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Nowadays, there are several virtual tools to docurtiee archaeological objects for the general jgulilhe use of
knowledge network makes it possible to dissemirthte content and provide access to the creation thed
distribution of other types of image which werepoesly restricted to only a few people. In thisywthe analogue
image has been replaced with its digital versiossuaning that it is the best approach to achieve cae m
comprehensive dissemination of information, withasiing if the archaeological context has been maliged. In
general, virtual technology is being used to sgmrivithout really attempting to help explain thgeat, with all its
historical memory. The purpose of this approackoi€ompare these working methods from both analane
virtual points of view, considering problems suchtlae cost of modelling, the amount of time reqlir@ the need
for an expert user to manage the virtual tools. Vhtual documentation will include all of the iméetive
information of the object, managed from a Wijkincluding bibliography, links to archaeologicatabase, high
resolution photograpKyand 3D models of the archaeological objects obthiftom both 3D scanner and digital
photography using the Image-Based Modelling sy&témconclusion, it is considered that the tradiibanalogue
information from these objects can and should bkiged in this virtual proposal.
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INTRODUCTION

The graphic representation of archaeological hgeitgives added value to textual information andlifates the
dissemination and conservation of these types gécth Until recently, the graphic documentation af
archaeological object catalogued in a museum dea@n was summarised in a drawing, a photograpin some
cases a series of them, of varying quality andildetzcording to the historical moment and the fask of the time.

For investigators, the transition from drawing teofgraphy represented a revolution, as in addiiothe time
saved in this mechanical process, the idea wabtiroan immediate approachreality, 'to the historical truth’; a
fact that in some cases, such as that of the Ladyiahe, proved not to be the case (Fig. 1). Indtigly, the
photographer Peter Witte analysed photographimiiaieality, especially applied to this sculpture if\@ 1997].
Using the interplay of shadows and different pectipes, images were created which, at times, helpethape the
interpretation of an Iberian divinity, evoking cart mysterious features, while on other occasibisgresented a
high-ranking woman from pre-Roman Iberian socigtyts most advanced and positive stage.
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Fig. 1. The Lady of Elche photographed by: a) Pdberra (1987), b) H. Bulle (1912), ¢) Mas’s archifabout
1940) and d) Wagner (about 1950) [Witte 1997, 49,55, 57]

Today, the graphic representation of any archaébgbject can be approached from two directiamsthe one
hand, approaching through the object — as a subfesttidy — and, on the other, exploring the glabaiension that
leads from a set of objects to the acquisitionat&logues of pieces; the basis of any fundameasalarch process.

But starting out from here how is the object appheal?

In an image-based society, where more relevancgven to images than words, it is usual that in sqmblic
institutions in which “three dimensional” (3D) mdlileg work is carried out, these images often repldahe
historical background of the piece; something #iaiuld be amended, as the image without the tepastl of the
object lacks historical sense (Fig. 2). In additiorthis is the fact that the culture of leisur@gmtes benefits, and it
is tempting to abuse technology in order to attvégitors, as also occurs in some exhibitions. Thihe case of the
3D models associated with virtual realities produbg film companies that immediately attract thewer. But is
this the case for a researcher?

Fig. 2. Examples of the use of new technologiefiexpfo the field of heritage (images from Pixabay)
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THE USE OF 3D MODELS: SOME REFLEXIONS

The graphic documentation of the object can beistifilom both a scientific and dissemination-bagetspective.
These 3D models are naturally useful for reseasched the general public, but it is important ty Hzat both
dimensions head in different directions, as theyialsly have different objectives.

There is no doubt that the researcher obtainsradloknowledge of the piece immediately and visyddgving to
one side the other senses that give us direct ciowith that object; in other words, the sensatiohgexture, the
global volume of the object, and other connotatiareslost. For example, in traditional archaeolagfias always
been and continues to be essential to 'touch #eepiin order to verify the details (Fig. 3). Tdmtinuous work
provides a continuous experience that leads tataicedegree of academic 'prestige’ when it cornasansmitting

opinions about these objects, and about theirpnt¢aition, as G.M.A. Richter did in his study abarttin antiquity
[Richter 1970].

Fig. 3. Close-up of a woman offering bread in handis (Photo: G. Nicolini)

Therefore, it seems evident that a part of thiditi@nal sensuality will be lost in this way of appaching objects,
and that for the time being, the type of consegestiais will have in future works in 25 or 30 yédirse cannot be
gauged, if those objects are only approached tirthe virtual medium. This is one of the limits.

However, this capturing of objects through 3D medebes have demonstrated advantages, such as iauyedi
when it comes to obtaining physical information atbihe piece (for example, obtaining dimensions \awidmetric
measurements) and the conservation of some deitsemts, such as the irreversible process of datjadsuffered

by the painted decorations of some Iberian protohiis vessels (see Fig. 4), which leads to the kemian that
within a few years, these wonders of Iberian ait have vanished [Tortosa and Ramallo 2015; Tertasd
Comino 2018]. Our own experience working with thgssintings since the 1990s have proved the pidtoria
deterioration they suffer in their containers, iway that from that time until today the lost ditaian be visually
perceived. Therefore, these models would becommeapyi sources of the past in the future and everenthe
accurate virtual information would become a bettairce of information of the past than the objketriselves.
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a b

Fig. 4. Iberian pottery (Museum of La Alcudia, E¢l$pain) (Archive of Iberian Iconography, IAM-CHIC

TOOLS TO CREATE GRAPHIC DOCUMENTATION OF ARCHAEOLQGAL OBJECTS

Today technological and instrumental advances almy object to be graphically documented with défe

devices and with unprecedented metric and visualitqu The improvement of digital cameras, the w$e3D

scanners, 3D printing and networks for the dissation of information via the Internet allow for rnsition from
flat two-dimensional photography to the creationaothree-dimensional virtual model, as a faithiflection of
reality, which is globalised through the networksp&cts such as the quality and fidelity of the anldexture,
metrics or volume are important contributions ie thefinition of the piece, which help in studyingnd creating
accurate graphic documentation that complementsrdélé@ional historical documentation. In any cabe, museum
curation can always revise these criteria to atteptiocumentation of the objects to the necessamyrostances.

Some methodologies can be highlighted for the mreatf graphic documentation of historical objects:

Firstly, high resolution photography (using a 50gayeixel or more camera) with calibrated colour asthg good
lighting conditions: Archaeological photographyingended to provide accurate and reliable grapbiuchentation
of archaeological objects, considering that thegesamust preserve the dimensional and chromatjeepties of the
objects with a reduced and controlled distortiorigifal photographic techniques have evolved witke th
development of cameras, lenses, and lighting, ansl possible to apply techniques and filters thaste and
improve different characteristics of the image {&slmo 2011].

In addition, current technology has allowed for thap from two-dimensional photography to threestisional
virtual models, using two consolidated techniques tmake it possible to generate models of histbobjects: 3D
scanning, and the “Image-Based Modelling systen&V(systems).

A scanner is a device that digitalises objectshat they are available in virtual format via poifdud model and
image photographic texture recording. A wide ranfiesscanners is available, and the applicationshenfield of
cultural heritage are constantly growing, makingadssible to create a faithful model of reality §Bgopoulos et al.
2016; Di Angelo et al. 2018]. For example, someacttired light 3D scanners provide resolutions dgfvieen from
0.1 mm to 0.5 mm (Fig. 5 a). The structured-ligtarmer is a non-contact, optical system basedepritjection of
a calibrated light pattern onto the object to bensed to capture the deformation of the patterngemegrate a point
cloud with the possibility of texture informatioMfthys et al. 2013]. Generally speaking, when campgaa high
resolution 3D scanner with IBM system, the firseqrovides a highly accurate solution, is more aspe and the
learning curve is usually longer.

IBM systems recreate the virtual model from a seokoverlapping digital images of the object beiagresented,
and are based on the principles of automated phartogetry and computer vision (Fig. 5 b). IBM systeare
based on multi-view 3D reconstruction technologg ase algorithms such as “Structure from MotionfMpBand
“Scale Invariant Feature Transform” (SIFT) [Wu 2D0There are several open-source and low-cost IBM
applications that make it possible to create 3D ef®df objects or scenes in an easy workflow, agptiocess does
not require advanced knowledge of 3D data procgs€honversely, IBM systems provide less metric Ikggm
than the 3D scanner, especially in large objectscenes. In the same way as 3D scanners, IBM sydtene a
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wide range of applications in the field of cultuhadritage [Pierdicca 2018; Palomar-Vazquez etGil.72Polo et al.
2017].

Both techniques (3D scanner and IBM systems), wliir advantages and disadvantages, can work aone
together [Dostal and Yamafune 2018; Carrero-Patad. 2018] to the point where it can now be s#idt tthe
techniques of creating 3D models for heritage psegchave reached a stage of maturity, taking iotount the
large number of publications and scientific jousndéaling with this topic [Katz and Tokovinine 2017

Of course, current technology offers other devitest can be used to create virtual models and btaire
comprehensive information from the archaeologichject, such as spherical cameras, thermal cameras,
multispectral cameras [Sedina et al. 2019

Fig. 5. a) 3D scanning of the material from Medel[National Archaeological Museum, Madrid, Spalm),The
image shows the photographs taken to create thm88el: a total of 74 photos from different perspesst

DISSEMINATION OF THE INFORMATION

Once the graphic information of the object has bgemerated, the next step is to disseminate iutiiraifferent
channels. There are several networks and platfdomdisseminating heritage information. It is nbetaim of this
paper to list them all, but the dissemination aftduiical information through the Internet is suffintly developed,
and there are public and private initiatives thagport different formats.

This may be the place to emphasize an aspect #eatsrito be developed: standardization for metadataof the
archaeological object, but of its representatiormardel. A review of the standards for the dissetwmaof 3D

models shows that there is not yet a specific amdpdete proposal for the construction of metadkeere are only
some technical fields related to the file formair (both images and 3D models [Harpring 2017]), dishens in
height and width, resolution, file size, and visetion software [Baca et al. 2006] but in gendledre are no
standards that indicate the recommendation or atidig to include technical characteristics [Prdvaad Valente
2019; NISO 2007]. Actually, some essential aspetthe 3D models construction are obviated; e.gh@écase of
photogrammetric models: number of images usediluigion of the same, modelling software, correttid greys,
use of colour profiles, illumination, “Colour Rephaction Index” (CRI) of the textures, uncertainty the

dimensions; in the case of scanned models: scariatighique, texture capture (yes or not, dimension®ur

space), nominal resolution...

On this subject, we want to comment that one ofpitegects we develop has a section of analysispaodosal of
specific metadata structures for images and 3D imodeluding essential technical aspects (propoaed
mandatory) and developing optional extensionsdbsér from the specification of illumination to geéerencing.

Sketchfabfounded in 2012 in Paris, is undoubtedly the mmstd application for viewing and sharing 3D models
created by different users. Initially, these udetsd it very difficult to show the 3D models tcetpublic because of
the intrinsic difficulty involved in finding the ght tools to handle models in three dimensions. fidlease of
Sketchfabwas a success both at individual level (involviagists, designers, architects, or engineers) and a
institutional level (museums, schools, businessés). Today, there is a community of more than rhilion
registered users, with more than 3 million sharBdn®dels. The statistics on the number of downlcad$ views

of models on this social network, as well as thenber of followers, reveals the level of interestthis way of
sharing virtual informationSketchfabprovides a good amount of resources with a vesyilfle configuration in
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lighting, appearance of textures, postprocessdiltetc. The part reserved for metadata is, inopimion, something
that needs to be improved for the reasons explam#utk previous paragraph.

Sketchfabthas been used to disseminate 3D models from aldtaeal objects obtained by both 3D scanner and
IBM techniques and catalogued in different collees (Fig. 6). The whole process involves scannimggessing,
and uploading the 3D model, which usually takesvben one to four hours depending on the size amplexity

of the object.

The 3D model can be downloaded in OBJ format, atingrto Creative Commons Licenses. These licensea)a
attribution, others can distribute, remix, tweatd duild upon the model as long as they creditatior, b) Non-
commercial, the model cannot be used commerciglipcc derivatives, the model can be redistributed rot

modified, and, d) share alike, the users can retmigak and build upon the model but the new creatmst be
under identical terms.

Every 3D model not only provides information abthe technical procedure used, but also a histodeatription
of the piece.

Fig. 6. 3D models obtained by both 3D scanner @& techniques and uploaded to Sketchfab

Flickr is a website that allows users to sharerestsell, buy and download photos and videos dwerliiternet. It

was created by Ludicrop in 2004, bought by Yahao2005 and finally owned by SmugMug since April 201
Using free or professional accounts, authors tay treations with metadata with the geographicedtion, and the
type of license used (Creative Commons licens&). (F. Of course, there are a number of rules efarsl good
practices related to privacy and copyright, witl itlea of making images available to the publitwsitmuch higher
photographic quality than those normally availaipléhe online catalogues. Moreover, Flickr is aigboetwork

used to search and link photographs to persongkkdnd other social networks. Flickr offers a fstmrage space
for 1000 photos but it is possible to upload uni@diimages in the paid version.

Usually, making and processing a high-resolutiontpyraphy takes about thirty minutes. The procestudes
importing the images, adjusting the colour tempegat correcting the background, adjusting the textevel,
resizing the image, and exporting it. Some spepifatocols (filter or special techniques) may take hour.

4 https://sketchfab.com/secad
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Proyectos DIASPORA y REMAN3D EZ

CMP Lab 2 Seguidores « Siguiendo O 909 fotos

Informacion Galeria Albumes Favoritos Expos Grupos

Proyecto DIASPORA
156 fotos - 91vistas

Proyecto REMAN3D
842 fotos - 246 vistas

Fig. 7. Flickr page showing two collections andeample of the metadata.

In order to jointly disseminate texts, models amdges, Wikis can be created (Fig. 8). This collatiee site, which
can be edited by users, makes it possible to iechltof the information about the piece — suchtaworiginal
location, current location, description, histomage, 3D model, bibliography, or specific detaitsl @necdotes —in
such a way that it becomes a complete virtual ogta of the historical objects. Links to Sketchfalickr, official
databases, or any other interesting resourcedsarénaluded.

D1 aspora PATRIMONIO CULTURAL E IDENTITARIO DE EXTREMADURA EN EL EXILIO

MASE REP00459 navegar
Torso masculino * portada
* contenidos
« Localizacién original: Templo de Diana, Mérida, Badajoz. * contenido destacado
# Localizacidn actual: Museo Arqueoldgico de Sevilla, Sevilla. * glosario
e Inventario: CE00459 * articulo al azar
# Descripcion: torso masculino con manto a la espalda e infulas imperiales en los hombros.
* Contexto cultural: cultura romana. buscar
» Datacion: 41-55 d.C.
* Material: marmol |T| |
+ Dimensiones: 111 x 80 x 46 cm f Buscar
* Acceso a ficha del museo: ficha CERES
* Acceso a fotografias: fotol, foto2, foto 3. AR
* Acceso 3 panoramica de 3600: e P
s Acceso 3 modelo 3D: modelo. * Cohticto
» Fichas relacionadas:  mapa de situacin
Notas historicas : ;;szgones legales
» esta pieza estd en el Museo Arqueoldgico de Sevilla desde
1887 (oficialmente, Museo de Antigiedades constituido en herramientas
1879 y ubicado en el Convento de la Merced).
Desconocemos las circunstancias del traslado desde o versién para imprimir
Mérida; hay menciones tanto a que se tratdé de una » gestion del wiki
donacion como que fue una compra. Esta dltima version es o Gt el
la que aparece en la documentacién del museo (com. o editar barra superior
pers.). Torso masculino en el Museo * manage snippets
. Argueclogico de Sevilla
Menciones P
paginas
* En [3].
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Fig. 8. Example of jointly disseminated texts, ni@dad images using Wikis (currently in progress)

At this point, it is necessary for a multidisci@iy team (historians and technicians) to work togetin order to
achieve an accurate graphic documentation of theepiithout losing the historical perspective.

INTEGRATING THIS TECHNOLOGY INTO ARCHAEOLOGICAL STDIES
So how should researchers integrate these techiaslogo their studies?

Projects of this kintdshould be approached from the perspective of weasality, both in terms of the working
instruments that are used (files, objects, etd) @rthe interdisciplinary nature of the workingute itself (Fig. 9).
'Objects' are approached through biographies irclwhiwould be possible understand both the uddgéibf these
pieces, which corresponds to their archaeologisal and the historical part that corresponds tiw thecovery up
to the present day. Their varying steps - throuidferent museums or collections - are defined Hwyhhistorical
contexts and by personal circumstances, sometimgglting in their different national or regionaleittities
prevailing in different episodes, and whether ot tiey have formed a part of the creation of thikstories

[Tortosa et al. in press].
m
T 1

MUSEQ ARQUEOLOGICO NACIONAL

SECRETARIA

ASUNTO

. Archive Biographies of
Objects documentation personalities
L
T ]
Photography 3D Model
T I
1

Fig. 9. Flow chart showing the working process.

Obviously, being able to access any kind of catadogf elements is a 'treasure’ in itself. The qorss what do
researchers require in order for this investigatiorbe effective and useful? Both technological &ndwledge-
based protocols should be created for these objectshich their biographies should be integratsuhsidered as
biographies of the entire useful life of an objgebm when it had a specific function in the pasttil it was
discovered and forms a part of contemporary histera reference of the past [Gosden and Marsh@@]18allart

5 Diaspora, a heritage in exile (Proyecto de I+DeiEktremadura, 1B16212); REMAN3D (Project HAR2017887, Ministry of Economy,
Industry and Competitiveness of Spain).
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Hernandez 2012]. In this way, similar units of imfmtion would be obtained for different culturaintexts. In all
likelihood it will take some time to achieve alkge objectives, but it will be necessary to workaas them.

Another point of discussion is if the technology&ng used to surprise. The analogue image ofriableritage is
replaced with its digital version, assuming thaisithe best approach in order to achieve a monepoghensive
dissemination of information, without questionindpether the archaeological context is being marggied! The
authors believe that the traditional analogue mition of these objects can and should be inclualdhis virtual

proposal. Of course, as scientists there is amatitin to combine both choices. The answer carobed through
transversality, both in terms of the study instrateeas well as the research team (historians agitesrs) and the
globality, from a variety of study instruments (@iaphies, 3D models, high resolution photographyup to the
multidisciplinary nature of the research team. Td¢ossideration about multidisciplinarity servedths basis for
planning the projects.

One proposal is to create protocols that combirddbhnological and historical aspects of the @giedéth this aim

in mind, a series of ‘notebooks’ have been createwllaboration with the National Archaeologicalbtum, called
‘Iberian Notebooks in 3D’ [Felicisimo et al. 201(AHig. 10). The aim of these notebooks is to show hailding 3D
models creates a new form of communication, throwgtich archaeological objects can be presented and
understood both by specialists and the generaliQuigicognizing that all information has diversali@nces and
goals.

Page 7 therlan Notebooks In 3-D

Fig. 10. Iberian notebooks in 3D

CONCLUSIONS

Through the historical discourse which has takenfram photography to 3D models, we have learnedehe
techniques are not only useful to spread archagalbgnowledge but they also become receivers efothjects'
volume, helping to preserve their physical chamsties within a specific time frame, as it happemish the
paintings of the Iberian receivers we have alreadgn. At the same time, the graphic representation
archaeological heritage facilitates the dissemimatind conservation of these types of objects iansipme cases,
the accurate virtual information would become aprioved source.

These techniques of creating graphic documentdionheritage purposes have reached a stage of itgatur
therefore it is possible to disseminate this kirfdirdormation through the Internet, using publicdaprivate

8 http://dehesa.unex.es/handle/10662/7470
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initiatives, social networks and websites, thatpgup different formats, in order to achieve an etffiee channel of
communication, allowing more effective sharing aftarial culture in large volumes.

In an image-based society, it is easy to abusentdoly so the virtual representation of the archagioal objects
replaces the historical background of the pieced @nproduce a loss of its historical sense. Thaphbic
documentation of the object can be studied fronh laoscientific and dissemination-based perspecivesidering
that these perspectives are useful for researchdsganeral public, who have different objectivesitivthis
proposal we present a method of analysis extrefoted the work experience in our two indicated reskgrojects,

in which we propose the integration of technolodiased on volumetric representation and archaembgbjects.

A totality concretized in pouring all is information thewikidot, an online instrument where the public can interac
and choose the level of information they wish toess.

Another issue to emphasize is the lack of standfmdmetadata, not of the archaeological obje&fitbut of its
representation or model.

In conclusion, at an informative level, the creatiof these 3D models and graphic documentationeimeral is
perceived as beneficial, above all because of #mirmous accessibility. However, at a scientiéieel, as often
occurs in processes that are constantly being meddit seems that there is often a lack of reftecto confront and
interpret historical processes: we are witnessingigital explosion often from a solely positivisengpective;
something that can also be seen with other techim@lbmethods applied to archaeology. It has bdmeiwved that
there is a lack of deliberation about the propgliaption of new technology in cultural heritages & result, it is
necessary to appeal to the normalization of thariegtion and management of all this informationpider to
obtain these vast amounts of information that mteviis with an overview of the historical procesed can be
extracted from archaeological objects.
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