, the only applicable criteria we
can use are grounded on common sense and on the principle of minimum
effort: we should limit our useless loss of energy through an economy in
reading. There aren’t any other ways to grasp the intention of a text, when it
is, at the same time, object and parameter of its interpretation.

The principle of minimum effort is also the one that could be accepted by
a community of interpreters aiming at reaching some agreement, if not on
the best interpretation, at least on the refusal of the obviously unacceptable
and unsustainable ones (Eco 1990).

It is also worth noting that the reconstruction products function in the
subjective - or, at least, inter-objective world.

At this point, we can consider more than one acceptable interpretation: this
iswhy uncertainty assessmentis an operation thatis difficult to standardise.
The same element can be differently evaluated depending on the aspects
that we tend to privilege or on the scale we use; sometimes we also have
to take into account more variants related to a particular element or even
to the entire model; when a stratification of phases is present, we should
also try to attribute them to different epochs and reconstruct more models
related to as much temporal stages. All these choices should be documen-
ted in order to declare the extent of subjectivity and in order not to lose the
connection between source and reconstruction: in this way transparency
can be ensured. This is the reason why documentation of uncertainty is a
central topic in source-based digital 3D reconstructions.



1.2 Aims and methods

In 2000 - about ten years after the prediction by Howard Rheingold (1992)
- the exploration of virtual worlds was becoming a mass phenomenon.
However, the digital reconstructions were made by anonymous creators
who didn’t consider accuracy or authenticity a primary issue (Frischer et al.
2000).

Frischer et al. (2000) made themselves another prediction, which turned
out to be true: «in 2011 there will be a variety of virtual worlds that people
will explore through different devices». They also predicted a growth, in the
following ten years, of the models made by scholars and researchers for
scientific purposes.

This has happened to some extent, but still, after twenty years from that
publication, standards for a scientific 3D digital reconstruction are missing.
The general aim of this research is therefore setting some guidelines for the
publication of reconstruction projects in the field of cultural heritage, con-
sidering them research tools. Consequently, it concerns the creation of a
workflow that can lead to the increase of the scientific quality of 3D digital
reconstructions. This process has to be documented and accessible in a
way that all the choices can be retraced.

This has been discussed since the 1990s, but without reaching uniformi-
ty, neither in the terminology used, nor in the process behind the recon-
struction.

Moreover, when speaking of hypothetical reconstructions, i.e. recon-
structions of buildings that have been destroyed or have never been built,
based on different kinds of sources that can be more or less accurate, un-
certainty should always be declared. There have been many attempts to do
this, but this hasn’t become a standard yet.

The state of the art will be analysed according to the notion of uncertainty
(starting from terminology issues); then, on the basis of this and of the main
research methods used in architecture (Niezabitowska 2018), a workflow
will be proposed to evaluate hypothetical reconstructions, with the aim of
publishing them in online platforms and consequently avoiding the crea-
tion of digital cemeteries.

Uncertainty is just a part of a wider issue related to the scientific quality of
3D digital reconstructions. Therefore, before focusing on visualisation and
classification of uncertainty and on 3D viewers, a brief introduction about
challenges, terminology and documentation of these reconstructions is ne-
cessary, being this the framework in which this study is included.
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15 We refer to the famous sentence

by George Box: «All models are
wrong, but some are useful».

16 On Exactitude in Science ...In

that Empire, the Art of Carto-
graphy attained such Perfection
that the map of a single Pro-
vince occupied the entirety of
a City, and the map of the Em-
pire, the entirety of a Province.
In time, those Unconscionable
Maps no longer satisfied, and
the Cartographers Guilds struck
a Map of the Empire whose size
was that of the Empire, and whi-
ch coincided point for point with
it. The following Generations,
who were not so fond of the
Study of Cartography as their
Forebears had been, saw that
that vast map was Useless, and
not without some Pitilessness
was it, that they delivered it up
to the Inclemencies of Sun and
Winters. In the Deserts of the
West, still today, there are Tatte-
red Ruins of that Map, inhabited
by Animals and Beggars; in all
the Land there is no other Relic
of the Disciplines of Geography.

1.3 Models and reality: problems in the field of digital recon-
structions

When we speak of “models”, we refer to 3D digital models for cultural herita-
ge and to the data models embedded. However, it is important to remem-
ber that this term is used in a variety of fields (for mathematicians, a model
is an equation) and that there are some concepts and definitions that apply
to almost all of them, especially those concerning the epistemological dif-
ference between models and reality. It is clear that we have advanced tools
for making 3D models, but every model remains an idealisation and, conse-
quently, a “falsification”, as Alan Turing wrote (Turing 1952).

Anyway, we should - and we will - focus on the usefulness (Box 1976)* of
these idealisations. Moreover, it’s in this difference between model and rea-
lity that uncertainty mostly arises.

The fact that a model will never be as precise as reality is not to be consi-
dered a flaw, but rather its primary quality - otherwise, it wouldn’t be ne-
cessary. A model only makes sense if it remains a reduction, as two very
famous short stories explained (L. Carroll 1893; Borges 1946):

“What a useful thing a pocket-map is!” | remarked.

“That’s another thing we’ve learned from your Nation,” said Mein Herr,
“map-making. But we've carried it much further than you. What do you
consider the largest map that would be really useful?”

“About sixinches to the mile.”

“Only six inches!” exclaimed Mein Herr. “We very soon got to six yards to
the mile. Then we tried a hundred yards to the mile. And then came the
grandest idea of all | We actually made a map of the country, on the scale
of a mile to the mile!”

“Have you used it much?” | enquired.

“It has never been spread out, yet,” said Mein Herr: “the farmers objected:
they said it would cover the whole country, and shut out the sunlight! So
we now use the country itself, as its own map, and | assure you it does

nearly as well”
Lewis Carroll, Sylvie and Bruno Concluded, Chapter XI, London, 1895

Del Rigor en la Ciencia
En aquel Imperio, el Arte de la Cartografia logro tal Perfeccion que el mapa
de una sola Provincia ocupaba toda una Ciudad, y el mapa del Imperio,
toda una Provincia. Con el tiempo, estos Mapas Desmesurados no satisfi-
cieron y los Colegios de Cartografos levantaron un Mapa del Imperio, que
tenia el tamafo del Imperio y coincidia puntualmente con él.
Menos Adictas al Estudio de la Cartografia, las Generaciones Siguientes en-
tendieron que ese dilatado Mapa era Inutily no sin Impiedad lo entregaron
a las Inclemencias del Sol y los Inviernos. En los desiertos del Oeste per-
duran despedazadas Ruinas del Mapa, habitadas por Animales y por Men-
digos; en todo el Pais no hay otra reliquia de las Disciplinas Geograficas'®.
Jorge Luis Borges, Los Anales de Buenos Aires, afio 1, no. 3, 1946

A model, that is a representation of a selected part or aspect of the world,
is essential for the acquisition of scientific knowledge and there is hardly a



domain without models (used to describe objects and phenomena such
as elementary particles, rational decisions, populations, artefacts, clima-
te...). Through its investigation, a model allows users to form hypotheses
about their target system, which exists independently from them (Frigg and
Nguyen 2017). Thus, models are simplifications and approximations of the
real world and they represent just a fragment of it based on defined criteria
and complying with given properties: in this way, the behaviour of a system
under certain conditions can be tested and evaluated. First of all, however,
if we want to use our models to learn particular features of reality, we have
to understand how they work, that is, how they represent.

The idealisation that leads to the creation of a cognitive construct of finite
complexity starting from a portion of reality that is infinitely rich in informa-
tion can occur in different ways*":

« It can be of descriptive nature, focusing on the semantic relationships
between the model and the object to which it refers;

+ ltcanbeintegrative, based on holistic relationships between connected
features;

« It can have a predictive function, if it studies and simulates the causal
relationships between a series of objects, trying to understand the evo-
lution of a system;

«  When a model turns out to be successful, it can also become prescrip-
tive: it can be used to prescribe a series of actions, as happens in linear
programming, used by managers to decide, as an example, how to op-
timise time and money.

In our field, the models we refer are primarily of descriptive and sometimes
integrative nature, whereas, being oriented towards the past rather than the
future, they don’t have any predictive function. They can become somehow
prescriptive — and this is related to our purpose - when a successful pro-
cess is standardised and proposed on a larger scale in order to optimise
the obtained results and make them comparable on the basis of a scientific
method. This can be done to some extent, without being too strict in pre-
scribing a method, but rather a series of good practices.

Models, in this field, are done to study, but also to facilitate the understan-
ding of an object or a phenomenon: they can be 3D models, but also 2D
images, diagrams, written texts... and, according to operations research’®,
they can be classified by structure as'®:

+ lconic: models that try to be similar to the represented objects, by redu-
cing (or also increasing) their size. It is the operation done with our 3D
models, but also with photographs, drawings, maps, etc. They are the
most specific and concrete models, aiming to be descriptive rather than
explanatory, even though sometimes the boundaries between the two
categories are blurred. What we can say is that, generally, they cannot
be used to make predictions and study the evolution of a system;

« Analogue: here a model is intended as a set of properties that is used
to represent another set of properties. Once obtained a solution, this

17 Elaborated starting from the

concepts explained during the
seminar “What is a model? An
evolutionary perspective” held
by prof. Marco Viceconti at Uni-
versity of Bologna on February
12th, 2021.

18 https://en.wikipedia.org/wiki/

Operations_research (accessed
15.11.2022).

19 This is just a classification by

structure. Other classifications
are possible (Black 1962). See
also:  https://prinsli.com/clas-
sification-of-modelling-in-o-
perations-research/ (accessed
30.12.2022).
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The need for a scientific appro-
ach is also explained in §1.3.2,
where it is more specifically re\
reconstructions; here we refer
in general to the use of a scien-
tific method - as firstly devised
by Galileo in the 17th century
- when reducing reality to any
kind of model.

is reinterpreted in terms of the original system. Examples of this kind of
models are graphs used to represent a wide range of parameters such
as time, weight, age, etc. In our field, this is used in parametric model-
ling, but also sometimes to describe the data model behind the actual
3D model (§1.7), or in ontologies like CIDOC CRM (§1.7) to connect enti-
ties and properties. In this research, graphs have been used in some ca-
ses to connect the collected data and study the relationships between
them: this can be seen especially in §1.5;

« Symbolic: a set of mathematical symbols is used to represent the deci-
sion variables of a system and to study its behaviour by means of ma-
thematical equations. These are the most general and abstract models.
They are usually far from the more specific models with which we work;
however, a reduction of the uncertainty levels into numbers, allowing
the calculation of the average uncertainty of a model, is an already used
technique in our field (Apollonio, Fallavollita, and Foschi 2021) that can
be replicated (this operation is attempted in §3.5).

Recalling what we have said before, hypothetical 3D digital reconstructions
allow the discovery of a building or work of art that we cannot physically
see and facilitate the communication of it among a network of interested
people. In this context, photorealism is not an essential feature of the mo-
del, which privileges the critical analysis of the sources used for the recon-
struction: it follows that they are iconic models, but with some analogue
and symbolic elements.

3D digital models, as well as experiments that lead to scientific theories, can
be (and in our case should be) based on the scientific?® method, composed
of the following phases:

« Observation of a phenomenon and description of the research que-
stions;

« Formulation of hypotheses, through induction (see below), based on
observation or a priori knowledge;

« Repeated experimental tests in a controlled environment to prove the
evidence of our hypotheses;

«  Confirmation (and/or refining) of our hypotheses by predicting a well-k-
nown phenomenon independent but correlated; elimination of our
hypotheses if they are not confirmed.

In this reasoning by reduction (Bochenski 1965), evaluation can take pla-
ce through different methods. According to Charles Sanders Peirce (1935),
three processes have been identified:

+ Deduction (law-based): the application of solid, general principles;

« Induction (based on a collection of examples): the test of statistical as-
sumptions, including the search for false cases;

« Abduction (based on “explanatory hypotheses”): a simple suggestion of
what may be the explanation of a phenomenon. In other words, when
a surprising fact is observed, we make inferences (hypotheses) to me-
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Fig. 1 Deduction: given the rule and the cause, deduce the effect; induction: given a cause and an effect, induce a rule; abduction:
given a rule and an effect, abduce a cause. https://math.stackexchange.com/questions/619311/abductive-vs-inductive-reasoning

(accessed 14.01.2023).

rely suggest that certain things may explain that fact. This concept is
somehow connected to Bayes’s theorem?, which is used to know the
probability that an event occurred, given the final effect. After listing the
possible causes and determining the probability that each single one
occurs, the probability that this effect occurs everytime is estimated.

In the definition by Peirce, who first introduces the term “abduction”, «De-
duction proves that something must be; Induction shows that something
actually is operative; Abduction merely suggests that something may be»*.
In chronological order, we would say that, first of all, we make an abducti-
ve hypothesis. That abductive hypothesis is then followed by an inductive
phase in which experiments are done attempting to confirm (or falsify) the
initial hypothesis. Finally, the results are put together and, if they are conso-
lidated, they can be used for deductive inference, as happens for scientific
theories.

It has been also observed, especially by Karl Popper (1959) and critical ratio-
nalism, that there is an asymmetry between confirmation and falsification:
lots of experiments cannot prove that a hypothesis is right; a single experi-
ment can prove that it is wrong. Therefore, according to the falsifiability (or
confutation) principle by Popper, progress doesn’t derive from a collection
of certainties, but rather from the progressive elimination of errors, similarly
to biological evolution. The more we recognise (and exclude) wrong inter-
pretations, the more we can trace the limits of what we call “truth”, without
taking it for granted: this is what we try to do with our models.

Creating models has always been part of the architects” work, in many dif-
ferent forms, from drawings to maquettes: 3D digital models are just one
of these possibilities, probably the most common and successful in these
days.

This is primarily due to a range of features of 3D digital models, also useful
in creating hypothetical representations, which have been listed by Lev Ma-
novich (2001) in the “five principles of new media”?:

1. Numerical representation: all new media are composed of a digital code
(representing an image, a written text, a sound, etc.) that can be descri-
bed mathematically and manipulated through algorithms. New media
are therefore programmable: this constitutes a benefit for the commu-

21 https://en.wikipedia.org/wiki/
Bayesian_probability (accessed
15.01.2023).

22 See also https://www.cantor-
sparadise.com/c-s-peirce-on-
abduction-the-logic-of-scien-
tific-hypotheses-c29bac68cfab
(accessed 12.12.2022).

23 The connections of the five prin-
ciples by Manovich with the fe-
atures of digital 3D models are
in large part based on the draft
chapter “What is a model?” that
prof. Krzystof Koszewski (War-
saw University of Technology) is
writing for the book that will be
the result of the CoVHer project,
introduced in §1.3.2).
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4.

nication and reproduction of documents among which our 3D models;

Modularity: this quality has been defined by Manovich «the fractal
structure of new media». The discrete samples that compose them (for
instance pixels in an image) can be combined to form an object; more
objects can be in turn combined to form even larger ones. It is then
possible to independently modify these elements and to reuse them in
other works. Modularity is also visible in the web structure, with inde-
pendent sites and pages, each one formed by elements with a code that
can be modified. Similarly, digital 3D models are composed of several
elements that can be analysed at different levels of detail, according to
their semantic segmentation (§§2.4.1; 3.5);

Automation: a process through which users are allowed to create and
modify media objects using templates or algorithms, resulting in the
fact that creativity lies more in the selection and sequencing of elemen-
tsthanin the elaboration of an original object. An automated technique
to create 3D digital models is parametric modelling; in hypothetical re-
constructions we can think of creating in an automated way the parts of
the model for which we don’t have enough information;

Variability: a new media object is not something fixed once for all, but
something that can exist in different, potentially infinite versions. Here
structure and content are not necessarily bound together, since a code
allowing variability can generate random features. In the same way, di-
gital models allow the creation of a huge number of versions correspon-
ding to as many variants of the “original” one (meaning the first version
that was created), a quality that is vital in source-based models, that
often admit different interpretations;

Transcoding: this is the most substantial consequence of the transition
to digital media. It refers to the translation of new media from a format
to another (forinstance text to sound) or to the adaptation of content to
different devices. In a broader context, it also concerns the way in which
culture is being transformed by new media, i.e. the difference between
traditional ways of modelling human culture and the means through
which computers represent it. These two levels are recognisable also in
3D models, which - at a technical level - can be created with different
software and saved in different formats and - at a cultural level - can
convey information depending on their target: as an example useful in
this field, they can be used for research or entertainment purposes.

Through new technologies and especially processes such as variability and
transcoding, the model becomes accessible in different forms and by a po-
tentially wide audience; however, we can understand that it is not automa-
tic to use these (quite automated) techniques for scientific purposes.

This is why we cannot speak of our works as mere "reconstructions”.

Virtual reconstructions are too commonly considered the final step that
synthesises the results of research, often without a traceable scientific study
behind it: this generates «suggestive representations, suitable for a general
public of non-experts», making 3D digital reconstruction an «aesthetic en-



deavour more than scientific tool» (Demetrescu 2018).

Therefore, there are different - and interconnected - problems that we
should try to solve in order to recognise digital 3D reconstructions as rese-
arch tools in the domains of architecture, art history and archaeology.

These considerations are at the basis - and will allow the development - of
a workflow for 3D models based on the evaluation of features such as con-
structive aspects, accessibility, traceability, visualisation (Apollonio, Falla-
vollita, and Foschi 2021).

1.3.1 Problems in the visualisation of reality

The unavoidable - intrinsic - “problem” of reducing reality to a model has
been stated on many occasions, in discussions that initially began in fields
such as mathematics and physics, to involve later other domains and pro-
cesses,among which the 3D digital reconstructions for cultural heritage. We
have collected, in this regard, a series of quotations that we present here
below.

In the 1990s, the debate mainly concerned statistics and geography, espe-
cially in relation to the developments of the Geographic Information Sy-
stem (GIS), as in this case:

«By definition, reality is continuous, while the observation of reality is discrete.
Technology discretises measurement, as for example in satellite image ‘snap-
shots’ taken at regular intervals in comprehensive scanning paths. Perception
also occurs in discrete ‘chunks’, is selective and easily masked or distracted.
Digital organisation of data requires that models be fitted to observations and
measured phenomena [...] Because it is not possible to represent continuous
phenomena completely, they must be approximated, or sampled as subsets»

(Goodchild, Buttenfield, and Wood 1994)*. 24 This refers, in particular, to the
. . . . o case of Geographic Information
Therefore, in the passage from reality to perception and then visualisation, Systers (GIS).

something is lost and gives rise to what we would call “uncertainty”:

«Imperfection, be it imprecision or uncertainty, pervades real world scenarios
and must be incorporated into every information system that attempts to pro-
vide a complete and accurate model of the real world. But yet, this is hardly
achieved by today’s information system products. A major reason might be
found in the difficulty to understand the various aspects of imprecision and
uncertainty. Is there imprecision and uncertainty in the real world? This is an
open question. Whatever the answer, it must be recognized that our picture of
the world, which corresponds to the only information we can cope with, never
reaches perfection. Data as available for an information system are always so-
mehow imperfect» (Smets 1996).

We know thatignorance and limited knowledge are immanent componen-
ts of an architectural reconstruction and every reconstruction is a process
of approaching reality (Heeb and Christen 2019). We can also say, in other
- and stronger - words, that

«All reconstructions carried out through the use of videos, infographics or
three-dimensional models are intended to show an illusion, which may be
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more or less accurate but thatin no case will become real» (Ortiz-Cordero, Ledn
Pastor, and Hidalgo Fernandez 2018).

Anyway, the separation between fact and fiction, or “realism” and “magic”,
can sometimes be vague, as Richard Beacham suggests:

«The relationship between realism and magic is not always as one might think
at first, a straightforward dichotomy of opposites, but can involve as well a
rather more subtle cognitive blending of various and ostensibly incongruent
mental conceptions (and visual perceptions), and this blending itself has an ex-
tensive history in the history of “history” or more accurately, in historiography»
(Beacham 2011).

Thus, even though “reality” can’t be totally and faithfully recreated, we
should try to get close to it and cope with that lack of information and
objectivity that has been stated many times (Favre-Brun 2013; Landes et al.
2019). At this point, the concept of “scientificity” becomes relevant.

1.3.2 Need for a scientific approach

The mistrust that is sometimes attributed to 3D reconstructions in Cultural
Heritage is due to the fact that, as we have already observed, they have been
largely used as entertainment tools rather than for their heuristic value, se-
parating architectural representation from architectural scientific analysis
(Blaise and Dudek 2004). However, in recent years, many efforts have been
made towards a scientific use of 3D digital models in architecture, archae-
ology and history of art. The issue has been pointed out by researchers and
scholars at least from the 1990s, for example Strothotte et al. (1999) identify
two main problems in scientific visualisations, namely the fact that they are
too often considered a «correct, objective, and complete representation of
the objects in question» rather than «situations in which there is conside-
rable uncertainty associated with some features of a model» and that desi-
gn decisions are not encoded, whereas «<more information about geometric
models should be representable and visualizable». These features seem to
be the requisites to define a digital reconstruction “scientific” and avoid the
forms of criticism according to which 3D models, especially in fields such as
archaeology, are

«a closed box, with no possibility of evaluation and often without a particu-
lar aim, the emphasis being on computer graphics and artistic aspects, rather
than on the wish to solve a particular archaeological scientific problem [...] 3D
modelling and virtual reconstruction are common tools of communicating Cul-
tural Heritage. Many archaeological parks, museums, websites use them, but
their contribution is commonly neglected by the archaeological community, as
a stage designated for merely presenting to the public in a fashionably attracti-
ve way the results» (Hermon, Niccolucci, and D’Andrea 2005).
According to Rocheleau (2011) accurate documentation and visualisation
is fundamental in order to obtain a “scientific” digital reconstruction. It is
not necessary to reach a “complete” visualisation, full of special effects; we
could say that it is more interesting, scientifically speaking, to show a “re-
liable” model, where everything is documented with the possibility of as-
sessing the result:



«Nowadays, VR models are numerous. However, most of them are mainly focu-

sed on showing the complete interpretation of the site, without any additional

information, e.g. the reliability of its different components» (Perlinska 2014).
This requires a defined and accepted methodology, involving the presence
of documentation in the form of “metadata” and “paradata” and the possi-
bility of validation of the results that should be shared as much as possible.

Moreover, scientific progress - to which also our field is subject - is not the
mere application of a method, but, as the scientist Lee Smolin observed?,
the existence of a community of specialists (professionals) guided by com-
mon ethical principles, such as:

- Declaring the truth, debate, discuss;

- When data are not sufficient, encouraging opposition and competition,
always without establishing a priori new paradigms.

Scienceis not made of continuous developments, but of discontinuities (re-
volutions) and quieter periods, during which a particular scientific commu-
nity attributes a fundamental value to a set of theories consolidated in the
previous years, which becomes a “paradigm” (Kuhn 1962).

The primary role of relationships according to the actor-network theory (La-
tour 1987) also leads to the consideration that the scientific fact, resulting
from the interplay of several subjects and tools, forms a complex network
whose mechanism is difficult to analyse (again, a sort of “black box”) and
in which there is no distinction between science and technology, defining a
unique “techno-science”. What is more, this domain cannot even be deta-
ched from aesthetics, as Gilbert Simondon pointed out with his definition of
“techno-aesthetics” (Simondon 2012).

The scientific fact also has a rhetoric dimension that we have to take into
account, as stated in the “laboratory studies” (Knorr-Cetina 2001), which
analyse the discursive strategies, the representation techniques of the stu-
died objects and the forms of presentation of data.

These are all central elements in our research, which considers, first of all,
the social and cultural?” dimensions of a scientific process that has to be
validated, discussed and eventually accepted by a community of experts,
knowing that it can always be subject to adjustments and this is the only
way to enhance scientific progress. In this context, the work here presented
has been developed starting from the discussions inside two international
groups:

- The DFG Research Network “Digitale Rekonstruktion — Digital 3D Recon-
structions as Tools of Architectural Historical Research”, in place since
2018%;

- The CoVHer Computer-based Visualization of Architectural Cultural He-
ritage) project, started at the end of 2021 and coordinated by prof. Fede-
rico Fallavollita from University of Bologna®.

These two networks have allowed the exchange between university re-
search groups and members of companies located in different countries,
among which Germany, Italy, Austria, Poland, Spain, Portugal, Cyprus.

25 See the definition of “paradata”

as the documentation of the
«decisions madein the course of
computer-based visualisation»
given in the London Charter for
the computer-based visualisa-
tion of Cultural Heritage (2006).

26 https://www.macleans.ca/opi-

nion/democracy-and-scien-
ce-need-each-other-to-thrive/
(accessed  13.10.2022). This
section has first of all been de-
veloped starting from the semi-
nar on “Research assessment”
held by prof. Fabrizio Apollonio
at University of Bologna in May
2020.

27 The “Science and technology

studies” field deals with these
topics: https://en.wikipedia.org/
wiki/Science_and_technology_
studies (accessed 13.10.2022).

28 https://www.gw.uni-jena.

de/en/faculty/juniorprofes-
sur-fuer-digital-humanities/
research/dfg-netzwerk-3d-
rekonstruktion;  https://digita-
le-rekonstruktion.info (accessed
04.11.2022).

29 https://covher.eu/ (accessed

15.10.2023)
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1.3.3 Need for a defined methodology and validation tool

The gap between model and reality, or between “interpretation” and “ori-
ginal data” in the case of no longer or partially existing artefacts should be
covered, as Apollonio (2015) writes, with «an appropriate theoretical and
analytical study of virtual reconstruction practice [...] as well as a methodo-
logical approach to display the data-processing behind the 3D modelling
practice» enabling «a multidimensional approach to knowledge on several
levels». As a consequence,

«To validate the entire 3D modeling reconstruction process and to facilitate the
exchange and reuse of information and collaboration between experts in va-
rious disciplines, new standards are necessary, due to the reusability and ac-
cessibility of knowledge linked to 3D digital models. For a better interpretation
of a digital heritage artifact, a comprehensive interpretive method is needed»
(Apollonio 2015).

The problem is highlighted in many studies, which mention the main unre-
solved questions concerning certification, classification, annotation, stora-
ge and visualisation of 3D data sets (Kuroczynski, Hauck, and Dworak 2016),
as well as a lack of standards in the production of data also due to the va-
riety of sources:

«The first difficulty comes from the fact that there is often a lack of consistent
methodology for restitution, mainly because of the lack of a standard in data
production [...] Indeed, metric data acquired on site might be completed with
multitude of historical documents that often have non-metric properties (histo-
rical maps, old photographs, drawings, sketches, paintings) as well as archae-
ological knowledge based on deductions [...]. Therefore the quality, accuracy
and completeness of restitution depend on the way these heterogeneous data
are combined» (Landes et al. 2019).
The heterogeneity of sources generates a range of problems and questions
in uncertainty documentation, to which we try to answerin §§2.4 and 3.2, as
well as in Appendix 3, with a handout that has been applied to a particular
reconstruction, but whose methodology can be generalised.

1.3.4 Need for an approved e-documentation and standards

The primary importance of this issue is witnessed by the fact that, since the
1990s, there have been many calls for an approved e-documentation and
validation process (Strothotte, Masuch, and Isenberg 1999; Kensek, Dodd,
and Cipolla 2004) to apply to models addressed not only to scholars, but
also to the mass.

International standards and guidelines have been developed, starting from
the Unesco and Icomos documents and the London Charter (2006), establi-
shing general principles that should be implemented by each specific com-
munity.

This has led, for example, in the archaeological field, to the publication of
the Seville Principles (2011):

«The application at a global level of the computer-aided visualisation in the
field of archaeological heritage shows to date a panorama that could be quali-



fied as of “lights and shadows” [...] These projects were useful to demonstrate
the extraordinary potential that the computer-aided visualisation encloses in
itself, but they also uncovered many weaknesses and inconsistencies. For that
reason, starting a theoretical debate becomes unavoidable [...] All in all, it is
about establishing some basic principles that regulate the practices of this thri-
ving discipline [...] The London Charter (http://www.londoncharter.org) repre-
sents to date the international document that has made the most progress in
this direction» (Lopez-Menchero Bendicho and Grande 2011)*°.

Every reconstruction project needs at the same time more general and
more particular guidelines, in a “tension between standardisation and cu-
stomisation” (Gonzalez-Perez et al. 2012). Our intention is therefore to pro-
pose, rather than strict rules, a defined but flexible methodology that can
be adjusted when necessary.

1.3.5 Need for the dissemination of results

All these requisites, however, will not make sense if the research data re-
main ephemeral and the 3D reconstruction projects continue to fill the
growing digital cemeteries.

Knowledge should not be lost, thus argumentation and reasons should be
accessible through documentation environments such as “Sciedoc™, de-
veloped in 2017, or the already mentioned DFG repository, under develop-
ment, to which we refer in our case study.

Publication in platforms or repositories makes the model interoperable and
reusable, with metadata and paradata to reconstruct the process that led to
its creation, so that all the choices that have been made remain transparent
when shared within a network of academics and interested users.

In the following paragraphs of this introduction we will see how the abo-
ve-mentioned problems are being tackled, especially through some actions:

- Defining standards starting from international guidelines such as the Lon-
don Charter and the Seville Principles;

- Establishing a shared terminology as the basis for a shared methodology;

- Declaring the reconstruction process and its level of uncertainty (this topic
will be explored more in depth in the second chapter);

- Documenting and publishing the model: this topic will be just briefly men-
tioned here, being it the focus of another PhD research at University of Bo-
logna, being conducted by Igor Bajena, with whom the author has in large
part cooperated.

30 Translation by Irene Cazzaro.

Original version: «La aplicacion
a nivel mundial de la visuali-
zacién asistida por ordenador
en el campo del patrimonio
arqueologico presenta a dia de
hoy un panorama que podria
ser calificado como de “luces y
sombras” [...] Estos proyectos
han servido para demostrar el
extraordinario potencial que
la visualizacion asistida por or-
denador encierra en si misma
pero también han dejado al
descubierto numerosas debi-
lidades e incongruencias. Por
ello se hace ineludible plantear
un debate tedrico [...] En defini-
tiva se trata de establecer unos
principios basicos que regulen
las practicas de esta pujante di-
sciplina [...JLa Carta de Londres
(http://www.londoncharter.org)
constituye hasta la fecha el do-
cumento internacional que mas
ha avanzado en esta direccion».

31 http://www.sciedoc.org/ acces-

sed on 21/09/2020.
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https://www.icomos.org/
charters/nara-e.pdf  (accessed
29.08.2022).

https://unesdoc.unesco.org/
ark:/48223/pf0000179529  (ac-
cessed 29.08.2022).

https://www.londoncharter.
org/ (accessed 29.08.2022).

http://icip.icomos.org/downlo-
ads/ICOMOS_Interpretation_
Charter_ENG_04_10_08.pdf (ac-
cessed 29.08.2022).

https://guides.archaeologyda-
taservice.ac.uk/g2gp/Main (ac-
cessed 29.08.2022).

http://sevilleprinciples.com/
(accessed 29.08.2022).

1.4 Attempts to define international standards

We mentioned in §1.3.4 the need for standards. In this context, many efforts
have been made. Let’s see them in more detail.

The Nara Document (1994)* was applied to physical cultural heritage and
especially deals with concepts such as cultural diversity and authenticity. In
particular, authenticity has a vital role in the scientific studies and in conser-
vation and restoration operations. It is the essential qualifying factor for the
available information sources. Conservation is justified by the value that we
attribute to cultural heritage, whose perception depends on the credibility
of the information sources, influencing our knowledge, understanding and
interpretation.

This document is part of a genealogy of charters on preservation that starts
with the Athens charter (1931) and the Venice charter (1964) and continues
with the Unesco Operational Guidelines for the Implementation of the 1972
World Heritage Convention.

The Unesco Charter for the preservation of digital heritage (2003)** and the
London Charter for the computer-based visualisation of cultural heritage
(2006)** directly deal with digital cultural heritage. While the Unesco Charter
generally warns against the risk of losing digital heritage and defines some
strategies to select, preserve and protect these documents, the London
Charter gives a series of (general) indications specifically related to compu-
ter-based visualisations.

As explained by the authors, in the London Charter general standards are
established, dealing with rigour and transparency (Beacham, Denard, and
Niccolucci 2006). In this regard, the collection not only of metadata (data
about the reconstructed model), but also of paradata (data about the re-
construction process) is a fundamental step in documentation, which is
one of the principles discussed there, together with intellectual integrity,
reliability, sustainability and access.

The Icomos Ename (2008)* refers both to tangible and intangible cultural
heritage sites, following the spirit of the previous Icomos and Unesco char-
ters, and it focuses on the concept of interpretation and presentation.

In the Archaeology Data Service (2009)* the importance of preserving data,
not only artefacts, paper and records is stated: this precludes costly re-digi-
tisation in the future and ensures maximum accessibility and reusability of
data, in this case obtained using the Dublin Core ontology.

Finally, in this chronology of international charters, the Seville Principles®’
follow on from the London Charter, of which they are a particular imple-
mentation: the concept of computer-based visualisation is in fact here ap-
plied to archaeological sites (‘Principles of Seville’ 2011; Lépez-Menchero
Bendicho and Grande 2011).

Although they don’t constitute an actual standard (that is still missing and
is not the purpose of this kind of document), the general principles stated in
these charters have to be taken into account in the definition of guidelines
and of a standard workflow for the source-based 3D digital models.



1.5 Terminology

The reason that guides the study presented in this chapter is that, to date,
there is no uniformity in terminology in digital 3D reconstructions and this
can be one of the limits in recognising the potentiality of this tool and its
scientific value. We will see this, in particular, in the use of terms related to
uncertainty.

As an example, it is sufficient to recall the considerations by Perlinska (Be-
acham, Denard, and Niccolucci 2006) regarding the words “uncertainty”,
“plausibility”, “probability”, “confidence”. among these terms, which are
often used in an interchangeable way without paying attention to their
actual meaning, she would suggest “plausibility” as most suitable one in
digital reconstructions, where the chance for the occurrence of an event is
not calculated. However, at the end, she prefers using the word “probabili-

ty” because it is more common in her field of interest.

Therefore, when we deal with establishing some standards, which should
be, by definition, widely accepted in a community, the problems related to
terminology acquire particularimportance and cannot be ignored.

The development of standards depends, to a great extent, on the use of cle-
ar and shared terminology, thus an analysis of the occurrence of the most
significant words related to digital reconstructions in recent papers beco-
mes necessary.

The papers that have been analysed are written in five different languages
(English, Italian, German, French, Spanish), thus an exact translation is pos-
sible only to some extent (Eco 2003).

The results of this study have been presented in the Amps Conference, Can-
terbury, June 2022 and in the UID conference, Genova, September 2022
(Cazzaro 2022)%*.

1.5.1 Frequency of words

An analysis has been conducted on 27 papers related to the concept of
hypothetical reconstruction, published in a period of 25 years. For the most
relevant among them, word clouds have been created on the basis of the
most frequent words and, in a second step, the ones related to hypothetical
reconstructions have been isolated and put in an Excel table (Tab. 1). As a
result, it has been found that “uncertainty” is the most used word followed
by “knowledge”, “science”, “interpretation”, “hypothesis”. Other words such
as “plausibility” and “reliability” are far less frequent, as we can see in more
detail in the graph representing the frequency of terms expressing certainty
about a reconstruction (Tab. 2). Only 13 papers appear in this graph becau-
se they were the most relevant for the use of the words mentioned above.

38 This paper was presented at
UID (Unione ltaliana del Dise-
gno) conference in Genova in
September 2022. The same to-
pic was also presented at Amps
conference in Canterbury in
June 2022: the related publica-
tion is expected in 2023.
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Strothotte et al. 1999

Focus on visualisation of 3D models
through different line types.

Johnson and Sanderson 2003

Focus on theoretical models for the vi-
sualisation of uncertainty and errors.

Kozan 2004

Focus on digital reconstructions in cul-
tural heritage, data collection and uncer-
tainty visualisation.

London Charter 2006

Focus on documentation and methods
for the computer-based visualisation of
cultural heritage.



Seville Principles 2011

Focus on documentation, in the light of
the London Charter, of computer-based
visualisations applied to archaeology.

Favre-Brun 2013

Focus on the different solutions for the
representation of uncertainty in digital
models.

Perlinska 2014

Focus on virtual archaeological recon-
structions, the application of a “proba-
bility map” and its integration in a geo-
graphic information system.

Lengyel and Toulouse 2015

Focus on visualisation of uncertainty ap-
plied to architectural structure (with a
degree of abstraction), in opposition to
realistic simulations.
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Reconstruct.;:

Lengyel and Toulouse 2016

Focus on conventions for the representa-
tion of uncertainty in virtual archaeologi-
cal reconstructions.

Apollonio 2016

Focus on documentation of the process,
uncertainty, evaluation of digital models.

Grellert and Haas 2016

Focus on ways to give scientific rele-
vance to complete models: documenta-
tion and uncertainty representation.

Rykl 2016

Focus on pictorial and then digital re-
constructions in Bohemia.



Paréfrieter

., . lefe More P(‘>S|D L_)K)(“ 5
o sriiriog PO . Iw ul Variable?
;.;iTe'Chnlque Dlmensuon

3 Um*efm”(‘- Tlme Tensor:
Deéfine |Bar fersics s ensor s
Potter et al. 2017 agwoac i KIS C e r t a I = t = Color
Focus on quantifying and communicat- x;SD;e]eSS > ‘ =4 : Dlsplayl
ing uncertainty in different domains. g S olmep ShOW Va|Ue Dlmen5|onal—' ’ Spéalecte :
=i \:'nat o= Based"
Wlthm Sca al" \’eed
Veggg?g, ype T
|\ /I Field
Sciedoc Ode Lev C]
| l Project
Grellert et al. 2019 DIE er StI'UCtLlI'e

BUI dll‘lg \L\\ -l()](ﬂ‘

Focus on the documentation of virtual
reconstructions through the Reconstruc- TOOlReconSthted Data
tion Argumentation Method and the

mentai “Process Based Document
platform “Sciedoc”. ‘Area OUI’CC P]dUblbl ity

¥ velop Inter pl et rvsual

.,:..'r A\llnhll‘ -
e TG Bll(lu

St»&lundts nilg .len\mm.;“ =
e .Dctall FOFI g Bild

Heeb and Christen 2019 o B \[()(IC DarS ellung’ﬂ"‘ .

\cumlllun( . e
Focus on the representation of hypothe- i s S7iclHy l)“lh( S¢ B(lpthlU Digilalén:

. Vergleich Fakten]-L ”l\qll/lnunl\lnn sestaller oo Glichheligt
ses (between fact and fiction) and on the \m[(\]R t u tl()n“ (.mo
different visualisation methods. Weiter : i

>

dllllL So o'“’" 2.y -Gestaltungsmitte] %
Fakt h kt kL=
: «I‘mon ur

\\1\\<||\(I1|I1Iu!nn lll\ll()n irkun

Buildir

()1)]“‘ 2estittite dl
B ase

I\n'm\ ledge eve
UselData

\I\ hite 11111\ ,
Landes et al. 2019 \I]o\\ -
Focus on two different colour scales to Slte e [ )\;Iqmm
represent uncertainty in two digital re- .

WH" ]\(1\11&([

constructions of castles. \ lS[Uh((\]l\ HL er.t f\lnty

Reconstructed!:
“Element:

33



1.5.2 Paths: evolution and relationships between words

If we broaden our research, we can try to relate these terms one to another
to trace a short history (Fig. 3) of each group of words. There are many paths
that can be followed and they can be mainly grouped into these categories:
virtual archaeology, visualisation, documentation, authenticity, uncertain-
ty, cultural heritage (Fig. 2).

Virtual
Archaeology

Model/
Visualisation

Documen-
tation

Authenticity

Uncertainty

Cultural
Heritage

Fig. 2 Categories in which the terms related to a critique of source-based 3D digital models can be grouped. Author’s visualisation.
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This genealogy of documents
starts - before the digital era -
from the Athens Charter for the
Restoration of Historic Monu-
ments published in 1931 by the
International Museums Office,
at the basis of the International
Council of Monuments and Si-
tes (Ilcomos), founded in 1965
as a result of the Venice Charter
(1964).

The term Cultural Heritage, in
the Nara Document, is defined
according to article 1 of the Une-
sco World Heritage Convention
(1972), thus including: “monu-
ments: architectural works, wor-
ks of monumental sculpture and
painting, elements or structures
of an archaeological nature, in-
scriptions, cave dwellings and
combinations of features, whi-
ch are of outstanding universal
value from the point of view of
history, art or science; groups
of buildings: groups of separate
or connected buildings which,
because of their architecture,
their homogeneity or their place
in the landscape, are of outstan-
ding universal value from the
point of view of history, art or
science; sites: works of man or
the combined works of nature
and man, and areas including
archaeological sites which are
of outstanding universal value
from the historical, aesthetic,
ethnological or anthropological
point of view”.

In relation to the London Char-
ter, see also (Amico et al. 2018).

As an example, by following the cultural heritage path (Fig. 4), we can see
how this concept is connected to information (or research) sources, conser-
vation, transparency.

In this context, the Icomos and Unesco® charters are relevant because they
point the attention on the preservation of cultural heritage and they also
give the definitions of specific terms, as we can see, for example, in the Nara
Document (1994) - concerning physical heritage® rather than digital mo-
dels — which defines “conservation” as «all efforts designed to understand
cultural heritage» and «ensure its material safeguard» and «information
sources» as a list of all the different types of sources that bring knowledge
to cultural heritage.

The lcomos Principles for the recording of monuments, groups of buildings
and sites (1996) give explanations for other related concepts, such as “re-
cording”, intended as the «capture of information which describes the phy-
sical configuration, condition and use of monuments, groups of buildings
and sites», thus quoting again the definition of Cultural Heritage given in
the Nara Document and, before, in the World Heritage Convention (1972),
but this time including «tangible as well as intangible evidence». As a conse-
quence, recording can contribute to «the understanding of the heritage and
its related values» and is «an essential part of the conservation process».

This is also the scope of the Unesco Charter for the Preservation of Digital
Heritage (2003), which includes any kind of «information created digitally,
or converted into digital form from existing analogue resources» which are
«frequently ephemeral» despite having «lasting value and significance»,
constituting «a heritage that should be protected and preserved for current
and future generations». Thus, the purpose of the charter is:

«preserving the digital heritage [...] to ensure that it remains accessible to the
public. Accordingly, access to digital heritage materials, especially those in the
public domain, should be free of unreasonable restrictions. At the same time,
sensitive and personal information should be protected from any form of in-
trusion. Member States may wish to cooperate with relevant organizations and
institutions in encouraging a legal and practical environment which will maxi-
mize accessibility of the digital heritage».

The concept of “research sources” emerging from the London Charter
(2006)* can somehow be related to the one of “information sources” in
the Nara Document, even though the aim of the former is its application to
computer-based visualisations and, in defining “research sources” as «all
information, digital and non-digital, considered during, or directly influen-
cing» the creation of a model, it doesn’t provide a list of sources, but rather
focuses on the effect that can be generated.

In a similar way, “Intellectual transparency” is referred to information that
should «allow users to understand the nature and scope of “knowledge
claim”» and even “cultural heritage”, in the London Charter, is defined as «all
domains of human activity which are concerned with the understanding of
communication of material and intellectual culture», but then some of the
domains are listed (museums, art galleries, heritage sites, etc.).
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42 Inrelation to the lcomos Ename,
see also (Beacham, Denard, and
Niccolucci 2006; Denard 2012;
Georgiou and Hermon 2011;
Hermon, Sugimoto, and Mara
2007).

43 Original version: «la capacité de
pouvoir consulter les sources de
tout type de travail pour mieux
comprendre le raisonnement
d’un auteur et attester de sa ri-
gueur.

44 See also the draft at the origin of
the Seville Principles (Silberman
2003).

45 In the Charter of Venice (1964)
authenticity is referred to re-
storation, as in Article 9: “The
process of restoration is a highly
specialized operation. Its aim is
to preserve and reveal the ae-
sthetic and historic value of the
monument and is based on re-
spect for original material and
authentic documents”. In the
introduction, another concept
thenincluded - to some extent -
in the Nara document is stated:
“Itis essential that the principles
guiding the preservation and
restoration of ancient buildings
should be agreed and be laid
down on an international ba-
sis, with each country being re-
sponsible for applying the plan
within the framework of its own
culture and traditions”.

46 The first version of the Unesco
Operational Guidelines for the
Implementation of the World
Heritage Convention dates back
to 1972.

38

This can also be linked to the concept of “cultural heritage site” contained
in the lcomos Ename (2008)** that derives from the previous lcomos docu-
ments and concerns historically and culturally significant places, localities,
natural landscapes, settlement areas, architectural complexes, archaeolo-
gical sites and standing structures.

Rocheleau (2011) gives another definition of “transparency”, after the one
given by the London Charter: «the capability to consult the sources of every
type of work in order to better understand the reasoning of an author and
assess its rigoun®,

The Seville Principles (2011)* apply to archaeology the guidelines establi-
shed by the London Charter, therefore, instead of generally speaking of “cul-
tural heritage”, they focus on “archaeological heritage”: «the set of tangible
assets, both movable and immovable, irrespective of whether they have
been extracted or not [...] which together with their context [...] serve as a
historical source of knowledge on the history of humankind».

The term “authenticity” (Fig. 5) mainly appears in Unesco and Icomos do-
cuments®, according to which it can be assessed based on the «degree to
which information sources may be understood as credible or truthful» (Nara
document, 1994); this definition is also part of the Unesco Operational Gui-
delines for the Implementation of the World Heritage Convention from the
2005 version®.

There are more specific definitions of authenticity applied to archival do-
cuments and distinguishing legal, diplomatic and historical authenticity
(2014).

However, Amico et al. (Duranti 1989; Adam 2010) suggest the use of the
word “faithful” instead of “authentic” in relation to digital objects or physi-
cal replicas, which are never original and unique, but always copies that can
be replicable and modifiable (Benjamin [1935] 2014).

The path corresponding to the definitions of uncertainty (Fig. 6) starts with
the papers by Taylor and Kuyatt (1994) and Pang et al. (1996), who give a
mathematical definition of it and continues with Gershon (1998), for whom
uncertainty is part of the wider concept of imperfection and, as opposed
to incompleteness, it represents results that may also be right, but it is not
known. On the other hand, according to Strothotte et al. (1999), imprecision
and incompleteness are both part of uncertainty, defined as the absence of
information.

Kensek et al. (2004) refer to “ambiguity, evidence and alternatives” for an-
cient, historic and no-longer-existing environments, thus highlighting the
fact that there is no uniformity in terminology. They mention visual tools
to indicate “uncertainty levels”, but also a console for the users to visualise
four “types of reliability”.

The absence of uncertainty is listed, according to Blaise and Dudek (2006),
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