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Abstract

Preservation and dissemination of archaecébgnaterial has always
been an issue of concern for the academic researdmunity. On the one
hand, the fragility of the material limits theiudly. On the other hand, such
material is housed in museums, libraries, andtut&ins worldwide, some-
thing that significantly thwarts their accessilyiliiTechnology, high resolu-
tion 2D pictures, and electronic databases hawamatied to overcome the
aforementioned limitations. However, lack of comtaith the physical ob-
ject as a tridimensional structure still signifigrobstructs research. In this
paper we present the latest advances offtigital Epigraphy Toolbox a
novel project that focuses on the digitization b 8f ancient inscriptions
from ektypa, the multi-modal visualization of th&b models, the facilita-
tion of interlinked 3D digitized records, and tresg and effective electronic
dissemination of archaeological material. This @cbjoffers options for
cost-effective shape-from-shading 3D digitizatidrektypa, using a flatbed
scanner, and various visualization modes, suchhasopealistic 3D views
and informative fingerprint map and depth map #wsdist scholars under-
stand the structural characteristics of the arifa€inally, the project facili-
tates the dissemination of the 3D digitized objdmtsproviding the users
with an embeddable 3D viewer which can be easilyarted in third-party
databases, collections, and personal websites.
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1.1. Introduction

Any usage of the term Digital in relation to therifanities, such as the
designations "Digital Classics" [Crane 2004, 46;5%)igital Epigraphy,"
"Digital Archaeology,” has been highly charged axtiensively discussed.
Issues, such as what the above terms mean andearg 0 encompass, the
possibilities and difficulties of interdisciplinagollaboration, and the place
of Digital Humanities in academia and academicicula have instigated
scholarly discussions, aiming at redefining andwenting the Humanities
with the assistance, enhancement, and collaborafi@momputers (for dis-
cussions of the issue see [Bantz 1990, Berry 20E&gan and McCarty
2012, Denley 1990, Gold 2012, Hirsch 2012, Hocké&@4& Jones 2013,
McCarty 2005, McCarty 2010]). Project developmeelgvant publications,
cross-disciplinary collaborations, and applicatisegking financial support
clearly indicate the co-existence of five typesdifiolars-adopters who have
motivated and promoted the espousal of technolegynputer-enhanced
humanities, and their application on real datayel as the posing of prob-
lematic questions: innovators, early adopters,yeamdjority, late majority,
and laggards [Rogers 1962, 150]. Innovators comdishose scholars who
first envision a better future for their field. bur case, this refers to two
types of scholars: the humanist, who wishes toddhg current limitations
of research and promote the humanities by meamasdimetrically differ-
ent field such as computing, and the computer eggirwho repurposes his
technical knowledge to advance the academic contsnuiihe early
adopters include those who are proponents of téobppthe enthusiasts
that have wholeheartedly accepted new media, sorastfailing to question
their purpose, or even regulate their usage. Eartiylate majority consist of
the scholars who, albeit initially hesitant or uma& of the technology, are
eventually willing to adopt new methods and methogies and slowly in-
tegrate them into their academic routine. The ¢asegory describes those
who are defensive and fear that digital media wiliate the integrity of
scholarship. The main reason for the aforementiatigsensions lies in that
the introduction of technology has caught somewprsse; thus, they have
failed to ask the right question: "what do-should @xpect from technolo-
gy?" On the one hand, innovators occasionally fackis and proceed with
the technology for the sake of technology. On ttheeohand, traditionalists
refuse to reconsider the original research-studgadigm and have not yet
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dealt with the coexistence of humanities and coemsuand their synchro-
nous evolution that can also result in simultanquogress of both areas.
The focus of both the inventors and the adsptes mostly turned to
the collection of data, the creation of databagegymatic metadata analysis,
and the digital publishing of those results. As yn&tumanities fields are
language and text based, as are Linguistics angsicta for instance, the
capabilities of the computer indubitably provide anprecedented assis-
tance—the computer constitutes not only a storpgees but it can also be
used as a search engine that provides easy aocadarge amount of data.
Also, it can perform etymological comparisons andftm the authorships
of texts (see discussion about the Oxford Text@eag System in [Hockey
et al. 1990]). The keyword that describes the abmezesses is "facilita-
tion." According to Unsworth's presentation of ptiues, "a useful tool-
building enterprise in humanities computing” shoasist and enhance the
following: Discovering, Annotating, Comparing, Refag, Sampling, lllus-
trating, and Representing [Unsworth 2000]. Anydilyr of texts with basic
Text Encoding Initiative (TEI) features [Caylessakt 2009, Renear 2004,
Simons 1996] can satisfy almost all the above extmp'lllustrating” and
some profound aspects of "Discovering," which ardispensable to the
study of epigraphy and archaeology (see [Bodel Rftit2a history of digital
epigraphy). Starting with "lllustrating,” currenpigraphic databases include
2D still images of the inscription and/or the eldgp(an impression of
an inscription formed by pressing wet paper onedtirface and peeling off
when dry)? The quality of the picture can be significantlyng@romised due
to lighting conditions, and a 2D picture cannot\mnall the information
that one would acquire had they had the origingfpdn (for other imaging
techniques see [Barmpoutis et al. 2010]). Thereforest of the databases
include the inscribed text, following the convensoof Leiden [Hunt 1932,
van Groningen 1932, Woodhead 1981] and Epidoc &ayR003F} Digital
access to those texts significantly facilitates gmdmotes study and re-

1 The Perseus Projectitp://www.perseus.tufts.edu/

2 The US Epigraphy Projechttp://usepigraphy.brown.edEpigraphische Datenbank Heidel-
berg,http://www.epigraphische-datenbank-heidelberg.mhatriptionsof Aphrodisias,
http://insaph.kcl.ac.ukinscriptions of Roman Cyrenaidattp://ircyr.kcl.ac.uk/ Pleiades Pro-
ject, http://pleiades.stoa.orgElectronic Archive of Greek and Latin Epigraphy,
http://www.eagle-eagle.itCenter for the Study of Ancient Documents,
http://asp.classics.ox.ac.uk/research/projectsBcaad See also [Pasqualis 2005, Crowther
2002].

3 For information on Epidoc, see The EpiDoc Collatigeafor Epigraphic Documents in TEI
XML, http://epidoc.sourceforge.net/




search. However, two aspects that have yet to beidered are: the im-
provement of the illustrations of the artifacts ahd enhancement of dis-
covery.

1.1.1. From 2D to 3D open-access epigraphy

Jameson eulogizes the inclusion of images of maimtsdn digital da-
tabases and states that, "the images dramaticaltgdse access to source
materials, reduce the power of the scholar askgafeer," expose the schol-
ar's judgments to wider scrutiny, and make it niiedy that readers or us-
ers will actually collaborate in the work of perfiag the state of scholar-
ship." In [Jameson 2004] she discusses the issoparf-access scholarship,
presenting projects that provide images of manptcriThe point she
makes, though, is espoused by Bigital Epigraphy and Archaeology Pro-
ject’ (DEA) project that intends to not only create mifmies of artifacts,
but also publicize them and invite new interpretasi. TheDEA Projecthas
espoused this "democratization of knowledge," asa$ eloquently called
by Jameson. More specifically, thigital Epigraphy Toolbok(Fig. 1.1)
aims at filling the two aforementioned gaps in egsk and study of ancient
inscriptions and other archaeological artifactsst-ithe implementation of
the DEA shape-from-shading algorithm onto ektypa autoraliyigproduces
their 3D model [Barmpoutis et al. 2010], which ¢han be rotated, zoomed
in, and re-lighted. Thus, the user can better lisaidhe object of his study
and reexamine weathered parts of the ektypon bypukating the perspec-
tive and the lighting. Furthermore, ti¥EA database includes all the rele-
vant (contextual) metadata, that currently consisinore than 50 fields of
information about the inscription. The metadatatfa physical object fol-
low the Heidelberg Epigraphic Database protocotl e user has the op-
tion to add any field from a drop-down menu liseily in the position to
have a collective record of the ektypon and theripton, the researcher
has the opportunity to pose new questions or okbstijpns on a new basis.
So, instead of a simple hyperlink that addressesutier to other resources
and has been described by Bodel as crude contizdtiah [Bodel 2012,
280], one can comprehensively study the artifawog, text, and take ad-
vantage of every available resource. The existensech records also facil-
itates comparative studies of large numbers ofripsons. Furthermore, we

4 The Digital Epigraphy and Archaeology Project (DE®p://www.digitalepigraphy.org
5 Digital Epigraphy Toolboxhttp://www.digitalepigraphy.org/toolbox
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should not forgo the case of the Classicist whawes into the study of ar-
chaeological artifacts to perform an all-encompagsitudy of a particular
historical era. The possibility of such comparatstadies has been impeded
mainly by the difficulty to access information inn@w research area. The
DEA Virtual Museunt provides a user-friendly interface that purpods t
ease the exposure to new information and is mean¢ tused by scholars of
all fields.

With regards to "Discovery," today there are selvemndine collections of
inscriptions which intend to enhance scholarshifawylitating access to ep-
igraphic texts for scholars and students. What sieted be considered,
though, is that most of these databases only peoaatess to textual infor-
mation assembled from previous printed editiong, toothe original arti-
facts— a fact that limits the potential for origimasearch, as the scholar is
reduced to studying the information from someorse'slperspective. The
DEA project aims at providing a space where scholars re-quantify re-
sults, pose new questions, provide different answased on new available
resources, and ultimately reconsider their reseaftie DEA is not only
meant to be another database that also includesative visual representa-
tions; instead th®EA explores and adopts new state-of-the-art techiedog
creating a truly "Open-Access Epigraphy."”

Another issue that relates to the disseminatioknofvledge and the de-
mocratization of academic research is the neednterlinked epigraphic
databases. The existence of digital databasesraas itself guarantee the
accessibility or the comprehensive accumulatioalbthe information nec-
essary for well-founded research and valid resdltds concern has been
posed by Alvarez, Gémez-Pantoja, and Garcia-Bamiakin [Alvare et al.
2010] who have created a system on Hispania Egigrapvhere epigraphic
data are shared as linked data, recommending thgtiad of a similar strat-
egy for other digital libraries (for linking epigrhic data, see also [Cayless
et al. 2009]). TheDEA project gives users the option to add hyperlirks t
other digital libraries and online data that areoiporated into the record of
the artifact. Thus, the project intends to fadiétéhe retrieval of information
by minimizing the search time and providing comemdive metadata about
the entries. Moreover, users have the option te Hae records of their work
on their devices, thus creating their own librawésrtifacts, their 3D mod-
els, and the accompanying metadata.

6 The DEA Virtual Museumittp://www.digitalepigraphy.org/museum
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Fig. 1.1. A screenshot of thBigital Epigraphy Toolbow2.1 Several key features are marked:
1) 3D embeddable viewer, 2) 3D toolbar with seveqations to move, rotate, zoom, relight,

view in full screen, and change visualization medeh as 3D view, depth-map, and finger-
print-map, 3) meta-data viewer, 4) open-accessdeeditor, 5) search toolbar with options to

search by keywords, or browse by collection, 6) p@hensive list of search results with color-
coded keywords and automatically generated oudifreach record based on your keywords, 7)
shape-from-shading 3D digitization tool, usinglfled scanner.

The DEA project also focuses on the 3D representatiortheraarchaeo-
logical artifacts, such as statues, vases, coieslats, and seals (Fig. 1.1).
The importance of having access to the object ambbable to examine de-
tails by zooming, moving, and relighting cannotdwerstated. As Tupman
emphasizes in her chapter on the effect of digitelhnologies on the study
of funerary monuments, the study of a cemetery,iristance, requires the
collaboration of a number of specialists who camlgtthe funerargtele the
inscribed text, and the funerary dedications, amathgr artifacts [Tupman
2010, 73-86]. Tupman stresses the significancdgitiatl 3D representations
of the findings and ultimately of the site in itstieety. Also, Eiteljorg states
the significance of 3D imagery for archaeologistsl suggests that "these
processes provide unprecedented access to objibtautwisk of damage."
[Eiteljorg 2004, 27]. Paoletti at al. examine tkadhing and research possi-
bilities that a virtual museum can offer [Paoletti al. 2004]. Therefore,
there seems to be a scholarly demand for explarivg ways in which tech-
nology can further archaeological research. THeA project has set the
ground for the creation of an online dynamic ligraf 3D artifacts. The user
is given digital access, the ability to manipuldtem (rotate, move, zoom,
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relight), and organize them comparatively for asel\(several of these fea-
tures are depicted in Fig. 1.1 that shows the fater of theDigital Epigra-
phy Toolbox

1.2. Dissemination of 3D epigraphic content

In order to facilitate the dissemination of anyedypf digitized content
through the internet, an on-line database or dissgion mechanism should
provide solutions to several technological chalengcluding the follow-
ing: a) identify and support widely-used open fdemats, b) ensure that the
file size is optimal for on-line delivery, c) minine hardware and software
requirements in order to provide access to theestigossible audience, and
d) facilitate interoperability across databases.

In the case of text or image-based epigraphic cbnthe first three of
the aforementioned problems are now automaticallyesl internally by the
web-browsers; therefore, any of the text or imaggraphic databases do
not have to face such technological challenges.eMsprecifically, the file
formats for digitally storing texts and images héeen standardized and are
now supported across browsers and operating systartise case of textual
content, UNICODE is widely supported and adopted By as the preferred
digital format. Similarly, in the case of imageN® or JPG formats can
store 2D visual content in a compressed way andiairersally supported
across systems. Hence, 2D images can be efficieitlgeminated to the
widest possible audience with the smallest possibheputational cost.

In the case of 3D content, however, all of thesblegms and technolog-
ical challenges exist. One of the goals of Ei#€A project is to provide solu-
tions to these problems and set the standardspiem-access dissemination
of 3D epigraphic content.

1.2.1. Accessibility and visualization of 3D content

Several file formats have been established forireio8D objects or 3D
environments that have been either digitized bysicey a physical object
or designed using a software for computer-assidésign. OBJ and STL are
two examples of 3D file formats that are suppotigdspecial purpose soft-
ware for 3D design and can open and render theteab on the screen. Be-
sides these special purpose software packages|e3forimats are not sup-
ported by default in web-browsers or computer ojrega systems.
Therefore, even if a 3D epigraphic database prevateess to files of 3D



inscription. Left: 3D visualization, Center: deptiap (deeper inscribed areas appear darker),
Right: fingerprint-map (visualizes local peaks aatleys in cyan and black respectively).

digital objects, these files can only be handled @ewed by users who use
appropriate third party software. This hinders Bigantly the dissemination
of 3D epigraphic material to the general scholadgnmunity.

To overcome this issue, tiiEgital Epigraphy Toolboxprovides a web-
based 3D viewer along with the 3D epigraphic cant€he viewer is based
on the new canvas capabilities of HTML5 and web®hich can render 3D
graphics on websites. The 3D viewer of igital Epigraphy Toolboxcan
be used without requiring additional software oungphs, since webGL is
already included in the majority of the popular kdep and mobile web-
browsers. Furthermore, the 3D viewer offers advdrieatures for visualiz-
ing the model of the digitized inscription, usingoporealistic 3D graphics,
as well as other 2D visualization modalities thatphthe users study the
structure and variations of the digitized artifa@igy. 1.2). The 2D visualiza-
tions include the depth-map of the inscription (FigR center), which is a
grayscale image, whose intensities are proportitmttle depth of each pix-
el, and the fingerprint-map (Fig. 1.2 right), whiblghlights the peaks and
valleys of the surface to help the user understhacchanges of curvature.
These 2D visualizations are also ideal for pubtighan inscription in print
as they depict better their 3D structure compaoeal thotograph.

1.2.2. File size compression for 3D epigraphic content

The size of digital files with text or 2D imagesiisgeneral considered
small either due to the simplicity of the digitafarmation stored in these
two modalities, or because it can be effectiveljnpeessed. This facilitates
notably the dissemination of textual or image-bas#drmation, because
such files can be instantly transferred throughnistsvork and presented in a
browser-based database; they can be downloadeiached in emails and
stored as an entire database locally in persomapaters.
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However, in the case of 3D digitized objects the $ize is significantly
larger as they contain the information of the 3Dakion of every point in
these models as well as the information regardimjy triangulated mesh,
which in general corresponds to 5 numbers per 3Dt §or equivalently 20
bytes) for a uniform grid of triangular strips. $hiesults in inconveniently
large files that cannot be easily disseminatedcamhot be instantly loaded
in a web-browser. In thBigital Epigraphy Toolboxwe have developed a
novel method for storing the 3D structure of arciiion that uses only 1
byte per 3D point, which effectively compresses dlierall 3D model by a
factor of 20. Our technique stores the depth ofittseription's anaglyph
captured as an orthographic projection of the ipion. This method pro-
duces a 2D depth-map image stored in PNG format (ER center) which
contains all the information needed to effectiviensmit and visualize the
original 3D model of the inscription (Fig. 1.2 leffThe proposed compres-
sion technique can be used in any anaglyph, insgrior embossed surface
and can encode the depth of each pixel with vegh Ipirecision up to 9.76
micrometers (which is derived by dividing the deptinge ~0.5cm by
256x2). As a result, the 3D inscriptions of fDEA database can be effec-
tively loaded and visualized, using any desktomobile web-browser.

1.2.3. Embeddable 3D viewer to facilitate inter operability

The Digital Epigraphy Toolboxprovides an easy-to-embed viewer that
facilitates the interoperability of various epighitpand archaeological pro-
jects, which is a significant step towards the igaifon of digital epigraphic
databases. Scholars can easily embed the 3D olgéthe DEA database
into their own web-sites, blogs, or personal dagabausing this embeddable
viewer. Each virtual exhibit has an HTML tag thande found in the ar-
chaeological metadata record of the exhibit. Usars copy and paste the
corresponding HTML tag into their own web-sites:
<iframe src="http://wwmv di gi tal epi graphy. org/vi ew?hei ght map=

dla7a25f daf 3010f " w dt h="600px" hei ght ="400px" framnmeborder="0"
scrol ling="no"></ifrane>

The width and height can be customized accordinthéodesign of the
user's website by changing the corresponding pdessen the above
HTML tag. Multiple objects can be added to the samedsite by using this
tag with the corresponding identification numbertlué archaeological arti-
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Fig. 1.3. Dissemination of 3D digitized artifacts using tbach-based natural user interface of
theDigital Epigraphy Toolboxleft), and tangible 3D printed replicas of thedriptions (right).

fact from theDEA database, which can be accessed through theaiceeof
the Digital Epigraphy Toolbox

1.2.4. Dissemination of tangible 3D content

Although the importance of 3D digitized archaeotadjiartifacts or sites
is evident [Eiteljorg 2004, Paoletti et al. 2004pman 2010], the interac-
tion of the users-scholars with the virtual objeszisild be problematic. More
specifically, the manipulation of 3D virtual objeand the navigation in vir-
tual spaces are actions that should imitate thethatyhumans interact with
physical objects and real-world spaces. The comweaitkeyboard or mouse
interaction is far from natural since multiple ksyrokes and/or mouse
movements are required in order to move, rotatd,immgeneral manipulate
in multiple degrees of freedom 3D virtual objects.

To overcome the above limitations tBégital Epigraphy Toolboxpro-
vides the users with two different options for matunteraction with 3D
digitized inscriptions: a) touch-based natural us&@raction, which enhanc-
es the dissemination of the digitized inscriptidaysproviding a natural ex-
perience that resembles the interaction with playsibjects (Fig. 1.3 left),
and b) 3D printing of the objects in th2EA database, which allows the
study of physical replicas of the original inscigpis and can be used as a
valuable educational or research tool. Figure tighf) shows one of our
experimental samples of 3D printed inscriptionsifrthe DEA database
printed in life-size dimensions using Replicator Il

In conclusion, théEA project is the first on-line 3D epigraphic library
and has set several standards for effective opessaaissemination of 3D
epigraphic content as presented in detail in thjsep.
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