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DIFFERENT APPROACHES TO CREATION OF
DIGITAL TWINS FOR USE IN AR/VR GALLERIES

Abstract. The article analyzes different ways and
technologies that can be used to create a so-called “digital twin”
(digital copy) of a physical real-life art object and assesses their
suitability for AR/VR applications, based on existing examples
of digitized items that are considered to be part of cultural
heritage, either local or global. One of primary issues for any
digitisation process is that of faithful recreation of the original,
which can be achieved in multiple ways ranging by price,
complexity and quality of the result. Some approaches discussed
in this article, can be utilized almost universally, with little
regard to the type of the object to be scanned, while others have
limitations arising from equipment’s capabilities, properties of
the material the art piece is made of or even considerations about
possible damage to the scanning equipment. In some cases we
would need to combine several different techniques to receive
the result that satisfies our project’s requirements and/or goals.
However, before choosing our work process, we also have to
take into consideration the application or in other words - the
desired use case of our digital copies. As such, the primary
concern for the purpose of this article is on the analysis of the
available tools and techniques, from the standpoint of balanced
cost/quality ratio in relation to fairly constrained use cases of
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virtual gallery spaces, both offline and online. VR/AR
technologies place yet another restriction on our review, because
it is highly not advised to use highest quality assets when
creating experiences intended to be experienced with the aid of
VR or AR and especially standalone headsets (meaning they do
not need external processing equipment). This review also is
limited to technologies known to be capable of producing results
with consistent and repeatable quality levels as getting good
results early on in the project’s life cycle allows us more room
for any edits.

Key words: virtual reality, augmented reality, virtual
gallery, digital preservation, digital art heritage.

Introduction. Any virtual space, be it an environment
used in computer game or simulated historic building usually
needs to have some 2D or 3D assets as building blocks. Virtual
galleries are no different than above examples but have much
more straightforward requirements, which in turn leads to easier
adherence to them: artworks have to be displayed in a form as
close to original as possible, taking into account available
resources and funding.

Problem statement. Compared to instruments and tech
available just 20 years prior, we have a wide range of potential
approaches to the problem of high resolution digitization of art
objects. Not all of them will be suitable for a specific purpose,
much less will produce material that is ready for use in a virtual
environment “out of the box”. Choosing a solution relies on
careful consideration of different factors and compromises: end
use of the digital “duplicate”, desired detalization level,
available funds, etc.

Analysis of recent research and publications. Talking
strictly about sources currently available in free access, which
mostly consist of scientific or commercial articles (usually
published for marketing purposes) we can conclude that most of
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them will come from areas fairly unconnected to artistic and
cultural research, such as electronics engineering, structural
engineering or material sciences. This does not diminish their
usefulness for us and sometimes could lead us onto new
research paths. For example a way of non-invasive defect
detection in timber could help us preserve carved wood
sculptures. Analysis of pavement cracks can help with detection
of similar defects on cultural heritage objects made of concrete
and similar materials. As useful previous papers could be for use
in artistic domain, most fitting to our work would be articles, for
example, providing comparative analysis of 3D-scans and
photogrammetry. This one, in particular, is a much needed
experimentally proven answer to a question of what would be
more precise and accurate 3D digitization method (given a set
of reasonably good equipment), when choosing between
photogrammetry and laser or structured light scanner. However,
there are little, if any, works using already established products
and repositories as proofs of the level of quality, achievable
using currently available digitization techniques, this approach
being fairly useful as during the creation of digital copy of an
object for the VR/AR gallery, primary consideration will be
given to established technologies and equipment, possibly with
commercial support available.

As such the purpose of this article is to provide a
concise comparative overview of different scanning
technologies, suitable for use in the art industry, with the respect
to expected result quality and effort involved in achieving it.
Specifically we are concerned with professional solutions
suitable for use in online or offline virtual galleries.

Presentation of the main research material. 2D
scanning techniques. Digital 2D duplicate is created after a
fairly straightforward process that usually falls into one of the
two categories: photography or scanning. While achieving high-
resolution photos by the means of film photography is very
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much possible [12], the resulting analog image has yet to be
transformed into digital, usually by the means of scanning
developed film or source material. As such, applications of film
for digitization purposes are left out of this article, in large part
because, as it was just noted — film itself has to be digitized.

Digital photography is in a way the most versatile and
easy to use tool at our disposal. It is also very cost-efficient as
given a suitably good camera and a tripod, our images likely
will look reasonably good for use in a virtual environment. By
choosing this approach we can make use of DSLR, mirrorless,
light field cameras or iPhone (not recommended, however in
recent years they started replacing professional equipment as a
more compact “on the go” alternative). Theoretical and practical
sides of the question are seldom the same in creative industries,
this being not the exception. There are two immediate
challenges present: shape distortion and inadequate color
capture of textured items. First point is well illustrated by the
photo of my own graduate linocut with dimensions of
100x70 centimeters [23] that was hard to capture in one shot
with a good level of detail and without introducing warping of
geometry in corners, which was almost unavoidable due to lens
curvature. Accurate color capture however was of no immediate
concern. To demonstrate the second issue, we can use yet
another work, this time a linocut print on aluminum foil [24],
image used as an example was captured from a slight angle to
offset lamp glare.

When we talk about scanning of flat items, we usually
refer to office flatbed scanners or devices similar to WideTEK
36 ART-600 (Image Access, n.d.), with both satisfying different
requirements. Examples of what such scanners are capable of
are fairly easy to find as they are one of most recommended
ways of DIY (“do it yourself”) digitization for any image-based
product and particularly artworks. This approach is perfect for
any item smaller than A3 sheet of paper, [22] with most of the
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office or home equipment being limited to A4 / Letter sizes.
Professional machines, like above mentioned WideTEK can
work with items up to 2.2 m in length and 0.9 m in width, which
opens much more possibilities for digitization of the items to be
showcased. Additional improvement over photography is that
we are not particularly concerned about lighting setup or
medium chosen by the artist. This equipment can also offer
highly textured scans, capable of capturing not only an image,
but highlighting the artist's technique and brush strokes. This
makes employing scanning services a highly desirable option,
but one requiring fairly high upfront investment if we want to
have such ability in-house.

Both outlined techniques offer us good options with
acceptable price ranges and can produce materials ready for use
in a virtual gallery environment, with file size being of no
immediate concern as editing an image in programs like Gimp
[6] or Paint.net [2] is always a possibility.

3D scanning techniques. 3D scanning is a more
involved process that can result in very accurate digital copies
of real-life objects. This quality comes at the cost of extra
equipment that usually goes well above what regular individuals
can afford or at the very least high-end precision scanners are.
We can focus on two more common techniques that give us
more precise results: laser triangulation and structured light.

Laser triangulation works on a principle of deriving
distance to an object from angles of two sides of an imaginary
triangle, formed by laser beam [8; 9; 14; 15] This distance is
then being recorded as point in space relative to the scanner's
position, with corrections made to account for rotation of the
scanned object. Such points, collectively called “point cloud”,
then become vertices of our 3D model, which in most cases
needs some manual verification and simplification, however
this is much less work than would be involved in making the
whole model by hand from the start. One of main advantages of
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this technique is its simplicity, as all that is needed (assuming
simplest possible setup is used) are a camera and a laser, with
any cheap items being sufficient for achieving good enough
quality of results or serving as a learning setup for students.

Structured light method relies on multiple shots of an
object with a light pattern projected onto it. Common patterns
used are linear and sinusoidal, with linear providing coarse
object position and shape data and sinusoidal — detailed. [3; 8;
9; 17]. Distortions in the pattern are used to identify surface
shape of an object, which then are converted into a detailed 3D
model. Main drawback of this technique however is its poor
performance in shadowed areas with non-uniform lighting,
which is usually the case when working in situ on large historic
artifacts or works of art.

Conclusions. Viability of discussed above techniques
for use in cultural heritage preservation and preparation of
digital copies for virtual galleries is in a way a subjective
assessment, as each author would have differing opinions about
what quality of assets they prefer to be used in their work.
Thankfully, we can utilize existing repositories mostly
comprised from corporation-led projects such as Google Arts &
Culture (Search — Google Arts & Culture, n.d.), museum-
submitted catalogs of public domain items (AD&D 4D
Association for the Documentation and Diffusion 4D, n.d.; Full
Collection | Scan the World, n.d.; Nationalmuseum, n.d.;
Smithsonian 3D Digitization, n.d.; SMK — Statens Museum for
Kunst, n.d.) and individual contributions(Flynn, n.d.), which
sometimes are directly supported by other businesses in the
form of curated collections or “newly introduced” licenses, such
as the case with Sketchfab’s CCO dedication [16; 19]. These
projects usually showcase best quality scans available pretty
much anywhere on the Internet and, provided they stay
accessible and available in the future, are a good indication of
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what is achievable if we wanted to showcase works of art in
ways most true to original.

Taking into account our stated use case, any
optimizations specific to online content presentation are to be
done later, after sufficiently good digitization is completed. The
better the source material, the higher will be the quality of the
result as for example retopology of a 3D model is much easier
when we need to simplify the shape rather than introducing new
elements. As such, from methods discussed in this article, 2D
scanning by the means of an ordinary flatbed scanner provides
excellent cost to quality ratio, good ease of use and versatility.
When it comes to 3D objects, it would be best to utilize laser
triangulation scanners, combined with photography. In this case
primary shape data will be received from the scanner, with
photos used as a basis for texturing work and manual shape
editing.
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PI3HI IAXOU 10 CTBOPEHHS IN®POBUX
JABIMHUKIB /)11 BUKOPUCTAHHA B
AR/VRTAJIEPEAX

AHoTanis. Y cTarTi nmpoaHaiizoBaHO Pi3HI CrocooH i
TEXHOJIOT1, IKI MOXYTh OYyTH BUKOPUCTaHI JJIsi CTBOPEHHS TaK
3BaHOTO «IM(pPOBOTO ABiHKUKA» (1 poBoi Komii) (izuuHOTO
OpHUTIHATy MHCTEUHKOTO 00'€KTa, OIIHEHO IXHIO MPUAATHICTH
it 3actocyBaHHs B AR/VR Ha OCHOBI ICHYIOUMX TPHKIAIIB
oun(ppoBaHUX 00'€KTIB, 5IKi BBAXKAIOTHCS YACTUHOIO KYJIBTYpPHOI
CHAJINUHA MICIIEBOIO YK CBITOBOro 3HaueHHs. OIHUM 13
TOJIOBHUX 3aBJIaHb OyAb-SKOTO TPOIIECy OIU(PPYBAHHS € TOYHE
BIITBOPEHHSI OpHUTIHANY, SKOIO MOXHA JOCATTH PI3HUMHU
croco0aMu, IO BIJIPI3HAIOTHCS 3a IIHOIO, CKJIQJHICTIO Ta
AKICTIO pe3ynbTaTy. Jleski miaxoau, po3risHyTi B I cTaTTi,
MOJKHAa BUKOPUCTOBYBATH MailKe yHIBEpCAITbHO, HE3aJICKHO BiJI
TUIY 00'€KTa, 0 CKAaHY€ETHCS, TO/I K 1HIIT MatOTh OOMEKEHHS,
MOB'sI3aHI 3 MOXIIMBOCTSAMH  OOJaHAHHS, BIIACTHBOCTSIMHU
MaTtepiaiy, 3 SKOro BUTOTOBJICHO TBip MUCTELTBA, a00 HABITH 13
MIipKYBaHHSIMH TIPO MOXKJIUBE IOIIKO/KEHHS CKaHYHOUYOTO
obmagHaHHA. Y JeSKUX BHIAJKaX IOBEICTHCA KOMOIHyBaTH
KUIbKa pI3HUX METOMIB, 100 OTpUMATH pe3yJbTaT, SKUH
3aJI0BOJIbHSIE TOTpeOM Ta/abo misi Hamoro mpoekty. llepen
oOpaHHSAM TOTO UM 1HIIOTO CITOCOOY BUKOHAHHS MOCTABJICHOTO
3aBJlaHHS, MAEMO BpaxyBaTH OaxaHUH CHOCIO BUKOPHCTAHHS
nrdpoBux komiii. TakuM YMHOM, OCHOBHA yBara B I CTaTTi
30Cepe/KeHa Ha aHali3l JOCTYNHHUX IHCTPYMEHTIB 1 TEXHIK i3
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TOYKH 30py 30aJIaHCOBAHOTO CITIBBITHOIIEHHS IIHU Ta SKOCT1
CTOCOBHO JIOCHTh BUMOTJIUBHX MPOIYKTIB, TAKHX SK BIPTyaIbHI
ranepei. TexHosorii JOMOBHEHOI 1 BIpTyaJbHOI peaNbHOCTI
HAKJIAJalo0Th I1Ie 0JJHe 0OMEXEHHS, Ha Halll OTJIsi, OCKUIbKH He
PEKOMEHAYEThCS BUKOPUCTOBYBATH PECypcy HaMBHIOI SKOCTI
IIPU CTBOPEHHI KOHTEHTY, MPHU3HAUYECHOTO AJI CHPUUHSTTA 3a
nonomororo VR abo AR, a 0co0inBO aBTOHOMHHUX TapHITYp
(TOOTO TakWX, MO HE MOTPEOYIOTh JOJATKOBOTO 00JIaHAHHS
s 00poOku 300paxkeHb). Llel ormsg Takok OOMEXKYEThCS
TEXHOJIOTISIMH, SIK1 3aBiJIOMO 3/IaTHI CTBOPIOBATH PE3YJIbTaTH 3
OJTHAKOBMM Ta TIOBTOPIOBAaHHM pIBHEM SIKOCTi, OCKUIBKU
OTPUMAaHHS XOPOIIUX PE3yJIbTATIB HA pPaHHINA CTasili MPOEKTY
Jla€ HaM O1ITbIIIe MOKITMBOCTEH [Tt OYIb-SIKUX 3MiH, SIKIIIO B HUX
€ moTpeoda.

KarwuoBi cjoBa: BipTyalbHa peajbHICTh, JOIIOBHEHA
peanpHICTh, BIpTyallbHa Tajepes, OU(POBE apXiByBaHHS,
1 poBa Xy I0KHS CHIAIIINHA.
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