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TOWARDS A VIRTUAL ART/ARCHAEOLOGY

Introduction

The term Virtual Archaeology was coined 30 years ago when personal computing and
the first wave of digital devices and associated technologies became generally available
to field archaeologists (Reilly 1991; 1992). The circumstances that led to the origin
of Virtual Archaeology have been recounted elsewhere. Put briefly, Virtual Archaeology
was intended for reflexive archaeological practitioners “to be a generative concept
and a provocation allowing for creative and playful improvisation around the potential
adoption or adaptation of any new digital technology in fieldwork; in other words
to explore how new digital tools could enable, and shape, new methodological insights
and interpretation, that is new practices” (Beale, Reilly 2017). Digital creativity in
archaeology and cultural heritage continues to flourish, and we can still stand by these
aspirations. However, in 2021, the definition and extent of this implied “archaeological”
community of practice and its assumed authority seems too parochial. Moreover, the
archaeological landscape is not under the sole purview of archaeologists or cultural
heritage managers. Consequently, experimentation with novel modes and methods
of engagement, the creation of new forms of analysis, and different ways of knowing this
landscape, are also not their sole prerogative. This applies equally to Virtual Archaeology
and digital creativity in the realm of cultural heritage more generally. We assert that
other affirmative digitally creative conceptions of, and engagements with, artefacts,
virtual archaeological landscapes and cultural heritage assemblages — in their broadest
sense —are possible if we are willing to adopt other perspectives and diffract them through
contrasting disciplinary points of view and approaches. In this paper we are specifically
concerned with interlacing artistic and virtual archaeology practices within the realm
of imaging, part of something we call Virtual Art/Archaeology.

We will start by outlining what we mean by adopting a diffractive Virtual Art/Archaeology
approach. Then we take up a challenge recently set by Daniel Lee in which he calls for
practitioners to “explore new ways of thinking about space, time and movement” (Lee
2020, 149). In an attempt to meet this challenge, we expose widespread misconceptions
about all-too-familiar iconic, symbolic and indexical contemporary images (Atkin 2013)
depicting archaeological landscapes, sites and assemblages in general circulation, and the
role and function of the image makers. From there, we will present a series of diffractive
images (Dawson et al. 2021) - novel and perhaps slightly disruptive experimental Virtual
Art/Archaeology studies that deliberately subvert both established and new digital
imaging techniques — which challenge how archaeologists, artists and others use grids,
plans, maps and other images to think through archaeological artefacts, assemblages, sites
and landscapes. We will finally put the case for more affirmative Virtual Art/Archaeology
studies.

© Reilly Paul, Dawson lan, 2021
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Why a Diffractive Virtual Art/Archaeology Approach?

Art/Archaeology studies have been emerging for several decades in parallel with Virtual
Archaeology, and in recent years have started to build considerable momentum as a sister
subdiscipline (inter alia, Shanks 1992; Dion 1999; Renfrew 2003; Wickstead 2009; Roelstraete
2014; Russell, Cochrane 2014; Bailey 2014; Bailey 2017a; Bailey 2017b; Roberts, Sterling
2017; Thomas et al. 2017; Jones, Cochrane 2018; Gheorghiu, Barth 2019; Gheorghiu 2020).
Until recently, there was relatively little cross fertilisation between Virtual Archaeology
and Art/Archaeology (but see Perry 2009; Wickstead 2009; Ferraby 2017; Gant, Reilly 2018;
Morgan, Wright 2018; Dawson, Reilly 2019; Lee 2020). Although, the concept and purpose
of Art/Archaeology is quite broad, in this paper we adopt Doug Bailey’s (Bailey 2014; Bailey
2017a; Bailey 2017b) radical Art/Archaeology approach, which is to disarticulate, repurpose
and disrupt “artefacts from their pasts and to release them into the contested dynamics
of the present, through the making of new creative works, not traditionally seen as historic
or archaeological in form, display or intention” (Bailey 2017b, 700). As Bailey stresses, “[r]
ather than producing institutionally safe narratives conventionally certified as truth, [we]
follow the lead of artists who use the past as a source of materials to be reconfigured in new
ways to help people see in new ways” (Bailey 2017b, 691). In this we include archaeologists
trying “to challenge their own practice-based research creatively” (Thomas et al. 2017,
121, original emphasis) or, put another way, those applying their creative imagination to
archaeological assemblages and settings (e.g., Gheorghiu, Barth 2019; Gheorghiu 2020).

What do we mean by diffractive? We typically notice the effects of diffraction as so-
called “interference patterns’, commonly encountered as the overlapping concentric
ripples that accompany rain landing on pooled water. When these little waves overlap
they either reinforce their troughs and peaks or cancel one another out at the point of
intersection. The concept of diffraction is also useful for analysing different theoretical,
methodological and disciplinary practices by reading (or thinking) them through one
another, like overlapping ripples, to identify those productive places “where the effects of
difference appear” (Haraway 1992, 70).

In this paper, we do not only diffract archaeological and artistic practices through one
another, we also interlace images of an artefact and the landscape setting in which it was
discovered through one another, exploiting human and synthetic modes of cognition, and
convolving ontological hybrids in the process. In so doing we evolve our own extending
Virtual Art/Archaeology assemblages and emerging subversive “minoritarian” knowledge
practices (see Braidotti 2018, 15). Why is a diffractive methodology necessary? Rosi
Braidotti (Braidotti 2018, 15) alerts us to the prosaic character of much digital humanities
research, identifying the widespread archaeological practice of 3D modelling artefacts as
a classic example of an increasingly homogenous, monotonous and anemic narrative. We
share Braidotti's discomfort with this “majoritarian meta-pattern”, and concur with Ruth
Tringham (Tringham 2016, 57) in extolling practitioners to adopt more “complex lateral
thinking and playful exploratory imagination”in their research and practice. Consequently,
we wish to argue for the more imaginative intra-active development and deployment of
virtual techniques in archaeological situations through encounters with other disciplines
such as art practice (i.e. Virtual Art/Archaeology). Diffraction shows us that the effects
of difference matter. Hence, following Donna Haraway (Haraway 1992) and Karen Barad
(Barad 2007), our method is a diffractive one.

An Art/Archaeology Challenge
Daniel Lee (Lee 2020, 147-148) reminds us that archaeologists have a long history
of looking at, and analysing, archaeological sites and landscapes with a positivistic gaze,
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through differently scaled grids (in both vertical and horizontal planes), and claiming
to (re)present them accurately and objectively. However, as he also notes, hidden in these
apparently “static, a-political, safe, authorised images or ‘tracings’ of sites and landscapes”
is “a large dose of subjectivity” (Ibid.). Echoing Gillings and colleagues (Gillings et al. 2020)
who are also dissatisfied with these hidebound conventions, Lee (Lee 2020, 149) encourages
archaeologists to “experiment with the processes and materials of archaeology and explore
new ways of thinking about space, time and movement”. In advocating a more experimental
approach, he further proposes that “the practices, devices and processes that archaeologists
use everyday (walking, mapping, surveying, writing, photography, GIS) should be subverted
in order to explore new potential and interpretations” (Lee 2020, 155, our emphasis).
In other words, he is advancing an Art/Archaeology approach, one in which he does indeed
go on to explore very affirmatively in his own project. While we agree wholeheartedly with
Lee that more experimental approaches should be encouraged, we also think that escaping
the tyranny of the grid will be harder than many imagine. We are concerned because we
detect deep genealogies of looking using grids that are embedded in, for instance, the
aspect ratios of viewfinders and the rectilinear epitaxial light-sensitive crystalline lattice
ofthe Charged Couple Device (CCD) of the digital camera, the raster arrays of pixels composing
display screens, and the hardwired expectations of the firmware and software, black-boxed
into all contemporary digital imaging devices (Cubitt 2014, 100-111). However, we are also
hopeful that recent media studies will open up some of these black boxes and initiate new
and fruitful conversations between archaeologists and artists, to retheorise digital imaging
and computational photography in, and across, our respective disciplines (inter alia, Perry
2009; Cubitt 2014; Morgan, Wright 2018; Gatt 2019; May 2019; Miller 2019; Zylinska 2017;
2020; 2021; Dvorak, Parikka 2021; Likav¢an, Heinicker 2021).

Deceptive Images

In parallel to the evolution of Art/Archaeology and Virtual Archaeology, the technologies
of digital imaging and computational photography have evolved into a plethora
of sophisticated imaging techniques and devices. Indeed, imaging technologies have
become so ubiquitous that they permeate virtually every aspect of modern life in developed
economies. Consequently, increasingly huge quantities of images are constantly being
generated in every walk of life, discipline, industry, and government, from all over the planet.
From the expansive views pouring down on us from satellites, through the continuous streams
of drone and autonomous vehicle footage, endlessly repetitive selfies, and on down to the
micro and nano scale landscape studies using, for example, confocal microscopes produced
in laboratories, images are a relentless feature of modernity. It has become commonplace
for commentators to invoke expressions of catastrophe in connection to the vast blankets
of images entering digital culture, as witnessed by the widespread use of apocalyptic
metaphors such as “avalanches’, “deluges’, “eruptions’; “explosions” and “tsunamis” of images
(Dvorak, Parikka 2021). In addition to the amorphous phenomenon of “masses of images’,
we are also witnesses to the denser, concentrated, phenomenon called “the mass image”.
Any internet search of a popular tourist site, such as the Kremlin, Stonehenge or Angkor Wat,
will result in “an aggregate portrait tending towards a total image ... extending in time (in
spring; at dawn; in 1945)” (Cubitt 2021, 26). These aggregate or mass images are according
to Cubitt actually complex, composite, multitemporal data visualisations. Unpacking them
is an increasingly difficult challenge.

Images, it seems, are becoming unmanageable, indeed overwhelming. The question
arises: who or what are these so-called “off-the-scale” (Dvorak, Parikka 2021), industrialised,
scanned images aimed at? No human, or even an army of humans, could possibly look
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at, let alone analyse, even a small percentage of the enormous volumes of virtual “image
glut” spawned each day. Instead, other machines will automatically, and increasingly
autonomously, analyse these images. What might they see?

In this paper, we are not seeking truth or objectivity. We do not propose to review
the technologies and theories of the mass image. (For a very good recent update see the
collection of papers edited by Dvorak and Parikka (Dvorak, Parikka 2021).) Our aim here is
much more modest. We simply want to interrupt the gaze of the machinic intelligences we
increasingly rely on, albeit for just a moment, in order to prompt archaeologists, especially
the practitioners in the field, to review the nature of modern day archaeological images.
In particular, we seek to inject some diffractive and intentionally disruptive, but creative,
Virtual Art/Archaeological perspectives and insights around the fluctuating nature of the
materiality, and temporality of artefacts in images, and especially how the setting and
location of their places of discovery are conveyed in digital images. We will explore our
theme through a single artefact that Reilly discovered while fieldwalking early on in the
pandemic. The artefact in question is a flint tool, usually described as a “tranchet axe” or
“pick’, dating from the mesolithic period. Its form and setting were recorded in situ using a
digital camera, and then again in closer detail in a makeshift home studio. Afterwards this
studio “shoot” was processed using the well known archaeological and cultural heritage
computational photographic technique of Reflectance Transformation Imaging (@CHI n.d.;
Historic England 2018). A single frame taken from this compiled RTI of the tranchet axe was
then machinically, but aesthetically, enhanced in several studies using the perhaps less well
known but very popular machine intelligence technique known as Style Transfer (Gatys et
al. 2016; Miller 2019, chapter 7; Wang et al. 2020). We call the results of our experimentation
diffractive images, and it is to these that we now turn our attention.

Diffractive Images

Figure 1 is not a photograph. It is an image. The two technologies are distinct and
only faintly related. John May (May 2019, 50-52) sums up the distinction very neatly:
“Photographs, never intrinsically calculable, remain thoroughly visual. Images, structurally
calculable, are only apparently visual” The RTI of the tranchet axe that forms the basis
of fig. 1-4 has more in common with a spreadsheet than a traditional photograph. Every RTI
is composed of a raster grid of data made to look like a photograph. By selecting different
filters available in the RTI Viewer application the appearance and surface properties of our
virtual tranchet axe can be radically altered in order to enhance specific surface features or
characteristics of interest, as seen from a fixed viewpoint but interactively relit from multiple
lighting angles (fig. 1-4). Apparently different surface materialities can be generated by
using, for instance, unsharp masking (fig. 1), diffuse gain (fig. 2) or specular enhancement
filters (fig. 3). In addition, the calculated surface normals can be visualised using a false
colour palette (fig. 4).

RTIs exhibit a very interesting form of interference pattern known by quantum field
theorists as temporal diffraction patterns, in which “different times bleed through one
another” (Barad 2017, 68). This happens because RTI images are derived from information
extracted from multiple images taken of a stationary subject from a stationary viewpoint
at different times. The RTI variously rendered in fig. 1-4 was developed using 48 separate
images taken one after the other in some particular order in an ad hoc home office studio
set. The quality is not necessarily the best, but that is not really a point of concern here. Each
contributing image is clearly distinguished from each other by the different highlights and
shadows that are produced by projecting light onto the subject from unique but known
(or knowable) directions. Using the RTI Builder software, the lighting information from each
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image is synthesised into a mathematical model of the subject’s geometry and surface
properties, and then encoded in such a way that each constituent pixel of the compiled
RTI can accurately model how light behaves at the specific point of the surface it is
depicting. This allows users of the RTIViewer application to virtually re-light and investigate
their models interactively from a fixed viewpoint in extremely fine detail in any number
of different lighting sequences. Notice the shadows that fringe the tranchet axe (especially
in fig. 2). They show the superposition, or entanglement, of different light waves recorded
in the different images - taken at different times - diffracting through each other. This
temporal diffraction pattern is a tell-tale sign that a not quite “monstrous cyborg” (Haraway
1991), something we might call a temporal frankenstein, has been “enslaved” in the RTI
(pace Cubitt 2014, 270). We will return to the importance of cyborgs later.

Our next step was to explore some effects of diffracting machine intelligence through
our already diffractive RTI. The diffuse gain rendering of the RTl shown in fig. 2 was selected
for further experimentation in our Virtual Art/Archaeology collaboration because of its very
pronounced temporal diffraction pattern of overlapping shadows.

The Virtual Art/Archaeology study shown in fig. 5 encapsulates the effect of diffracting our
RTI of the tranchet axe with machinic cognition. It could be categorised as an example of A/
Art (see Miller 2019; Zylinska 2021). It was created by applying the computer vision technique
known as “Style Transfer’, a technology readily available via the internet, to our RTI. Without
going into detail, Style Transfer is a mode of artificial intelligence that relies on sophisticated
“neural algorithms of artistic style” (Gatys et al. 2016) using a very deep convolved neural
network (Simonyan, Zisserman, 2015) to extract the style of one image and transfer it onto the
content of another (see Miller 2019, chapters 7-12; Wang et al. 2020). The outcome is another
form of diffractive image that interlaces different styles and subjects through a machinic way
of seeing. In this instance, it also interlaces vastly different scales of perception. Here, our
“content image” was the compiled RTI frame shown in fig. 2, featuring the strongly defined
fringe ofinterlaced shadows that materialise the temporal diffraction pattern referred to earlier.
The applied style image is a creative commons Nomarski Differential Interference Contrast
microscopy rendering of a partially etched silicon integrated circuit wafer (Richstraka 1979).
The result of this diffraction experiment is Silicon Alchemy Il, which is a radical departure from
standard archaeological representations of flint or chert (i.e. silica) objects (e.g., Raczynski-
Henk 2017; Gatt 2019). It is oneof a series of diffractive digital studies exploring the recursive
intra-action of light, shadows, silica/silicon and artificial neurons (e.g. Reilly 2020).

Fig. 1
RTI of tranchet axe using diffuse unsharp masking filter. Image: P. Reilly & I. Dawson
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Fig. 2
RTI of tranchet axe using diffuse gain filter. Image: P. Reilly & I. Dawson

Fig. 3
RTI of tranchet axe using specular enhancement filter. Image: P. Reilly & I. Dawson

Fig. 4
RTI of tranchet axe showing colour-coded surface normals. Image: P. Reilly & I. Dawson
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In this study the archaeologist’s usual analytical gaze upon the “impact scars” that shaped
the flint tool through the RTI image is radically disrupted when it is convolved through the
machinic gaze of a style transfer deep neural network (CNN). The outcome of this exercise is
a diffractive image in which the RTI multi-lit flint artefact, including its spacetimemattering
compound shadows, is seemingly transmuted and rematerialised as backlit stained glass.
The artefact is rendered recognisable as a pluritemporal, multiscaler phenomenon by an
eclectic posthuman cognitive assemblage. However, this cyborgic perspectiva naturalis
(Cubitt 2014, 210) is just one rendering of a digital description actually made to be
projected inwards in order for the internal “(re)viewer”, that is the software programme, to
be able to perceive and engage with it. This diffractive image reveals how the computer has
become engaged in the construction of visibility, and how the silica “eye” of the software
programme is active in its vision, in what it sees and how it displays its nature.

Our next Virtual Art/Archaeology study, Diffractive Tranchet Axe Landscape 2021, shown
infig. 6, is the result of diffracting our signature RTI styleimage of the human-held mesolithic
tranchet axe with the content of a satellite image covering several square kilometres of the
landscape in which the artefact was found. It was produced using the same Style Transfer
algorithm and CNN we employed earlier. Once again, hugely different scales of perception,
and notions of near and far, are being interwoven.

o mmwn k|

Fig. 5

Fig. 6
Diffractive Tranchet Axe Landscape 2021. Image: P. Reilly & I. Dawson
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The pluritemporal palimpsests (Olivier 2011) of maculae exposed in the ploughed fields
(i.e. soil-based auto-expressions of buried features) are now rendered on the surface of the
tranchetaxe;theyreferenceandrelocateothertracesofarchaeologyfromthewiderlandscape
of discovery. Ironically, perhaps, maculae are increasingly being detected automatically in
remotely-sensed data using similar deep learning techniques based on CNNs (for a recent
summary of the state of the art automated remote sensing in archaeology see Davis 2021).
Here, however, just one area of such archaeologically autographic images (Offenhuber
2020), or self expressing “planetary diagrams” (Likavcan, Heinicker 2021), was framed by a
human and then interlaced with the multi-lit topography of the hand-holdable mesolithic
flint artefact. In other words, we convolved the RTI of the tranchet axe with the satellite
image of the landscape setting of its place of discovery, as remotely-sensed through the gaze
of a“space archaeology” cyborg (e.g. Parcak 2009; 2019). As John Beck puts it in connection
with other abstract art aerial perspectives, this vertically distanced image sends “messages
as documentary and messages as art, one interrupting the other” (Beck 2013, 62). The result
can be described as “a posthuman diffractive image”. By which we mean that human and
machinic vision, human and much-bigger-than human scales, contemporary and ancient
temporal ripples, and art and archaeological practices, have been diffracted through one
another to produce a totally new conception of the place, setting and scale of the artefact
and its contemporary landscape.

For our final Virtual Art/Archaeology study, titled Track and Trace lll (fig. 7), we pick up
on Daniel Lee’s observation that archaeologists are “obsessed” with viewing the
archaeological landscape through “archaeo-mental maps” structured by scaled grids (Lee
2020). Again, we also experiment with the notion of location, setting, and time. Like all the
other studies presented in this paper, Track and Trace lll was created during the ongoing
global coronavirus pandemic, in 2021. Throughout the pandemic many governments
implemented so-called track and trace systems to help control the spread of COVID-19.
In connection to this global tragedy the QR-code has become a zeitgeist of the pandemic.
In Britain, where they are placed prominently in every shop, cafe, business and hospital,
they are used to identify potentially contagious events, retrospectively, by identifying
where and when an infected person came into contact with other people. They are also
an example of what Joanna Zylinska calls “nonhuman photography”, meaning that they
are not of, by or for humans (Zylinska 2017, 5, original emphasis). QR-codes are machine
readable optical labels that can describe the thing or place to which they are attached.

Fig.7
Track and Trace Ill. Image: P. Reilly & I. Dawson
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They present themselves as a set of black squares arranged in a square grid on a white
background, and they are “read” by imaging devices such as a digital camera. In other
circumstances, compliance to the processes of “track and trace” allows organisations to
connect individual objects, or assemblages, to inventories and to track their movements.
Location, place, time, duration, provenance, and the use of grids are central concerns to
Track and Trace Ill. As it happened, the find-spot of this particular tranchet axe had been
recorded using the what3words location finder application. What3words divides the world
into three-metre squares and gives each square on this global grid a unique three-word
address. In this study, the what3words location triplet of our findspot has been rendered
as a QR-code (incidentally, using another readily available online application). This
QR-code, declaring the unique what3words location triplet of our findspot, was then style
transferred onto the same compiled RTl image used in fig. 2.

Track and Trace Ill is therefore a study in the recursive interplay of grids laid out
at different scales and times, exploring different notions of provenance at different levels
of granularity and expression. Although eroded through convolution, both artefact and
grid somehow persist.

Discussion

Images are never “innocent”; they carry genealogies of seeing (Moser, Smiles 2005;
Cubitt 2014). Increasingly, we are witnessing the automation of archaeological digital
imaging and the widespread production of terrestrial, aerial and satellite orthographic,
multi- and hyper-spectral, images. In other words, our cyborg collaborators are generating
images with no perspective distortions, manufactured from a digital mosaic of digitally
manipulated component images that are stitched together. They present a synthetic view
that no human could experience directly. It becomes clear that the role of the archaeologist
in generating these images has been reduced to that of a mere “functionary” (see Flusser
2011), someone who Sean Cubitt (Cubitt 2014, 270) sees as “enslaved” to, by, and in the
media technologies they use, like the “writer who writes for his pen” (Virilio 1994, 76). Today,
at least as far as terrestrial imaging goes, that“someone”is quite often an archaeologist who
is trained (or programmed) to compose an overlapping set of views - that, incidentally,
conform to millions of other similar excavation plan and section images that have been
taken by other field archaeologists all over the world for generations — and then press the
appropriate button (Lucas 2012, 242). Job done?

In the same year that Virtual Archaeology emerged as an idea in print, Donna Haraway
famously remarked that “We are all chimeras, theorized and fabricated hybrids of machine and
organism; in short, we are cyborgs” (Haraway 1991, 150). As the ever growing glut of images
that archaeologists and others produce needing to be analysed grows, the balance between
the proportion that is delegated to a human archaeologist versus that of their machinic
collaborators shifts considerably. Consequently, cyborgs emerging now are increasingly
ablend of majorian artificial intelligence techniques and a minorian of specialised archaeological
technocrats. One dystopian corollary might be that of a growing cohort of archaeological
functionaries whose majorian methodology and research questions have become enslaved
to the techno monsters that Haraway alerted us to 30 years ago (Haraway 1991; 1992). Indeed,
our diffractive Virtual Art/Archaeology approach may be regarded as the monstrous hybrid
spawn of nonhuman, posthuman, post-photographic cyborgs. We take the view that our
cyborgic Virtual Art/Archaeology studies have archaeological, artistic, humanistic and scientific
merit. We are in accord with Isto Huvila who suggests that a monstrous perspective may actually
be critically productive in the analysis of visualisation and social information technologies
in general. As Huvila argues convincingly:

14



“Building on Haraway, the fact that photorealistic visualizations or other social
information technologies (combining human and machine in one) unfold as monstrous
cyborgs means that they have a potential to bring forth a range of new ways of in-
teracting and not interacting with information (i.e., information work practices and/or
information literacies) better and worse. To understand their potential and related risks,
it is important to delve into the complete entanglement of diverse programmes they are
driving and driven by, instead of falling back to a dualism of one programme and its
anti-programme.” (Huvila 2020, 54)

It is the contention of this paper that a Virtual Art/Archaeology approach is another
valid way of keeping both the technocratic and machinic gaze of our latter day “uber-
archaeologists” (Wickstead 2009) to critical account. By taking a miniscule sample of the
masses of availableimages, or condensed massimages, and then subverting them, including
their underpinning methods and philosophical basis, we have another transdisciplinary
way of holding at least some archaeological cyborgs, and their processes, to account. We
suggest that a Virtual Art/Archaeology approach both encourages and acknowledges
the importance of creative researchers in search of novel, diffractively critical, ways
of perceiving, understanding and knowing a new version of the “archaeological record”.

In this paper we attempted to critically analyse widely-used digital imaging techniques
by adopting a diffractive Virtual Art/Archaeology approachin order to deliberately dislocate,
disarticulate, repurpose and, ultimately, disrupt the normative narratives they habitually
evince. Along the way, we have diffracted art and archaeological practices, human and
nonhuman cognition, different times, contrasting modes of (re)presenting places and
settings, near and far, and other radically opposed scales of perception, to expose the
effects of difference and their different affects. Specifically, we have exposed for critical
review those pervasive grids, meshes and lattices that lay hidden inside archaeological
black boxes but continue to structure archaeological practice.

Clearly, diffractive images call for new and previously unfamiliar modes of viewing and
interpretation. However, as Mark Gillings, Piraye Haciglizeller and Gary Lock argue: “There
should be no limit to what is deemed mappable” (Gillings et al. 2020, 12) or, to extend their
insight, “imagable” The Virtual Art/Archaeology studies presented in this paper should not
be thought of as some kind of static record of an object, place or event. Rather, we offer them
as provocations. We hope that more practitioners embrace the idea of developing other
Virtual Art/Archaeology studies that productively unpack, disassemble and reassemble
other digital practices in order to provide new creative, and affirmatively critical ways
of looking at, and novel ways of presenting, archaeology positively.
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N. 10. MoHKpaToBa
(eBepo-BocTouHblit rocyaapcTBeHHblil yHuBepcutet, PO

C. B. batapwes
000 «HayuHo-npou3BOACTBEHHbIN LEHTP
NCTOPUKO-KYNbTYPHOI JKCMepTu3bi», PO

PYCCKUE TOPU3OHTbI «TEPPUTOPUW»: OMNbIT OPTAHU3ALINA
BMPTYAJIbHOW BbICTABKI MO PE3YJITATAM PABOT
VMKATIHCKOW APXEONTOTMYECKOW SKCMEQNLINA

BBegeHue

NcTopua TxnrmHcka — nepBoro ropoga Ha Tepputopun coBpeMeHHon MaragaHckom
obnact — cBA3aHa C 0CcBoeHMeM Tepputopuin B Cnbupmr 1 Ha OanbHem Boctoke Poccun
B XVII-XVIII BB. Ha 0CHOBe apXMBHbIX MaTePMNANOB U NCTOPUYECKNX ONMUCAHNIA BOCCTAHOBe-
Hbl CO6bITUA, CBA3aHHbIE C OTKpbITUEM p. [xkurn B XVII B. M. CtagyxuHbim (BypbikuH 2015),
¢ GyHKUMOHUPOBaHWEeM MMXNUTMHCKoN KpenocTu (BaosuH 1995). TMUIMHCK paccmaTprBan-
CA B KOHTEKCTe m3y4yeHna ocsoeHmA CeBepo-Boctoka Poccmm (Hasaposa 2015); BbigeneHbl
3Tanbl B ero uctopum (KoHb, MoHKpaTtoBa 2019); cTaBUICS BONPOC O HEOOXOAUMOCTU €ro
BK/toUeHNA B [epeyeHb BbIABEHHbIX OOBbEKTOB KyNbTYpPHOro Hacneams MaragaHckom 06-
nactu (Jlebepesa, MNoHKpaToBa, Bonkos 2020). Ocoboe BHUMaHMe K [MXKUIMHCKY 6Gblno npu-
BNIEYEHO CO CTOPOHbI 0bLlecTBeHHOCTU . MaragaHa 1 MaragaHcko obnact. O HEM Kak
0 «3abblTom ropoge» Ha CeBepe [anbHero Boctoka Poccum nucanu B coumasnbHbIX CeTax
(AdaHacbeB 2017); ¢ rybepHatopom MaragaHckoin obnactu C. K. HocobiM o6cy»kaancs Bo-
NpPoC 0 HEOHXO[UMOCTU NPOBELEHNA ero crneumnanbHbix nccnegosanuii (Mpecc-penns 2019).
CoBmecTHO ¢ npaBuTenbctBom MaragaHckon obnactu (M. C. bpogkuH), obnacTHbIM oTgene-
Huem «PIO» (A. B. HectepoBuu) n CeBepo-BocTouHbIM rocyfapCTBEHHbIM YHUBEPCUTETOM (da-
nee - CBI'Y) nHmuumposaH n npu nogaepxke W. b. JoHuyosa n BOO «PIO» (rpaHT no gorosopy
N@ 13/2020-P) yacTnuHO peann3oBaH NCTOPUKO-MPOCBETUTENBCKIIN NPOEKT «[VMUTMHCKas ap-
Xeonorunyeckas akcrneauumay (nanee — npoekr) (Ponkratova, Lebedeva 2020). B pamkax npoek-
Ta MeCToHaxoxeHue [MXXUrMHcKa npegBapuTenibHO n3yyanocb B 2019 1, 1 Kak apxeosnorunye-
CKUI 06bEKT BNepBble OH 06cneaoBaH B 2020 r. [XKUIMHCKOW apXeonornyeckol skcneauumen
(nanee - skcneguuusa) nog pykosoactsom C. B. batapuiesa (oTkpbiTbi nnuct N2 1555-2020)
1 W. 0. MoHkpaToBoA. [onyyeHHble faHHbIE MO3BONNAN BOCCTAHOBUTH OCOBEHHOCTY TOMOrpa-
dun 1 GyHKUMOHMPOBaHWA 06bEKTa 1 CTasIi OCHOBOW BUPTYaNIbHOMN BbICTaBKUN «[VXKUMMHCKasA
apxeonornyeckas skcneguuma: otTkpbitia 2019-2020 rr.» (Banee — BbICTaBKa).

BuptyanbHasa BbicTaBKa «[VMKUIMHCKaA apxeonornvyeckas sKcneanuyunA: oTKpbli-
Tma 2019-2020 rr.»

[l Bcepoccuickaa HayuyHo-npaktnyeckaa KoHdpepeHuua «YHuBepcuteTbl Poccun
B AManore co BpemeHeM», nocBAwéHHas 60-netuio CBIY, nposoaunacb 19 Hoabps 2020 1.

© lMNoHkpaTosa W. 10., batapwes C. B, 2021
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B OHJaiH-bopMaTe B YCIOBUAX OFPaHNUYEHNA MaCCOBbIX MePONPUATUI B CBA3M C NaHAeMU-
enn COVID-19. B pa3gene KoHdepeHUmmn Ha odrumanbHom caiTe CBIY 6bina npeacTasne-
Ha BbICTaBKa (puc. 1), co3gaHHadA npy NOMOLLM CUCTEMbI MOATOTOBKN Npe3eHTauun Power
Point. IHpopmauma o BbiCTaBKe pa3mellanach B coumasnbHbIx ceTax. OHa cTana o6bekTomM
006CYy>KAEHMA He TONIbKO YYACTHUKOB KOHPEpPEHLMM, HO 1 NINLL, UHTEPECYIOLNXCA UCTOPUEN
pOAHOro Kpas, KpaeBe[oB, UCTOPUKOB, apXeOOroB.

Llenb BbICTaBKM — NPOAEMOHCTPMPOBAaTb pPe3ysbTaThl, MOMyYeHHbIe B YC/TIOBUAX MOMEBbIX
nccnepoBaHmin OKH «fopog MxknrmHck» B CeBepo-IBeHCKOM paioHe MaragaHcKom o6nacTu.
B ocHOBe 3KCMo3nLMM NeXNUT HayYHasA KOHLENLUUA, OnNpeaenaoLwasn akTyanbHOCTb NCCIe[0Ba-
HKA ob6bekTa (purc. 2), Lenu 1 3aaadun NPoEKTa, Ha3HaUYeHVe KOTOPOTo — U3yUeHKe KyNbTypHO-
ncTopuyeckoro Hacneama MaragaHcko 06nacTy, BOCNuTaHye Y MOMOAEXKN NaTPUOTUYECKOrO
OTHOLLIEHWA K Mo POAUHE 1 €€ NCTOPUK, BKIOUEHWE Tepputopun B chepy Typrsma.

B dopmate cnaiifoB Ha BbiCTaBKe NMoKasaHbl KapTbl MecTa pacnonoxenus (puc. 3, A, b),
Tonorpaduyeckme MHCTPYMeEHTaNbHbIEe MilaHbl O6bEKTa C NpueratoLleil MeCTHOCTbIO Ha
OCHOBe opTOohOTOMNaHa, BbINOMHEHHOIO No AaHHbIM BIJ1A DJI Phantom 4 Pro npu nomo-
WK nporpaMmHoro Komnekca Photo Scan.

MonyyeHHble faHHbIe MO3BONWAN HAMNSAHO MPOAEMOHCTPUPOBATL OCOOEHHOCTUN pe-
noeda 1 GyHKLMOHANbHO-MIAHNPOBOYHOE 30HUPOBAHME TeEppUTOPUK 06beEKTa (puc. 3, B).
Bbin 3aduKcnpoBaHbl OCTaTKM 38 NOCTPOEK B BMAE 3€MIIAHbBIX BO3BbILIEHWIA Pa3INYHON
B nnaHe ¢opmbl (purc. 4, A). OCHOBHaA YacTb MOCTPOEK PACMONOXKEHA HA MOBEPXHOCTY Nep-
BOV HaAmnMoOMMEHHOW Teppachl; 34eCb HaxoauTca cenutebHaa yacTb ropoaa U Knagobuue.
MNocne pacumcTKu OT COBPEMEHHOW pacTUTENbHOCTU OQHON 13 NocTpoek (puc. 4, b) yaa-
NoCb onpefennTb eé pa3Mepbl N KOHTYPbl C BbICTYNOM (BEPOATHO, OCTaTKM MPUCTPOMNKU

60-nemuto Cesepo-BocmoyHoz0 2ocydapcmeeHHo20 M;"’”"‘* \ oy [ ‘
e . - @ : @ HU UKD xfx‘ )

«FMKUMMHCKAS APXEOIOTMYECKAS SKCMEAULIMSA»:

OoTKpbiTHUA 2019-2020 rr.
BUPTYA/IbHAS BbICTABKA

Aemopwi:

TeKcT, au3aiiH, BepcTKa: MpuHa MNoHKpaToBa

doro: [leHuc Bonkos, Cepreit batapuies, Hatanbs Jopodeesa, Makcum [010XBacTos,
Aptem KoBasnes, PervHa JlbiceHKoBa, puHa [loHKkpaTOoBa

© MpoekT «FuKUrMHCKan apxeosornieckasn skcneguumnay. Koanektus aBToOpPoOB.

Puc. 1
BupTyanbHas BbicTaBKa «[MKMUTMHCKaA apxeonormyeckasn skcneanumna:
OTKpbITA 2019-2020 rr.»: TUTYNbHbIN ANCT.
MN306paxeHus C. B. batapwesa, gusainH W. t0. MoHKpaToBoi
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W BepaHabl). B LeHTpanbHOM YacTh 0ObEKTa BbISIBJIEH BXOA B CENUTEOHYIO 30HY B BUAeE
NOXOWHbI C onnbIBLWNMYK 6opTamu (puc. 4, B). C ceBepHOI 1 BOCTOUHOW CTOPOH TEPPUTO-
pus 06beKTa orpaHnYeHa KaHanamu, npeaHasHaueHHbIMY ANA 3aLWMTbl Fopoaa oT TYHAPO-
BbIX MOXaPOB 1 0TBeAeHUs 136bITKa JOXKAEBON 1 Tanoi Bogbl (puc. 4, T).

Fopo,q [VPKNTMHCK — NaMATHUK 3emMnenpoxogyeckoro ABnxxeHuaA
n pycckoro ocsoeHunsa Cesepa [lanbHero Boctoka Poccum B XVII-XIX BB.

1651 r. — MOCTPOEH OCTPOT NEPBOOTKPbIBATENEM 3EMENb PYCCKUX
a ceBep Cnbupu» - c
*| 1752 .~ OcHosaHa [MKMTUHCKaA KPENOCTb.
. 1783 r.—Yka3zom EkaTepuHbi |l 06pasosaH 8 ropoa.

|

S

*';'»w
A

Puc. 2
BupTyanbHas BbicTaBKa «[VXKMTMHCKaA apxeonormyeckas skcneanumna:
oTKpbITUA 2019-2020 rr.»: akTyanbHOCTb UCCIef0BaHUA.
MN306paxeHus C. B. batapuwesa, anzaiH W. K. NMoHKpaToBoWA

T
il

B <
@/B"" 7 | Yenosreie oboamavenms:

é] [ - rpanuubl Tepputopuym ropoaa MxuriHeka;
- cenuTe6Has 3oHa;

&

Puc. 3
OKH «Topop xurnHck» (MaragaHckas obnactb, CeBepo-IBEHCKIMI rOPOACKOW OKpPYT):
A, b - KapTa palioHa nccnepoBaHus; B — cxema GyHKLMOHaNbHO-NNaHNPOBOYHOIO
30HUpPOBaHUA TeppuTopun. M3obpaxeHus C. B. batapLuesa
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Puc. 4

OKH «fopog lkurnHck» (MaragaHckas obnactb, CeBepo-IBEHCKNIA FOpOACKO OKpyr): A — Tonorpa-

buryeckmin nHcTpymeHTanbHbi naH OKH «fopog MxnrnHek»; b — octatkm noctporikn N2 24 nocne

pacunCTKM OT COBPEMEHHOI pacTUTENbHOCTU (BUA C ceBepa); B — Bxop B cenutebHyto 30HY (BMA

c 3anafa; aspodorocbemka); [ — MPOTMBOMNOMKAPHBIA U BOROOTBOAHOW KaHan B BOCTOYHOW YacTu
OKH (Bug ¢ ceBepo-BOCTOKa; a3podoTocbemka). M3obpaxeHusa C. B. batapliesa

MemopuanbHaa 30Ha HaxogUTCA Ha HeGONbLUIOM YyAaneHWu K tory OoT CenutebHOoN
30Hbl. OHa pacrnonoXeHa Ha NOBEPXHOCTM, KPato 1 CKIIOHAX NepBON HaANONMEHHON Tep-
pacbl (puc. 5, A). bbinn obHapyeHbl OCTaTKM AEeBATU MOIWA, Ha KOTOPbIX COXPaHWAUCh
bparmeHTbl JepeBAHHbBIX KPECTOB Y KaMEHHbIX HAaArpobui ¢ MeTaniMyeckumm orpagamu
K. T. MpxeBanuHckoro (puc. 5, b, B) u H. I. bparuna (puc. 5, [, E); oT ogHOM Morunbl ocTa-
nacb MeTannmyeckas Haarpo6Hasa nnuta kynua . M. bparuna (puc. 5, T).

B pa3BeiouHOM packone nioLaabio 9 M? BblsiBfIeHbI OCTATKM A€ PEBAHHOW NOCTPOWKY, 3rie-
MEHTbI KOTOPOW 3aieraan BO BCEX MOYBEHHbIX FOPU30HTaX, 1 YCJIOBHO pa3feneHbl Ha ocTaT-
K KPOBNY, ABEPHON KOPOOKK, CTeHbl, Nofa, 6anok nepekpbiTvia nona, neun. Gotorpadum
1 PUCYHKM 31EMEHTOB KOHCTPYKLNM EMOHCTPUPOBANUCH Ha BbiCTaBke (puc. 6, A-B).

O6Hapy»eHHble B packorne apTedaKkTbl NpefcTaBeHbl Ha doTorpadusax. ITo NpeameTbl
6blTa 1 TOProBAM, PENUTMO3HAA aTPUOYTUKA, UHCTPYMEHTDI, MOCYAQ, YKPALLEHNUA, NTPYLIKK,
MOHETbI 1 Np. (purc. 8). HanbonbLumin UHTepPeC y 3puTesia BbI3BaNv KMOTHbIE KPecTbl (puc. 7, A),
nosonoyeHHas durypka boropoauubl (4acTb CKynbNTYpHOWM KoMNo3numm «PacnsaTre ¢ npea-
cToAwmMmN») (purc. 7, B), pparmeHT cepebpsiHOro HalobHOro oknaga (KopoHa) MKoHbI (puc. 7, B).
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Puc. 5
OKH «lopog MxnurmHck» (MaragaHckas obnactb, CeBepo-IBEHCKUI FOPOLACKON OKpyr): A — MeMO-
puanbHaa 30Ha (knagbuie) (BMA € toro-3anafa; adpodotocbemka); b — 3axopoHeHue, rpyHToBast
moruna K. T. MNMp)KeBannHCKOro, KaMeHHas MoruibHasa cTena (BUA C BOCTOKA); B — 3axopoHeHue,
rpyHToBas moruna K. T. Mp)eBannHCKOro, oCTaTKym MOFUAbHbBIX MAWTbI U CTenbl (BUA C ceBepa);
[ - 3axopoHeHne, meTannnyeckas nauta ¢ morunbl I1. M. bparvHa (Bug ¢ 3anaga); [l — 3axopoHeHue,
rpyHToBasa moruna H. I. BparnHa, yacTb MOrMAbHOM MeTaNIMYeCcKon orpagbl (BMA C I0ro-BOCTOKa);
E - 3axopoHeHue, rpyHTOBas moruna H. . bparnHa, yactb KameHHOro obenvcka c snutaduen
Ha aHININCKOM si3blKe (BUA C 1oro-BocToka). M3obpaxeHnusa C. B. batapweBsa

He mMeHbLIMIA MHTEpeC 6biN NPOABNIEH K MOHETaM, KOTOpble 0COBEHHO BaXKHbl ANs YCTa-
HOBJIEHMA XPOHONOMMYeCKUX rpaHnL, GyHKUMOHNPOBaHWA ropoda (puc. 8, A, b). Camont paH-
Hell Mo JaTe YeKaHKW CTana MOHeTa, OTHOCAWAACA K cepeaumHe XIX B. (20 kKoneek 1879 r.),
CamMbIMM MO3AHUMWN — MOHeTbl 1938 T. (gocTonMHCTBOM 1 1 2 Konewnkun). bbinn HarmaeHbl Mo-
HeTbl, OTYeKaHEHHbIe Kak BO BpemsA CyllecTBoBaHMA Poccunckon nmnepun (1909 r.), Tak
1 B coBeTckoe Bpemsa — B 1924, 1930, 1931, 1936 rr. EAHNYHOM ABNAETCA HaxoAKa ANOHCKON
MOHeTbl «KyaHb-tOH TyH 6a0» ¢ XapakTepHbIM A1 BOCTOUYHbIX MOHET KBafjpaTHbIM OTBEPCTM-
€M B LieHTpe. BbinycK Takmx MOHeT ocyLecTBnanca ¢ 1626 no 1860 r.
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YCJ10BHbIE OBO3HAYEHU:
E - Fopu3oHT 1. Ov. MNanesbli Nerkui CyrnMHoK El - KUpnu4
(9-13 cm)
:l - Fopu3oHT 2. RU. TeMHO-KOpUYHEBBII TSHKENbINA CyrnMHOK lI] - hparMeHT AepeBsHHOM
(24-42 cm) KOHCTpYKUMK
- Fopun3oHT 3. BC. TeMHO-Gypblii TSXEnbIii CYrnuHOK -D - 06NOMOK MeTannU4eckoro
- (7-39 cm) - nsnenus
- MeLLAHHBIil Cepblit, KOPUYHEBBIN CAKMCTEIN CYrMUHOK, 9
- HACbILLEHHBI ranbKOW, rPaBueM, GUTLIM KUPMNHOM - FopusonT 3 BC (npoponxetne)
(2-16 cm)
- - CnpeccosaHHas ApeBecHas CTPYXKa, Lena, kopa A
(A0 7 cm)
Puc.6

OKH «Topog lMxurnHck» (MaragaHckas obnactb, CeBepo-IBeHCKUIA FOPOACKON OKpyr): A — packon,

pa3pe3 3anafHoi CTeHKU (BUA C BOCTOKA); b — packon, 3neMeHTbl KOHCTPYKUMU LepeBAHHOW

MOCTPONKM (PUCYHOK); B — packon, anemMeHTbl KOHCTPYKLUUWU [epeBAHHOW MocTponku ($poTo).
MN306paxeHus C. B. batapweBsa

3HauUUTENbHYIO OO0 HAXOAOK COCTABAAIOT UHCTPYMEHTbI: PeMECTIEHHbIE CETbCKOXO-
3ACTBEHHblE, 6bITOBbIe. Cpeamn HUX TOMOPBI, IoNaTbl, HOXK, MOOTHa KOC, 3ybuna, MosoT-
KW, NNOTHULKMI BypaB, AeTann CEHOKOCUIIKY, a TakKe abpa3mBbl A1A 3aTOUKM U JOBOAKM
opyaun (cm., Hanpumep: puc. 8, B, ).

OTaenbHyto rpynny npefacTaBAAloT U3genms n3 6MBHA MaMOHTa — Bbipe3aHHaa Hebosb-
Wwas ¢urypka yesioBeka v KpynHblii pparmeHT OMBHA C MOATECKOM HA OJHOM KOHLe (CMm.,
Hanpumep: puc. 8, . CnefyeT OTMETUTb U HAXOAKY AETCKON UMPYLWKN — fepeBAHHYO ¢u-
rypky 3anua (pwc. 8, E).

K KaTeropum MHAMBUAYaNbHO-ObITOBbIX HAXOAOK OTHECEHbI »KEHCKMe rpebHu, pacyé-
CKu, Bucep 1 BycrHbl, pparMeHTbl 1 CTEKSIHHbIE MPOOKM OT NapdroMepHbIX GIaKOHOB, Me-
TaNNMyecKre HOXKHULLbI, MyHALWTYKW, MePOUNHHbINA HOX, OracHas 6prTBa, KONbLLO, MyroBu-
Ubl, KPbILIKM OT KapPMaHHbIX YaCOB UAN NyAPeHNL, 3yOHble LWEeTKY, MeTaninyeckme npsaxKu
n np. (cm., Hanpumep: puc. 8, X-N). 3adukcrpoBaHbl B 60/bLIOM KOMYecTBe GparmMeHTbl
bapdoposoli, basaHCOBOW 1 CTEKNAHHON NOCyabl (6aHKW, By TbINKN 1 X dparmeHTbl) (Hanpw-
mep, puc. 8, K).
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Puc. 7
Penurnosnble aptedaxtbl OKH «fopop MKnrnHck»: A — KNOTHble KpecTbl;
b — durypka boropogmupl (4acTb CKynbnTypHOI KOMNO3uLUMK «PacnaTre c NpeacToAWMMMNY);
B — ¢parmeHT cepebpsaHOro HanobHoOro oknaga (KOpoHa) NKOHbI

MOCKOMbKY MPeACTaBNeHHbIE Ha BbICTaBKE MaTepuasibl MOTYT Bbi3BaTb aXKMOTaX cpe-
AN «UEPHbIX KOMaTenei», Ha 3aKMounTeSNIbHbIX Claifax opraHu3aTopamy BbICTaBKM [aHa
nHdopmauusa o BktoueHun OKH «Topoa MKUrnHck» B MepeyeHb BbIABNEHHbBIX 06EKTOB
KyNnbTypHOro Hacsiegusi MaragaHckol o6nact 1 3anpeLeHni packonok Ha TeppuTopun
6e3 creymanbHOro paspeLleHus.

3aknoyeHne

B uenom onbIT opraHM3aLmmn BbICTaBKM NO3BOJIAET clleflaTb BbIBOA O TOM, UTO OCY-
LecTBIeHNe BUPTYasibHbIX 3KCMO3MLUUIA MO pe3ynbTaTaM MosieBblx paboT NpoBeaéHHbIX
B TEKYLLEM rofly apXeonornyeckmx skcneauumii He TONbKO BO3MOXHO, HO 1 HEOBXOMMO.
C oHOI CTOPOHDI, N306paKeHNA OOHAPY>KEHHBIX MaTePMANoB AOCTYMHbI 6OJIbLIOMY YMC-
ny 3puTenen, ¢ APYron — BU3yanu3npyTCA HayYHbIM COOOLLECTBOM U Cpa3dy CTaHOBAT-
CA NpeAMeToOM AUCKYCCUM, MO3BOMAIOT HAMETUTb HaMpPaB/IeHNA MX HayYHOro U3yyeHuns
Ha 3Tane s1abopaToOPHbIX aHANM30B W MHTEpPNpeTaLnii.

Mpw opraHn3auny BUPTYanbHON BbICTaBKM OYEHb BaXKHO HasMumMe KauyeCTBEHHbIX UC-
XO[HbIX MaTeEPUanoB — MOJIyYEHHbIX C MOMOLbID OPTOPOTOCHEMKM Tonorpadmyecknx
WHCTPYMEHTalNbHbIX MIAaHOB 00beKTa, 06paboTaHHble B pepaktopax ¢dotorpaduin ap-
TebaKToB 1 Np., YTO BO3MOXKHO TOSIbKO MpPW CllaKeHHoW paboTe cneumnannicToB pPasHoro
npoduna. Co3gaHHaa B popmate npeseHTaumm Power Point BbicTaBKa MOXeT CTaTb Ma-
KeToM [nf opraHu3auuy CTalMOHapHOWM 1 Bble3HOWN BbICTaBOK My3esd, a eé anpobauusa
B BUPTYaSlbHOM MPOCTPAHCTBE NO3BOMIT BbIABUTb HELOCTATKM 1, HAOOOPOT, OTMETUTb Han-
6onee apdeKTHbIE ANs 3PUTENBCKOrO BOCMPUATIA aCneKTbl.
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Puc. 8
ApTedakTbl, 06HapyxeHHble npu nccneposaHum OKH «lopop TvkuruHck»: A, B — MOHeTbl;
B - metannunueckun tonop; I — ¢urypka yenoseka M3 6MBHA MaMOHTa; [1 — nonoca (KAVMHOK)
MeTannmMyeckoro Hoxa; E — pepeBaHHan durypka 3anua; XK — nnactmaccoBblli rpebeHb; 3 — 6yCuHbI
N CTeKNAHHBIN brcep; VI — MmeTannnuyeckaa KpbllWwKa NygpeHuLbl UAK KOpnyca KapMaHHbIX YacoB;
K — dparmenTbl dasHcosol nocyabl. M3o6paxeHus H. A. lopodpeeBoi

Kpome Toro, AaHHbIn GopmaT He TpebyeT 0COObIX HaBbIKOB KOMIMbIOTEPHOW rpaMoT-
HOCTM 1 MO3BONAET ONepPaTMBHO, He JOXNAAACh NyOSIMKaLMM HayUHbIX CTaTeln Uan op-
raHM3aumnm CTalMOHAPHOW 3KCNO3uLUMK, NPeAcTaBUTb pe3ynbTaTbl Cpasy nocne rnoJse-
BOrO CE30Ha apXeoNIornMyecKom sKcneauuuu.
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RETHINKING THE ANALOGUE - FROM VIRTUAL
ARCHAEOLOGY TO A DIGITAL EXHIBITION

Introduction

In 1993, workers discovered a mummified human head during exploitation in the salt
mine of Chehrabad, Province of Zanjan, Iran (Vatandoust 1998). This find marks the beginning
of more than 20 years of international and interdisciplinary research. The mummified head
dates to Sassanian times and is known to the world today as “Salt Man 1”. The salt extraction
in Chehrabad continued until 2009 and led to the discovery of further mummified human
remains, which were, in accordance to the first find, named “Salt Men of Zanjan". These salt
mummies as well as the site are a unique cultural heritage for humankind.

In 2004, archaeologists made an exceptional discovery during a rescue excavation. This
find, the mummy of a 15 to 16-year-old youth, is - to date — the best-preserved salt mummy
known worldwide (Aali 2005). In 2007 an international research project started, co-headed by
the German Mining Museum Bochum and the Zanjan Saltman and Archaeological Museum.
All these efforts led to the halt of the commercial exploitation of the salt mine in 20009.
Subsequently, the salt mine was declared a cultural heritage site (Aali et al. 2012). In multiple
excavation campaigns not only the salt mine itself, but also its surrounding area were studied
thoroughly.The results of these joint efforts were published in two monographs (Aali, StolIner
2015; Stoliner, Aali, Bagherpour Kashani 2020) and various further articles (e.g. Aali et al. 2012;
Ohrstrém et al. 2016; Pollard et al. 2008; Ramaroli et al. 2010; Vahdati Nasab et al. 2019).

Digital Archaeology at the Zanjan Excavation

Beginning with the 2016 campaign, digital documentation methods were used
increasingly, both in the field and in the offices. In past campaigns, GIS mapping and
interpretation were already employed, but thanks to technological advances new methods
could be applied in this project, especially photogrammetry-based 3D documentation and
the usage of unmanned aerial vehicles (UAVs) (fig. 1).

3D documentation of ancient mines is a desideratum pursued for more than twenty years
(Steffens, Schimerl 2021). Only in recent years, the technological progress allowed processing
the highly irregular geometry encountered in ancient mines for larger datasets, thus enabling
the researchers to continuously 3D document an excavation and process the captured raw
data in the field. Though many different methods of 3D documentation were tested

© Schimerl Nicolas, Weber Pia Patrizia, Stollner Thomas, 2021
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Fig. 1
The UAV flights were also used for an in-depth study
of different photo acquisition apps. Photo: N. Bagherpour Kashani

in underground mining sites, none have proven as efficient as image-based modelling,
often also referred to — as pars pro toto — as structure from motion (SfM). Besides allowing
for a highly mobile and flexible documentation, one of the key advantages of a photogram-
metry-based workflow is the nature of the raw data — photographs - itself, as the hundreds
of photos allow generating a highly detailed texture. In contrast to image-based modelling,
terrestrial laser scanning (TLS) has proven to be quite inefficient in the oftentimes jagged
and narrow cavities found in mines of archaeological interest. The texture captured by TLS is,
in comparison to a texture generated with image-based modelling, also lacking in quality and
potential resolution. While the colour information is oftentimes of interest in an archaeological
context, itis even more so in mining archaeology, as tiniest traces of ore veins, soot, or tool marks
too shallow to be present in the geometry of a 3D model can help interpreting the mining sites.

The salt mine of Chehrabad is nowadays an opencast mine covered by a man-made
roof for protection of the archaeological site against the forces of nature. The encountered
geometry reflects the site’s nature of an underground mine in Achaemenid and Sassanid
times. Therefore, applying a photogrammetry-based 3D documentation deemed a natural
decision. From 2016 onwards a 3D model of every excavated layer was photographed
and processed, leading to a very rich dataset allowing to interpret the stratigraphy of the
site, combined with the detailed Harris matrix, in a four-dimensional way. The detailed
documentation of the tool traces preserved in the rock salt allows to study the mining
techniques applied in Achaemenid and Sassanid times elaborately as well as to compare
them to tool traces created by the researchers in archaeological experiments. By comparing
the datasets, it could be proven that the technique used by the researchers resembled that
of the Sassanian miners — at least regarding the traces left by the exploitation process.

Combined with extensive geoarchaeological core drillings and geoelectrical surveys, the
generation of a landscape model of the salt mine and its surrounding area was a crucial step to
get a deeper understanding of the interlinkage between the salt deposit, its exploitation, and
the land usage around the Douzlakh. The first efforts of documenting the landscape with a DJI
UAV started in 2016. The promising outcomes led to two further documentation campaigns
finally resulting in a highly detailed landscape model covering about 4.5 square kilometres with
a ground resolution of about two square centimetres per pixel. A landscape model of this size
and ground resolution is unique in Near Eastern salt mining archaeology (fig. 2).
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Fig. 2
Hillshade view of the landscape model showing the terracing used for water irrigation
in modern times. Screenshot: N. Schimerl, German Mining Museum Bochum

Fig. 3
Avatar of Salt Man 4 with digitally reconstructed clothing. 3D Model: A. Moskvin

The hillshade model deriving from this 3D model was used to study the land usage
in modern and past times (Draganits et al. 2018). In 2020, the dataset could also be used to
plan a water beneficiation system for the village of Hamzelooh adjacent to the salt mine.
Future planned steps include a combination of the UAV model with the close-up 3D models
of the excavation areas, the core drillings and the geoelectrical data for further analysis (fig. 3).
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3D documentation of the mummies and other finds also played an important part
in the digital strategy of the project. The salt men displayed in the Zanjan Saltman and
Archaeological Museumweredocumentedwith photogrammetry-based 3D documentation
in 2016 while “Salt Man 1” was documented in the National Museum of Iran in Tehran
in 2017. The 3D models allow studying the salt mummies without having to interfere
with the conservation or otherwise endanger them through direct contact. Based on the
3D model of“Salt Man 4”and the thorough textile archaeological research, researchers at St.
Petersburg State University for Industrial Technologies and Design recreated a digital avatar
of “Salt Man 4" and his complete clothing and equipment (Moskvin, Moskvina, Kuzmichev
2020). Some finds like the equipment of “Salt Man 4" also were 3D documented during the
excavation campaigns and during work in the Zanjan Saltman and Archaeological Museum.
These models are not only used for the scientific study of the objects but are also part of
the digital exhibition “Death by Salt. An Archaeological Investigation in Persia”' (fig. 4, A-C).

Fig. 4
Ceramic vessel found with Salt Man 4. Photo: German Mining Museum Bochum (A); Solid 3D model
of the ceramic vessel found with Salt Man 4. 3D Model & screenshot: N. Schimerl, German Mining
Museum Bochum (B); Textured 3D model of the ceramic vessel found with Salt Man 4. 3D Model
& screenshot: N. Schimerl, German Mining Museum Bochum (B)

From Virtual Archaeology to a Digital Exhibition

Death by Salt. An Archaeological Investigation in Persia

Based on the excavations in Chehrabad, not only an international research project has
developed over many years, but also the results of the research on the cultural heritage
of the “Salt Men of Zanjan” were to be presented to the public. The exhibition “Death by
Salt” has taken on this task. The exhibition’s narrative follows the archaeologists as they
investigate the “Salt Men” as well as the salt mine and its surrounding area.

Different exhibition areas display the results, hypotheses and working methods of various
disciplines such as archaeobotany or palaeomedicine. The connecting element of the
individual exhibition areas are black and white drawings that visualise the results. In the end,
all these illustrations are pieced together like a jigsaw puzzle, resulting in the hypothetical
last day of “Salt Man 4" in a graphic novel. The visitors get to know the protagonist “Salt Man
4" as a young man, who is excited about his new work, and then follow him into the mine,

'The exhibition can be visited at www.death-by-salt.com; see also: StélIner et al. 2020. At this point, we
would like to thank the exhibition team. In particular: Sandra Badelt, Karina Schwunk, Manfred Linden,
Katja Kosczinski, Fabian Schapals, Kristina Franke, Heinz Schaber and his team, as well as all the other
people involved at the German Mining Museum and the other institutions involved.
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Fig.5
Excerpt from the Graphic Novel: Salt Man 4 tries to escape from the collapsing mine.
llustration: S. Saidi (A); Excerpt from the Graphic Novel: Salt Man 4 standing.
He is the protagonist of the Graphic Novel. Illustration: S. Saidi (B)

Fig. 6
Mummy of Salt Man 4. Photo: K. Stange

where the tragic accident happens. Therefore, the illustrations not only show the research
results but also appeal to the visitor emotionally. Furthermore, only what can be scientifically
verified is shown in detail - the rest is left to the visitor's imagination (fig. 5, A, B, 6).

The aim of the exhibition is to make archaeological research accessible using the “Salt
Men"as an example. For this purpose, the analogue exhibition was expanded by Augmented
Reality (AR) and by the digital version further developed into a science-centre-like exhibition
that is attractive to a wide range of visitors (Falk 2009). The digital dimension of the exhibition
offers the possibility to expand the content for the respective target groups. Thus, academic
literature is made available to the professional public. Interested visitors can discover models,
interviews and animations in addition to the exhibition itself. Less interested visitors can get
a stimulus from the graphic novel. The exhibition is optimised for different types of digital
visitors (Gries 2016). It can be accessed from a wide range of devices such as PC, smartphone
or tablet and offers further information on social media and a website.
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Virtual Exhibition

The question arises as to what possibilities digital archaeology brought to the special
exhibition “Death by Salt” The discussion about the term “virtual exhibition” — as a
synonym for digital, virtual, electronic, online, hypermedia, web, or cyber - is neither new
nor concluded (Schweibenz 2019; Samida 2002). After the digital turn, museums began
to present their content on the internet. The variety ranges from the presentation of digital
objects and collections to website-based exhibitions, to a 360° image of the exhibition
sites, such as Google Arts&Culture. Virtual exhibitions are often seen as an “extension of the
physical museum into the digital realm” (Schweibenz 2019) (fig. 7).

MUMMY
DISCOVE
IN IRANIA

Fig.7
Screen capture of the digital exhibition “Death by Salt".
Photo: N. Schimerl, German Mining Museum Bochum

The digital exhibition “Death by Salt”is a 1:1 scan of the exhibition spaces that has
been expanded with a digital layer as well as digital objects. In this context, digital
objects are understood as 3D models of the artefacts, interviews and illustrations that
convey content (Déring 2016). For analogue exhibitions, it is not sufficient to simply put
together objects in showcases. Visitors want to engage with the objects and the exhibited
topic. For digital exhibitions, it is therefore even more important to enable the visitor to
dive deeper into the different object layers. This means, it should be possible to examine
objects more closely, supplement them with more information than can be seen with
the blank eye and contextualise them not only historically but also with the scientific
research methods, which were used in analysing the object (Fackler, Pellenghar 2019).
In “Death by Salt’, the digital layer offers visitors in-depth information and 3D models
of the objects as well as information about the scientific research. 3D models generated
by the researchers were made available to the public. The objects are contextualised and,
in some cases, supplemented with further information. This matches the requirements
for digital exhibitions as well as creates a synergy between digital archaeology and
digital exhibition.
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Unlike 360° panoramas with one predefined viewpoint in each room, visitors of “Death
by Salt”can explore the exhibition area freely. Thus, they have the opportunity toaccompany
the researchers in their work, check their hypotheses and form their own picture of the
results, just as they would during an on-site visit. It is possible for visitors to create their own
narrative and not follow a predefined sequence. Visitors can visit the exhibition regardless
of location and time. In addition, the digital exhibition has the advantage that it can be
adapted to new research findings. In analogue exhibitions, this is either associated with
high costs or is not done due to the short duration.

Digital Media in the Analogue Exhibition

The connection between virtual archaeology and digital exhibition is also pronounced
in the analogue space. Thus, AR extends the exhibition. In this paper, augmented reality
is understood as the extension of the real environment by a virtual level with the help
of tablets and/or smartphones (Seitz, Kerber, Bernsen 2017; Grevtsova, Sibina 2018).

Objects such as the Salt Mountain and “Salt Man 4" are indispensable to the exhibition’s
narrative but cannot be physically exhibited in the museum. Based on the GIS and SfM
datasets, a 3D print of the mine was integrated into the exhibition and enhanced with AR.
Based on the highly detailed texture generated from the hundreds of photographs used for
generating the 3D model, it was possible to colourise the 3D model accurately. Through AR,
the 3D print of the excavation area visualises the finding places of the “Salt Men”and shows
the stratigraphy as well as Sassanid and Achaemenid tool traces. An object that cannot be
exhibited can now be shown in a museum through the means of digital archaeology while
at the same time presenting some of the methods of digital archaeology themselves. “Salt
Man 4" is a similar case. For conservation reasons, he is not transportable. Nevertheless,
thanks to the digital data and the model calculated from it, he is now shown virtually
inthe exhibition.The annotationsin the AR layer allow visitors to explore the research results
at their own pace while simultaneously engaging with the 3D models of the mummy and
his belongings. In this way, data and objects that are normally reserved for a small group
of researchers are made accessible to a larger group.

The exhibition is therefore based on a trans-medial approach (Seitz, Kerber, Bernsen
2017),which, inaddition to printandillustration, alsoincludes the virtual extension of reality.
This makes visible what would otherwise remain hidden to the visitor. Furthermore, the
exhibition is based on the concept of the“blended museum’”, in which virtual and real forms
of presentation are combined and mixed. So, the “Salt Men” can be visualised through AR,
which also offers an interactive educational approach at the same time (Klinkhammer,
Reiterer 2017).

Conclusion

Digital visitors have hardly been of interest to museums. Due to the pandemic in 2020,
a change can be observed in this regard. Closed museums are increasingly relying
on digital offers. “Death by Salt” is a prototype of an exhibition converting both analogue
ways of presenting archaeological research results into the digital space as well as vice
versa. Since the opening of the virtual exhibition in April 2021 more than 42.000 visitors
from all over the world have viewed the virtual tour (as of July 2021). This particularly shows
the importance of such formats for future museums and their digital offers.

Through the digital documentation created during the fieldwork and in the museums,
an extensive library of virtual assets was accessible during the conception of both the
analogue and digital exhibition. By using these datasets, the virtual exhibition could be
realised relying on many more different layers of information than would otherwise have
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been possible. This shows how virtual archaeology has become a part of archaeological
work and is now also making its way into the museums, opening the findings to a wider
public. As a side effect, not only the data deriving from digital archaeology play an
important part, but the discipline itself is provided a“stage” in the exhibition.

Finally, a prerequisite for an exhibition of this kind is not only having applied
digital documentation methods during the research leading to the exhibition, but also
the collaboration between archaeology and educational science. Without conside-
ring what visitors should take with them from the interaction with digital offers, the
latter are threatened to become gimmicks without deeper pedagogical meaning.
Therefore, virtual archaeology opens up new exhibition possibilities that are still
largely unexploited.
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VIRTUAL REALITY VIDEO IN DIGITAL
CULTURAL HERITAGE APPLICATIONS

Introduction

Cultural heritage now can be experienced. Digital technologies recreate original
appearances of cultural monuments and life inside them. Interactive digital storytelling
(Rizvi¢ et al. 2017a) introduces the viewers to historical information through short
interconnected stories resolving the problem of short attention span of the audience and
their reluctance to read. Virtual, Augmented and Mixed Reality technologies transfer the
users in the past. An important part of digital cultural heritage applications is VR video.

As rightly stated in (Wohl 2019), VR video “has been one of mankind’s oldest and most
persistent dreams.” The idea of creating an alternative constructed reality to share one
person’s unique experience was invented in the first rock art drawings. Nowadays, 360°
cameras are recording their whole surroundings. The viewer is no longer in front of the
screen, but “inside it". VR video is not only a 360° camera recording, but any other content
recorded, computer-generated or composited, saved in a format supporting Head Mounted
Display. Having the audience inside the shot or computer-generated environment, the
classical film language grammar and production rules are not applicable. There is no
composition of the shot using camera positioning, no close-ups or other means film and
theatre directors have been using to attract the attention and stage the story.

In this paper we present our experience in 360° filming and VR video production in order
to assist the future VR producers and directors. Our work was focused on cultural heritage
topics. In the Related Work section we will discuss other pioneering VR video projects, with
their advantages and drawbacks in comparison with ours. In the VR Video Cinematography
section 360° cameras, shot composition, lighting and sound recording challenges will
be considered. In the Experiences section we will present our solutions to the above-
mentioned problems within several VR production projects. In the User Feedback, selected
comments from user experience evaluation studies will show how the users react to VR
video. In the last section, we will present our conclusions and future work.

Related Work

Many film and video researchers or avant-garde filmmakers are exploring the possibilities
of 360-degree video recording. We can even say that popularity of 360° video recording
has started to rise with Virtual Reality headsets (VR Headset) falling in price and becoming
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more available for home usage (Baobab Studios 2018). However, 360° video recording
is a completely new approach to how we can record video and many rules are still not
set. Yet many of the existing rules cannot be completely applied to 360° video shooting.
These differences become even more distinct if we view 360° videos using Virtual Reality
headsets. Austin Baur describes the work on the set of a VR film and talking to the film
writer/director about the challenges faced while preparing the film (Baur 2016). Guiding
the viewer’s interest in 360° video and blocking for actors were the biggest encountered
problems, which falls in line with things we were spending most of the time solving.

However, a completely new area of interest has opened up with the rise of the VR headset
market (Mateer 2017). Digital content for preserving and presenting cultural heritage has
risen to a new level. 360° video has allowed us to film natural locations and put the user
in the middle of different cultural heritage sites. Combining these videos with artificially
recreated environments, users can feel as if they are travelling through time while watching
the content everywhere around them. To enhance the feeling of immersion, placing actors
inside the video allowed us to emphasize the importance of storytelling (ElImezeny et al.
2018).This is confirmed in the Livia’s Villa project, where actors were 3D modeled in the first
version, and then changed with the real actors in the second version of the application. It
gave users a greater feel of belonging to the environment and more interest in the story
the actors told (Pietroni, Forlani, Rufa 2015).

We first tried this approach in an interactive digital story about a ship that sunk near
Kyrenia around 288 BC (Rizvi¢ et al. 2017b). Actors in 360° videos about cultural heritage
can greatly increase user immersion. They significantly contribute to storytelling and are
adding another emotional level to the experience. Actors’ contribution to VR videos is
described in (Rizvi¢ et al. 2019). The story is about Baiae, an ancient Roman town on the
northwest shore of the Gulf of Naples. Following the experience of these works, and doing
different field tests, we proceeded with our own projects. The primary task was to find
equipment that would suit our video and audio needs and come up with solutions on how
to record both video and sound on the set.

VR Video Cinematography

The 360° camera market is rapidly growing. We could actually say the same for the
camera and technology market in general, but the changes in 360° cameras are much
more significant from generation to generation. The camera of choice for our projects was
Garmin’s VIRB 360. It is a consumer-level camera, but with a higher resolution than most of
the cameras of that level. Also, it is very fast to work with, since it can show 4K resolution
in real-time. For filming in 5.7K, it has dedicated software which stitches the video quickly
afterwards. When choosing a camera to work with, one has to pick two traits out of three:
Fast, cheap, good (Wohl 2019) and this was just what we needed for our projects.

But we faced another challenge. In conventional video, framing is the main tool for
telling a story. However, in 360° video, everything is inside the frame. We had to decide
whether we wanted the action to happen everywhere around 360 degrees or narrow it
down to 120-150 degrees in front of the user. This is still debated by many authors. Some
of them believe in the former and others in the latter (Passmore et al. 2017). We decided to go
for full 360-degrees but slower-paced storytelling. We kept a similar approach throughout
our projects. This decision, however, made lighting and sound equipment placement even
harder than it already is in 360° video. The all-seeing eye of the camera pushed us in two
directions for the lighting setup. Either use a lot of natural light, or place the light inside
the frame and make it a part of the shoot. Many 360° video creators are choosing similar
solutions (Wohl 2019).
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Similar difficulties are encountered with sound equipment placement. On usual sets,
a hypercardioid microphone (or more commonly known as a shotgun microphone)
is used to record dialogue. However, they are very inconvenient for using in 360° video.
We decided to rely on lavalier microphones placed on actors and around the set. This
decision made sound post-production more demanding, but solved the problems
of microphone placement in shootings on the sets. We still used shotgun microphones
for recording actors on green screen when we did not need the actor to actually be
on the location. After making these decisions and structuring our ideas around them we
were ready for the upcoming filming.

Experiences

iMARECULTURE was our first project with newly acquired equipment. At the start
of the project, we still did not use a 360° camera for filming. All of the filming was done with
Sony A7s Il camera with actors in real locations or in the studio with green screen. The VR
environment was programmed as actors were added to virtual space. We also added screens
inside the VR where videos we filmed on the locations were played. It was our starting point
for analyzing users’behavior in VR, and how actors can be used inside the space.

VR Simulation of Mostar cliff diving & Sarajevo War Tunnel VR

Two smaller projects, perfect for our first tests with 360 VIRB Camera, consisted
of two parts. One where we model the VR environment and the other with the 360° video.
The first was the VR Simulation of Mostar cliff diving project where we filmed the location
of abridge in Mostar, Bosnia and Herzegovina, using the 360° camera, as well as an interview
with a famous cliff diver. Users can listen to the interview while virtually standing in the
middle of the crowd below the bridge, and after passing the quiz proceed to jump off the
bridge. The latter part is done in Unity 3D. We took the same approach in the Sarajevo War
Tunnel VR project. We filmed real locations with the narrator walking around the scene
of a 360° camera talking about his experiences from those locations in wartime. After
listening to all of his stories, the user moves to the museum, which was also filmed with the
360° camera. While standing in the middle of the museum he/she answers questions from
the stories and gets the chance to virtually walk through the tunnel that saved Sarajevo
during the siege in the 1990s.

Roman Heritage in Balkans & Old Crafts Virtual Museum

Combining the techniques we used in the iIMARECULTURE project with the Mostar
cliff diving and Sarajevo War Tunnel experiences brought us a new way to tell a story
in virtual reality domains. In the Roman Heritage in Balkans project, we visited eight
Roman sites around the Balkans and filmed them with a 360° camera (fig. 1). With the
help of historians and archeologists we collected information about those sites and how
exactly they looked in Roman times so we could model them and recreate them inside
our virtual space. The third step was filming actors on a green screen. An actress played
several characters from the Roman period. Combining all these parts we created a VR
application where the user would be first taken to the real location. The actress would
meet him/her there and, while telling the story, the environment would change to the
reconstruction.

We applied a similar approach while developing the Old Crafts Virtual Museum project.
This time the actor played different craftsmen, on green screen, explaining to the user what
their craft was and where they are today. We again used 360° videos from real locations, as
well as a 360-degree illustration.
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Fig. 1
Controlling 360 camera through iPad. Photo: S. Rizvi¢

Nine dissidents — VR experimental film

The next challenge was the first Bosnian VR film. The film tells, in a satirical way, a story
of Bosniak writers who were prosecuted during the socialist regime in Yugoslavia for their
dissent with the Communist party. The action takes place in an improvised courtroom,
where the solicitor of revision is trying to convince the judge and jury to rehabilitate these
writers, while the solicitor of history, together with the jury, is trying to prevent him.

Careful planning was needed in order to execute this project. Whole filming is happening
in one location — an improvised courtroom. That gave us flexibility in choosing the location
since we didn’t need a real courtroom. We selected a room with a huge window on one side
and placed a huge diffusion filter outside. This now became our primary source of light which
was also very soft and evenly distributed around the room. The camera was placed in the front
part of the room between the solicitor of revision and the judge (fig. 2). Behind the solicitor
are the people sitting in the courtroom, and the solicitor of history is walking around the
room. Since there was no room for shotgun microphones, we placed lavalier microphones
on each of three actors, plus a fourth one between the people in the back, to have it both
as an ambient microphone and chaffer from the audience. The whole film crew was located
in a hallway in front of the room. We used the VIRB app on the iPad to have a live view for the
cameraman and the director. Filming was done in several parts to make it easier for the actors
to learn the lines, and also to denote passage of time in the courtroom. We tried to make the
cuts as easy as possible in the editing to avoid disorienting the users (fig. 2).

Battle of Neretva VR

Combination of VR Gameplay and VR Video was the goal of the application we made for
amuseum dedicated to the Battle on Neretva (a famous WWII battle that took place around
the town of Jablanica in the former Yugoslavia). Parts with video were devised to tell the
users about the Battle, as well as instruct them on what they should do in the gameplay
part, experiencing the Battle as partisans. While in the “Nine Dissidents” the user was an
unseen observer, here he/she is now actively participating in the video. The actors are
playing the partisan commander guiding the player through the VR application.
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Fig.2
Nine dissidents filming in 360. Photo: S. Rizvi¢

Filming the scenes was also more difficult now, since we had to create improvised
partisan headquarters. Our set designers’team did a wonderful job in a small hallway with
two small windows (fig. 3).

We set a couple of light bulbs around the set which played in the scene as well as helped
to light it. The camera was placed in close proximity to the commander, and several other
actors were dressed as soldiers standing around the user amplifying the feeling of being one
of the soldiers. Lavalier microphones were placed on both the commander and the soldiers
around, and additional ambience sound was recorded using a shotgun microphone. This
setup allowed us to have a darker themed atmosphere but still provided enough lighting
for the actors from the light bulbs placed around. Everything was edited again using Adobe
Premiere and After Effects and exported in h.264 VR codec.

User Feedback

In order to understand how successful these pioneering endeavours were, we conducted
user experience evaluation studies for each of the projects mentioned. The selected users
watched the videos and applications and conveyed their impressions using a qualitative
and quantitative user evaluation methodology. The common general impression of the
majority of users was that VR video is very immersive and presents a completely new
experience in comparison with classic video. The particular impressions and comments
depended on the familiarity with the use of VR headsets. Younger audiences and gamers
had stricter criteria as they compared our projects with big-budget computer games. The
users less familiar with gaming needed time to understand how they should interact with
VR applications.

Nine dissidents VR movie was very much appreciated. Some users who watched it
on YouTube at the beginning did not know that they needed to interact and move the view
around. All the viewers interviewed stated that they felt as if they were in the scene. They
appreciated the length of the movie, the storytelling and production.

The Mostar Bridge Diving VR project was one of our most loved ones. The viewers who
have not been in Mostar before felt as if they were there. The 360° videos transferred them to
the location and made them fully immersed (Selmanovic et al. 2020). The real bridge divers,
after the virtual jump, said: “the feeling is the same, only it does not hurt!”
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Fig. 3
Partisans’ headquarters 360 filming. Photo: A. Hodzic

VR videos created for the iIMARECULTURE project were highlighted as the best part
of the Dry visits application. Viewers appreciated the use of actors (Rizvi¢ et al. 2019; Skola
et al. 2020) and felt as if they were present in the life of the Roman Empire.

In Sarajevo War Tunnel VR the 360° videos prepared the users for a virtual visit to the
tunnel and familiarized them with the location. The audience of the Roman Heritage in the
Balkans project stated that the VR videos made their perception of archaeological locations
more complete and understandable.

The Old crafts Virtual Museum was perceived as an opportunity to learn about crafts and
craftsmen before visiting their workshops. The illustrator who created the background for the
virtual environment said that this was the first time he was able to “enter his own drawing".
The users appreciated the opportunity to learn the meanings of a large number of crafts
names, today mostly forgotten.

In the Battle on Neretva VR project the users enjoyed the experience of the battle
participant. They stated that their favourite moment was meeting comrade Tito after the
successfully completed mission.

Some users reported motion sickness and discomfort, particularly in applications
containing movement through the virtual environments. The VR video itself was not reported
as uncomfortable or disturbing. They stated that they did not miss a single part of the story
due to the 360° field of view. On the contrary, they felt as if they were participants of the story
(Rizvi¢ et al. 2021).

Conclusions and future work

VR video is still a new area, and although some rules have already been established
by Jaunt, Google and Vimeo, not many empirical studies have been conducted to ratify
or challenge these guidelines (Passmore et al. 2017), and also many other rules are still not
defined at all. Both directors that worked with us had problems with directing the scene
in a classical way. They both agreed that directing in 360° video was more like directing
in theater than in film.

Comparing these with filming Baur was part of (Baur 2016) as well as Pope (Pope et al. 2017)
noting that theatre directors use space in complex ways for narrative purposes, and that these
basics can also be used for VR, we can conclude that VR directing needs its own set of rules.
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A very important aspect of preparation for 360° filming is camera placement and
blocking. Both director and cinematographer must have in mind that the whole set is
in the frame, and no additional framing can be made. The action should be appropriately
distributed around the scene, but with special care so as not to overwhelm users and cause
motion sickness.

The cinematographer, sound engineer and set designer should plan the set design
together so that they could decide where to hide microphones and lights inside the scene.
If the planning is executed well, the placement of lights and microphones can enhance the
quality of the video. Adding the lights outside the scene to serve as indirect light sources
can help alot. The scene we filmed for Battle of Neretva VR had a long hallway leading away
from our set, so it was not in our camera frame. Setting the light source from the hallway
contributed to our scene without the need for justification.

An important aspect of sound is also post production. Ambisonics is a format needed
for VR film to function properly. Sound sources must be mapped to the position in post
production allowing the user to hear the sound differently as he/she is turning his/her
head around the room. This contributes to a higher immersion of the user and the feeling
he is really a part of the video.

We plan to further explore the possibilities of 360° filming and creating VR videos and
applications. Camera tilting and panning is impossible in 360° video, but moving the
camera itself is not, and that will be one of our next steps. We are fully aware that any
movement in a 360° video can contribute to motion sickness, but we believe that well
planned moves will minimize the unwanted effect.

Another interesting area for exploring is adding more separate actions and stories into
the same frame. It would increase the replayability of the VR film and add another layer for
analyzing content between users showing different areas of interest and ways to watch the
film. Lastly, better quality cameras with larger sensors and higher dynamic range would
increase the possibilities of filming in different conditions.

Whether one is an early adopter of VR or still skeptical about its abilities or everyday
usage, one thing is certain: the virtual reality market is increasing and VR is taking its place
as a media format. In the near future we can expect much more VR content and technology
available to the ever-growing audience.
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PHOTOGRAMMETRY CASE STUDIES

Conservation of cultural heritage requires a critical understanding of the significance,
condition, and complexity of a place. Documentation is an essential element in building this
understanding. It is a critical component of the conservation planning process and provides a
long-term foundation for the monitoring, maintenance, and management of a site. Equally
important, good documentation ensures that knowledge of heritage places will be passed onto
future generations. Good conservation of our cultural heritage is based on informed decisions.
The information needed to make these decisions is, in part, obtained through the use of
documentation and recording tools. Knowledge of these tools and their use is readily available;
however, many of the decision makers are unaware, uninformed, or unconvinced of their benefits.
Several reasons for this include a misunderstanding of the tools and techniques or intimidation
by technology or language. There is no universally accepted definition of photogrammetry. The
definition given here captures the most important notion of photogrammetry:

Photogrammetry is the science of obtaining reliable information about the properties
of surfaces and objects without physical contact with the objects, and of measuring and
interpreting this information. The input is characterized by obtaining reliable information
through processes of recording patterns of electromagnetic radiant energy, predominantly
in the form of photographic images. The remotely received information can be grouped
into four categories:

1) geometric information involves the spatial position and the shape of objects. It is the
most important information source in photogrammetry.

2) physical information refers to properties of electromagnetic radiation, e.g., radiant
energy, wavelength, and polarization.

3) semantic information is related to the meaning of an image. It is usually obtained by
interpreting the recorded data.

4) temporal information is related to the change of an object in time, usually obtained
by comparing several images which were recorded at different times.

Working as a documentarist in the archaeology department gave me arareinsightinto the
benefits of new technologies as | progressed in adopting faster and more reliable techniques
in documenting a large variety of sites and objects. My experience starts with methodology
and equipment unchanged since the 1960's: drawing on graph paper, measuring with
a measurement tape and heights measured with a theodolite. Photographing is done as an
addition to drawn documentation or as documentary photos of objects with a measurement
scale beside the object. Very soon | took part in international1 archaeological excavations
where the new equipment and software was presented to me. It was much more complex
and detailed documentation, but collecting of information was much faster. Software was

! Roman-Germanic Commission (RGK) and University of Kiel.
© Mijatovic Tatjana, 2021
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AutoCAD-based Kubit PhoToPlan and TachyCAD - my first work in photogrammetry. It was
still 2D output with the possibility to make a 3D object by rotating different 2D planes and
connecting them together. The process was relatively simple. You would start with placing
the control points on the ground, measure their x, y and z coordinates and then take
photographs that capture a minimum 4 of those points. The software would do rectification
of photos (projective transformations) also removing lens distortions. The result was scale 1:1
2D photo that can be further processed in AutoCAD (fig. 1).

Fig. 1
Photogrammetry of one archaeological layer, Neolithic settlement,
Okoliste, Bosnia and Herzegovina. Here we can see blending of one layer (same height)
even though it was documented as excavated, in different times (Hofmann 2006)

This method was much more important as it is no longer documenting interpretation.
It is raw documentation, with possibility to be reinterpreted many times as we gather
more and more new information throughout years of excavations and research. It was
a key reason why my choice would always be photogrammetry. After this, it is possible
to design presentation methods of different features as it is necessary for a wider audience
to understand easily what was done and why (fig. 2, 3).

At that time, Kubit offered 2 types of photogrammetry:

1. Photo rectification according to control points — where you place min. 4 control points
on the object to be photographed and measured, take a photo of the object, measure
control points with a total station, assign the measured control points to the ones in the
photograph and adjust the desired setting (fig. 4-6).

2. Photo rectification according to geometry - In the original photograph, the shown
objects normally appear distorted because of the position and orientation of the camera.
First we need to set up a grid. For each rectification three control distances have to be taken
from the object. They must be well distinguishable in the photograph (fig. 7-9).
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Fig. 4
Rectified photos according to placed and measured control points?

Fig. 5
Removing what doesn’t belong to the rectification plane

Fig. 6
Resulting AutoCAD drawing

48

2 This is part of the documentation of an archaeological excavation of the medieval Old Town Visoki, Vi-
soko, BH, done by Tatjana Mijatovic.
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Fig. 8 Fig. 9
Setting up a grid of a parallel lines and marking Result, measurable rectified photo
3 measured distances on actual doors of the doors, scale 1:13

What propelled the use of photogrammetry is freemium Autodesk 123D Catch. It was
the first possibility to generate a 3D model without a 3D scanner and to learn about the
process without having to worry about the cost. It was also an announcement for all other
professional software that came after with even more possibilities and precision. The costs
of purchasing a 3D scanner and software for it was sky-high compared to the costs of buying
a solid digital camera. Today, the relatively expensive software gives us the opportunity for
a Pay-Per-Input license while the complete software remains free to work on the model.

Example of an Austro-Hungarian Villa, corner of the Ljubljanska and Trnovska
street, Sarajevo BH

Abuilding of high architecturaland ambient value. Heavily damaged during the war and left
as ruin with a single family living in one of the apartments. It was marked as dangerous, prone
to collapsing, fast documentation needed. There was previous documentation except the
document of the current state. It was possible to do in one day as terrestrial photogrammetry
using an EOS Canon 550d and processing in Autodesk 123D Catch (fig. 10, 11).

> Documentation done for purpose of cataloguing all art nouveau doors in the city of Sarajevo, done by
Tatjana Mijatovic.
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Fig. 10
Photogrammetric model and photographs used for it

Fig. 11
Level of precision of marked area
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Example of documenting Old fortress in Blagaj near Mostar, BH

The old medieval fortress of Blagaj was made using drone aerial photogrammetry.
Beside good quality and reliable photographs, the drone captures coordinates of the place
where photos are taken, so the generated model is completely georeferenced, in real size,
scale 1:1. There was little contrast between shaded and sunny parts of the fortress, so it
was decided that everything will be done from one attempt. The geometry is fairly simple,
so there was no need to combine terrestrial and aerial photogrammetry. Everything could
be captured by drone. Location is not reachable by car, so there was no source of electrical
power to recharge batteries for the drone. This affected decisions about how many
photographs should be taken to avoid getting the low-detailed model (fig. 12, 13).

Fig. 12 Fig. 13
Position of the drone while taking Final outcome,
photographs. Drone circled on 3 different photogrammetric model scale 1:1

heights around same centre point in fortress

Example of St. Mary Church with St. Luke Tower, Jajce, BH

Photogrammetry was used as a documentation for my master’s thesis at the Department
of Theory and History of Architecture and Preservation of Cultural Heritage, The Faculty
of Architecture in Sarajevo. This type of documentation finally enabled me to capture the
complex geometry of what seems to be flat walls, but is far from being flat. The importance
of such documentation is enhanced by the fact that the newly designed object needs
to be precisely placed inside the existing one, which is a national monument of BH. The
photogrammetry was done completely by drone because this building has no roof and
flight was possible inside the “interior” as well. No method could be applied in the interior
of the bell tower because it is filled with a steel structure supporting the bell tower itself
to prevent it from collapsing (fig. 14, 15).

Example of a stone fragment from the Handanija Mosque

The Handanija Mosque in Prusac (1617), built in the classical style of Ottoman architecture,
represents an important example of Bosnian-Herzegovinian religious heritage due to the
numerous original parts from the 17th century that were found in its interior and due to its
long cultural and religious history.
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Fig. 14
3D model and all architectural drawings
(top view, ground view, facades and cross sections)



Fig. 15
Positions of the drone

This is one of the remaining original stone fragments found during in situ documentation
after the mosque destruction. The mosque was heavily damaged by shelling during the war
(1992-1995). The restoration started in the summer of 2003 and all works were completed in
the autumn of 2005. Majority of the fragments were reused and built in their original position.
Photogrammetry used in this case is a good example of newer possibilities photogrammetry
software is offering: having a detailed 3D model of all sides of the actual object. This was
done by the help of a Foldio360, mini studio with a turntable, though it is not necessary for
getting the same result (fig. 16, 17).

Fig. 16 Fig. 17
Photogrammetric model Position of the camera needed
of the stone ornament for generating total model

REFERENCES

Hofmann et al. 2006

Hofmann R., Kujundzic-Vejzagic Z., Miiller J., Miiller-Scheessel N., Rassmann K. Prospektionen und
Ausgrabungen in Okoliste (Bosnien-Herzegowina): Siedlungarchadlogische Studien zum zentralbos-
nischen Spatneolithikum (5200-4500 v. Chr.). Sonderdruck aus Bericht der Romisch-Germanischen
Kommission. 2006. Band 87.

* All models can be seen on SketchFab, https://sketchfab.com/tatjana_mijatovic.
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BO3MOXHOCTW KOMMNbIOTEPHOWM PEKOHCTPYKLINN
PA3BUTOIO KEPAMUYECKOIO COCYOA

BBepeHme

B xopne apxeonornyeckrx packonok npeameTbl MaTepuanbHON KybTypbl OYeHb YacTo 06-
HaPYXMBAKOTCA Pa3pPYLLUEHHBIMU UIN B BUAE OTAENbHbIX pparmeHToB. MHOrve nsgennsa nona-
[aloT B KYJIbTYPHbI CIION yXKe B C/IOMaHHOM 1 iepOpMUPOBAHHOM COCTOAHUN. I3MeHeHUsA 1nx
$OPMbI MPOUCXOAAT 1 BO BPEMA ANTUTENTIbHOIO NPeObIBaHWSA B FPYHTE, a TaKXKe Nof, BO3AeNCTBI-
€M Pa3sHbIX MPUPOAHbIX 1 aHTPOMOreHHbIX GaKTOPOB. YTOObI BOCCTaHOBUTb NEPBOHAYAsbHBbIN
06K HaxoOK TPebyeTcs 3HAUNTENbHOE KONTMUYECTBO BPEMEHU faXKe KBaMPULNPOBAHHBIM
cneymanuncTam, a 4nsa pectaBpauumn ele HeobxoaMMo COOTBETCTBYoLLee GYHAHCUPOBAHKE.

Takol MacCoBbIN U pPa3pPO3HEHHDIN NOCENEHYECKMI MaTepuan, Kak ¢parMeHTbl OT pa3bu-
TON Kepammyeckol nocyfbl, MOXeT BOOOLLe He MCMoMb30BaTbCA Af1A MOIHON PEeKOHCTPYK-
UM EMKOCTEN B CWJTy HELOCTAaTOYHOrO KOMIMYeCTBa UMEILWMXCA vacTer. KommbloTepHble
TEXHOJOMMN B JAHHOM Cilyyae NMoKa He ABNATCA 3GGEeKTUBHbIMU MOMOLLHUKaMU, XOTA Npu
CO3aHUM MOLLHON 6a3bl AaHHbIX C XOPOLIO JOKYMEHTUPOBAHHONM KEPAMUKON 1 C Pa3BUTK-
eM 3$PeKTUBHOrO MPOrpaMMHOro obecrneyeHns BEPOATHOCTb peanu3aumm nofobHol fe-
ATENIbHOCTW BMOJSIHE peasibHa. PaboTa B 3TOM HanpaBneHUn HabrpaeT 060poTbl He TONBbKO
3a py6exxom, Ho 1 B Poccum (cm., Hanpumep: 3aiiues 1 ap. 2021). bonee 6naronpuaTHON sB-
NAETCA CUTYaLMs, KOrAa pa3pyLUeHHbIN MIVHAHBIA COCY HaXOOAT B XUULLE, XO3ANCTBEHHOW
AMe, pUTYasibHOM 06beKTe v B Morue. Toraa ecTb BO3MOXHOCTb ero cobpatb 1 CKIEUTb.
Ho yacTo Takyto paboTy He nosyyaeTcs MOHOCTBIO BbIMOMHUTD 113-3a TOFO, UTO KaKUX-TO Ky-
CKOB MPOCTO He XBaTaeT WKW OHY NMOBPEXAEHbI 10 Hey3HaBaeMoCTu. PectaBpaTopbl 06bIMHO
peLatoT 3Ty npobnemy NPOCTbiM CNOCOOOM: 3aAefblBatoT OTCYTCTBYIOLLME MECTa MaCTUKOM
unu runcom (KnpbaHos 1950). Apxeonory TpagnLIMOHHO OCYLLECTBAAIOT rpadmnyecKyto peKkoH-
CTPYKLMIO, PYKOBOACTBYACH PaHee CIIoXMBLUMMM NpeacTaBieHmaMY (TpasHoB 1946). MimetoTtca
MOMbITKA MPUMEHEHNA KOMIMbIOTEPHbIX TEXHOMOMMIA AS19 MOAENIMPOBAHUA KepaMnyecKmx co-
CyL0B Ha OCHOBE OOHapYeHHbIX GparMmeHToB UK Ana GopMUPOBaHMA HeQOCTAIOLLMX YacTel
(berosatoBs, KoukrHa 1993; CunratynuH 2010; Mankos, XapuHckun 2018; n gp.). B HacToAwee
BpEeMA BOMPOChbl BOCCTAHOB/EHMA BHELLHErO Bra apXeosiorMyeckmnx HaxXo4oK 1 ycrneLHom aB-
TOMaTM3aLUmm PaboTbl C MACCOBBIMY MaTepUanamm PacKomnoK OCTAlOTCA aKTyasIbHbIMU.

© TuwkuH A. A., Borpgapenko C. 10., My L., 2021
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Mpu pa3paboTke METOAUKUN PEKOHCTPYKLUMM GOPMbI NPEAMETOB KOHEYHO Liesbio AB-
NAETCA NOCTPOEHNe MaTeMATUYECKUX MOZENEN FreoMeTprn 3TUX 06beKTOB. MofyyeHHble
pe3ynbTaTbl AO/IXKHbI MOMOYb NPU NPOBEAEHUN NCCNENOBaHWI U fanbHeNLWen pecTaBpa-
LUK, Y>Ke Ha OCHOBe NpefBapuUTeNIbHON KOMMbIOTEPHOW BU3yanu3auun oia 3Toro MoryT
6bITb BbIpaboTaHbl HEOOXOANMbIE PELLEHUS, a TaKXKe MoyYeHbl CBEAEHMA O MHOTUX GpU3K-
YeCKux CBOMCTBax usgenua. Mogenb C MOMHOCTbI0 BOCCTAaHOB/IEHHOW reomeTpueit No3Bo-
NUT onpefennTb MacCOBO-LIEHTPOBOYHbIE Y MHEPLMOHHDbIE XapaKTePUCTUKN KOHKPETHOIO
06beKTa, BbIMOMHUTb €r0 M3MEPEHMA, MOCTaBUTb YNCSIEHHDI SKCNEPUMEHT Mo onpepene-
HUIO HaNPAXEHHO-AePOPMMPOBAHHOIO COCTOAHUA, YCTONUMBOCTU, TEMNOBBIX, ONTUYECKNX
1 Opyrux CBONCTB. [nA 3TOro ewé Hy>kHO AOMOMHNUTL FreoMeTpuYecKyo mogens ¢usmnye-
CK/MIW CBONCTBaMM, CMOAENNPOBaTb BHELIHME YCNOBUA €€ NCMOIb30BaHMA Y BbIMONHUTb
COOTBETCTBYIOLUME PACYETHI. [To reomeTpryecKkor Modenn MOXXHO PEKOHCTPYMPOBATb Tex-
HONOrNI0 NMPOU3BOACTBA U CNOCOOBI MeXaHNYeCKo 06paboTKM n3aenus, NpoBepuUTb camy
BO3MOXXHOCTb U KaueCTBO €ro U3roToBJIEHMA BblAABEHHbIM crnocobom. Kpome Toro, BO3-
MO>Ha rpaduyeckas UMMTaLMUs nNpoLecca cosfaHna npegMeTa MaTepranbHON KynbTypbl.
[lns 3TOro Hy»kHa MHPOPMaLMA O NpearnonaraeMomM TEXHOMOMMUYECKOM npoLecce, obopy-
LOBaHUM 1 apyrme cBefeHns, CBA3aHHbIE C KOHKPETHbIM MPON3BOACTBOM.

Mpobnema pelueHnA NepeYnCcIeHHbIX U ApYruX 3afad, TeM 6onee B KOTOPbIX yYnTbIBa-
toTcA pr3nYecKme 3aKoHbI, NpeanonaraeT npuMeHeHne audppepeHUmanbHbIX U UHTErpasb-
HbIX YpaBHeHUN. HaxoxaeHne nx pelueHnin ABAAETCA KpalHe CTIOXHOW 3agavein. B gaHHom
CTaTbe He CTaHyT 3aTparmBaTbCA PacyéThbl, CBA3aHHbIE ¢ dr3nyecknmm npoeccamm. bynet
TOJIbKO PAacCMOTPEHA BO3MOXHOCTb BOCCTAHOBIEHUA YMCTO FEOMETPUYECKMX XapaKTe-
pUCTUK 06beKTa, He TPebytoL X NpUBAEYEHUA JONOHUTENbHON HbOpMauun. [JaHHbIN
noaxof obecneunBaeT CBOEro pofa KOMMNbIOTEPHYIO «pecTaBpaLuio» ApeBHEro n3aenus,
a TaKXe co3faeT yc/IoBUA ANA peann3almm COBPeMeHHbIX BO3MOXHOCTEN ero BCeCTOPOH-
Hell Npe3eHTaL MK 1 AafibHENLIEro KOMMIEKCHOTO U3yYeHUs.

Martepuanbi n meToabl

Ona pelweHna ob603HAUYEHHOW 3ajaun B KauecTBe obpasua NpuYBMeKanca Kepamuue-
CKUI COCyh C yTpaueHHbIMM YacTAMM, KOTOpble coCTaBnany 23 % MOoBepXHOCTM EMKOCTU
(puc. 1). OH 6bl1 06Hapy»KeH B BUAE OTAENbHbIX GParMeEHTOB MPW pPackormkax KypraHa N2 89
Ha namATHUKe TbiTKeckeHb-VI B Yemanbckom parioHe Pecny6nukn Antai (Poccus) n oTHOCKT-
CA K XapaKTepHbIM 13AeNnAM Na3blPbIKCKON KyMbTypbl CKdO-CakcKoro BpemeHu (KuptolumH
n gp. 2020, c. 51; puc. 55; 56, 1; 58, 9; 59, 1). bbina npeanpuHATa NOMbITKa GU3NYECKN 1 rpa-
dryecKkn BoccTaHOBUTbL pa3buTyto EMKOCTb. OfHAKO MPU CKIerBaHMM OKas3anoch, YTO YacTb
¢dparmeHTOB MO pasHbIM NpUYMHAM yTpadyeHa. Kpome 3Toro, He Be3sfe 06/1I0OMKM XOPOLLO CO-
CTbIKOBaNUCb APYr C APYroM M3-3a pa3pyLlleHnA KpPaéB, UTO OTPasuIoCb Ha BHELLUHeEM Buie
BOCCTaHOBNEHHOTO fpeBHero nsgenuvs (puc. 1). 311 u apyrme n3bAHbl He CNOCOOCTBYIOT afieK-
BaTHOMY BOCMPUATIIO 1 NPEe3eHTaLMmn COCYAa, a TaKKe YCIIOXKHSAIOT NoslyyeHre OO beKTVBHON
nHbopMaLn 0 HEM 1 O TEXHONIOTMI €r0 N3rOTOBNIEHUSA.

lpadunueckaa pekoHcTpykuma (KuprowunH u gp. 2020, puc. 59, 1) npepcTtaBneHa
B OHOCTOPOHHEM U CXeMATUYECKOM MOPAAKE U HOCUT BosbLLe YCNOBHO EMOHCTPALIMIOH-
HbI XapakTep. [1nA 4aCTUYHOrO NPeooNeHNA Bbllle 0603HaUYEeHHON cuTyauum Goina npea-
NPUHATa KOMMbIOTEPHaA «pecTaBpaLma» yTpaveHHbIX MecT. CNoXKHOCTb Takoro npouecca
3aKJ/04YaeTCA B TOM, YTO OCHOBHble Npobenbl MPUXOAATCA Ha JOBOJMIbHO KPYrHY0 06nacTb
Ty/I0Ba. 3arnofHeHne OTCYTCTBYIOLMX MENKUX GparMeHTOB peLlaeTcs 3HaunTeNIbHO npoLle
1 He Bbi3blBaeT H60MblUMX NorpelHocTel. [03ToMy CTOUT COCPefOTOUNTLCA Ha NPeaCcTaB-
NeHny NpoLecca KOMMbIOTEPHOTO «pecTaBPUPOBaHMA» CaMOro 60JbLLIOIO OTCYTCTBYOLLe-
ro yyacrka.
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Puc. 1
CKneeHHbIN KepamnyecKmnin cocyf NasblPblKCKOW KybTypbl

Ona BblIpabOTKM afeKBaTHOrO anropuTMa HeobxoAMMO MpPUAEPXKMBATbLCA onpene-
NIEHHOWN JIOTMKW, COFNacHO KOTOpoW OyaeT oOcCyLecTBAATbCA HaMEUYEHHbI npouecc.
YunTbiBaA TO, UTO NPEACTABMIEHHbIA KepaMUYeCcKUid cocys ABMAETCA PY4YHON paboTol,
a ero reomeTpua c1labo orpaHnyeHa Kako-H1OYAb MeXaHNYeCKOo TEXHONOTMEN, KaxeTcs,
YTO TOYHO BOCCTAHOBUTL TaKyto 6OMbLUYO 0651aCTb YTPaTbl MOYTH HEBO3MOXKHO. OCHOBHas
npo6nema 3aknio4aeTcAa BO MHOMECTBEHHbIX BapuaLMAX BOCCTAHOBIEHUS OTCYTCTBYIOLLEN
CTEHKM TYNnOBa COCYAa, M BaXHO AOKa3aTb, YTO MPOLIECC KOMMbIOTEPHOW «pecTaBpauumy»
oTpa<aeT AeNCTBUTENIbHO UCXOAHYI0 Gopmy n3aenus.

CneyumnanncT-pectaBpaTop, OCyLecTB/As MOJOOHYI0 paboTy Ha peanbHOM FOpLLUKE,
WNCXOAMUT 13 CBOETO OMbITa, KOTOPbI 6a3npyeTca He TONbKO Ha 60NbLIOM KONMYecTBe BU-
OEHHOro MM mMaTepuana 1 Ha MOHMMAHMK CaMoro Mpouecca M3roToBAEHNA, a 3a4acTylo
M Ha NpeAcTaBieHNM, KaKUM LOMKHO Oblio 6bITb M3aenne B rmnoTeTMyeckn naeanbHOM
cnydyae € y4€ToM KayecTBa paboTbl MacTepa. To eCcTb BaXKHO MOHMMATb 3aAyMKy aBTOpa-
N3roTOBUTENA U €ro peasibHble BO3MOXKHOCTU. IMeHHO nocnefHee yTBepXaeHue CTOUT UC-
Nnonb30BaThb AJ1A KOMMbIOTEPHOIO CNocoba «pecTaBpaLumny», KOTOPbIN HY>KOAeTCA B YETKO
NnocTaBfeHHO 3aaye 1 060CHOBAHHOM NIOFMKe UCMOJTHEHMA.

3afaya BOCCTAHOBMEHUSA YTPaueHHbIX GParMeHTOB KepaMmnyeckoro cocyaa HanpasJsne-
Ha Ha NOCTPOEHMEe MOBEPXHOCTU, MeloLLel OnpefenéHHble PafnyCbl KOMBU3HbI B KaXKA0W
€€ TOUKe MM OrpaHMyYeHHOM cermeHTe. [103ToMy cHauyana Hafo NpoaHanm3npoBaTb Gopmy
cocyfa ana onpegeneHna MakcMMarbHbIX JOMYCKOB, YKe CYLLIEeCTBYIOLNX B €r0 FreOMeTpum.
AHanun3 MoOXXHO NPOBOAUTbL C MOMOLLbIO MPOAONbHBIX M MOMEPEYHbIX CEYEHUI, MTPOXOAALLNX
B 3a[JaHHbIX MecCTax TakMM 06pa3om, YTOObl 3TV CeYeHUA, COeaNHAACb KPUBbIMY, Hanbo-
nee NonHo noeTopaAny Gopmy cocyaa, B pesynbraTe Nnoayyas efuHyio TpExmepHyto bopmy.
[aHHbIN npoLecc NOCTPOeHMA NOBEPXHOCTU MO e€ CeYeHUAM, No CyTu, ABMAETCA nnasu-
pOBaHMEM, MPUMEHAEMbIM 11 MOCTPOEHMA C/IOMKHbIX MAaTEMATUYECKM HE OMUCbIBAaEMbIX
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CNNaMHOBbIX MoBepxHocTel (puc. 2). B 3agaHHOM dopmaTe MOXHO MOCTpouTb Hecuuc-
NEeHHOe MHOXeCTBO HOPMaslbHbIX CEYEHU, KOTOpble OTAINYAIOTCA HampaBiieHNeM U UX
KO/IMYeCTBOM, a C/iefloBaTe/IbHO, 1 TOYHOCTb pacyéta OrpaHNYNBaAETCA NULLb BPeMeHeM
1 BbIYNCSIUTENTbHBIMY MOLLHOCTAMMU.

AHanm3 nonyyYeHHbIX CeYEHNIN XOPOLLO MOKa3biBaeT, YTO pacCMaTPUBAEMbIA Kepamu-
YeCcKuin cocyn He ABNANCA TeNOM CUCTEMHOIO MEXaHNYeCKOro BpalleHus, T. €. OH He 6bin
N3roTOBNEH Ha TOHYapHOM Kpyre. Ho aBTOP-M3rotoBUTENb ABHO CTPEMMIICA K TOMY, YTOObI
cAenatb ero «POBHbIM», T. €. JOCTUYb OnpefenéHHON reoMeTpun Tena BpalyeHus. bygem
CUMTaTb 3TO Npefesiom PacyETOB C YY4ETOM MOrpeLlHOCTe MacTePCTBa 1 TEXHONOTMK, 3a-
NOXEHHbIX B reOMeTPUN AaHHOM EMKOCTU (KPUHKM).

OnpegeneHne TOro Camoro «<MacTepCcTBa» N3roTOBUTENA 1 BO3MO>KHOCTEN ero TeXHOJ10-
T C TOYKM 3PEeHNA reoOMeTPUYECKUX BbIKIIaAOK CBOAUTCA K OnpefeneHnto NorpewHocTm
OT TOW reomeTpuun, KOTOPYI XoTen AoCTMYb roHYap. CpefHeKkBagpaTUYHOE OTKIIOHEeHMe
Mo ceyeHVAM BapbupyeTca B npefenax 54 % OT OKPYrioCT Mo BCEM CeYEeHUAM (Tak Xe,
Kak 1 YCNOBHbIe LIEHTPbI BPALLEHUA AN1A KaxX4oro U3 ceyeHunin). YuntbiBasa faHHyo nHbop-
MaLuio 1 npeanonaras, YTo B NOTEPAHHON reoMeTpun cocyaa 3Ta 3aKOHOMEPHOCTb ABHO
COXPaAHUTCA, MOXHO MOCTPOUTb HEKUIN KOPMAOP MaKCMMYyMOB Y MUHMMYMOB KOOPAMHAT
ANA KaxZoW TOUKM cocyaa, a mocne onpeaenuTb raBHble KPYBU3HbI MOBEPXHOCTHU, KOTO-
pble ABAAIOTCA MaKCMManbHOW U MUHUMAsTbHOW KPUBU3HAMK COOTBETCTBEHHO.

[lna Toro uTo6bI peann3oBaTb HAMEUYEHHYIO NMPOrpPaMmMy, HEOOXOANMO CHavana Nnony4YnTb
HeKoe 061aK0 TOYEK, Ha OCHOBaHUM KOTOPOFO MOXHO MOCTPOUTb MOBEPXHOCTb. 111 MOCTPO-
€HVIA KaXKAoW TOUKM JOCTaTOYHO ONpPefennTb TPy KOOpAMHaTbl 1 UMeTb GYHKLMUN BbINOJIHe-
HMA onepaunii Hag eé pagnyc-BeKTOPOM.

N\

Puc. 2
MocTpoeHre ropn3oHTaNbHbIX M BEPTUKANbHbIX CEYEHUI COCYAa
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370 NnoTpebyeTca AN1A OTBETa Ha BOMPOC O TOM, MPVHALIEXNT JIM TOUKa 061acT YCIIOBHOM
NMOBEPXHOCTM coCyAa C yYETOM OnpefenéHHbIX NMorpeLLHoCTel (T. e. Hago KnaccnduumMpoBaTtb
TOUKY). YTOObI yCTaHOBUTH MPUHAASIEXHOCTb TOUKM HEKOW IBYXMEPHO MOBEPXHOCTH, HEOO-
XOAVMMO HalTU BCe TOUKW, MPUHaANeXale BCeM CeUYeHNAM C YCIIOBMEM X NepeceyeHms
C rpaHunLamm obnacTu. 3To JOBONIbHO PECYPCOEMKOE 3aHATME ANA 0ObIYHOIO KOMMbIOTEPa,
nosToMy 6bln onpesenéH War ceyeHnin B T MM, UTO NMO3BOSINIO COKPATUTb KOJTMYECTBO aHa-
NN3UPYEMBIX CEUYEHUI 1O OTHOCUTENTIbHO HEGOMbLUIOIO Yncia. [lanee nerko onpegenvTb Npu-
HaNEeXXHOCTb PacCMaTprBaeMol TOUKM 3afilaHHON obnacTu. PesynbtaTom ABMNOCL 0651ako
TOYeK, B pefenax KoToporo TeopeTUYECKr MOXKeT HaXoAMTbCA reoMeTpusa cocyaa (puc. 3).

O603HaueHHOe 06NMako TOYeK BeCbMa HEOJHO3HAYHO oOnpepeniAeT MOBEPXHOCTb.
Takylo 06nacTb M3MeHeHWA MapaMeTPOB MOTYT UMEeTb O4YeHb MHOTME MOBEPXHOCTU.
[na nocTpoeHna HegocTaloLWel YacTy CJIOKHOW GOpMbl HEOOXOAUMBI NpeABapUTENIbHbIE
NoCTpoeHMs, ynpoLlatLne AanbHenwnii npouecc. [Ana Hac npakTuyeckoe 3HayeHue by-
AYT METb MPOCTPAHCTBEHHbIE JINHUUN Y TOUKM, KOTOpble HaxofATcA B 0651acTy 3aiaHHbIX
napameTpoB. [InA nocnepyioLlen PeKOHCTPYKUNUM MOBEPXHOCTU MOXKHO MOCTPOUTb ABa
CemMeliCTBa OPTOrOHasIbHbIX, B TOUKE X MepeceyeHuns, KPUBbIX NPU PasfnyHbIX 3HaYeHU-
AX KPUTEPUEB — MaKCMMyMa Y MMHUMYMa. [1Ba TakMx CEMENCTBa KPMBbIX 00Pa3ytoT CeTKy.
Yepes Kaxaylo TOUKY MOXHO MPOBECTV MHOXECTBO Pa3fIMYHbIX KPUBbIX, U BEIMUYMHA MX
[OCTOBEPHOCTY OYAieT MMETb OAHO U TO e 3HAUYeHMe, HECMOTPSA Ha TO, YTO Y HMX pa3Has
KpVBM3Ha. EAVHCTBEHHbIM KpuTeprem oTOopa 3eCb MOXET ABMATLCA JIMLLb TO, YTO KpU-
BM3Ha TaKoW KPMBOW AOMKHa ObITb B IHTepBane KPUBK3HbI, onpefensiemMoM MakCumMyMom
1N MMH/MYMOM HOPMaJslbHOTO CeYeHUA B JaHHOW TOYKe.

Puc. 3
CoopmmpoBaHHOe 0651aKo Touek
(macwTab pasmepos Touek 10:1)
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Ona peanu3aummn Takol pabotbl mcrnonb3zoBanucb NURBS-KpuBble (HeogHOpOAHbIN
paunoHanbHbIi GyHAAMeHTasbHbIN ChalH), NOCTPOEHHbIE Ha MHOXeCTBE HepPaBHOOT-
cToAwmx y3nos. NURBS-kpvBasa npeactaBnaet coboi MUHENHYI0 KOMOMHALMIO KYCOYHO-
NMONNHOMUANbHBIX GYHKLMIA 3aaHHON CTENEHN 1 NO3BOJISET CTPOUTb KPMBble 3aJaHHOTO
nopAnka rnagkocTtu.

JlonycTtym, uTo 6epETCs HeKas KpMBas IMHUA B BUAE COeAMHEHHOIO psAga Touek. KpusunsHa
TaKoW NIHUK ByfeT MEHATBLCSA B 3aBUCMMOCTY OT TOTO, KaKne MMEHHO TOUKI CMOSb30BaINCh
B KaueCTBe OMOPHbIX ANA CO34aHNA JaHHOW KpMBOW. Ha nonyyeHHOM o6niake ToUYeK MOXHO
MOCTPOUTb OFPOMHOE KONMYECTBO MOLOOHbIX KPUBbLIX, U3 KOTOPbIX HEOOXOAUMO BblbpaTh
Hanbonee afeKkBaTHble. AGEKBAaTHbIMM MOXHO CUMTaTb Te KPUBblE, ANA KOTOPbIX KPUBU3HA
HOPMasbHOro CeYeHUs MPUHNMAET MAaKCMMAJIbHOE U MUHVMAJIbHOE 3HaUeHUA B 3aaHHOM
Bbllle Anana3oHe. Tak Kak GYHKLUN NOCTPOEHUA NOJOOHBIX KPMBbIX HE ABMATCA HE3aBU-
CUMbIMU 1 OHW CBA3aHbl MeXxay CObOoM ypaBHEHUAMU, TO CEMENCTBO KPUBbIX, MOIHOCTbLIO
YAOBNIETBOPAIOLLMX YCIOBUIO, UTO ClleAytoLLasn ToUKa IMHUW He AOJKHA BbINTU 33 chepy cme-
LeHWA, He OyeT MHOTroUMCIeHHbIM. B pe3ynbTaTe 0T60p KprBbIX C MaKCMMaJIbHOW CTeMNeHbo
a[eKBaTHOCTU He NpeACTaBAseT 0co60ro Tpyha Aaxe B pyYHOM pexxume. M 31o nmeet cBoé
NPeVMYLLECTBO, TaK KaK KOMMbIOTEP BCE-TaKW HE MOXKET MOJSTHOCTbIO 3aMEHUTDL YeoBeKa B 06-
NACTN HEYETKOW JIOTVIKN, OH BbIAAET Ha PAaCCMOTPEHME BCe BO3MOXKHbIe TpaekTopum (puc. 4).

MocTpoeHne maTemMaTUYeCKON MOAENN MOBEPXHOCTU MPOUCXOAUT aHANOrMYHO Mo-
CTpOeHMto KpurBbIX. OYHKLMM NOBEPXHOCT OrPaHNUYMBAOTCA HEKOTOPbLIMM 3HAYEHMAMU
e€ napameTpoB, U NoJslyyaeTca reomeTpuyeckas nHbopmaLmnsa 0 NOBEPXHOCTU B TOUKE, CO-
OTBETCTBYIOLEN JaHHbIM 3HaYEHMAM NapameTpoOB.

Puc. 4
CemelictBo opToroHanbHbix NURBS-KpKMBbIX BHELLHel MOBEPXHOCTM COCYAA,
MMetoLee MakCUMabHYI0 CTeMeHb afeKBaTHOCTY

59



Ecnu HekoTopasa ¢yHKLMA NOBEPXHOCTY [OMNyCKaeT BbIXOA 3HaYeHWin NapameTpoB 3a
obnactb onpepfeneHns, TO faHHbIA BapuaHT NOBEPXHOCTM OTOpacbiBaeTcA 1 B AanbHel-
LIeM pacCMOTPEHWM He YYacTBYeT.

[nAa nocTpoeHnA NMOBEPXHOCTW Ha ceTKe, 06pPa3oBaHHON ABYMA CeMeNcTBaMU Kpu-
BbIX, ObIIM MCMONb30BaHbl COCTaBHble NMOBePXHOCTU be3be, nonyuatowmeca B pesynbrate
CTbIKOBKM OTAENbHbIX NOBEPXHOCTEN be3be, nmelowwx BAOb CTbIKyeMbIX KpaeB OfMHa-
KOBble cTeneHu. [JaHHble NOBEPXHOCTY OrPaHMNYMBAIOTCA KOHTYPaMM yKe CyLLeCTBYoLL el
NOBEPXHOCTM CoCyaa 1 eé napameTpamu. Vim paspeluaetca NpUHUMAaTh 3HaYEHUA TONbKO
BHYTPU 061acTn, OrpaHNYEeHHON STUMK KOHTYpPaMMU.

Tak Kak nNpu noncke NapameTpoB JIMHUN NepeceyeHns B KauecTBe rpaHuULbl MOXHO
MCMoNb30BaTb TONbKO rabapuTHbIA NMPAMOYTONIbHUK BHELHEro KOHTYypa CETKWM COCYAa,
TO MOC/Ie NOCTPOEHMA IMHNI NepeceyeHna MOBEPXHOCTb NPOBEPANach Ha nepecevyeHve
rPaHNYHbIMK KOHTYPaMM 1 yceKanacb 3TUMIN KOHTYpamMu, COXPaHUB TOMbKO Te YacTu, KO-
TOpble nexaT BHYTPM peanbHbix obnacTeil. [locne NocTpoeHna reoMeTpuy MOBEPXHOCTY
COCyAa OHa TeKCTypUpoBanachb BPYUHyto Ana npuaaHmsa 6onee peasncTMyHOro BHELHEero
Buga (puc. 5).

Ona oundpoBKM Kepammuueckoro cocypa u nonyyeHua 3D-mopeny ucnonb3oBa-
Nocb nporpammHoe obecneuveHne Meshroom u 3apeiicTBoBanacb Henpocetb U-Net
C npepobyyeHHbIMY MogenamMu. nA npoBefieHnsA paboT MO TEXHUUECKOMY BbIUMCIIEHWIO
npu KOMMbIOTEPHOW «pecTaBpaLMm» CTEHKU COCyAa NPUBeKanca nakeT NPUKAagHbIX Npo-
rpamm MATHLAB Bepcum R2020b. B kauecTBe nnatpopmbl 3D-Br3yanm3saumm npuMeHsanca
Autodesk 3dsMax 2020 Athena c cuctemon peHaepurHra V-Ray Next.

Puc. 5
Pe3ynbTaT KOMMNbIOTEPHO «pecTaBpaLMm» OTCYTCTBOBABLUEN CTEHKM cocyaa
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3aknouyeHue

KomnbloTepHas «pecTaBpaLsa» NokKa eLwé ABNAeTCA JOBOJIbHO TPYAOEMKMM 1 HECOBEP-
WEHHbIM MPOLECCOM C OTCYTCTBYIOWEN OOLLell MeToAnKOM M anroputMamy AeACTBUN.
B paHHON cTaTbe MpepsioxeHa Ans obCyXOAeHUs NorvKa pelleHnsa OAHOW 13 0003Ha-
YMBLLIMXCA 3afad. M3 HeEé MOXHO MCXOAUTb MNPV CO3A4aHUM MaTEMATUYECKMX Mopaenen
BCEro npouecca CO3faHUA BUPTYanbHOW WAeanbHOW MOAENW, K KOTOPOW CTPeMWScA
ABTOP-U3rOTOBUTESb, U YUYETE MOrPeLIHOCTEN ero paboTbl, KaK HEN36EXHON NOCTOAHHON
COCTaBNAKLLEN HEeCOBEPLIEHCTBA TEXHOMOMMWU, TaK WM MEPeMEeHHOW COCTaBAAoWeENn -
YyenoBeyeckoro ¢aktopa. MNpeactaBneHHbIN YacTHbIN NPYMepP MOXET CTaTb OCHOBOW AnA
JanbHeNWVX UCCIedoBaHN, CBA3AHHbIX C U3yYeHUEM U Mpe3eHTauunen Kepammyeckon
nocyabl Na3blPbIKCKON KyNbTypbl.

PaboTa BbINnonHeHa Npu YacTMyHon ¢rHaHcoBol nogaepkke PODOU (npoekt N2 20-39-
90022 «Kepamuyeckas nocyaa v3 NaMATHUKOB NasblPblKCKON KYNbTYpbl CKUPO-CaKCKOro
BPEeMEHN: KOMIMJIEKCHbIE NCCNEfOBaHUA N PEKOHCTPYKLNMN»).
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TPEXMEPHbIE MOOET KAMEHHbIX KPECTOB
KAK BAPUAHT SKCNOHWPOBAHNA MAMATHNKOB
N3 «<HEOQOCTYTMHbIX» MECT

UcTtopuyeckas cnpaBKa

CpenHeBeKkoBble KaMeHHble KpecTbl, B XII-XVI BB. nonyumBlimMe pacnpocTpaHeHue
Ha TeppuTopun HOBropoAckon 3eMnu Kak Hafgrpobusi unm KysibToBble OObEKTbI, fAB-
NATCA CIOXKHBIMU ANA U3YYeHUA NamMATHUKaMWU. B HacToAwee Bpems OHM HaxO[ATCA
nn6o B [OBONIbHO OTAANEHHDBIX CENbCKMX palioHax (MpeumyLlecTBeHHO JIeHUHrpaacKow,
Hosropogckoi n lMckoBckon obnacteir), nnbo B GoHAax KpaeBeauyeCcKUX U LeHTpasb-
HbIX My3eeB, B KOTOPble OHU CTajin MOCTyNnaTb C Liefblo COXpaHeHus yxke B KoHue XIX B.
BonblIMHCTBO NaMATHMKOB He oNyOANKOBaHbI, @ UMetoLmeca nNy6nmnKauum HOCAT pa3pos-
HEHHBbI XapaKTep U B CUY MHOFOYMNCIEHHOCTM OOBEKTOB He cofleprKaT MOJSIHbIX WIIO-
CTPaTMBHbIX KaTasoroB.

K Hauany XXI| B. KpecTbl 13 OQHOr0 MOTUAIbHMKA UM OQHOW AePEBHN MOTYT YaCTUYHO
COXPaHUTbLCA Ha MecTe, @ YaCTUYHO OKa3aTbCA B GOHAAX TPEX-UETbIPEX PA3NINUYHbIX My3€eeB
(MaHyeHko, ®égopos 2019).

MNoka3saTenbHO NPOBEeLEHHOE HAMW CPaBHEHME N3YyYaeMblX B HACTOALLEe BPEMA KaMeH-
HbIX KPECTOB C JAHHbBIMU NPEXHUX JIET, NOMYYEHHbIMX U3 NYOBANKALIMA, apXUBHbBIX NCTOY-
HWKOB, OTYETOB O PabOoTax apXeoNOrMYecKnx SKCNeanLIIA, a TakKe C MaTepranamm GoHgo-
BbIX KosineKkumin mysees. Okasanocb, Uto K Havany XXI B. uameHunocb u Tonorpaduyeckoe
NONOXKEHME MHOTMX NaMATHUKOB — OHU OblNIM NepemeLLeHbl, N paccesHbl MO PasHbIM My-
3eAM, UAKN NPOCTO NCYE3NIN C MeCT YCTaHOBKM; TakxkKe Oblna HapylleHa 1 LenoCTHOCTb My-
3elHbIX KonneKumi, cobpaHHbIX K Hauany XX B., 3a4acTyto C yTpaTtol aTpubyumm (MaHuyeHKo
2014; NaHueHko, Kapnos 2014; Hukonaesa, lNaHueHko 2017).

Paccmotpum  anAa npumepa WCTOPUIO  KaMeHHbIX KpecTtoB 13 A. BowmHoconoso
KnHrucennckoro parioHa JIeHUHrpagckom o6acTy, BnepBsble YNOMMHAEMbIX B UCTOYHUKAX
B nepson Tpetn XVIII B. K cepegmHe XX B. okono 25-30 KamMeHHbIX KPeCcTOB HaxoaAunmncb
B lepeBHe B TPEX CKOMNEHUAX, PALOM C OfHUM 13 KOTOPbIX KOrga-To CyLecTBoBana 4Yacos-
Hf, 1 elle okono 20 HebOoMbLIMX KPeCTOB Oblfv O6HAPYKEHbI HAa AePEeBEHCKOM Knaabulle,
pacrnonoxeHHOM Ha cpefiHeBeKOBOM MorubHuKe (MaHueHko, Oegopos 2019). Hagnucb Ha
OLHOM 13 MaCCYBHbIX KPeCTOB, HAXOAUBLLMXCA B AEPEBHE, MO3BONAET AaTNPOBaThb ero XV B.
B HacTosLLEee BpeMsA KPeCTOB B iepeBHe yxKe HeT. Tpy 13 HUX yCTaHOBEeHbl y EKaTepyHUHCKOro
cobopa B r. KuHrucenne (JleHnHrpagckaa obnactb), Tpy 6binm nepepaHbl (6e3 atprnbyumm)

© MaHueHko B. b., leHncoBa A. A., 2021
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B [OCyapCTBEHHbIN UCTOPUKO-apPXUTEKTYPHbIN 1 NPUPOAHO-NAHALLAdTHBIN My3eii-3anoBea-
HUK «/360pcK» (MckoBCcKas 06nacTb), ognH obHapy»KeH B A. ActpebuHo (BonocoBckuii paii-
OH JleHVHrpagckon obnactu). KpecTbl Ha epeBEHCKOM KnadbuLLe eLle CyLecTBYIOT, U faxe
MOCTOSIHHO BbIKambIBalOTCs HOBbIE. /IHOrAA OHM X OCTaBNAOT Ha MeCTe, HO YacTo pa3buBaloT
1 BbIGPACHIBAOT B MyCOpPHble Kyun. B 1998 T. 3gecb 6b110 3aduKCcMpoBaHo 17 KpecToB, Tpu
13 KoTopblx noctynunu B LiepkoBHo-apxeonornyecknii mysein npu CaHkT-lNeTepbyprckoi
LyxosHol Akagemun. B 2018 r. 6bin cocTaBneH niaH kKnagbuia c 20 Kpectamu, 1 eLwé YeTbipe
BbIOPOLLEHHbIX KpecTa 6bliv nepefaHbl B dpmuTtax (MaHueHko, ®énopos 2017). Heckonbko
NMaMATHMKOB C Knaabulla, Kak Ham yaanocb yCTaHOBUTb, NepeBeseHbl B I. [1oB (MckoBckas
obnactb) 1 4. becepa (BonocoBckuii paioH JleHMHrpagckom obnactu).

B 2019 r. ctyneHTbl Kadeapbl MHPOPMALMOHHbBIX TEXHONIOTUI B KPeaTUBHbIX 1 KYNbTyp-
HbIX MHAYCTPUAX NymaHutapHoro nHctutyta COY nopg pykosoactsom H. O. MNukosa Bnep-
Bble MPUVHMMaNN yyactne B paboTax Apxeosiornmyeckon skcneguumm focynapcTBeHHOro
SpMuUTaxa no U3y4yeHuo KySIbTOBOW apXUTEKTYPbI Manbix popm. bbinu cosgaHbl 3D-mopenu
KaMeHHbIX KpecToB U3 4. BoiHOConoBo, HaxogAawmecs B oHAax dpmutaxa (puc. 1-2).

OTmMeTM, UTO 3TOT BUA PaboTbl NO3BONAET MPeAcCcTaBUTb OOBLEKTMBHOE U TOUYHOE
n3obpaxeHre pake pas3dbutoro Kpecta. [laHHble 3D-mogenn u onucaHve KpectoB
6blnM ONy6NKOBaHbl Ha CalTe «3MeKTPOHHAA SHUMKNonegma dpmutaxka» (http://www.
archaeoglobus.sfu-kras.ru/monument/kultovyj-kompleks-vojnosolovo/).

Kpome Toro, 6binn co3paHbl Heckonbko 3D-mopenell 06beKTOB, HaXOAALMXCA B nofe
(puc. 3)(http://www.archaeoglobus.sfu-kras.ru/monument/kultovyj-kompleks-smolegovitsy/).

Co3paHue 3D-mopeneit ¢ nocnepytowei ux ny6nmnkalyen no3BoaseT NoayunTb Kave-
CTBEHHble N300pakeHNA TPYAHOAOCTYMHbIX NAMATHMKOB, HeobXxoAnMble ANA fanbHen-
Wwel Hay4yHoW paboTbl MO M3YUYEHUI0 KaMeHHbIX KpecToB. Takne nybnmkaumm no3Bonsat
PEKOHCTPYMPOBaTb B BUPTyallbHOM NPOCTPAHCTBE CKOMEHUA KPeCTOB 13 OOHOWN AepeB-
HW, YTO BaXKHO AN1A BOCCO3[aHUA UCTOPUYECKOTO 1 KyNbTypHOro naHawadta. B 2021 r.
Hamu co3patoTca 3D-momenu ewe 20 NaMATHUKOB. Tak, MepCrnekTUBHbIM BUAUTCA NpU-
MEHEHNe MeToAa KOMMbIOTEPHON pecTaBpaLum pas3buTbiXx KAMeHHbIX KPecToB AJjisi BOC-
CTaHOB/IEHWA UX NEPBOHAYaNbHOro B1aa. Mbl HageeMca NPoAoIKUTb PaboTbl B JaHHOM
HanpaBneHun.

MeToabl nccnepoBaHmnA

B xope paboTbl nmpumeHanacb TexHonorus ¢oTorpaMMeTpum — MpoLecc Co3aaHuA
3D-mopenu Ha ocHoBe M306paxeHuii obbeKkTa, choTorpadnpoBaHHOIO C PasHbIX YrIoB.
ChEMKa KaMeHHbIX KpeCcTOB NPOM3BOAMIIaCh B KaMepasbHbIX 1 NMOMEBbIX YCTOBUAX C MOMO-
Lbto cnepytoLero obopyaoBaHua: potoannapat Canon 5DsR 1 o6bekTrie Canon 24-70 mm.

CueHapuil CbEMKN B KaMepasbHbIX YCJIOBUAX COCTOAN M3 ABYX 3TanoB: MepBbiN
BKJIIOYan CbEMKY Bpallalolweroca BOKpYr cBoeil ocum obbeKkTa ¢ Tpéx nosuuunin ¢oto-
annapara - 0°, 40°, 80°, BTOPOI 3Tan — aHanornyeH NepBomy, oHako o6beKT Obi ne-
peBépHyT Ha 180°.

CueHapuin CbEMKM B NOJIEBbIX YC/IOBUAX TakXe COCTOAN U3 ABYX 3TaroB: Ha NepBOM
6bina 3aduKcMpoBaHa obLlas reomeTpura o6beKTa, ANiA 3TOro oH 6bi choTorpadmpoBaH
BOKPYF HE MeHee YeM C TPEX no3nuymnin—- npubnmsmutenbHo 0°, 40° n 80°. Ha BTopom 3Tane
BHUMaHMe yaensanoch paHee He3adMKCMPOBAHHBIM 1 0CO60 3HaUMMbIM 06n1acTAM 06 beKTa.

B o6ounx cnyuyasx dotorpadum genanuncb C 60bLMM NEPEKPLITUEM COCEHMX KapOB,
paBHbIM B cpeiHeM 50 %, no3TomMy Ha ofHy no3uumio doToannapata NPUXOAUIIOCH OKOJIO
30 CHMMKOB, a MO 3aBepLueHUn Bcel CbEMKM — okono 180. OgHaKo B NOsIEBbIX YCIIOBUAX
KONMYeCTBO CHMMKOB 3aBMCeNI0 OT pa3mepa 1 obLuel reoMmeTpun o6beKTa, MO3TOMY B pe-
3ynbrarte nonyyanocb okoso 300-500 CHUMKOB.
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Puc. 1 Puc. 2
3D-mopenb KpecTa ¢ Hagnucamm (AC3-1) 3D-mogenb pasbutoro Kpecta (AC3-4)

Puc. 3
3D-mopgenb 6osbluoro Kpecta 3 4. Crapble CMonerosuubl

Ona co3panna 3D-mofenun Ha ocHoBe GOTOU306paXKeHNI NCMONb3yeTCA MPOrpaMmmHoOe
obecneyeHune Agisoft Metashape. MprHLMN CO30aHMA 3aKNIOYAETCA B TOM, YTO Ha KaXKaoM
1306paxeHNn OTbICKMBAKOTCA 0bLLMe TOUKK, @ MO HUM ONpPefenATCA NPOCTPAHCTBEHHbIE
KOOpAMHATbI, B pe3ynbraTe Yero co3gaérca obnako Touek — COBOKYMHOCTb BCEX MPOCTPaH-
CTBEHHbIX KoopauHat doTorpadurpyemoro obbekTa (puc. 4).

Ha ocHoBe obnaka Touek CO38aéTcA MOMMNIOHaNbHasA CeTKa — COBOKYMHOCTb BEPLUVH,
pébep u rpaHeit, koTopble onpegensaoT dopmy 3D-monenu (puc. 5).

Mo 3aBepluieHMM ANA Ha3HAYeHUs LBeTa onpefenseTcs COOTBETCTBME MeXOY NUK-
censmmn Ha poTonzobparkeHUn 1 NONANFrOHaMK, B pesyfbTaTe yero obpasyeTca TeKCTypa
3D-mopenu (puc. 6).

Takmm 06pa3om, B pe3ybTaTe paboTbl Obisa Npou3seaeHa CbéMKa 33 00beKTOB B KamepasibHbIX
1 NMOJIEBbIX YCNOBMAX, U1 HA OCHOBE UX 1306parkeHuUin co3paHbl 3D-mopenm (https://skfb.ly/ooRWo).
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Puc. 4
O6nako Touek

Puc. 5
MonuroHanbHaa 3D-mopenb

Puc. 6
TekcTypupoBaHHasa 3D-mogenb

65



JIUTEPATYPA

MaHuyeHko 2014

lMaHuyeHko B. b. KameHHble KpecTbl 13 Konnekuumn akagemmka H. M. Jluxadyea (Stone crosses from
Academician Nikolay Likhachev's collection) // Tpyabl focynapctBeHHoro Spmutaxa T. LXXI. Hacnepgue
Hukonas MeTposuua Jlnxauesa: MHTepNpeTauma TekcTa 1 obpasa. CM6., 2014. C. 201-219.

MaHueHko, Kapnos 2015
MaH4eHko B. b., Kapnos A. B. KameHHble KpecTbl B cO6paHnmn [ocyaapCcTBEHHOMO My3es UCTOPUY penu-
rvm // Tpyabl focypapcTBEHHOrO My3ea nctopum penuriu. Bein. 15. CM6., 2015. C. 7-23. Vin.: ¢. 257-262.

Hukonaesa, NMaHuyeHKo 2017

Hukonaesa T. B., [TaH4yeHKo B. b. KameHHble KpecTbl B CO6paHmm MNcKOBCKOro mMy3es-3anoBeaHuKa: Gop-
MUpoBaHue Konnekuuu // Apxeonorua n ncropus Nckosa u MNckosckon 3emnun. CemmnHap UMeHN aka-
demuka B. B. CegoBa: matepuansl 62-ro 3acegaHus. Boin. 32. Mocksa - lNckos, 2017. C. 153-163.

MaHuyeHko, ®épopos 2017

MaHyerko B. b., ®édopos M. A. KameHHble KpecTbl 113 fi. BoHOCONOBO: HOBbIE NccnefoBaHuaA // Hosropop
n HoBropopckas 3emns. Victopusa n apxeonorus. Matepuanbl XXXI HayuHon koHdepeHuun. Hosropog,
25-27 anBapaA 2017 r. Boin. XXXI. Hosropog, 2017. C. 80-88.

MaHueHko, ®épopos 2019
[MaHyerko B. b, ®édopos Y. A. ViccnefoBaHMA MOUMTaEMbIX KOMIIIEKCOB C KaMeHHbIMM KpecTamu Ha Cee-
po-3anapge Poccui // Apxeonoruyeckuii coopHuK flocyaapcteHHoro Spmutaxa. Cr16., 2019. C. 354-368.

[eHncosa, MNukos, Nyk 2021

TexHonorun undposoii GoTorpammeTpu ANA oUUPPOBKIM apXeonormyecknx oobeKkToB: yued.-meTos.
noco6ue / Cnb. depep. yH-T, [ymaHuTap. nH-T; coct.: A. A. leHucosa, H. O. Mukos, . 0. Tyk. 2-e n3g,,
ncnp. n gon. KpacHoapck: COY, 2021 (2021-01-19). 49 c.

66



YOK 902:004.9
DOI: 10.17516/sibvirarch-008

Nicol6 Dell’'Unto
Department of Archaeology and Ancient History, Lund University, Sweden

SHIFTING GROUNDS: THE ARCHAEOLOGICAL PRACTICE
IN THE AGE OF DIGITALTECHNOLOGY

Introduction

In the last decade, 3D visualisation has seen a strong diffusion in the cultural heritage
sector. The development of more efficient computers, the distribution of friendly user
interfaces, and the spread of new sensors for recording and visualising information were
pivotal for exploring 3D visualisation technology to support advanced interaction and
promote new investigation methods. Since the early 1990s, 3D visualisation was conceived
as a dynamic tool for increasing the perception of the archaeological material (Reilly 1991),
and 3D models were considered an effective solution for addressing complex questions
and revising different hypotheses (Renfrew 1997).

Despite the possibilities offered by 3D visualisation, the third dimension was mainly
used to provide the general public with explicative and more realistic pictures of the past.
Most of the papers produced at the beginning of the 2000s focused on public engagement
and technological innovation with minimal impact on theory, methods and knowledge
production (Hermon 2008, 37).

More recently, scholars started conducting experiments for testing the use of 3D
visualisation in support of research and analysis. Visualising for understanding was a better
practice, and for this reason, several researchers started using 3D models to review and
clarify the relationships among the fragmented archaeological pieces of evidence scattered
across time and space.

3D visualisation was more and more conceived as a tool for observing rather than
presenting (Frischer, Dakouri-Hild 2008), and the diffusion of friendly user interfaces
and affordable visualisation technology triggered an exciting experimentation phase.
An example of this approach was developed within the frame of the archaeological
investigation conducted by Frischer and Fillwalk in the Campus Martius in Rome, where
3D computer simulations were used to shed light on the structural and symbolic
relationship among different monuments at the time of their foundation (Frischer,
Fillwalk 2013).

The spread of 3D recording technologies such as Laser Scanning and Image-Based
3D Modelling represented another significant step for the diffusion of 3D visualisation
within the archaeological practice. These new documentation methods had significant
implications on how archaeological information is recorded and managed (Roosevelt
etal.2015), and the possibilities of including these techniques during the field investigation
provide archaeologists with the opportunity to assess the capacity of 3D visualisation to go
beyond the sphere of discovery (Callieri et al. 2011; Edgeworth 2014; Berggren et al. 2015;
Taylor et al. 2018).

© Dell’'Unto Nicold, 2021
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Today, the possibility (1) to use multiple types of devices, (2) to choose among various
sets of 3D models and (3) to engage with sensors capable of catching information beyond
the visible spectrum provides the prerequisite for testing new investigation strategies and
identifying new information. However, the advantages of adopting 3D visualisation and
recording systems in support of archaeological field practice are not only related to the
possibility of creating virtual replicas of the evidence encountered during the investigation
butrather on the possibility of bridging the physical and the virtual dimensions for assessing
new research strategies and identifying novel relations. Archaeological investigation
environments consist of elements that expand far beyond their shape (Valente et al. 2017),
and 3D visualisation can highlight and link both tangible and intangible aspects of the
information.

3D Visualization and Archaeological Field Practice

Among the different solutions available for assessing the potentials of 3D visualisation
within the archaeological practice, 3D Geographic Information Systems were successfully
adopted in several projects to review the excavation process (Opitz, Nowlin 2012;
Berggren et al. 2015; Roosevelt et al. 2015; Dell’'Unto et al. 2015), to assess the volumetric
relation between the strata (Lieberwirth 2008; Landeschi et al. 2019), to include the work
of specialists within a broader investigation (Wilhelmson, Dell'Unto 2015) and to support
visibility and architectural studies (Landeschi et al. 2015; Polig 2017).

Within the Lund University Digital Archaeology Laboratory DARKLab (www.darklab.
lu.se), we have been testing the use of 3D GIS platforms in the frame of several projects
to answer research questions considered too difficult (or sometimes impossible) to assess
in a 2D environment.

Among the different case studies developed, the archaeological site of Stora Forvar —
recently investigated within the frame of the research project “the pioneer settlements
of Gotland” - represents an excellent example of how 3D GIS platforms (and 3D visualisation
in general) can be employed for creating multi-dimensional representations of the space
to address complex research questions.

In this specific case, it was possible to merge in the same virtual environment datasets
collected by different archaeologists across a period of almost 200 years. The site was initially
excavated between 1888 and 1893 by the archaeologists Lars Kolmodin and Hjalmar Stolpe.
Part of the documentation was published in 1940 (several years after the end of the field
activities), and more recently (in 2013), a new excavation was carried out for assessing and
studying the presence of cultural layers that could provide further information on the temporal
sequence of activities which took place on-site (Apel, Stord, Landeschi 2015; Apel, Stora
2017). This also represented a good occasion for designing a 3D visualisation environment
capable of combining the information retrieved during the excavation in spatial relation with
the available archaeological records collected during previous investigations. For this reason,
a Phase-Based Laser Scanner was employed for producing an accurate 3D description of the
cave where the investigation campaigns took place (Lundstrém 2016; Landeschi et al. 2019).

By combining the information visible on the graphic documentation produced during
the 19th century with the 3D surface model generated using the laser scanner, it was
possible to employ the 3D GIS for reconstructing the sequence of layers removed during
the excavation (fig.1, A). This operation allowed simulating the spatial relations between the
arbitrary layers and the artefacts retrieved at the time of the excavation/s (Landeschi et al.
2019). The possibility of using the 3D GIS to include legacy data within the 3D visualisation
system allowed reconstructing the relationships between artefacts and layers (fig. 1, B).
The interpolation of such datasets within a 3D spatial environment allowed the generation
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of density maps for displaying the distribution of different categories of artefacts in the
virtual cave bringing important indications concerning the use of the site during the
Mesolithic (Landeschi et al. 2019, 2817).

This experiment demonstrated how 3D visualisation technology could be a crucial
asset when dealing with datasets collected using different methodological approaches.
In particular, the possibility of reusing legacy data for virtually simulating the space where
the investigation was conducted represented an enormous advantage. This experiment
shed light on the capacity of 3D visualisation to bridge the physical with the digital reality
providing researchers with the possibility of operating simultaneously on multiple grounds.

Another exciting aspect to consider relies on the possibility of using 3D visualisation
technology directly in the field (Dell’'Unto et al. 2017; Taylor et al. 2018). Using a tablet PC
on-site for managing and visualising the information uploaded in the 3D visualisation
system makes it possible to verify the hypothesis defined in the virtual dimension against
the evidence encountered during the investigation (and vice versa).

Fig. 1
The image displays the archaeological site of Stora Forvar visualized in the 3D GIS. On the upper part
of the image (A), the 3D surface model of the cave is displayed in spatial relation with the analogue
documentation. In the lower part of the image (B), the 3D volumetric layers are reconstructed using
the documentation produced during the 19th century. 3D GIS visualization made by Giacomo
Landeschi, the 3D surface model produced by Stefan Lindgren and Victor Lundstrom
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This practice has a significant impact on the way the records are collected and used in
the field, and it is in line with the idea that the archaeological records should be the result
of a direct and non-mediated experience (e.g. Powlesland 2016).

By keeping separate the digital and the physical dimensions, we reduce the intellectual
engagement with the material being investigated, generating interpretations that do not
include all aspects of the investigation. This reinforces the idea that the virtual (3D) space
should not be considered an alternative method but as a central practice for understanding
the past.

REFERENCES

Apel, Stora, Landeschi 2015

Apel J,, Stord J., Landeschi G. Ett dterbesok | Stora Forvar. Efterundersdkning av stendlderslokalen Stora
Forvar, Stora Karls®, Eksta sn, RAA 138:1, Gotland. Rapport arkeologisk undersékning. Lunds Universitet.
Lund, 2015.

Apel, Stora 2017
Apel J, Stord J. The Pioneer Settlements of Gotland: a Behavioral Ecology Approach // The Ecology
of Early Settlement in Northern Europe — Conditions for Subsistence and Survival. Vol. 1. Sheffield,
2017.P.277-3009.

Berggren et al. 2015

Berggren A, Dell'Unto N., Forte M., Haddow S., Hodder 1., Issavi J., Lercari N., Mazzucato C. Mickel A., Taylor J.
Revisiting Reflexive Archaeology at Catalhdyiik: Integrating Digital and 3D Technologies at the Trowel's
Edge // Antiquity. 2015. Vol. 89 (344). P. 433-448. DOI: 10.15184/aqy.2014.43.

Callieri et al. 2011

Callieri M., Dell'Unto N., Dellepiane M., Scopigno R., Soderberg B, Larsson L. Documentation and
Interpretation of an Archaeological Excavation: an Experience with Dense Stereo Reconstruction Tools //
VAST The 11th International Symposium on Virtual Reality Archaeology and Cultural Heritage. 2011.
P.33-40.

Dell’'Unto et al. 2015

Dell’'Unto N., Landeschi G., Leander Touati A.-M., Dellepiane M., Callieri M., Ferdani, D. Experiencing
Ancient Buildings from a 3D GIS Perspective: a Case Drawn from the Swedish Pompeii Project //
Journal of Archaeological Method and Theory. 2015. Vol. 23 (1). P. 73-94. DOI: 10.1007/510816-
014-9226-7.

Dell’'Unto et al. 2017

Dell'Unto N., Landeschi G., Apel J., Poggi G. 4D Recording at the Trowel’s Edge: Using Three-Dimensional
Simulation Platforms to Support Field Interpretation // Journal of Archaeological Science: Reports.
2017.Vol. 12.P. 632-645. DOI: 10.1016/j.jasrep.2017.03.011.

Edgeworth 2014

Edgeworth M. From Spade-Work to Screen-Work: New Forms of Archaeological Discovery in Digital
Space // Visualization in the Age of Computerization / eds. A. Carusi, A. Hoel, T. Webmoor, S. Woolgar.
London, 2014. P. 40-58.

Frischer, Dakouri-Hild 2008
Frischer B.,, Dakouri-Hild A. Beyond Illustration: 2D and 3D Digital Technologies as Tools for Discovery in
Archaeology. Oxford, 2008. P. V=XXIL. (British Archaeological Reports S1805).

70



Frischer, Fillwalk 2013

Frischer B., Fillwalk J. A Computer Simulation to Test the Buchner Thesis: The Relationship of the Ara
Pacis and the Meridian in the Campus Martius, Rome // 2013 Digital Heritage International Congress
(DigitalHeritage). Marseille, 2013. P. 341-345. DOI: 10.1109/DigitalHeritage.2013.6743758.

Hermon 2008

Hermon S. Reasoning in 3D: a Critical Appraisal of the Role of 3D Modelling and Virtual Reconstructions
in Archaeology // Beyond lllustration: 2D and 3D Digital Technologies as Tools for Discovery
in Archaeology / eds. B. Frischer, A. Dakouri-Hild. Oxford, 2008. P. V=XXII. (British Archaeological Reports
S1805).

Landeschi et al. 2015

Landeschi G., Dell'Unto N., Ferdani D., Leander Touati A-M., Lindgren S. Enhanced 3D GIS: Documenting
InsulaV 1in Pompeii // CAA2014 21st Century Archaeology: concepts, methods and tools. Proceedings
of the 42nd annual conference on computer applications and quantitative methods in archaeology /
eds. F. Giligny, F. Djindjian, L. Costa, P. Moscati, S. Robert. 2015. P. 349-360.

Landeschi et al. 2019

Landeschi G., Apel J., Lundstrém V., Stord J.,, Lindgren S., Dell'Unto N. Re-enacting the Sequence: Combined
Digital Methods to Study a Prehistoric Cave. // Archaeological and Anthropological Sciences. 2019.
Vol. 11 (6). P. 2805-2819. DOI: 10.1007/512520-018-0724-5.

Lieberwirth 2008

Lieberwirth U. Voxel-Based 3D GIS: Modelling and Analysis of Archaeological Stratigraphy // Beyond
lllustration: 2D and 3D Digital Technologies as Tools for Discovery in Archaeology / eds. B. Frischer,
A. Dakouri-Hild. Oxford, 2008. P. V-XXII. (British Archaeological Reports S1805) (85-95).

Lundstrom 2016

Lundstrém V. Exploring New Horizons Through the Use of Legacy Data. An Innovative Approach
for Assessing the Early Mesolithic Chronology at the Cave Site Stora Forvar Using 3D GIS and Density
Analysis: M. A. Thesis Archaeology, Lund University, 2016.

Opitz, Nowlin 2012

OpitzR., Nowlin J. Photogrammetric Modelling + GIS: Better Methods for Working with Mesh Data. 2012.
URL: http://www.esri.com/news/arcuser/0312/photogrammetric-modeling-plus-gis.html (accessed:
12.05.21).

Polig 2017

Polig M. 3D GIS for Building Archeology - Combining Old and New Data in a Three-Dimensional
Information System in the Case Study of Lund Cathedral // Studies in Digital Heritage. 2017.Vol. 1 (2). P.
225-238.DO0I: 10.14434/sdh.v1i2.23253.

Powlesland 2016

Powlesland D. 3Di — Enhancing the Record, Extending the Returns, 3D Imaging from Free-range
Photography and its Application during Excavation // The Three Dimensions of Archaeology,
Proceedings of the XVII UISPP World Congress, Burgos, Spain, 1-7 September 2014 / eds. H. Kamermans,
W. de Neef, C. Piccoli, A. G. Poluschny, R. Scopigno. Oxford, 2016. P. 13-32.

Reilly 1991
Reilly P. Towards a Virtual Archaeology // CAA'90. BAR (British Archaeological Reports), International
Series. 1991.Vol. 565. P. 133-139.

Renfrew 1997
Renfrew C. Foreword // Virtual Archaeology: Re-creating Ancient Worlds / M. Forte, A. Silotti. New York,
1997.

71



Roosevelt et al. 2015

Roosevelt C,, Cobb P, Moss E., Olson B., Unliisoy S. Excavation is Destruction Digitization: Advances
in Archaeological Practice // Journal of Field Archaeology. 2015. Vol. 40 (3). P. 325-346. DOI:
10.1179/2042458215Y.0000000004.

Taylor etal. 2018

Taylor J,, Issavi J., Berggren A., Lukas D., Mazuccato C, Tung B,, Dell'Unto N. “The Rise of the Machine”: The
Impact of Digital Tablet Recording in the Field at Catalhdyiik // Internet Archaeology. 2018.Vol. 47. DOI:
10.11141/ia.47.1.

Valente et al. 2017

Valente R., Brumana R., Oreni D., Banfi F, Barazzetti L., Previtali M. Object-Oriented Approach for 3D
Archaeological Documentation // International Archives of the Photogrammetry, Remote Sensing
and Spatial Information Sciences. 2017. Vol. XLII-2/W5. P. 707-712. DOI: 10.5194/isprs-archives-XLII-
2-W5-707-2017.

Wilhelmson, Dell'Unto 2015
Wilhelmson H., Dell'Unto N. Virtual Taphonomy: A New Method Integrating Excavation and Post-
processing of Human Remains // American Journal of Physical Anthropology. 2015. Vol. 157 (2). P. 305-
321.DOI: 10.1002/ajpa.22715.

72



YOK 004.9:904 + YOK 791.635
DOI: 10.17516/sibvirarch-009

Selma Alispahi¢
Sarajevo Film Academy, Sarajevo School of Science and Technology (SSST) University,
Bosnia and Herzegovina

Selma Rizvic¢
University of Sarajevo, Faculty of Electrical Engineering, Bosnia and Herzegovina

ACTING IN DIGITAL CULTURAL
HERITAGE APPLICATIONS

Introduction

Digital technologies offer a new way to communicate and experience cultural heritage.
It is now becoming possible to virtually recreate the original appearance of cultural
monuments and enable the users to take virtual walks exploring interactive 3D models
of objects preserved only in remains. Virtual Reality (VR) is a technology that transfers the
users to a different place and time through devices called Head Mounted Displays (HMD)
and enables a total immersion in another reality.

But even the most photorealistic virtual reconstruction is not attractive enough
without people (Rizvi¢ 2017). Virtual reconstructions populated with 3D models
of inhabitants bring better experience to the visitors, but it is still not completely
immersive. Our experience shows that the maximum level of immersion is achieved
when real actors are added inside virtual reconstructions, telling stories in the roles
of historical characters (Rizvi¢ etal.2019).In this paper, we will present this methodology
from a different perspective: through the experience of the actors. We will show which
acting methods changed when applied in Virtual Reality and which have remained
the same. The main research hypothesis is that real actors add to immersion and
edutainment of virtual cultural heritage applications and we will confirm it through
the actor’s experience and the experiences of our users.

The paper is organised in the following way: the Background section gives an overview
of acting through the history and state of the art in Virtual Reality projects involving actors;
The Case studies section briefly describes the projects we developed, Actor’s experience
presents the actor’s point of view and the challenges she encountered playing in Virtual
Reality; the User experience section proves our hypothesis through user experience
evaluation studies, and in the end we present our conclusions.

Background

Acting through history

Acting in VR is a relatively new experience for actors, so we cannot claim with cer-
tainty what acting techniques, systems, and models we could implement in this medium.
Throughout the rich history of the art of acting, there have been numerous attempts
to define the process by which actors create their own role, to analyse and develop
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apsychological and physical approach to this process, but even today we can say that acting
is a secret still being revealed. In an attempt to create a system of acting in VR, it is use-
ful to remind ourselves of all the ideas about acting produced throughout history, mainly
practice gave birth to theory, and theory was validated in practice through different experi-
ments and specific experiences.

Acting theories have existed ever since Plato and Aristotle. Plato believed that acting
feeds passion instead of controlling it, whereas Aristotle believed that acting brings
catharsis showing us not what is happening, but what could happen, not the man that he
is, but the man he could be. As early as 685 BC, in his poem Ars Poetica, Horatio predicted
the dominant path in European acting: realism (truth and religion). Christianity condemned
drama and acting. John the Baptist cursed those who go to theatres, and Augustine of Hippo
believed that love of theatre was pure madness.The following centuries left no written traces
of the development of the art of acting until Averroes, who translated Aristotle's Poetics
in the 12th century and sparked interest in theatre. The medieval theatre mostly displayed
liturgical drama, although at the same time folk comedy was being developed in the streets,
fairs, and squares. As for acting, it experienced the nextimportant phase of its development
through Commedia dell’arte, which introduced masks and type characters. The 15th and
16th centuries introduced serious theoretical texts and polemics about whether acting was
the art of reality or the reality itself. This is a dilemma that has existed ever since Aristotle -
whether actors represent or live the part they play, what means they use to represent the
part, to what extent they live the part or identify with the part they play.

Miguel de Cervantes stated that the function of drama and theatre was to be the
mirror of nature and the image of truth. Religious conservatism of sixteenth-century
England criticized acting for being a lie, and lying is a sin. Nevertheless, in his tragedies and
comedies, Shakespeare spoke of the importance of theatre and defined the main aspects
of acting technique in his famous monologue in Hamlet (Hamlet’s speech to the actors)
in which he talks about mimesis, plots, speech technique, movement, control, taste, etc.
In the comedy A Midsummer Night's Dream, he emphasises the primordial human need
for acting and its social function; he talks about communication with the audience, the life
of characters and distance, genres...

In the 17th century, in his comedies, Moliere speaks of the principles of acting, whereas
in the 18th century, Diderot wrote in the Paradox of the Actor that actors play a vital role
in society and deserve respect, entering into a polemic with great actress Gabrielle Réjane
who advocated complete identification with a character, whereas Diderot believed in
detailed preparation and the technical aspect of the art of acting, considering it equally
important to the actor’s feelings. At the same time, serious texts about the art of acting
are written in England, and actor and director David Garrick believes that acting is the
art of creation, the actor does not imitate but carefully observes and creates the role to
perfection based on his understanding.

All the major philosophers of the 18th and 19th century Germany wrote about acting.
In the Hamburg Dramaturgy, Lessing wrote that actors’ technique is just as important as
their feelings. Schopenhauer noted that actors cannot disavow their personality, they have
to be intelligent and experienced enough to understand the character and have the ability
to show it on the stage.

Romanticism gave priority to emotions, and the entire 19th century was marked by the
contemplation of what is the priority — reason or emotions. In his essay/book Mask or Faces,
William Archer believes that such a dilemma is unnecessary because willful actions cannot be
separated from emotions, intellect and emotions always go hand in hand, in parallel. Belinsky
and Grigoryev in Russia wrote that actors are not ordinary performers, they are wizards of
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deep spirituality and unbridled imagination. The naturalism of the 19th century returns acting
and actors to simple gestures and natural movements displaying the man in his everyday life.

Symbolism attempted to replace actors with masks, statues, shadows, dolls, so that the
form becomes more important than the content. Meyerhold believed that theatre should
give up on realism. However, the Russian symbolists became more interested in the work
of Konstantin Sergeyevich Stanislavskiwho setthefoundationsof modernactingand made
the first system of acting based on theory and practice. During the 20th century, the art
ofactingunderwent perhapsthebiggesttransformation, giventhe numeroustheoriesand
practices that existed. The most influential theatre practitioners — Stanislavski, Brecht, and
Artaud - made an immense contribution to theory, as did many others such as Grotowski,
Michael Chekhov, Sanford Meisner, Beckett, lonesko, Viola Spolin, Pina Bausch, Robert
Wilson...Thetheoriesand practices of the 20th century brought new challenges foractors;
they gained experiences in synthetic theatre, theatre of the absurd, political theatre,
dance theatre, theatre of attractions, biomechanics, ritual theatre, dialectical theatre...
In 1929, Stanislavski wrote his famous text The Art of Actor and Director, and subsequently
numerous books on theory and practice of acting, thus setting the foundations
of modern theatre acting and film acting of the future. His main struggle in theatre
was the struggle for realism, for life through the art of experience, and we can assert
that his system “has in itself everything that comprises an integral, sufficiently closed
system, which is at the same time open enough to produce or subsequently receive a
whole series of new ideas..."(Stjepanovi¢ 2005, 131). Stanislavski’s system became the
foundation for the development of the realistic approach to acting that was developed
in the famous Actors Studio in New York where Harold Clurman, Stella Adler, and Lee
Strasberg produced generations of actors who developed the system of approach to film
acting that we cultivate today.

At the end of this short overview of ideas in acting through centuries, we ask ourselves
whether it is possible to create a certain system of acting in VR in the future that will have its
own strict rules and will serve as a guide for actors in a medium that most certainly awaits
them? Creating and expressing reality in a VR film is a new challenge posed to actors of today.

Virtual Reality applications with actors

Adventure game Phantasmagoria (Kurlan) by Sierrain 1995 is one of the first applications
using actors in Virtual Environments (VE). The main characters were filmed in front
of a green screen with pre-rendered backgrounds. At that time, it was a good solution
for graphicsin computer games. In digital cultural heritage, the Livia's Villa Reloaded project
is significant (Pietroni, Forlani, Rufa 2015). In this project actors are telling stories about the
life in the Villa of the wife of the Roman emperor Augustus. The application isimplemented
as a Kinect application that uses gestures, online WebGL application and application for
HMD, and uses interactive digital storytelling methodology. Samuel Beckett in VR (O'Dwyer
et al. 2018) is an interactive VR narrative of Samuel Beckett's theatrical text Play. Actors are
filmed in front of a green screen using free-viewpoint video (FVV) and then the VE is added
as a background.

A valuable analysis is presented in (EImezeny, Edenhofer, Wimmer 2018) where two
dimensions of immersion in 360-degree videos - narrative and technical - are considered.
The user experience evaluation with a comparison between 360-degree videos and
traditional linear videos has been conducted. The authors state that 360-degree videos are
still mostly narrative-driven, and cues are essential for directing the user's attention. The
cues need to be communicated to actors in order to secure the users’attention in the right
direction. We support this statement and implement it in our projects.
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Fig. 1
Filming the actor in White Bastion project. Photo: S. Rizvi¢

Case studies

Sarajevo Graphics Group research laboratory from the Faculty of Electrical Engineering,
University of Sarajevo, Bosnia and Herzegovina, has been creating digital cultural heritage
applications since 2005. Here we will mention those that use the actors and describe how
our experience has been introducing changes and improvements in every next project.

The 4D Virtual Reconstruction of White Bastion Fortress (Rizvi¢ et al. 2016) is a digital
presentation of the fortress in Sarajevo built in the medieval period. The archaeological
excavations also contain findings from the Ottoman and Austro-Hungarian periods. We
presented the history of this fortress through an interactive digital storytelling application
combining 6 virtual models of the object from all 3 historical periods with narration and
reconstructions of artefacts found on the site. The actor-narrator plays the role of an eternal
soldier from the fortress, changing uniforms according to historical periods (fig. 1). The ac-
tor is recorded on the site and 3D reconstructions of the fortress are added behind him us-
ing digital compositing. The final format of digital stories is HD video. The stories are added
in the WebGL application created in Unity 3D (4D Virtual Reconstruction of White Bastion
Fortress Application 2016). Modelling of the fortress was done in Cinema 4D.

Within the H2020 iMARECULTURE project (Skarlatos et al. 2016), which aimed to present
underwater cultural heritage using digital technologies, we first created a pilot interactive
digital storytelling application about one of the oldest shipwrecks in human history,
known as the Kyrenia shipwreck (Rizvi¢ et al. 2017b). In this project we created 6 stories,
3 about technical characteristics of the ship and its assumed sailing route and 3 about
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the life of sailors and their sad destiny. For the technical stories we recorded the actor on
the green screen and superimposed him in the computer animation, and in the remaining
stories the actress playing the role of the captain’s wife was recorded in exteriors at the
seaside (fig. 2). The final format of these stories was HD video, and the whole application
was implemented as a web site (Kyrenia Interactive Digital Story 2017).

For the iIMARECULTURE project we also created storytelling for 3 selected underwater
sites: Baia in Italy, Mazotos in Cyprus and Xlendi in Malta. In Baia storytelling we created
360° video stories as composites from actors recorded on green screen and 360° renders
of virtual reconstructions of a Roman villa and the village streets. Baia was a luxurious
resort of Roman aristocracy where they used to spend their summer holidays. It is located
close to Naples, Italy. Today half of the city remains underwater and the other half is inside
the archaeological park. The sunken part that can be visited only by divers today can be
explored through our Virtual Reality application. In Baia storytelling the actors recreated
an episode of the town’s life where a rich aristocrat is buying a statue from a local sculptor
(fig. 3). The final format of digital stories is a 360° video embedded in the Dry Visits Unity
VR application.

Mazotos is a shipwreck site close to the village Mazotos in Cyprus. It is assumed that
the sunken ship was transporting goods placed in amphoras, so we have created a digital
story about transportation means in the classical Greek period. The actor-narrator is
recorded on green screen and superimposed onto an animated background displaying
various information from his narration (fig. 4). The final format of the story is a 360° video,
embedded in the Dry Visits Unity VR application.

Fig. 2
Actors in Kyrenia interactive digital story. Photo: S. Rizvic¢

Fig. 3
Actors in Baia storytelling. Photo: S. Rizvi¢
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Fig. 4
Actor in transport amphorae story, IMARECULTURE project. Photo: S. Rizvi¢

During the dry visit to Xlendi we present a 112-meter deep site of a shipwreck where
a Phoenician ship has sunk close to the village of Xlendi in Gozo, Malta. The actor recorded
on green screen and superimposed over computer-generated images tells the story of the
wine trade in the classical Greek period (fig. 5), as it is assumed that the sunken ship was
transporting wine. This story is exported in HD video embedded in the Dry Visits Unity VR
application.

Fig.5
Actor in wine trade story, IMARECULTURE project. Photo: S. Rizvi¢
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Fig. 6
Actress playing different historical characters,
Roman Heritage in the Balkans project. Photo: S. Rizvi¢

Another project where we recreated life in the past through digital storytelling with
actors is Roman Heritage in the Balkans (Roman Heritage in the Balkans Project 2020). We
recorded in a 360° video format the selected sites with remains from the Roman period
in Serbia, Montenegro, Albania and Bosnia and Herzegovina and created a Virtual Reality
application presenting each site in form of the 360° VR reconstruction of its original
appearance superimposed over the video of the remains (fig. 6). In these stories the actress
had to be aware of the virtual environment in which she would be added and to look and
play in the right direction in accordance with the virtual background. The actress played
12 different characters from the history of the selected sites. She was recorded on green
screen and added to the background in Adobe After Effects. The stories were rendered as
VR videos and embedded in the Unity VR application available in local museums.

In the Old crafts Virtual Museum (Old Crafts Virtual Museum Project 2020) (fig. 7) and
Underground project (Underground Virtual Exhibition 2021) (fig. 8), the actors recorded on
green screen were added directly to the Unity virtual environment, without superimposing
or rendering in a video format. In this process, we encountered the challenge of “floating’,
as the viewer did not have the feeling that the actor belongs in the virtual environment. We
overcame this problem by adding him to the 3D geometry instead of rendering the 360°
image used as a background.

In the Battle of Neretva VR we recreated one of the most important WWII battles
in Bosnia and Herzegovina, which took place in Jablanica. Adding a VR application (Battle
on Neretva VR 2020) to the Battle Museum exhibition, we created an educational game
where the user is tasked to destroy the bridge, take down enemy airplanes and transport



Fig.7
Old crafts Virtual Museum. Photo: S. Rizvi¢

Fig. 8
Actor added to the virtual model in Unity 3D, Underground project. Photo: S. Rizvi¢

awounded comrade across theriver, asithappenedin the historical event. Here we recorded
the actors in 360° video and combined those videos in the Unity 3D application, together
with a game play animation (fig. 9). In this storytelling we were facing all the challenges
of filming in VR, setting up not yet established film grammar rules and procedures for this
new media format.

Actor’s experience

The primary function of acting is to communicate thoughts and emotions to the
audience and this thesis is the foundation of everything we need to know about film
and theatre. However, most actors come from theatre acting tradition, which makes the
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challenges of film acting even greater. Sir Laurence Olivier used to say: “It took me many
years to learn to film-act” (Barr 1997, 6) and when Sir John Gielgud was asked what was the
most difficult aspect of film acting, he replied: “Making it simple!” (Barr 1997, 6)/

Film acting has undergone an interesting path from big gestures to simplicity. In silent
films, due to the lack of sound, directors and actors needed to overemphasize gestures and
facial expressions so the audience could follow the story. The introduction of sound made
big changes because silent-film actors faced the problem of adjusting to a new situation;
many of them gave up, and producers and directors reached out to theatre actors in search
of a more realistic performance.

In theatre, actors must communicate with people sitting in the back row as well;
gestures are larger, the physical aspect of acting must be visible enough because details
can often be lost in space. While on film the audience is in the camera, each physical action
of the actors is enlarged and focused on their faces. By the end of the 1930s, numerous film
stars appeared (James Stewart, John Wayne, Katharine Hepburn, Henry Fonda, Clark Gable,
Spencer Tracy...), actors who tried to reconcile the two worlds and get closer to common
people in order to make the audience's identification easier. Alongside the film, there is
The Group Theatre in 1930s New York with Lee Strasberg, Elia Kazan, Stella Adler... which
gave birth to the Actors Studio. A more naturalistic style was dominant in the 1940s when
Marlon Brando appeared on film and set new standards of film acting. The 1950s brought
another revolution - television. Actors came into viewers’ homes, big close-ups became
common so actors had to keep their performance under control of simplicity. Actors had to
follow and adjust their acting to new technological achievements.

When thinking of VR, we usually focus on the technical aspect of this experience. We pay
less attention to the importance of the art of acting and the contribution of actors to this

Fig. 9
Filming the actors in 360 video, Battle on Neretva VR. Photo: S. Rizvi¢
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new technology. The role of actors in VR has not been researched or defined sufficiently,
because it is a relatively new experience and not part of formal education, and for good
reason. Our past experiences suggest that actors must certainly pay attention to the means
of acting used in the green screen and the VR film because they are different.

In his book “Acting for the Camera’, Tony Barr defines a good actor:“| believe good actor
is 1. one who can articulate for the audience what the material is about; 2. one who can
interest the audience sufficiently to make them want to stay and watch the performance;
and 3. perhaps most important, one who is able to move the audience.” (Barr 1997, 288)
When watching a film, we suppose that everything we need to know is within a frame,
everything outside the frame is irrelevant and meaningless. However, with the arrival
of VR technology, actors are faced with numerous new questions when acting is concerned.

Actors in a 360° video must primarily think about what a viewer could see. Unlike
filming a 2D film in frames, in a VR film, actors are found within a frame at every moment,
they cannot hide or leave the frame, their focus must be continuous. In this case, emotional
engagement must always be at the same level, because we never know whether the viewer
will choose to look at the actor in close-up all the time. Actors must also be aware at any
moment and control their physical adjustment to the role, they cannot relax, the body must
always be alive and present. If in any key scene the viewer decides to focus on the actor’s
hand or mouth, the entire body must play the role. Everything the actor does can be seen
by the viewer at a certain point. Such a way of acting demands supreme concentration as
well as the ability to maintain an emotional intensity through the shooting. Actors must
be trained in a classical sense of the continuity of role demanded by theatre, as well as
expressiveness and emotionality demanded by film acting.

VR film represents life perhaps more intensely than theatre and film because the viewer
can see actors in their entirety at every moment. If there are many actors in a VR scene,
the director must make sure that all actors act with the same intensity, obviously with the
difference in roles, but it is very important that they are aware of the medium they are
acting in and that they maintain the truthfulness of the world they are creating together.
Another interesting fact of VR acting is that there are no small and big roles in a scene with
many actors, all roles are important and big, equally important are those who lead the
scene and those who may not say even a word and just sit around. Such characters might
be called extras in a film, but in VR they can become one of the key characters if the viewer
decides to focus on that particular actor in the scene.

The VR headset used by viewers gives them the freedom to focus on any point within
the 360-degree image and this viewer position has more in common with the theatre than
with the film. The viewer is the one choosing the point of focus, it is not suggested by the
film cut or editing, the viewer can create his own story from what is being offered. The
viewer does not need to watch the actor who is talking, he can choose to look at what’s
on the table or what the weather is like by looking through the window or he can focus
on a seemingly meaningless detail. The film director and editor decide where to direct
the viewer’s attention, they lead the viewer to what they want to be seen. There is no
foreground, middleground, background, everyone can be in the foreground regardless of
having a line in the scene or not, everyone must be in character all the time.

It is also very important to distinguish acting in the VR film from acting in front of the
green screen. In the latter case, acting must be very reduced. The story is certainly in the
foreground, but the body and gestures must be very controlled. Actors must always be
aware that they are just a guide through the world that will be technically processed
by graphic designers and that is how they tell a story. If actors decide to make a certain
movement, they must cooperate with the director or graphic designer in order to direct
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that movement to the focus of the story. While the VR film offers certain freedom and
continuous presence of actors, the freedom in front of the green screen is nevertheless
limited to actors entirely serving the world that is digitally made by designers.

We can say that VR acting is close to theatre acting where actors are always aware of
being entirely watched. While in the film actors can be distributed depending on the shot,
in VR film actors must be ready to combine the two worlds — theatre (in terms of physical
adjustments) and film (in terms of emotional intensity needed for film acting). We believe
that acting using VR technology will get its own system and rules, but past experiences
show that the combination of film and theatre experience is the most useful approach.

Acting using VR technology will most certainly pose a challenge for actors in the future,
but the art of acting will surmount the challenges of new technologies like it had survived
and adjusted to all the technical achievements in its rich millennial history.

User experience

The most credible method to evaluate the quality of digital heritage applications
is the user experience. For every mentioned project we performed the user experience
evaluation studies using qualitative and quantitative methodology. Here we will present
just a short overview of results we obtained through those studies.

For the White Bastion project, most of the users reported feeling more engaged and
paying more attention to interactive presentations of cultural heritage. They appreciated
the possibility to explore the VEs which they could not do in a movie. They like the
combination of digital stories and models because “models are described by stories and
can display the information from stories”. They stated that the actor added an emotional
dimension to the presentation.

In the Kyrenia project the user experience evaluation conducted shows that we achieved
a high level of edutainment, as users state that they learned about the ship in an attractive
and amusing way (Rizvi¢ et al. 2017b). The users showed a high level of empathy towards
the wife of the captain, becoming emotionally involved in her tragic story.

Dry visit application presenting underwater sites selected by the iMARECULTURE
project in VR was also appreciated by the users. Aside from gaining the opportunity to visit
the sites that were only accessible to divers, they expressed satisfaction with storytelling
claiming that the actors recreated life in the past, which they got to experience through
Virtual Reality (Skola et al. 2020).

The users also enjoyed the performance of the actress in the Roman Heritage in the
Balkans project, particularly the different roles she was playing, wearing different costumes
and connecting the history of selected sites with their virtual reconstructions through
characters in the stories.

The actor in the Old crafts Virtual Museum, according to the users’ opinions, revived
the forgotten craftsmen through storytelling, reciting funny verses in the form of old folk
songs. In the Battle on Neretva the actor was perceived as the partisan commander and
the users followed his directions through the gameplay. The most favorite moment for
the users was when, at the end of the game play, comrade Tito appeared to congratulate
them on the successfully completed mission. In the Underground project, the actor
successfully conveyed to the audience the tragic destiny of dissidents and the emotion
of their testimonies.

What all these results have in common is that the users very much appreciate storytelling
performed by actors and enjoy identifying with the roles they play. This gives us a great
opportunity to recreate cultural heritage in Virtual Reality and realise the eternal dream
of traveling through time to the past.
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Conclusions

In this paper, we have presented how cultural heritage can be recreated and preserved
using digital technologies. In the projects mentioned, actors are either recorded on
green screen or filmed with a 360° camera and added to Virtual Reality applications. We
offer insights of the production coordinator about VR technology and interactive digital
storytelling methodology (Rizvi¢ et al. 2017a), as well as insights of the actress involved
in the production.

We present which acting methods apply in VR and which need to be adjusted.
As VR videos and applications are still a new media without defined rules of film language
and production, we consider our experience as pioneering and offer it to researchers
as references for their future projects.

We can conclude thatdigital heritage applications areinterdisciplinary projectsinvolving
different professionals, such as archaeologists, historians, writers, film and visual artists,
music authors, sound and production designers and computer scientists. Each of these
professionals adjusts to the new media of Virtual Reality. The quality of that adjustment
brings success to the created application.

We believe that Virtual Reality production is the media of the future. Its potential
in presenting cultural heritage can bring heritage closer to the people and draw attention
to the important lessons from the past.
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MEPCMNEKTUBbI MPUMEHEHWA
NHCTPYMEHTOB YMNPABJTIEH/A VR/AR-KOHTEHTOM
B APXEOJIOTUN

C pasBuTUEM TEXHONOTNIA BUPTYaNbHON U JOMOMHEHHON peanbHOCTY, MHGOPMaL-
OHHO-TEeJIEKOMMYHUWKALMOHHbIX CeTell nepefayn AAHHbIX, CUCTEM XPAaHEHUA LaHHbIX
B YaCTHOCTU N MHPOPMALMOHHbBIX TEXHONOT A B LIEeSIOM Y NcCliefoBaTenel pasHbix 06-
nacte NOABUIOCb MHOFO BO3MOMHOCTEN MO NMpeAcTaBAeHUI0O CBOUX MCCNefoBaHWi
N co3faHuio obyyatowmx MatepuanoB. OCHOBHbIMU 3fIEMEHTaMU, KOTOpble MCMOfb-
3ytotca npu cosgaHum VR/AR-koHTeHTa aBnatoTca 3D-mopenu, TeKCTypbl, aHUMaumu.
Co3faHne TPEXMEPHOIO apXxeonornyeckoro KoHTeHTa (cosgaHune 3D-mopenein) Hayu-
HbIM cOObLEeCcTBOM HayaTo AOBOJIbHO faBHo (Salvadori 2003). C pa3BuTueM TEXHONO-
rnn 3D-CKaHUPOBAHUA, POCTOM U JOCTYMHOCTbIO BbIUNCANTENbHbBIX MOLHOCTEN apxe-
OJiory BCE valle CTanum ncrnonb3osaTb TexHonornm 3D-ckaHMpoBaHua (3anuesa 2014,
300-302) n doTtorpammetpun (CtapoBoiiTos, JlyHeBa 2013, 16-18), Kak Npu Kameparsb-
HbiX paboTax, Tak 1 B NoseBblx yCnoBuax. OTAeNbHO MOXHO BblAeNUTb BUPTYaNibHble
PEKOHCTPYKLUUM pa3nnyHbix noceneHun (Patay-Horvath 2014, 12-22), co6bITUiA, ncTo-
prYeCcKnx MexaHn3MoB, KOTOpble CO34aloT yUYéHble MYTEM KOMMbIOTEPHOro MOAenpo-
BaHWA ANA pa3nyHbIX 3a4au.

Bcé BbiwenepeuncieHHOe, MO CyTU, MOXKHO paccMaTpuBaTb C TOYKU 3peHUA TPEX-
MEpPHOro KOHTeHTa (BKJ/loYaA TeKCTypbl, aHUMauUuM U Np.), KOTOPbIN UCNONb3yeTcA
C PasINYHBIMN LeNAMM, XPaHUTCA Y UCCliefoBaTesNiell Ha KOMMbloTepax, NpeacTaBnaeT-
CA B My3efX Ha BbICTaBKax U T. M. HO ¢ pa3BuTMEM TEXHONIOTUI, NOTPEOUTENbCKON A0-
CTYMHOCTV OYKOB BUPTYANIbHOWM peanibHOCTM ANA WNPOKKX MACC HAaCeNeHNA BO3HMKaOT
3aayn ynpaBneHusa JAaHHbIM KOHTEHTOM, B TOM uncine n ana VR/AR-cucrtem.

VR/AR-TexHOMOrMN MNO3BONAIOT BHEAPATb pPasfiniHble WHTEPAKTUBHbIE BO3MOXKHO-
CTW, renMmndrKaumio, KOHTPONMPOBaTb OByUYeHNe CTYAEHTOB MPOGUNbHBIX CrelranbHo-
CTen unu gpyrux nuy B pamkax obpasoBaTesibHbIX KPYKKOB 1 KypcoB. OfHako co3faHue
Pa3fNyHbIX BUPTYaNbHbIX 3/IEMEHTOB C O6beAUHEHNEM B €[MHYI0 IOTUYECKYID CUCTEMY
ABNAETCA HETPMBMANbHOW 3ajayen O HernoAroTOBEHHOro creuuanncta. KoHeuHo,
cywectsytoT nnatdopmbl ana peanusaumm VR/AR-npunoxeHuii, Takne kak Google Tilt
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Brush, Gravity Sketch, Oculus Medium, A-Frame, Varwin u gp., Ho oHU TpebyloT cneuu-
$UYHBIX HABbIKOB, Y MHOIVX OTCYTCTBYET CUCTEMA BU3YasbHOMO MPOrPaMMUPOBaHUSA, U
HW Yy OQHOW cuCTeMbl U GpeiMBOpPKa HET MHTErpaLmnii ¢ apxeosiormyeckumm n obpaso-
BaTeNIbHbIMU cucTemamMu, Takumm Kak 3Dhop (Vecchione, Lureau, Callieri 2019, 483-486)
n Moodle. Beugy BblllenepeuncneHHoro B VMIpKyTCKOM HaLMOHanbHOM MccrefoBaTesb-
CKOM TEXHMYECKOM YHMBepcuTeTe Oblna Hauyata pa3pabdoTka MpPOCTOro B UCMOJSIb30Ba-
HUN KOHCTPYKTOPA, KOTOPbLIA MOXET WHTErpMpoBaTbCA B pPa3HOOOpasHble CUCTEMb
1 MMeTb BCe Heobxoanmble GYHKLMM 1 4OCTaTOUYHOE KONMYECTBO LWabNoHOB, ANA peLleHns
TUNOBbIX 3afjay HENOATOTOBNEHHBIMU K TOHKOCTAM pa3paboTku VR/AR-KOHTEHTa Nosib30-
BaTeNnAMY, B OCHOBHOM MpenofaBaTteiamMu, pa3paboTunkammu KypcoB, nccieoBatensamu,
My3€eNHbIMU COTPYLHUKAMM.

YunTblBas To, UTO paspabaTbiBaemas cucteMa npegnonaraeT NCMONb30BaHUe eé Lu-
POKMM KpYrom CreuuanncToB, OHa JOMKHA UMETb MOALEPXKKY BM3yasbHOro Mporpam-
MWPOBAHUA, MMETb BO3MOXKHOCTb WHTErpupoBaTbCA B MPUMEHAEMblE apxeosioramm
N UCTOPUKaMM CUCTEMbI, ObITb APY>KECTBEHHOW K KOHEYHOMY MOJSb30BaTENIO B OT/IMUME
OT [pyrux npenctaBfeHHbIX aHanoros. HecmoTpsa Ha To, UTO Ha pblHKe MHPOPMaLNOH-
HbIX MPOAYKTOB €CTb FOTOBbIE MHCTPYMEHTbI AnA co3gaHnaA VR-cuMynauum n nHTepakTmB-
HbIX 0OYYaloLWNX NPUNOXKEHWIA, HE CYLLEeCTBYET YHUBEPCANIbHOIO NoAXoA4a K MOCTPOEHNIO
KOHEUHbIX peLlleHnNn NIn roToBbix obpa3oBaTesibHbIX NPOAYKTOB. B cBA3M C 3TMM noKa
HEeBO3MOXHO pPa3BMBaTb O6LLYI0 KOHLeNTYyaNbHYyl0 MeTogonoruo co3gaHmsa VR-yuebHbix
mMaTepuanos.

CrouT 06patuTb BHMMaHWe Ha TOT $aKT, UTO Ha PblHKe OTCYTCTBYOT rnbkne 2D/3D
VR/AR-KOHCTPYKTOpPbI ANA pa3HbIX UeneBbix rpynn (CpegHAA/BbICLAA LIKOMA, MOJIHbIN
UM YaCTUYHBbIA MHTEPAKTMB, NYMaHUTapPHble WM TEXHUYECKNe crneunanbHOCTU U ap.).
Kpome Toro, B HacToALMIN MOMEHT BCe Nofo6Hble NPOorpamMmmMHblie MPOAYKTbl HarnpaBsieHbl
Ha onpefEéneHHbIN NONb30BaTENbCKUN CErMeHT (AnA co34aHnA coLManbHbIX NMPUIOXKEHWI
WM KOMMbIOTEPHDBIX UMP), B CBA3M C YEM MOKA OTCYTCTBYET NPAMOE NpoAaBMKeHNe B chepe
My3€eHbIX U UCTOPUYECKUX YCNYT, N JaHHAA MapKeTMHIOBasA HuLWa Takxe He 3aHATa. Ewe
OAHOW He MeHee BaXXHOW MPUUNHON Ans pa3paboTKN MOAYNSA-KOHCTPYKTOpPa ABASETCA OT-
CYTCTBUE POCCUNCKIMX pa3paboToK B 3ToN chepe.

Ha ocHoBaHWMM NpoOBeAEHHOrO aHanm3a BO3MOKHbIX HamnpaBfieHUI HaMU BblABEHDI
cnepyiowre cdepbl, rae MOXeT NPUMEHATbCA nNpeasiaraembiin VR/AR-KOHCTpyKTOP:

« reiMMdrKaLMA apxeonormyeckmx NccnenoBaHnia, packonok (Lin et al. 2019, 229-
238) n uctopuyeckoro Hacnegusa (Varinlioglu, Halici 2019);

* NpefCcTaBneHne OTAENbHbIX aPXe0NIONMYECKNX HAXOA 0K, KYNIbTYPHOTO U NCTopuye-
CKOro Hacleaus B BUPTYasibHOW NN AOMNONHEHHOW peanbHOCcTH (Grevtsova, Sibina 2018,
90-102);

- co3aHne obpa3zoBaTesibHbIX KypcoB C anemeHTamu VR/AR Ha cucTemax gucTaH-
LUMoHHOro obyueHuns, Hanpumep Moodle, gnsa nonynapusaLmn COXPaHeHUs UCTOPK-
KO-KYJbTYPHOIO Hacnepms, obyuyeHns CTYAEHTOB MPOGUIIbHbIX CeuranbHOCTeN, fO-
NONHUTENBbHOIO 06Pa30BaHNA 1 MPOCBELLEHUS WNPOKMX Macc HaceneHusa (Ellenberger
2017, 305-309; Garstki, Larkee, LaDisa 2019, 45-49);

+ BOCCO3JaHue C nomoLbto KOHCTpyKkTopa VR/AR wabnoHOB pa3nnyHbIX BUPTYanb-
HbIX My3eeB, COObITUI, NPOU3BOACTBEHHbIX TEXHOMOMNIA, NCTOPUYECKUX NYOIMNYHBIX
unn nHbix mect (Schofield et al. 2018, 805-815), apxeonornyecknx NaMATHUKOB U Mp.
(Manju et al. 2020, 627-632).

Ncxopa 13 6onblioro Kpyra nepeumciieHHbIX Bbille UCTOPUMYECKUX M apXeoniornye-
CKIMX 3afjay, rae Kak npegnonaraeTca NCnosb3oBaHye co3aBaeMol CUCTEMbI YIpaBieHuna
VR/AR-KOHTEHTOM, 1 MOTPeOHOCTEN KOHEYHbIX Mofb3oBaTeNieil, KoTopble He ABMATCA
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npodeccroHanamm B chepe MHPOPMaLMOHHbIX TEXHONOT A, Bblv BblAeneHbl cneaytoLne
KpuTnyeckune TpeboBaHMaA K pazpabaTbiBaeMoMy NporpaMmHoMy obecneyeHuto:
e cucTEMa [OMKHA MHPOPMUPOBaTb MOMb30BaTeNsAs O HEKOPPEKTHOM BBOAE
nHbopmaLmn;
+ BCE COOOLLEHUNA JONXKHbI YAOBETBOPATb TPeOOBaAHMAM MOHATHOCTU 1 JIOTUYHOCTY;
+ BblIOOp AocTynHbIX 3D-Mofenein 1 cueH AomkeH ObITb peann3oBaH HarnsagHo, Ka-
XAana [OCTYMHaA MOZeNb UK CLeHa JoKHa ObiTb NpeAcTaBieHa B BUAE MAHMATIOPDI;
 focTynHble 3D-mofenun 1 cueHbl AOMKHbI ObITb CrpynnMpoBaHbl (Hanprmep, no
npegmeTHbIM obnactam);
+ BCe AOCTYMHble CLieHapum paboTbl JOMXKHbI cogepKaTb NogpobHoe onuncaHue;
« OMXHa 6bITb JOCTYNHA PYHKUMA pefakTUPOBaHMWA CLieHapues;
« IporpamMma JomKHa MMETb "ApYy»KeCTBEHHbIN" U MOHATHbLIN MHTepdenc Ana Henoga-
rOTOBJIEHHOrO NONb30BaTenNs.

B 6onbluMHCTBE CllyyaeB co3faHHble KypCbl Y BUPTYyaibHble NPOCTPaHCTBa 6yayT MeTb
BO3MOXKHOCTb NPOCMaTPMBATHCA C MOMOLLbIO CMapTPOHOB 1 YCTPOCTB, CXOXNMX C Google
Cardboard, nosTomy rnaBHbIM BUAOM KOHTPONA JOSIXKHO ObITb OTCNIEXMBaHWeE B3rnaja.

Mpw peanusauny NnepeyuncieHHbIX Bbille TEXHONOM I, BapUaHTOB NCMONIb30BaHNA pas-
pabaTbiBaeMbIX TEXHONOMMIA Y CMeLnanncToB, paboTalolWmX C KynbTypHbIM Hacneaunem,
JOJXHbI 6yAyT NOABUTLCA AOMONHUTENbHblIE NPOPECCHOHaNbHble MHCTPYMEHTbI, YNpo-
watowme nx paboty, No3sonsoLMe co3haBaTb MHTEPECHbIE KOHEYHOMY NOTPEOUTENIO UH-
dbopmaLMoHHbIe NPOoAYKTbl U MO3ULMOHMPOBATb CBOM OpraHM3aunm Kak ugyLlimne B HOry
CO BpemeHeMm.
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OBPA30OBATEJIbHbIE BO3SMOXHOCTU
BUPTYAJIbHOW APXEOJTIOI U
(ONbIT NPAKTUYECKOTO NCNOJIb3OBAHNA)

Mmo6anbHble BbI30Bbl COBPEMEHHOIO MUPa NPUBOAAT K TPaHChOPMaLM BbiCLUEN LLKO-
Nbl, B TOM YACTe 1 B Hawel cTpaHe. M ecny B npeawecTByoLme rofabl 3TOT npouecc 6bi
OTHOCUTENbHO NNaBHbIM, To NaHgemua COVID-19 npocTo He ocTaBwWa yHUBepCUTEeTaMm Bbl-
60pa. B HOBbIX YCNIOBMAX TONIbKO TOTasIbHbIN NEPeXoq K ANCTaHLMOHHbIM 0bpa3oBaTesb-
HbIM TEXHOSTOMMAM NO3BOJNIT COXPAHUTb YUYEOHBIN NpoLiecc.

[lonroe Bpema 3HauUTenbHasA Macca MNpodeccopCcKo-NpPenofaBaTe/ibCkoro cocTaBa
LOCTaTOYHO CKENTUYECKN OTHOCUIIACh K MCMOMb30BaHUIO NTIEKTPOHHbIX YY4eOHbIX KYpCOB,
oTAaBaa npeanoyTeHne JINYHOM KOMMYHUKaLMK CO CTyaeHTamu. B ycnoBuax naHaemunn
CTasIo OYEBUAHO, UTO OAHUX NTEKLMIA, MPOBOAUMBIX Ha NnaTdhopMax OHNANH-KOHbEepPeHL I,
HepocTaTouHO Ana a3ddeKTBHOM paboTbl ¢ ayautopuent. HyxkeH gpyron pabounii MHCTpY-
MEHT, NOo3BoJIAWNIA 0becneunTb Heobxoanumoe GakTUUecKoe HanoHEHE ANCUUMINHDI
1 HalaanTb KOMMYHMKaLUIo MeXAy npenogaBatenem 1 CTygeHTaMu. Ml Taknm MHCTpymeH-
TOM CTasnu 3NeKTPOHHbIe KypcCbl. B HanonHeHUN ANCTaHLUMOHHbIX 06pa3oBaTesibHbIX pecyp-
COB He3aMeHUMbl BO3MOXHOCTY BUPTYanbHOW apXeosiornu.

B Cubnpckom denepanbHOM YHUBEPCUTETE CYLLECTBYET CBOS CUCTEMA SNEKTPOHHO-
ro obyueHua nof HasBaHmem «eKypcbl», pa3paboTaHHas Ha ocHoBe nnatpopmbl (LMS)
MOODLE. Ha sto nnatpopme co3haH U YCMewHO peanusyeTca Kypc «Apxeosnorus.
NcTouHnKoBegueckum npakTnkymy.

CornacHo obpa3oBaTesibHOM NporpamMmme no HanpasneHuo «Mctopua» gucumnamHa
«Apxeonorua» n3yvyaeTtca Bo BTOPOM cemecTpe. [lepBoHayanbHO Kypc 6bl1 NOCTPOEH Mo
KNacCn4yecKkoln cxeme: OCHOBHOE BHVMaHWe yaenanocb cneunduke NCTopumn peBHero
N CcpenHeBeKOBOro HaceneHua Cubupu B pasHble XPOHONIOrMYeCcKne neprogbl. Ynop
Jenanca Ha 3HaKOMCTBE CTYAEHTOB C pa3HOOOpa3MeM apXeosIormyecknx KynbTyp u nx
cneunduKo.

B nocnenHuve rogbl Knaccmyeckas cxeMa NocTPOEHMA Kypca AoKasasa CBO Headdek-
TMBHOCTb. CTyAeHTaM MepBOro Kypca He yaaBasocb YCBOUTb HEOOXOAUMBIN MaTepuan,
a pe3ynbTaTbl 06yUYeHMA He COOTBETCTBOBASM 3aABJIEHHBIM B MPOrpamme KOMMeTEHLMAM.

CBs13aHO 3TO C LieJSIbIM KOMMJIEKCOM MPUYMH. Bo-nepBblx, Npy NOCTYNAeHUM abUTypreH-
Tbl CAAIOT TOJIbKO FYMaHUTapPHbIE ANCLUMIIVIHBI, COOTBETCTBEHHO, UM He XBaTaeT 6a30BbIX
3HaHMI No ueniomy 610Ky ecTeCTBEHHOHayuYHbIX MPeaMETOB, TakuX Kak reorpadus, reo-
norua, buonorus, pusrka, XMmMmna. Yacto y HUX HET Jaxke 3/1eMeHTaPHbIX NpeacTaBeHU
06 okpyxatolem mupe. Bo-BTOpbiX, y yyalwmxca He CPOPMUPOBaAHbI HABbIKU UTEHMA
«OJIMHHbIX TEKCTOBY, UM CITOXHO BbIAENNTb OCHOBHbIE MbIC/TW, Pa3AenuTb TEKCT Ha CMbIC-
noBble 6/10KK, CONOCTABUTb CBEAEHUA 3 Pa3HbIX UCTOYHUKOB. Takm obpasom, paboTa Ha
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CEMMHAPCKMX 3aHATUAX CBOAUTCA K aBTOMATUYECKOMY UTEHMIO HAaAEHHON nHopmMaLmm,
6e3 eé NOHMMAHMWA 1 aHANUTUKN. B-TpeTbux, CTyAeHTaM MIAALLNX KYPCOB He XBaTaeT 3Ha-
HUIA 1 obLerymaHuTapHoro npoduna. Bo Bpems nepsoro roga obyuyeHnsa oHu ewé cnabo
3HaKOMbI C OOLLEHAYYHOW TEPMUHOOMMER, He YCnesnn NO3HAKOMUTbCA C OCHOBaMU Guso-
codurm, NCTOYHNKOBEAEHMA U METOLOJIOTMEN HAYyYHbIX UCCIIe[OBAHNI.

B 3TuX ycnoBusx Kypc no apxeonoruun nepenesiaH ¢ y4eToM KOrHUTUBHbBIX OCOOEHHO-
CTel cTyaeHTOoB. B pe3ynbTate NpoBef&HHON PaboTbl bl NePeCcMOTPEHbI Pe3ynbTaTbl 06-
YyYeHUs, NHaye CKOMMOHOBAHO BHYTPEHHee cofjeprkaHne Kypca, CAenaH yrnop Ha npakTtu-
YecKmx 3aHATUAX, Ha Nnatdopme «eKypcbl» paspaboTaH NONHOLEHHbIN SIEKTPOHHbIN KypC
«Apxeonorua. ICTOYHMKOBeAUECKNI MPAKTUKYMY.

OCHOBHOI aKLeHT B nepepaboTaHHOM Kypce cfieflaH Ha 3HAaKOMCTBE CTY[EeHTOB C Tep-
MUHONOrNeNn, MeTofaMm1 NoneBbIX 1 NabopaTopHbIX NCCefoBaHUN, MPUEMaMUN ONMCaHUA
pa3HbiX BUAOB apXeonormyeckmnx MCTOYHNKOB, COBPEMEHHbIMY TEXHONOTMAMN BU3Yanun3a-
LK 1 Npe3eHTaLnAMN apXxeosiornyecknx maTepmranos.

Ocoboe mecTo B paboTe cO CTyAeHTaMM 3aHMMAET MMEHHO JIEKTPOHHbIN Kypc. DTOT
WNHCTPYMEHT Mo3BONNUI pa3paboTaTb cCTeMY Pa3HOOOPA3HbIX OLLEHOUYHbBIX MEPONPUATUIA,
HaCbITUTb 06PA30BaTENbHbIN NPOLIECC HOBLIM MO GOPME KOHTEHTOM, CHOPMUPOBATb YL06-
HbIl CNPABOYHbIN MHCTPYMEHTapUA.

Mpu pa3paboTke 3NeKTPOHHOIO Kypca Hanbonee CNIOXKHON 3aZiayeli cTana opraHmn3aLma
camocToATeNIbHOM PaboTbl CTYAeHTOB. ECn BO Bpems ayaUTOpPHO paboTbl OHM Ha MPaKTMKe
3HAaKOMUJIUCb C Pa3HbIMU BUZAMM apXeonornyecknx MaTepranos, TO AUCTaHUNOHHOe oby-
YeHue He Npeanosaraso paHblUe Takor BO3MOXHOCTY. Bbixogom 13 cutyauumn ctano wmpo-
Koe NprMeHeHMe B SNIEKTPOHHOM y4e6HOM Kypce TPEXMePHbIX Mofeneli apTedaKkToB.

[na sToro ncnonb3oBanca 6aHK UMGPOBLIX MOAENeN apXeonornyecknx npesmeTos,
chopmmpoBaHHbI KonnekTBoM nabopatopum Digital Humanities Cnbupckoro denepans-
Horo yHuBepcuteTa (YepkaluuH, MNMukos, PomaHiok 2016). PaHee yxe HeOOHOKPaTHO Mof-
YEPKMBANACh BaKHOCTb OLMPOBKM 06 EKTOB KYNbTYPHOrO Hacnems A ero COXpaHeHs
1 aktyanusauun (Tfyk n gp. 2017), Torga Kak B o6pa3oBaTesibHOM NpaKT/Ke NoTeHLMaN no-
[O6HbIX MaTepuranoB B Poccum ABHO 1CMONb30BaH B HELOCTAaTOUYHOWN Mepe.

Mogenn o6beKkToB KyNbTYPHOrO Hacieaus UCMomb3yloTCA B Pa3HbIX pasfeniax dek-
TPOHHOTIO Kypca B COOTBETCTBMM C y4eOHbIMM 3agadyamu. MNpumMeHeHne pasfnyHbIX TEXHUK
BM3yanm3auum B 06yyeHnr no3sonseT obecneuntb ero MHTEHCUPUKaLMIO, a TakkKe akTu-
BM3MPOBaTb MO3HaBaTeNIbHYO AeATeNIbHOCTb CTyaeHTOB (Bepbuukuii 1991). bonee Toro,
OAHVM 13 OCHOBHbIX MPUHLMNOB 00yYeHNaA ABNAETCA NPUHLMN HAarnagHoCcTU. IMeHHO 3To
KauyecTBO 06pa3oBaTesibHbIX KOMMOHEHTOB MO3BONAET MOyyaTb MOSIHOLIEHHbIE 3HaHUA
1 pa3BMBaTb JSlormyeckoe moiwsneHure (Yconbues, Llamano 2016).

B nepByto ouepenb oundpoBaHHble MOAENM apXeosIorMyeckoro maTeprana nprekKa-
I0TCA B KauecTse WINICTPATUBHOIO Matepurasa B pasgene «fnoccapuiy». CioBeCHOro onu-
CaHuWA opyaui Tpyaa, OPY»KUS U YKpaLleHUI YyacTo bbiBaeT HeoCTaTouHO. TpéXmepHble
mopgenn aptedakToB MO3BONAIOT Pa3rnAfeTb NpeaMeT CO BCeX CTOPOH WM COCTaBUTb
0 HEM MaKCMMarnbHO MoJIHoe NpeacTaBnieHne. Kpome Toro, 31o 4o6aBnAeT Kypcy NHTepak-
TUBHOCTW, A TaKXKe MO3BOJIAET MOKa3aTb 3MoxaNibHble N3MeHeHnA GOpM 1 BULOB OPYLAUiA.
Mpn HeOOXO[UMOCTY 1 HAIMUYUUN HYXKHOFO KOHTEHTA BO3MOXKHA AEMOHCTPALUA MHOr006-
pasua TMNoB NpeamMeToB, 06YCOBNEHHOTO KYNbTYPHbIMM, XPOHOOrMYECKUMI U COLU-
ANbHBbIMU PA3NYUAMM.

AKTVBHO UCMOSb3YOTCA TPEXMEPHble Mogeny apTedakToB A1 CAaMOCTOATENIbHON pa-
60Tbl CTyAEHTOB. Yualymecsa Nosy4yarT CCbUIKY Ha TY WAN WHYKO KONNEKUMIO NpeamMeToB
N COOTBETCTBYOLWIME 3aflaHNA MPaKTMYeCcKoro xapaktepa. Cpean HMX: onvcaHune npea-
METOB MO 3apaHee 33afaHHbIM MapameTpaMm, OMucCaHWe KOMNEKUUWU, MOWNCK AaTUPOBKU
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N KYNbTYPHOW MPUHAANEXHOCTN HAX0AOoK, MX Knaccudumkaums. Kak nokasbiBaeT NpakTuKa,
HanbosbLLMe CIIOXKHOCTU BO3HUKAIOT MpuY paboTe C MoAenaMN U3JENNIA U3 KaMHS, UTO 00Y-
cnoBneHo cneunduKor Noao6HbIX MaTepunanos. lNpoBepoyHble 3ajaHnA 4EMOHCTPUPYIOT,
YTO CTyZEHTbI, paboTatoLme C BUPTYasibHbIMU MOAENAMU NPEAMETOB, MOTYT YCMeLHO Bbl-
MOMHATbL aHANOrMyYHbIe 3afaHNA Npu paboTe ¢ peanbHbIMKU apTedakTamu.

MNpoBenéHHbIN onpoc cpenn 50 yyalymxca nokasan BblCOKY 3PPeKTMBHOCTb NCMOSb-
30BaHUA TPExMepHbIX mogeneit. CTyaeHTbl OTMeYaloT BbICOKYIO HarAgHOCTb UCMOMb3ye-
MbIX MaTepuanosB, Torga Kak onvcaHuA NpeaMeToB UM UX PUCYHKU Bbi3biBaloT Oonblune
CNOXHOCTY Npn paboTe ¢ HUMKU. ABCONOTHOE BONBLUINHCTBO CTYAEHTOB BbIPa3vn »ena-
H1e nonpo6oBaTb CaMOCTOATENBHO NONYUYUTb NOA0OHbIE N3006paXKeHUs.

BmecTe ¢ Tem copepaHre obpa3oBaTesibHOM Mporpammbl TpebyeT HOBbIX NOAXOLOB
K GOpMUPOBaHMIO BUPTYaNbHbIX KOJMEKUWIA apXxeonornyeckux npeamertos. Yawe Bcero
ana oumdpoBKM BbiIbMPalOT Hanbonee ApKMe U N3BECTHbIE HAXOAKY (NpeameTbl UCKYCCTBA,
TOPEBTMKY), TOrAa Kak AnA 3agay y4ebHoro Kypca 4acto Heobxoumbl Havbonee TMNUYHbIe
1 MaccoBble MaTepuarbl, BK/oUas OTXOAbI MPON3BOACTBA. bbino BbiABIEHO HepaBHOMEpPHOe
HarosHeHve pasgena «[occapurit», YTO HEOOXOAVMO YUYMTbIBATb MPW OTOOPE NPeaMeToB
[Nsi co3naHna TpExmepHbIx Moaenen. CTana oyeBuaHa HEOOXOAMMOCTb GOMbLLION PaboThl
AR CO34aHNA N306paXKeHNI Pa3HOTUMHBIX APXEONIOrMYECKX 0OBEKTOB (MOrpebeHnii, Xu-
NNLL, XO3ANCTBEHHbIX AM, TEMIOTEXHNYECKMX COOPYKEHWN, LieSbIX MOCESTKOB I FOPOANLLY).

Takum o6pasom, undpoBble MOAENM apXEONOrMUYECKMX NPEeAMETOB NMEIOT LUMPOKNIA
CNeKTP NPUMEHEHNA B 3N1eKTPOHHbIX 06pa3oBaTeNibHbIx Kypcax. OHY NO3BONAIOT HE TOJb-
KO caenatb Kypc 6onee HarnAaaHbIM U MHGOPMATUBHBIM, HO MOTYT 3GPEKTUBHO UCMONb30-
BaTbCA B CAMOCTOATENIbHOM paboTe 0byyatoLmxca, No3BoAa Ha NpakTMKke oTpabaTbiBaTh
Heob6xoauMble HaBbIK/. BMecTe ¢ Tem BCE oueBMHee CTaHOBUTCSA HEOHOXOANMOCTb B Gop-
MUPOBaHUY LNPPOBbLIX KOMMNETEHLNIA Y CTYAEHTOB HamnpaBAeHWI NOArOTOBKM «McTopursay,
«Apxeonorunsay, «<MyseniHoe geno».
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BUILDING DIGILAB - TOWARDS A DATA-DRIVEN RESEARCH
IN CULTURAL HERITAGE

Introduction

E-RIHS — The European Research Infrastructure on Heritage Science, aims at providing
new knowledge on the research, conservation and restoration of works of art, heritage
assets, monuments and sites. As such, the target of its scientific investigation (paintings,
sculptures, manuscripts, frescoes, icons, archaeological artefacts, building facades,
architectural remains or heritage buildings, coins or ancient musical instruments, just to
name a few) are stored in the hundreds of museums, art galleries, private collections and
various other institutions, scattered all over Europe.

DIGILAB has been envisioned to primarily fulfill two main roles: integrate data
predominately generated by FIXLAB, MOLAB and ARCHLAB analyzing the assets described
above, and provide a set of digital tools for interrogating, processing, analyzing and
interpreting such data, adding new knowledge. Thus, DIGILAB is envisioned as a knowledge
creation space, in addition to its functions of curation of scientific data and management
of reference collections and libraries (e.g. spectral libraries of pigments). Complementarily,
it should provide catalogue information on ARCHLAB, and once its archives are digitized,
integrate it within DIGILAB.

One can note the complexity of the task — both platforms combine a wide range
of measurement techniques, instruments and methods. A quick look at the recently
published catalogue of services on the IPERION-HS website shows a complex mosaic
of techniques, expertise and disciplines converging in the domain of Heritage Science.

ARCHLAB provides access to organized scientific information in largely unpublished
datasets from archives of prestigious European museums, galleries and research institutions.
It enables physical access to the combined knowledge in 14 repositories in Belgium, France,
Germany, Italy, Netherlands, Romania, Spain, Sweden and the UK. Data, in physical or digital
form, have been collected through years of activities devoted to research and conservation
of European cultural and natural heritage. Besides access to scientific, analytical and technical
data on cultural objects, crafts, monumental and archaeological sites of international
importance and related samples, access is provided to collections such as reference samples,
art materials and several types of archaeological collections.

FIXLAB extends over twelve countries and twenty-seven laboratories, covering five
main techniques categories, such as biology, mass spectroscopy or molecular analyses
and combining expertise in a variety of disciplines. Access is offered to help address
major questions raised by the materiality of Heritage Science artefacts in terms of their
genesis, manufacturing processes, alterations, conservation and preservation. The unique
services offered embrace advanced state-of-the-art instrumentation; dedicated facilities
with teams of experts in the field of micro-analysis of HS artefacts; novel developments
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resulting from IPERION HS joint research activities to improve access progressively;
development of both new sample-positioning devices at a micro-scale and software tools
for the integration of imaging data. MOLAB is a world-class distributed infrastructure
including key laboratories across ten European countries providing access to a set
of mobile equipment and related competencies, for in-situ non-destructive measurements
of artworks, collections, monuments and sites. The analysis may be orientated towards
art-historical or archaeological questions (execution techniques, dating, under-drawings
in paintings etc.; assessing the state of conservation of artefacts; determine or test the
optimal preservation strategy to slow down alteration processes; monitoring conservation
treatments and informing a risk assessment. All the techniques are non-invasive, so there
is strictly no sampling or contact with the surface under exam.

Giventhe above picture, the task of generalizing workflows, processes and structures
in order to integrate them within a comprehensive environment is difficult. The starting
pointis therefore a generic description of a typical workflow in Heritage Science. Figure
1 exemplifies such a characteristic workflow, aiming to be as generic and inclusive as
possible. The left side of the mind-map details the stages of the workflow itself, while
the right one details a specific example of analysis, tools and methods involved.

Any work starts from a well-articulated question on the reason why a measurement
(or campaign of many measurements) is taken. This can be from the art history domain
(e.g. which color mixtures were used by El Greco during his stay in Venice), conservation
sciences (e.g. how one can identify the location, size, and stability of micro-fissures in the
Michelangelo’s David sculpture), restoration analyses (e.g. which materials can be used
for the restoration of Medici letters written on Florentine papers?). Based on the above,
researchers have to choose the most appropriate methods of analysis and tools, considering
ethical aspects as well (e.g. invasive / non-invasive methods).

Consequently, researchers should follow protocols (if they exist or are required). These
should guide them along the entire cycle of knowledge creation, from data acquisition,
processing, post-processing, interrogation and interpretation of results. For example,
protocols can detail how data should be captured (e.g. if sampling occurs, how a sample
is extracted and treated), which software to use in order to process data and so forth.

Once the work objectives are clear and the investigation methods are chosen,
instruments have to be set, their environmental conditions captured, data strategy
defined and the optimal methods for data capture set. The same regards data analysis and
derivation of conclusions.

Ideally, the entire process is formally captured in a set of information on how data has
been produced. This is grouped under the terms “metadata” and “paradata’, both providing
the necessary tools to assure other users of the same data on its quality and usefulness

A standard Heritage Science based analysis starts with a thorough investigation of the
background information on the analyzed asset(s). In the example presented in fig. 1, the asset
is a painting; thus typical information that could be captured in a semantic metadata structure
includes the object’s history of ownership, a clear record of conservation interventions and
related restorations, a description of the object from an art historical perspective and relevant
curatorial data. These are often essential in making a first assessment of the reasons for the
current conditions of the object and will dictate future interventions and measurements.
Consequently, a common course of analysis proceeds from the macro to the micro, starting
with a thorough investigation of the current state of the object’s conservation, which may
influence any subsequent step, and may affect different types of analyses in unique ways. Fig.
2 exemplifies the above mentioned steps, where the investigation workflow is linked with
the why, what and how questions of the analysis, further detailed in fig. 3.
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Fig. 1
A typical workflow in Heritage Science
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Fig. 2
An example of a painting analysis (The Cyprus Institute art characterization pipeline)

In this case, the first step is to characterize the overall shape of the analyzed artefact and
its surface conditions (cracks, fissures, alterations in the overall geometry, etc.), followed by
the materials used and conservation conditions. More detailed analyses follow, focusing
on specific questions. Results indicate production methods, techniques and technologies
applied, materials used and preservation conditions.
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Figure 3 describes the same pipeline with examples from non-invasive analyses on
paintings, a recurrent request from many owners of works of art in the public or private
sector. In the case described, x-ray radiography was performed in a hospital laboratory,
which highlights the need for proper ethical and IPR metadata documentation. A series
of imaging methods characterize the surface of the painting, followed by more specific
methods of investigation. It is important to note the cyclic nature of analysis: the analytical
results need to be corroborated with the art historical research, and this need represents
one of the challenges to be captured within DIGILAB, in particular through its virtual
research environment and collaborative tools (see below).

DIGILAB is described here at a conceptual level, with a Minimal Viable (MV) Structure
detailed below. It consists of two main blocks - the data repository (DR) (with a federated /
distributed structure) and a virtual research environment (VRE). Additional units consist of
a separate section digitally hosting reference collections (e.g. lists of XRF-based pigments
analyses of 16th century Italian paintings), and a catalogue of digital services offered by
the VRE. A further component of DIGILAB regards the FAIR-isation of data and enrichment
of its quality. DIGILAB should be able to primarily communicate with EOSC, the European
Open Science Cloud, converging its content with it. DIGILAB is perceived as an aggregator
of data from various content providers / repositories, thus it can be referred to as a
federated repository. There are a variety of actors being able to ingest data, from individual
researchers, to a laboratory, institution, at national level or at E-RIHS platform level (fig. 4).

The primary components of the DR are a data storage module, related to cleaning,
storing and curating it, a semantic harmonization integration and inter-operability unit,
enabling semantic mapping and overcoming language barriers and an ingestion and data
retrieval unit, with related query / browsing tools. The VRE's main components are a virtual
meeting room, conceived as a space where researchers from various disciplines can meet
and discuss and enrich the data (e.g. through annotations) in front of a dashboard with a
variety of collaborative tools offered. The VRE also contains data science tools for further
data exploration and domain-specific tools, as detailed below in fig. 5.

REFERENCE COLLECTIONS CATALOG OF SERVICES

V’—|
@8 Data Repositor; s -
& Virtual Research Environment &)
i optimization

Aggregation data level

EURDPEANOPEN
SCIENCE CLOUD 77"/«

MOLAB

ARCHLAB

Fig. 4
Schematic structure of DIGILAB
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The DIGILAB process is described in fig. 6. There are four data processing stages: ingestion,
curation, interpretation and publication / re-use. Reference collections and the catalogue
of services are treated separately. Each component is described in more details below.

INGESTION (part of the data repository component of DIGILAB) (fig. 7)

how data was collected

error check

technical
I ON
domain specific internal consistency
metadata —_—
— e .
administrative
g quality assessment

art history

data ethics

.
” \
humanities background }

policies

THE DIGILAB [ Adatasetis avattabletor |
PROCESS | meestion/harvested |

Data cleaning

‘ CATALOG OF SERVICES ]

Fig.7
The ingestion component of DIGILAB

Ingestion consists of two groups of actions: data/metadata ingestion and data cleaning.
Dataingestion can be automatic (periodic check for data harvesting from other repositories)
and manual, (directly by individual researchers or curators of data).

A.The primary information on data is grouped in three main categories:

a. Humanities background
. art history (including conservation/restoration descriptions)
Il. archaeology
I1l. curatorial data
b. Metadata:
. technical information, possibly machine-generated
Il. administrative data, e.g. ownership, IPR status, legal aspects
Ill. domain-specific — e.g. sample extraction method
c. Paradata, i.e. information related to data provenance:
. type of data (raw, processed, post-processed)
Il. data generation steps (including e.g. calibration methods and data)
I1l. protocols applied when generating the data
IV. information on existing institutional data management plan

B. Data cleaning consists of the following steps:

a. Identification of possible errors in data, e.g. missing fields, wrong dates
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b. Consistency check, investigation of the data integrity

c.Data quality assessment, checking pre-defined parameters, automatically or
manually

d. Data ethics clearance - IPR protection, compliance with ethical aspects, etc.

e. Policies - legal, operational framework applied when generating the data.

CURATION (part of the data repository component of DIGILAB) (fig. 8)

J‘ Storage | Semantic harmonization

federated repositories .
metadata mapping

object_based ID

paradata mapping
raw data

( related processed data .. X
versioning semantic integration

derivative data

language alignment

( ) levels
accessing

J . .
authorization

semantic searc I
\ —

intelligent browse ]

\
—_—

data retrieval [

Fig. 8
The Curation component of DIGILAB

The curation stage has two main components:
A. Actions necessary for data storage:
a. Indexing, according to a federated repositories model, based on a persistent
unique identifier of the analyzed object, for example
b. Versioning, considering aspects of type of data and its derivative ones, relation
between a set of raw data and its processed and post-processed outcomes
c.Accessing, including authorization levels, APl (application programminginterface),
definition of levels of access and modification rights on data, considering related
data IPR
d. Semantic search and intelligent browsing options (e.g. through timeline, map-
based, etc.)
e. Data retrieval options, considering IPR aspects and types of users.
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B. Semantic harmonization, necessary to obtain data interoperability, including:
a. Semantic metadata/paradata integration
b. Language alignment

INTERPRETATION (the virtual research environment component of DIGILAB) (fig. 9)
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Fig. 9
The Interpretation component of DIGILAB
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The main data reasoning block of DIGILAB, and consists of several main components:
A. A virtual meeting room, conceived as a collaborative environment, with:

a. a dashboard with tools for interaction with data

b. a multi-disciplinary dialogue through collaborative tools

c. chat rooms as meeting points between humanities experts and those who
performed the measurement and derivative analyses.

B. A data enrichment environment, linked with the dashboard, for:

a. annotations as part of the interpretative process of data,

b. interaction with similar external sources or

c. update of information related to the investigated data.

C. A set of data sciences digital services - this is where various operations help
researchers gain new insights into the data. These can be:

a. machine learning tools, such as Al, ML etc.

b. neural networks

c. scientific data visualization tools

d. mathematical tools

D. A complementary set of tools for performing primarily:

a. Predictive (e.g. agent-based) modelling (e.g. location of production centers for
glazed medieval pottery, given goods distribution models).

b. Large-scale simulations of events (e.g. degradation of a building facade given
specific environmental conditions within 5 years)

c. Identification of patterns and characterization of causality between factors (e.g.
demonstration that the use of oil lamps in churches decorated with frescoes
causes degradation of certain colors).

E. Domain specific tools, such as:

a. 3D - surface characterization (rugosity, roughness), 3D shape analysis, rendering
and light simulation, etc.

b. Imaging - RTI, image processing tools, multi-spectral imaging

c. Tools for isotope-based data calibration, geo-chronology

d. XRF quantification of data

F. Links with specialized external links that may help increase data quality and alignment
in large-scale initiatives, such as:

a. Thesauri (e.g. Getty)

b. PeriodO (a gazeteer on period names - https://perio.do/en/)

c. Pleiades (a gazeteer of ancient place names - https://perio.do/en/)

d. Wikidata (knowledge graph — https://www.wikidata.org/wiki/)

PUBLICATION (the data repository component of DIGILAB) (fig. 10)

The publication component is the main link of DIGILAB with external users / platforms.
It consists of two main categories, according to the nature and purpose of the link:
A. Publication in external sources, such as:
a. EOSC - the European Open Science Cloud
b. Zenodo and similar initiatives
c. Citations indexing
d. Wiki and related sources
B. Data re-use, by a variety of stakeholders, and according to IPR data clearance and
profiling of users:
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Fig. 10
The Publication component of DIGILAB

Requirements for DIGILAB implementation
DIGILAB starts from scratch. It is an ambitious project which requires profound
transformations in the way researchers will conduct their future work. The concept
of FAIR data, existing in many fields for several years now, is still in infancy in terms of
implementation within the Heritage Science community. Adopting DIGILAB will require
also institutions to design data management plans and implement them. The domain of
Heritage Science is still fragmented, with researchers and labs working in isolation, data
sharing being a utopian concept. Consequently, data provenance, while acknowledged
as being important, is not yet implemented. Moreover, while researchers are used to look
upon others’ processed and interpreted data, they hardly share raw, primary data.
Therefore, it is recommended to focus future work on several levels:
A.Technical level:
a. Develop an authentication and authorization interoperability framework.
b. Definition of a persistent identifier framework, ideally to be linked with the
Heritage asset persistent unique identifier (the ID of the Heritage asset).
Consequently, a DOI assigned to a dataset, should be evaluated as well.
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c. A data-access framework, where data is perceived as a service, in particular for the
R (re-use) component of the FAIR principles.

d. A dataset discovery system based on metadata and content.

e. A service management and access framework, considering ethics and IPR.

f. A Service-Oriented Architecture (SOA) for data ingestion and documentation
supported by Natural Language Processing (NLP).

g. Metrics for measuring quality (i.e. connectivity) of the semantic repository, and
thus its ability to answer relevant questions (for the HS community).

h. Methodology, methods and techniques for supporting the evolution over time of
the semantic repository and its relevance to the HS community.

i. A Support service: Helpdesk, FAQ, QA (based on Conversational Search).

B. Domain specific requirements:

a. Definition of a Heritage Science data model (building on existing initiatives within
the CIDOC-CRM community, such as the CRMsci, CRMcr, CRMdig and relatable to
the PARTHENOS data model).

b. An inter-disciplinary metadata framework, including descriptive information on
the heritage asset analyzed, description on the projectable framework (according
to the presented Heritage Science workflow).

c. Criteria for assessing data quality

d. Definition of internationally accepted protocols.

D. Sustainability requirements:

a. Setting of an open metrics framework for rewards and recognition

b. Costing access to DIGILAB services

¢. Costing for the re-use of DIGILAB data

d. Agreed upon policies at national level

e. Implementation of data management plans.

IPERION HS aims at addressing some of the challenges presented above, in particular
those related to levels Il and Ill as described above. Looking at on-going similar initiatives,
the interoperability framework and related knowledge repository proposed by the
AriadnePlus project is among the most promising ones and DIGILAB should build on this
accumulated expertise and related platform. Addressing level | from above, as well as
developing the technical infrastructure of DIGILAB by its components and bringing it into
an operational phase requires further substantial resources for research, development and
implementation.
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VIRTUAL ARCHAEOLOGY: 10 YEARS IN VIRTUAL SPACE

Introduction

According to the system development life cycle framework (ISO/IEC/IEEE 15288), any
technical project usually passes six stages: requirement analysis, design, development
and testing, implementation, documentation, and evaluation. The international “Virtual
archaeology”project is no exception. It was born thanks to the ideas of the ISAP London meeting
in 2011 and contacts with the newly established Ludwig Bolzmann Institute for Archaeological
Prospection and Virtual Archaeology. The concept of virtual archaeology was first proposed
by Paul Reilly in 1990 who introduced the use of 3D computer models based on virtual reality
for the visualisation of archaeological data (Reilly 1990). Since then, virtual archaeology has
developed into a broad field of research and applications using the internationally recognised
principles for the use of computer-based visualisation (London Charter Initiative 2009), while
still missing its fundamental definition. That was the problem to discuss by the specialists
interested in the topic. The sequence of all the activities based on the previous results has got
the title International “Virtual archaeology” project with periodical conferences taking place.

Principles and methods

The First International Conference on Virtual Archaeology was organized by the Department
of Eastern Europe and Siberian Archaeology and took place at the State Hermitage Museum
from 4-6 June 2012 (fig. 1). The development of the conference website was supported by the
Russian Foundation for Humanities (project No. 12-03-14006). Participants from 16 countries
(Austria, Australia, Bosnia-Herzegovina, Cyprus, France, Germany, ltaly, Japan, Netherlands,
Romania, Russian Federation, Spain, Sweden, UK, Ukraine, USA) discussed the problems
of using modern computer technologies for archaeological prospecting, data processing,
modeling, archaeological reconstructions and visualizations. The conference program includes
oral presentations, posters with demonstrations, and workshops on the technologies for
multi-dimensional modeling of historical landscapes, archaeological monuments, objects and
artifacts, GIS modeling of natural and historical processes, monitoring of cultural heritage and
virtual reality design. The extremely well organised event (with an unforgettable social program)
provided simultaneous translations from Russian and English, which not only made it easier for
all the participants to follow the presentations but also facilitated lively debate amongst them.
This provided very welcome opportunities to exchange ideas amongst all participants, breaking
down perceived language barriers. Thus the meeting resulted in the official definition for
Wikipedia in English (Virtual archaeology 2014) and in Russian (BupTyanbHas apxeonorus 2014).

Development of the project

Various non-commercial organisations (ADIT, ICOM, ICOMOS, LBI, LMU, ISAP) has
been supporting the development of the website in order to provide a platform
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Fig. 1
Participants of the first conference “Virtual archaeology - 2012”
near the New Hermitage in Saint Petersburg (photo by D. Hookk)

Fig.2
Participants of the second conference “Virtual archaeology - 2015”
near the New Hermitage in Saint Petersburg (photo by A. Terebenin)
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for the communication and demonstration of the best cases and achievements in virtual
archaeology since 1st December 2013. These activities resulted in the Second International
Conference taking place in 2015 again at the State Hermitage Museum (fig. 2). More than
80 participants arrived from 16 countries (Austria, Bulgaria, Estonia Germany, Greece,
Spain, Italy, Canada, Cyprus, Poland, Romania, Russian Federation, Sweden, Ukraine,
United Kingdom, United States of America) and 14 towns of Russia. The Vladimir Potanin
Foundation provided the trip expenses for the leading specialists in frame of the “Museum
Landing” programme. The programme included 38 presentations and 3 workshops.
Each exiting report demonstrated new aspects of the virtual archaeology. Stratified
archaeological deposits are complex data volumes perfectly suited for virtual approaches
of investigation once the data from various sources are collected, including archaeological
prospection results of whole landscapes or augmented reality environment derived from
terrestrial laser recording. The number of participants has doubled up, online translation
allowed the organizers to increase the auditorium by a third, and it became younger.
Students and postgraduates discussed the problems on a par with leading professionals.
Volunteers from the State Hermitage Museum coming from Belgium, Canada, Japan,
Russian Federation, the United Kingdom, the United States of America played a great role
in organisation (content management, translation, logistics).

The stable format and traditions of the conference were fixed: free participation and
open access to the materials. The location in Saint Petersburg (Russian Federation) during
the period of White Nights promoted informal meetings of colleagues and friends. The ab-
sence of the parallel sections, only oral presentations with simultaneous translation create
comfortable environment for fruitful discussions. The main scope of the “Virtual archaeol-
ogy - 2015” consisting of estimation and recommendations of the international experts
in the field of digital cultural heritage for the future development of design methods and
support of the projects in the field of virtual archaeology and virtual museums, as well as
practical experience and technological exchange of specialists with professionals from mu-
seums, universities and scientific institutions can be considered completed.

Implementation of facilities

In 2018 we planned to discuss the achievements of virtual archaeology in the works
from air, on the ground and underwater. However, the submitted reports have shown the
fourth “fiery” element - museum. Thus, it is only natural that the necessary balance for the
contacts of technical specialists and humanitarians was obtained in one of the most pow-
erful museums of the world.

The next important aspect of the project became cooperation. While the scientific
groups including archaeologists, museum specialists and designers from scientific institu-
tions are a casual thing, the international teams working virtually is an achievement of the
project. We always attract attention to the distribution of the points on the map, marking
places where the participants come from. This time we are pleased to note the more equita-
ble distribution on the territory of Russian Federation. The scientific contacts in Europe are
easier due to the high concentration of universities and research centres. The big distances
and territories in Russia make researches isolated and impede live communication. It is the
aim to organise the creative interaction between leading scientific centres that was highly
estimated by experts of the President Grant Foundation, supporting the International fo-
rum “Virtual archaeology - 2018” (fig. 3).

Perhaps a new step of cooperation should be a scientific network. An attempt was real-
ized by SEAV with the objective“to integrate all university research groups, research centers,
institutions, companies and professionals, who want to join a community of excellence,
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Fig.2
Participants of the third conference “Virtual archaeology — 2018”
at the General Staff Building in Saint Petersburg (photo by E. Sidorova)

”

that ratifies and pursues the precepts of the International Principles of Virtual Archaeology
(INNOVA 2016). An attempt to distribute knowledge through paid online courses without
practice has failed. Any network must be permanent, actual and functioning. If one finds
web pages without content or relevant information web analytics instruments record a
bounce rate. The virtual archaeology works with information technologies, which must be
relevant and up-to-date. Scientists in computer technologies believe the forecasts given
by Gartner company based on the Hype cycle (Fenn, Raskino 2008). Taking in account this
methodology we could say that hype was passed around 2015 and COVID-19 pandemics
dragged everyone into “the trough of disillusionment”.“The slope of enlightenment”led to
the on/off-line conference “Virtual archaeology — 2021” at the Siberian Federal University.

Documenting virtual archaeology

The development of virtual archaeology has been documented from different view points
since its appearance to the present day (Ryan 2001; Beale, Reilly 2014; Niccolucci, Hermon,
Doerr 2015; Hookk 2016; Cultural Heritage: Digitization 2018; Forte 2019). The International
“Virtual archaeology” project supports its own website (www.virtualarchaeology.ru), public
pages in social media (Twitter, Facebook, Instagram) with its hashtags (#va2012, #va2015,
#va2018, #va2021) and has published the hard copy of the proceedings (Virtual archaeol-
ogy 2013; Virtual archaeology 2015; Virtual archaeology 2018) under support of the State
Hermitage Museum, where impressive results are presented by the authors of the most pic-
turesque presentations. The theoretical aspects are described along with practical conclu-
sions in the same context. These publications are in open access on the project website and
provide a valuable handbook for anybody who is interested in virtual archaeology.
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System approach to the evidence or “plateau of productivity”

There are no universal methods for performing system analysis. It is generally con-
sidered that it is essential to determine the laws of system functioning, the formation
of alternative algorithms and the choice of the most appropriate solution to the prob-
lem. Sometimes the main task is just to state the problem. Since the first meeting in
Saint Petersburg, the “Virtual archaeology” project has joined together enthusiasts main-
ly from European countries and has resulted in powerful impulse of integration of the
non-destructive methods in the investigation of the domestic archaeological monu-
ments. It revealed young specialists working in regions where the active archaeological
research include the impact of virtual archaeology methods. Every conference had a cer-
tain scope. Every time the programme committee applied the methods of brainstorming
and the choice of collective solutions.

Thanks to virtual worlds, there is a great potential for actions aimed at gaining knowl-
edge and learning. This is where scaling, transduction, and materialization are possible. In
the virtual world, you can change your spatial characteristics relative to the object being
studied for a more detailed investigation. Such examples already exist with 3D scanning or
micro-CT for restoration processes, anthropology, and biology (Virtual archaeology 2018,
58-64, 104-105). Transduction of the signals from LIDAR, laser scanning magnetometer,
gives researchers new information about invisible structures. Finally, complex data can be
transformed into a digital 3D model suitable for materialization.

All of the above-mentioned knowledge acquisition opportunities are not available in
the real world, but they represent a huge potential for research and education (fyk 2018).
To confirm this, the scope of the “Virtual Archaeology — 2021” was formulated as follows:
“Revealing the Past, Enriching the Present and Shaping the Future”. The long-standing
dream of spreading European technologies on the territory of Russia as far as the Pacific
Ocean has finally come true. On the “plateau of productivity’, virtual archaeology as a field
of applied science requires practical training and implementation in real life. The proceed-
ings published in the actual book depict the methods of virtual archaeology helping to get
results in field studies, and are useful for the following dissemination of cultural heritage in
the museum institutions and for educational activities.
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PE3OME / SUMMARIES

Mon Pennu, Nan [oycoH
HANYTU K BUPTYAJIbHOMY NCKYCCTBY/APXEOJTIOTUN

KonnuecTso n3obpakeHunit, «3anmncbiBaioLmx» apxeosiornyeckuii naHawadT v myseiiHble
KONMieKuMy B Menbyaiwmx AeTansax B nNiaHeTapHOM MacwTabe, BCé Bo3pacTaeT. Ho Ha Koro
paccumTaHbl 3TV NPOLLECChl CKAHUPOBAHWSA, OCYLLECTBNIAEMbIE B MPOMbIWIEHHbIX 06bEMax?
Hv opguH yenoBek, unu gaxe uenas apmus Nogen, He CMOXET NPOCMOTPETb, HE TOBOPA YKe
0 TOM, YTOObI MPOaHANN3MPOBATb 1 Mayto YacTb MMraHTCKUX OOBbEMOB NMOPOXKAAEMbIX KaXK bl
JEHb 1 YXe MepeHacbITUBLLNX BUPTYallbHOE NPOCTPAHCTBO M306paxeHunit. Bmecto uenoBeka
3TV N306paxkeHns OyayT aHaNM3KPOBATb MALLUHBI. YTO e OHW yBUAAT? B Hawwel cTaTbe Mbl No-
NbITaeMCs BBECTU HeKOTopble AndpakLMOHHbIE 1 HAMEPEHHO MOAPbIBHbIE XYLOXKECTBEHHbIE/
apxeonornyeckmne nepcrneKkTrBbl, Kacallmeca NpeacTaBneHnsa apxeonornyecknx aptepakTos
N KOMMIEKLMIA, B YaCTHOCTM, B OTHOLLUEHUW TOTO, KaK Nepefaétca oKpy»Katolas o6CTaHOBKa 1
pacnofioXeHrie MecT Ux obHapyxeHus. [na nepeocMbic/ieHns NpeacTaBieHns apTedakTos
N KONNEeKUmMin OyaeT Ncnonb3oBaHa WMPOKOAOCTYMHAA TEXHKA UCKYCCTBEHHOTO MHTENNEKTa
«MepeHoc ctunsy (Style Transfer).

Kntoyesebie €1108a: NCKYCCTBO/apXxeonorus, BU3yanu3aums, MallHHbIV MHTENNEKT, NepeHoC CTUNA.
Keywords: art/archaeology, imaging, machine intelligence, Style Transfer.

Mepesod E. I. [aspunogoli

Irina Ponkratova, Sergey Batarshev

RUSSIAN HORIZONS OF THE“TERRITORY”: THE EXPERIENCE
OF ORGANIZING A VIRTUAL EXHIBITION BASED ON THE RESULTS
OF THE RESEARCH OF GIZHIGINSK'S ARCHAEOLOGICAL EXPEDITION

Virtual exhibition “Gizhiginsk’s archaeological expedition: discoveries of 2019-2020" was
created in November 2020 as part of the Third All-Russian Scientific and Practical Conference
with international participation “Universities of Russia in a Dialogue with Time” and is timed
to coincide with the 60th anniversary of the North-Eastern State University, Magadan. The
purpose of the exhibition is a public demonstration of the results of the studies of the cultural
heritage object “City of Gizhiginsk” in the Severo-Evensky District of the Magadan Oblast. The
exhibition presents topographical instrumental plans of the object with the adjoining area
based on the orthophotomap made according to the data of DJI Phantom 4 Pro UAV with the
help of Photo Scan software system as well as photographs of household and trade items,
weapons, religious paraphernalia, tableware, jewelry, toys, coins, etc. The exhibition was
created with the help of MS Power Point presentation system, which allows to quickly present
the results of the field season.
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Keywords: North of the Russian Far East, Gizhiginsk’s archaeological expedition, object
of cultural heritage, town Gizhiginsk, residential landscape, ortophotography, UAVs.
Knouesoie cnosa: Ceep [anbHero Boctoka Poccum, MvpknrmHckas apxeonornyeckas skcnegm-
LA, OOBbEKT KyNIbTYPHOTO Hacneans, ropoa MXXUIMHCK, cenuTebHbli naHawadT, op-

TopoTocbémKa, BIJA.
Translated by E. Gavrilova

Hukonac Wnmepnb, Mua Matpruns Bebep, Tomac LUTénbHep

MEPEOCMbICJTIEHUE AHANIOTA - OT BUPTYAJTbHOW APXEOTOTI
K LIdPOBOW BbICTABKE

ConeBble noan 3eHO)KaHa — eQUHCTBEHHbIE CONIEBbIe MyMMM, COXPAHMBLUMECA [0 HaLlero
BPEMEeHW, UX BO3PACT cocTaBnseT okono 2000 neT. OHW Obinn HangeHbl B UPaHCKOW CONAHOM
waxTte. B pe3ynbrate 3TOro OTKPHITUA B COMIAHON LUAXTe N €€ OKPEeCTHOCTAX Ha NMPOTAXEHUN
6onee yem 15 neT NPOBOAMANCE MEXAYHAPOAHbIE U MEXANCUUMIMHAPHbIE UCCNefOBaHUA.
B nocnepHue rogbl apxeonornyeckme packonky akTMBHO NOAAEPXKUBaANUCL LMbPOBON [OKY-
MeHTauuel B noneBblX 1 0bUCHBIX ycnosuax. Hanprmep, 6binm co3paHbl 3D-mopenu, otobpa-
Katolme xo PacKomnoK 1 HaxOAKK, a TakKe MOAeNb MECTHOCTM BbICOKOTrO pa3peLleHus, OXBa-
ThiBaloWas Nnowaab NPUMepHo 4,5 KM, 3aTem 3TV BblAaloWmMecs pesynbTaThl UCCNeA0BaHNI
npeobpa3oBanu B CNeumanbHYyH0 BbICTaBKY, KOTOPYIO CenyYac MOXKHO NMOCETUTD 13 SO0 TOUKM
MU1pa B pexunme oHnariH. Lnpposas Bepcna BbICTaBKM ABNAETCA TOYHOWM KOMMEN aHANOMMYHOM
BbICTaBKW, MPefCTaBNIEHHON B My3ee, HO MMeeT 6oree BbICOKMI YPOBEHb AeTann3auumm u co-
aepxut 6onee 80 3D-mopenelt HAXOAO0K, CBSA3aHHbIX C COMEBbIMI JIIOAbMU, @ TakKXKe AOMOJIHU-
TeNbHYI0 HbOPMALMIO Y MHTEPBbIO C yYaCTHUKAMM NCCejoBaHNIA. B cBOEM BbICTyNeHN Mbl
XOTVIM MPeACTaBUTb Halll Pe3ysibTaT, NOJyUYeHHbI B npoLecce co3aaHus UndpPOoBbIX AaHHbIX,
a TaKXe NpeasioK1Tb HOBbIN CMOCO6 pacnpoCTpaHeHNs Pe3yNIbTaTOB apXeosIorMuyecKknx ncce-
JOBaHWI Cpeau WNPOKOW ayauToOpUn.

Kntouessbie cnosa: ropHas apxeonorus, ¢otorpammeTpus, 3D-mogennpoBaHue, conieBble My-
MWW, BbICTAaBKM, BUPTYasbHbIA My3eli, HayuHas KOMMYHUKaUWs.
Keywords: mining archaeology, photogrammetry, 3D modelling, salt mummies, exhibitions,
virtual museum, science communication.
lMepesod E. I [aspunosoli

BbosaH MuaTtosuny, Cenbma Pussuy

VR-BUAEO B LUNOPOBbIX MPUNOMXEHNAX
AJ1A OBbEKTOB KYJIbTYPHOIO HACJIEANA

LindpoBble TexHONOMUM SABAAIOTCA MPEBOCXOAHbIM WHCTPYMEHTOM AN MpencTaBeHus
N COXpaHeHus KynbTypHOro Hacnegus. Lindposblie npunoxeHns ansa ob6bekToB KynbTypHOro
HacneauAa NpeacTaBnAoT coboi KombrHauum 3D-MogennpoBaHus, LMdpPOBOro CTOPUTENINH-
ra, BU3yasibHbIX MCKYCCTB, KOMMOHOBKMU, GOTOrpamMMeTpurm, BUPTYanbHON U JOMNONIHEHHOW pe-

114



anbHocTu. BupTyanbHasa peanbHOCTb unv Buaeo 360 — 3TO HOBbIN CTaHZAAPT B KMHemaTorpade,
Korga 3puTenb MOMELLAETCsA B LLeHTP BUAeo. 3puTesib 60blue He ABNAETCA MacCUBHBIM HabI0-
patenem. OH/OHa MOXeT NOBOPAUNBaTbCA 1 B3aMMOAENCTBOBATHb C Buaeo. VR-Buaeo gencreum-
TeNbHO MOrpy»aeT 3puTeNa B CHATYIO cueHy. B 3Ton ctaTbe mMbl NpeacTaBnsem HOBble NpaBuna
KuHemaTtorpada 1 rpammaTky KnHosAsbika VR-Buaeo. Mbl 3Hakomunm untatenen ¢ VR-kamepa-
MU, OCHOBHbIMU NpaBunamm NponssoacTea VR-B1AEO, a Takke C CUSIbHbIMUK 1 c/labbiMU CTOPO-
Hamu VR-Brae0 B pamkax LdpoBOro npeacTaBneHuns KynbTypHOro Hacneaus.

Kntouessbie cioga: undpoBoe KynbTypHoe Hacnegue, VR-Bugeo, Bugeo 360, BUpTyasibHas pe-
ANbHOCTb, UHTEPAKTUBHbIV LUPPOBOI CTOPUTENINHT.
Keywords: digital cultural heritage, VR video, 360 video, Virtual Reality, interactive digital
storytelling.
Mepesod E. I. [aspunosgoli

TaTbAHa MuaToBMyY

MPUMEPbBI NCMONb30OBAHNA OOTOTPAMMETPUN

B faHHOW cTaTbe paccMaTpUBaETCA NpaKkTMUecKoe npumeHeHve GoTorpammeTpun Ans LOKy-
MEHTVPOBaHWS KyJIbTYPHOrO Hacneamsi BO BCEM ero MHOroo6pasiu, NocKosbKy 3TOT MeTog npu-
MEHVIM B 60MbLUMX MacluTabax — OT NnaHAWAPTOB A0 HEOONbLLMX OOBEKTOB. 3AeCb OOBACHAITCA
ocobble TpeboBaHWA, NpeabsaBisieMble K GOTOrpamMmmMeTpun B 3aBUCMOCTY OT MacliTaba, a Tak-
e paccKasblBaeTCsi 0 MeTofax Bu3yanusauum 1 HeobxoanMom obopyaoBaHun. Ha pasnuuHbIx
npumepax 13 NpPakTuKku B BocHum 1 NepLeroBriHe NPOAEMOHCTPUPOBaHa 1 M3yyeHa creundrka
KaX[oro C/lyyas, a TakxKe MokasaHo, UTo MOoJTyuYeHHble pe3ynbTaTbl MOAXOAAT AMA Lenoro psaga
N3BECTHbIX aHAIMTUYECKUX METOLOB W1 NpeasiaraloT MHOXECTBO BapyaHTOB MpeseHTauun. 1o
eLé 1 OT/IMYHOE MpefCTaB/ieHre O 3aMaHUMBOM MeTofe [OKYMEHTUPOBAHUS, KOTOPbIN He Tpe-
6yeT 6oMbLUNX GMHAHCOBbLIX 3aTPaAT Ha AoporocToslee 060pPYAOBaHME U ABNAETCA OLMHAKOBO
ObICTPbIM U1 HAAEKHBIM.

Kntouessie crosa: oTorpammeTpurs, NpUMepbl UCNONb30BaHUsA, KyNbTypHOE Hacneaue, fOKY-
MeHTaums.
Keywords: photogrammetry, case studies, cultural heritage, documentation.

Mepesod E. I. [aspusnosoli

Alexey Tishkin, Sergei Bondarenko, Tsinshan Mu

POSSIBILITIES OF THE RECONSTRUCTION
OF A BROKEN CERAMIC VESSEL

One of the problems of archaeological research is the reliable restoration of the original
appearance of an ancient ceramic pot from its fragments found during excavations. It is still
difficult to solve this problem with the help of computer technologies, although certain steps
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have already been taken in this direction by foreign and domestic specialists. In reality, during
the desk processing of finds, ceramic fragments are manually selected to match each other,
sequentially glued, following which further reconstruction of their appearance is performed, as
a rule, hypothetically, since it is often not possible to completely restore the pot. In this article,
the authors attempt to use a mathematical model to reconstruct the geometric shape of a pot
with missing essential pieces found in the Altai burial of the Pazyryk culture. At each stage,
based on the implemented computer capabilities, the reliability was checked and, as a result,
a complete visual “restoration” was performed. The article shows an algorithm for solving this
problem, which can be used to work with other similar finds not only from the monuments of
the Pazyryk culture, but also with various archaeological finds of antiquity, the Middle Ages
and modern times. To obtain a 3D model of the pot, “Meshroom” software was used, as well
as the U-Net neural network with pre-trained models. For the technical calculation during the
computer “restoration” of the pot, MATLAB R2020b version application software was used. As
a 3D visualization platform, Autodesk 3dsMax 2020 Athena with the V-Ray Next rendering
system was used. In addition to describing the entire procedure and the results obtained, the
article demonstrates a number of relevant illustrations. The work was partially supported by the
Russian Foundation for Fundamental Research (Project N 20-39-90022).

Keywords: Pazyryk culture, Scythian-Saka time, photogrammetry, mathematical model, com-
puter reconstruction.
Kniouesble cr08a: nasblpblkcKasa KymnbTypa, CKido-cakckoe Bpems, GoTorpaMmmeTpus, MaTema-
TUYecKas MOAesb, KOMMbIOTEPHAA PEKOHCTPYKLMSA.
Translated by E. Gavrilova

Viktoria Panchenko, Anna Denisova

THREE-DIMENSIONAL MODELS OF MEDIEVAL STONE
CROSSES USED AS A MODEL FOR DISPLAYING ARTIFACTS
FROM “INACCESSIBLE” PLACES

Medieval stone crosses widespread on the territory of the Novgorod Land in XII-XVI centuries
are the monuments that are quite difficult to study. This is due, firstly, to the specifics of their
location — few crosses have survived in rather remote villages or forests mostly in Leningrad,
Novgorod and Pskov regions. In addition, since the end of the XIX century, stone crosses have
been entering the collections of regional and central museums; most of them are not published.
By the beginning of the XXI century, crosses that used to belong to one group (for example,
coming from the village of Voynosolovo) could be divided - some of them being stored in situ,
and some of them being a part of the collection at three or four different museums.

In 2019 the State Hermitage Museum expedition together with the Siberian Federal University
started to publish 3D models of the crosses studied during fieldwork on the Hermitage Electronic
Encyclopedia website. We also publish crosses which are stored as closed collections.This allows us
not only to show qualitative images of artifacts which are difficult to access but also to reconstruct
fragmented groups within virtual space.

Keywords: medieval stone crosses, archaeology of Novgorod Land, ancient Russian art,
ethnography, museum collections.

Knioueswle cnosa: cpefHeBEKOBble KaMeHHble KpecTbl, apxeonorna HoBroponckon semnu,
APEeBHEPYCCKOe NCKYCCTBO, STHOMpadus, My3eiHble KOnneKLum.

Translated by E. Gavrilova
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Hunkono Jenb YHTO

CMEHA NOAXOA0B: APXEOJTIOTUYECKAA MNMPAKTUKA
B 2MOXY UMOPOBbIX TEXHONOTNW

TexHonorvy BM3yanv3auny OKasanu 3HaUUTENbHOE BAUSHVE Ha BOCNPUATME UCCNENO-
BaTENIAMY apXeosnornyeckom nHdopmaumn. Hosble MeToabl 1 CpeicTBa BU3yanu3aunm ganm
YUEHbIM BO3MOXKHOCTb UCMbITaTb HOBble GOPMbl B3aMOLENCTBUS, COKPATUTb PACCTOsIHME
Mexay ¢usnyeckum 1 LMdpPOoBbIM NPOCTPAHCTBOM M YKPENUTb MAEK DAXKBOPTA, UTO OHMU
nmetoT «<3PPEKT, BbIXOAALMI faNeKo 3a Npefesbl chep OTKpbITUA». ApXxeoniornyeckne aaH-
Hble peanu3yioT Pas3fiviuHble CMbIC/bI B Pa3HbIX MPeAMEeTHbIX 06/1acTAX, U AN TOro uTobbl 1c-
NOMb30BaTb 3TV JaHHblE B KaYeCTBe CPecTBAa 0O0CHOBaHUS HOBbIX 3HAHWIA, Mbl JOJIXKHbI pe-
WWTb CIIOXKHYIO 3a/lauy BbIXOAA 3a PaMK/ TPAaAULMOHHBIX METOLOB. BupTyanbHoe, peanbHoe,
undpposoe 1 pusnyeckoe bonblue He ABNAOTCA OTAENbHbIMU chepamun. bnarogapsa akTMBHO-
My B3aVIMOAENCTBUIO C MacCMBaMK JAHHbIX, MOCTOAHHO NepeMeLaloLMMUCA MO Pa3NYHbIM
N3MEPEHUAM, CTaNO BO3MOXKHbIM MCMbITaTb UHTEPNPETALUOHHbIE MPOLECCH], KOTOPble NPK-
BOAAT K Bblfe/IeH0 HOBOW NHbOpMaLUn.

B paHHoW cTaTbe 6yAyT paccmaTprBaTbCA BO3MOXKHOCTU, CBA3aHHbIE C aPXE0N0rMYecKu-
MW NCCNefOBaHUAMU, MPOBOAMMBIMU B Pa3HbIX NPeaMETHbIX 06nacTax.

Kntouessie ciosa: apxeonornyeckas npaktuka, uudposasa apxeonorus, Busyanusauus s 3D.
Keywords: archaeological practice, digital archaeology, 3D visualization.

Mepesod E. I. [agpunosoli

Cenbma Anucnaxuy, Cenbma Pussuny

AKTEPCKASA UTPA 1 PEXXMCCYPA
B LUMOPOBbIX MPUNOMXEHNAX
AJ1A OBbEKTOB KYJIbTYPHOIO HACJIEANA

C MOMeHTa BO3HVIKHOBEHUSA MePBbIX TEATPOB aKTEPCKan Urpa 1 peXUccypa onpemensnmncs
HabopOM NpaBws, 1 3TO NPUBENO K 3GPEKTUBHON Nepeaaye SMOLMIA 1 COOBLLEHNI 3pUTENAM.
C pa3BuTMEM KMHEMaTOrpada HeKOTOpble U3 3TUX MPaBU COXPAHUINCD, @ HEKOTOpPbIE Oblnn
afanTMpOBaHbl K HOBbIM Meaua. B HacToslee BpeMs TEXHONOMMW BUPTYaNbHOW PeanbHOCTH
CHOBa TPaHCHOPMUPYIOT aKTEPCKOE UCMOMHEHNE U PEXUCCYPY, Clefys HOBbIM KOHLEMNLMAM
1 HOBbIM CMOCO6GaM BblpaXKeHUA 1 yBEIMUMBAs NOTPYKEHNE 3pUTENS.

B 3Toll cTaTbe Mbl NPeACTaByM OMbIT aKTEPOB U PEXMCCEPOB, YYACTBYIOLMX B CO3AaHUN
UMOPOBBIX MPUNOXKEHWUI ANA 0ObEKTOB KyNbTYpPHOro Hacneams. Mbl onpeaenum OCHOBHble
CUNbHbIE CTOPOHDBI 1 OTFPAHUYEHNS BUPTYaNIbHOW PeasibHOCTU, CBA3aHHbIE C aKTEPCKOW 1 pe-
KUCCEPCKOWN paboToii, UTOBbI NepPeHEeCTN HaLMX 3pUTENei B NPOLLIOe KyNbTYPHbIX MAaMATHU-
KOB 1 AaTb UM BO3MOXXHOCTb MOYYBCTBOBATb XM3Hb BHYTPU HUX.

Kntouessie crosa: undpoBoe KynbTypHOe Hacneane, akTépckas nrpa B VR-BMaeo, pexunccypa
VR-BMAeEO, BMPTYaNibHasA peasibHOCTb, MHTEPAKTUBHbIN CTOPUTENSINHT.

Keywords: digital cultural heritage, acting in VR video, directing VR video, virtual reality,
interactive digital storytelling.

Mepesod E. I. [aspunosoli
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Fedor Malkov, Stanislav Grigoriev, Anastasia Isaeva

PROSPECTS OF USING VR/AR CONTENT MANAGEMENT TOOLS
IN ARCHAEOLOGY

The Irkutsk National Research Technical University is developing a platform for content
management based on virtual and augmented reality (VR/AR). The platform can be used for
various tasks of the educational process as well as for presentation purposes, including those
in archaeology. The platform being developed can be used in educational courses, for example,
by integrating it into the Moodle and other learning management systems.

Virtual and augmented reality (VR/AR) is covering more and more areas of application.
Researchers often implement VR/AR-related projects in archaeology. Archeology is included
in the curriculum for history students and popular science programs are offered for children
and adults. At present, virtual exhibitions of archaeological finds in museums and at various
traveling exhibitions have also become widespread, with 3D models of archaeological materials
obtained in different ways being accumulated in electronic form.

Keywords: virtual reality, augmented reality, archaeology, presentation of results.
Kntoyeseie cnoga: BUpTyanbHasa peanbHOCTb, JOMOSIHEHHAA peasibHOCTb, apXxeonorusa, npea-
CTaBJIEHUNE Pe3ybTaToB.
Translated by E. Gavrilova

Polina Senotrusova, Nikita Pikov

EDUCATIONAL OPTIONS OF VIRTUAL ARCHAEOLOGY
(PRACTICAL USE EXPERIENCE)

Digitalization of higher education leads to an increase in using e-learning courses. The
pandemic has shown that it is an effective working tool providing the necessary factual content
of the discipline and establishing communication between the professor and students.

It was a result of updating the course in the discipline of archaeology for the students
of the Siberian Federal University specializing in history that three-dimensional models of
archaeological objects began to be widely used. 3D models are used as illustrative material
(“Glossary” section of the course), and students’individual work is organized with their help as
well. Students practice their skills of describing different categories of artifacts, their typology
and determining cultural and chronological affiliation. Tests showed that students who worked
with virtual models of objects can successfully apply in practice their knowledge from the
theoretical part of the course.

At the same time, the content of the educational program requires new approaches to the
formation of virtual collections of archeological objects. There is a separate issue of copyright
with regard to the use of models in electronic courses of higher education institutions.

Keywords: archaeology, education, 3D modelling, e-learning courses.
Kntoyesbie criosa: apxeonorus, obpasoBaHue, TPEXMEPHbIE MOZENN, SNEKTPOHHbIE KypCbl.

Translated by E. Gavrilova
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CopuiH XepMOH

CO3JAHME DIGILAB - HAIYTU K UCCJIEAOBAHUAM
KYJNIbTYPHOIO HACNEAMA HA OCHOBE OAHHbIX

DIGILAB coctouT n3 uccnegoBaTesibCKuX LEHTPOB, 3aHVMAIOLWNXCA U3YyYeHneM Hacnegus
C MOMOLLBIO MHTEFPUPOBaAHHDBIX LIMPPOBBIX AaHHbIX B 001aCTV HAYKN O COXPaHeHWUW Hacneaus,
undpoBOro Hacneans M rymaHuTapHbix Hayk. OHa npepgnaraeT OHMaMH-AOCTYN K LUdpoBbiM
cepBuUCaM N UCCNEAR0BATENbCKAM MHCTPYMEHTaM, SKCMEPTHbIM 3HaHKAM 1 pecypcam. OHa npe-
[OCTaBnAeT JOCTYN K UCCNefoBaTenbCKUM AaHHbIM, M3HaYanbHO co3faHHbiM B FIXLAB, MOLAB
1 ARCHLAB B pamkax E-RIHS (EBponelickoi HayuHO-UcCneoBaTeNbCKo 6a3bl HAyKU O COXpaHe-
HVW Hacneaus), NpoBepss KX Ha cooTBeTcTBMe NpuHumnam FAIR data n obecneurBas nx come-
CTMMOCTb, a Takxe K cucteme Virtual Research Environments, rae nccnegosateny MoryT nosyvatb
JOCTYM K TaKUM JaHHbIM, BU3YaNM3npoBaTh KX, MPOM3BOANTb 3aMpOChl M YNPaBAATb UMK C LieNbIo
CO3[aHUNA HOBbIX 3HaHWI, CBA3aHHbIX C Hacnegmem. DIGILAB ctpemuntca K cornacoaHumto ¢ EOSC
(EBpONEnCcKM OTKPbITbIM Hay4YHbIM O61aKOM).

Kntouesoie crosa: nccnepoBaHvie 60MbWMX JaHHbIX, HAYYHO-MCCnegoBaTenbckasa 6asa, NpuH-
umnbl FAIR data, undpoBoe KynbTypHOe Hacneaure, Hayka O COXpaHEHUN Hacneauns.

Keywords: archaeology, big data research, research infrastructures, FAIR data principles, digital
cultural heritage, heritage science.

Mepesod E. I. [agpunosoli

Hapba lyk
BUPTYAJIbHAA APXEQOJIOTNA: 10 JIET B BUPTYAJIbHOM NMPOCTPAHCTBE

Bonee 10 neT Hazag HayuyHoe COOOLLECTBO OOBEAMHUIIO CBOW YCUNMSA MO BHEAPEHWUIO B ap-
XeO0noruo HepaspyLawLWwmx MEeTOA0B 1 MPUHLUNOB BUPTYasibHbIX PEKOHCTPYKUu. MexayHa-
POAHbIN NPOEKT, NoAAePKaHHbIN HEKOMMEPYECKOW OpraHn3aumen, a Takxe [oCcygapcTBEHHbIM
SpMuUTaxKeM, NO3BONUSI MOMOAbIM CMELMANINCTAaM YCTAaHOBUTb KOHTAKT C MpodeccroHanamm
B o6nacTtn 3D-mopennpoBaHuns, reopusnku, aspoPoToCHEMKIN BO BCEM MUPE.

Tpn roga mexpgy BCTpeyamu — 3TO KaK pa3 MOAXOAAWMN CPOK ANA YCMeLWHOoW peanusa-
LMW MPOEKTA, AOCTOMHOIO ObITb NPEACTABEHHBIM MEXAYHAPOAHOMY Hay4YHOMY COOOLLECTBY.
Bnarofaps nopgaepKke co CTOPOHbI PasfiMuHbIX GOHIOB 1 KOMMEPUYECKUX OpraHu3aLuii nio-
WwaaKa Obina nepeHeceHa 13 My3esi B YHUBEPCUTET, UTO CBUAETENIbCTBYET O BaXKHOCTU 3HAHUN
[N HOBOTO MOKOJIEHUA nccneoBaTenel. Heobxoanumo OTMETUTb 3HAUMMbI BKag MNPOeKTa
«BupTyanbHaa apxeonorusay B pa3B1Tne Hay4YHOro COTPYAHMNYECTBA 1 PacnpoCTPaHeHme onbl-
Ta ot EBponbl go danbHero Boctoka, ot 3anaga no Boctoka, C ONTUMUCTUYHBIM ABVKEHMEM
B OyZylliee Aake B CZIOXKHOE BpeMs MaHAEMUMN.

Kniouegole crio8a: BUPTYyanbHas apxeonorus, HayuyHoe coobLecTBO, MeXayHapoaHas KoHe-
peHUuA, MexXayHapoaHoe COTPYAHNYECTBO.
Keywords: virtual archaeology, scientific society, international conference, scientific cooperation.
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